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BonHbl-younubl

@ Bosblwan poccUcKan sHUMKAONeAms

BOJTHbI-YBUULLbI

AsTtopebl: E. H. NMNennHoeckuia, A. B. CnioHses

BONMHbI-YBUNLLbI, npuHsToe B pycCKOSA3bIYHON NMMTEpaType Ha3BaHe aHoManbHo
BbICOKMX BONH B MOpe. B aHr nMiickoM si3bike Hanbonee 4acto MCNONb3YIOTCA TEPMUHDI
«freak waves» («ppukn») nnn «rogue waves». K Hambonee xapakTepHbIM CBOACTBAM BO/H-
ybuiiL, 0BbIYHO OTHOCAT HEOXMAAHHOCTb MX BO3HUKHOBEHWUS U BbicTpOTEYHOCTL. B oTnnymne

OT LyHamu, BONHbI-yOUALIbI OTHOCATCS K BETPOBLIM BO/THAM, X XapaKTepHbIe ANUHbI

COCTaBNAT He Bonee HECKONbKMX COTEH METPOB. Takmne BONHbI ONacHb! ANs Cy40B U
CTauMOHapHbIX COOPYXEeHWn B MOpe (Takux Kak HedpTerasonobbieaowme nnatgopMbl); OHK

cnocobHbl CMbIBATbL N0AER N UMYLWECTBO Ha Bepery, noBpexaaTb BONHO3AWMUTHbIE

COOPYXEHMS. [2016]



Rogue wave problem

Definition of Rogue Waves

H = max(H.+, H.)

sl\f

-1 L L 1 1 L 1
]

Y

time

The “New Year Wave”, Draupner palform, Jan 01, 1995
(Depth85 m,H, ., =256 m,H, =114 m,H_ ./ H,=2.24)

max



Rogue wave problem
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Rogue wave problem

10F
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Water level, m
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Japan Sea (Yura Harbor) 24/12/1987
(Mori et al, 2002)



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

Norse Variant Anita Christinaki || Marina di Equa || Tito Campanella | | Artemis
March 1973 | March 1973 | | Feb 1994 December 1981 H January 1984 Dec 1980
Deaths: 29 Deaths: 32 Deaths: 28 Deaths: 20 Deaths: 27 Deaths: 0
I
Silvia Ossa Sandalion
October 1976 Nov 19_80
Deaths: 37 Deaths: 0
I
Skipper 1 Antonis Demades
April 1987 February 1970
Deaths: 0 Deaths: 0
Mezada ok’ Antparos
March 1991 Jan 1981
Deaths: 24 Deaths: 31
I
Alborada - Bolivar Maru
/| Testarossa Rhodain Sailor Golden Pine
July 1984 January 1981 January 1969
. March 1973 | | December 1982 y )
Deaths: 30 : Deaths: 31
Deaths: 30 Deaths: 5 Deaths: 25
I
Arctic Career Chandragupta Derbyshire Dinav Onomichi Maru
June 1985 January 1978 December 1980 Dec 1980 December 1980
Deaths: 28 Deaths: 69 Deaths: 44 Deaths: 35 | | Deaths: 0




Correlation to ship density

Legend Y The ship density s defined as an index of 100178 call | [ & |
ship_dersity | 1. A 2gns are counted in an area of 500 X 500 km2 per day. | -
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Near San Francisco February 14, 2010




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, VVancouver 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

guick 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 shore

¥

25m * A% ’




2) The rogue wave races up the snOLe







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 vear 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



Rogue waves from mass media in 2006-2010
(Nikolkina & Didenkulova, 2011)
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Rogue waves in 2006-2010: damage
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Ocean and Coastal Management 133 (2020) 105076

Contents lists available at ScienceDirect
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]:LbelhR journal homepage: http://www.elsevier.com/locate/ocecoaman

Catalogue of rogue waves occurred in the World Ocean from 2011 to 2018 =
reported by mass media sources

BOJIHBI-YBUUIIBI B 2011-2018 TOJAX
© 2020r. E.T. /Iunenkyinoa2*, E. H. ITe1uHoBcKuii! >

[Tpeactasneno akazemukom PAH B.E. 3axapoBeim 10.11.2019 T.

Ekaterina Didenkulova ™"

JNOKJIAIBI POCCHHCKOH AKATEMUHN HAVK. HAVKH O 3EMJIE, 2020, mom 491, Ne 1, ¢. 97—100
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a)

coast 120
[57 %]

deep
water 38
[18%]

shallow
water 52
[25%)]

rocks/
sea wall
79 [66%]

b)

gentle
beach 41
[34%]
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Nat. Hazards Earth Syst. Sci., 23, 1653-1663, 2023
https://doi.org/10.5194/nhess-23-1653-2023

© Author(s) 2023. This work is distributed under
the Creative Commons Attribution 4.0 License.

Freak wave events in 2005-2021: statistics and analysis of
favourable wave and wind conditions

Ekaterina Didenkulova' 'Q, Ira DidenkulovaZ, and Igor Medvedev”

IFaculty of Informatics, Mathematics and Computer Science, HSE University, Nizhny Novgorod 603155, Russia
2Department of Fluid Mechanics, University of Oslo, Oslo 0316, Norway

3Shirshov Institute of Oceanology, Russian Academy of Sciences, Moscow 117997, Russia

o, . O ; . . , . , .
=Invited contribution by Ekaterina Didenkulova, recipient of the EGU Nonlinear Processes in Geosciences Division
Outstanding Early Career Scientists Award 2020.
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Nat. Hazards Earth Syst. Sci., 18, 729-758, 2018
https://doi.org/10.5194/nhess-18-729-2018

© Author(s) 2018. This work 1s distributed under
the Creative Commons Attribution 4.0 License.

Catalogue of extreme wave events in Ireland: revised and updated
for 14680 BP to 2017

Laura O’Brien!, Emiliano RenziZ, John M. Dudley3, Colm Clancy1, and Frédéric Dias!*

Rogue Wave Observations
Off the US West Coast e e,

Oceanography, 2011, vol. 24 AND JENNIFER IMAI
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IKO/IOTHYECKHE CHCTEMBI U IIPUBOPBI Ne 12. 2022 2.

L33 E.IT Tuoenkynosa

KaHO. huz.-Mam. HAVK, OolYeHm,

cmapuinti HayuHolii COMmpyOHLUK

L4 4. H. 3aitues

dokmop ¢huz.-mam. vayk, Ynen-xoppecnondenm PAH,
HO oupexmopa

L.2.3 F H. Ilenuno6ckuii BOJ/JHBI-YBHHIIBI B MOPAX,
QoKmop uz.-Mam. Hayk, npogheccop, OKPYKAIOIIUX POCCHIO

2AGGHBITT HAVYHBIT COMPYOHIUK
(* Haemumym npurxnaowoi guszuxu PAH, Huxcnuit Hoseopoo
2 HaypuoHamobHblil Uccnedoeamens kil YHUGEPCHmEm
«Boicuias uikona skoHomukuy, Hixcrnuit Hoseopoo
3 TuxooxeaHckuii OKeaHOIO2UYECKUT UHCIIUNYM
um. B.H. Hrvuuesa /IBO PAH, Braousocmox
* CneyuanvHoe KOHCIMPYKINOPCKoe OI0po cpeocms
asmomMamusayu MOPCKUX 1cc1e006anll
JIBO PAH, FOxcHo-CaxaniHek)

Coopanvt ceuoemenvcmea 04esuOye8 NPOUCUIECHBUIL, CEA3ZAHHBIX C BOJIHAMU-
youituamu 6 mopsax, okpyyucarwowux Poccur. Cneyuanvno ommeuenvl ciayuau
NOBPEHCOCHUA POCCUUCKUX CYO08 GOTHAMU-YOUUUAMU 8 OPYZUX AKEAMODUSAX.
Ynomunaromcea cnyuau uncmpymenmanvHvixX uImMepeHunl napamempos 60J1H-
youiiy.



Puc. 1. Ommeuernnvie na kapme mecma npoucuiecmeuii ¢ 6onHamu-youiiyamu y bepecoé PP
(KpacHvie 3SHauKi) 1 UHCMPYMEHMATbHLIX USMePeHUTl GOTH (CUHUe MOYKIL)

O4eHb IJ10XA9 cTATHCTHKA!




In 1996, a Directional Waverider Buoy (DATAWELL Co., Netherlands) was deployed in the
open sea (44°30'40 N, 37°58'70 E; depth 85 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.
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X14 September 2005,
Gelendzhik, 40-50 m from qepﬂoe Mope
the coast, water depth ~2-
3m. The highest waves were
~0.4-0.5 m with lengths ~8-
10 m, no white caps.
Suddenly a 1 m high
breaking wave has been
noticed about 15-20 m from
the rubber boat which could

potentlally overturn |t

8 August 2006, Sudak,
Crimea . Two children
swept off rocks by a huge
wave, while they were
making photos by the sea




CeBacTonoiab, 2014 r. (poro C.D. /loueHKoO)




MenkoBoaHble BOJIHbI-y6MiLIbI: NPOSIBIEHUSA

-1 OTpHUIIaTEIbHbIE

[Didenkulova and Anderson, 2010] 1 2W |
3HAKONIEPEMEHHBIE 1.4 ’\/\'/\/\A/\/

-1
f\ 16 v
-1.2- ]
18 L179% | | ,
1.4° 0 5 10 15 20
1.6 \/ o 63w ” |
-1.8 , Vv 19.5% . R=-1.2
0 5 10 15 20 Qb
=>-1.4
Bpewms a2
(c) ob -1.6'\/\/\/\/v
OO
llo oannbiMm 3KCNnEpumenma § s1.8" TIOJIOKUTEIIbHBIE ,
- ~ 0 5 10 15 20
s banmuiickom mope
Bpewms cek

byu B TaJsIMHHCKOM OyXTe, IJIyOMHAa 3 M



JUNE 2006, EAST COAST OF KAMCHATKA, ~25 KM TO N FROM CAPE OLGA







KasikepcKuH MM0X01 BA0JIb 3aI1aTHOTO

noodoepexba CaxajanHa ot 1. BOIIHAKOBO ‘ AXAJINH
10 I. AjieKCaHAPOBCKAa-CaxaJuHCKOIO.

B HecKOJIBLKUX MeTpax oT 7 aBIrycra 2010 roga
MEHSl BHE3aITHO BbIPOCJIA S
TETEPL S e & RSy
0oOKoBasl BOJIHA, MOJHAJIACH S
HA/l MHOU M NPUXJIOIHYJIA
MeHSI CBEpPXy KaK MbI NIPUX-
JIONIBIBAEM JIAJIOHBI0 KOMAPOB ..

B nmocJsenyroumme 1HA moxoaa ¢
HAMHJ NPOUCXOAMUJIO elle MHOI0
MHTEPECHOT0, ObLJIN U BETPHI, ||
M BOJIHbI, HO HHYEro U3 MPHPO~
MHBIX ABJCHUU HACTOJIBKO Ke
BHE3AIHOI0 U HeOTBpaTI/IMOFOL
KAK NPUXJIONMHYBINAsK MEHS |

BOJIHA, YK€ He BCTPEYaJjioCh.
Anopeu Cepagumos




Conoamenkoe Anexkcanop Eezenvesuuy

B nauaJse jera 1977 roga kopa0,b nNpuBJIeKaJICA K KOHTPOJbHOMY NOUCKY
nHocTpaHubIxX I1JI B ceBepHoOil yacTu SINOHCKOro MOpA K 3anaay ot 0-BOB PeOyH u
Pucupu. Ilouck mnpoucxoausi B YCJIOBHAX TIYCTOr0 TYMAHA U NPAKTHYECKHU
INTUJIEBOM MOroabl. B mepBoil mosIOBHHEe JHSA KOpadJab Jiexaa B japeide B
ovyepeaHoi Touke moucka. IloapyauBawiiee ycTpoiicTBO HAXOAUIOCH B HUKHEM
MOJIOKEHUH B TOTOBHOCTH K padore. Bapyr paauoMerpuct a0J10KHJI 00
oOHapykenuu Ha 3KpaHe PJIC jauHMM ¢ yriioBOWl NPOTAKEHHOCTHIO TI'PaayCcoB
AeCATh HA JUCTAHIMHU 35 Ka0eJabTOBbIX. JInHUST GPOHTAIBHO M T0BOJBHO OBICTPO
ABuUragacs Ha kopabuan. Ha BekMil cjay4dyad NPUKA3aj PyJjaeBOMY Pa3sBepPHYTH
KOpPa0Jb (POopIITEBHEM HA HAABUIAKIIYI0 JUHUI C MOMOUILI0 AKTUBHOIO PYJis,
[OYeMYy-TO PelIMB, YTO 3TO OAMHOYHAA BoJHA. [lo TpaHcasiuum npexynpeauna
IKMIIAK O BO3MOKHON 3HAYUTEJIbLHOM KUJIEBOH Kauke. JIMHMA, NPUOIHKAACD,
BOLLJIA B MepTBYI0 30HY PJIC M Bnepeau mo Kypcey y:ke He ObLlIa BUIHA HA IKPaHe,
HO 32 MepPTBOM 30HOW CIpaBa M CJieBa JABUHKeHUe ObLIO BHMAHO. 51 BbImIe] HAa
KPbLJI0 MOCTHMKA M CTaJ CMOTPEeTh NPAMO IO Kypcy B TymMaH. BuaummocTh He
npeBbimaga 50 M. M Bapyr yBujes 0ejiyl0 mojiocy nmeHbl NPUMEPHO Ha BBICOTE
YPOBHSI MOCTHKA. JTO OBbLI rpedeHb HAJABHMIalieiici Ha Kopadjb JT0BOJBbHO
KPYTOH BOJIHBI. 1 ycmes yKpbITbCHA B X010BoW pyoOke. Kopa0ub, crosiBuinii B
pa3pe3 BOJIHE, CHJIbHO KAYHYJI0 M0 KWIEBOH KayKe, BOJHA NMPOLLIACH M0 BePXHEH
najayoe, HO HUYEro He COpPBaJIa M HUKOI'0 He CMbLIA. A ajible ONATh ObLJI IITUIb,
IycTOM TYMaH UM He3HAUUTeJIbHas PSA0b HA MOBEPXHOCTH BO/DbI.



Conoamenkoe Anexkcanop Eezenveeuu

B 1982 r. BcTpeuya ¢ BOJHOM NMPOM30IILJIA ¢ OKEAHCKOW CTOPOHBI 0-Ba
HTuawmxkoman Kypunovckoi epaoesi. Ha muionke Ml Noaxoauia K 0e-
pery Jisi CHATUA Jroaeid. JIpek yxe ObLJI OTAAH U LLIKOINKA, TA0aHs,
NPOABUIAJIACH K Oepery KOpMoi, YTOObI ¢ KOPMbI IPUHATH MACCa-
KUpoB. IIpu 37TOM MaHeBpe CTAPIIUHA HUIIONKHA KOMAHAYeT MOAXO0-
JI0M K Oepery, a KOMAaHAMP IJIIONKHA HA0JII04aeT 3a OKpYy:Karuen 00-
CTAHOBKOM. B TOT pa3 s OLIEHUJI CIIOJITHA MYIPOCTHh HALIMX IpeaIe-
CTBEHHHMKOB, KOTOPbIe BbIpadoTaau 3Td npasuJa. llojHoCTHIO YBe-
PeH B KBAJIU(PUKANMY CTAPUIMHBI, I03TOMY CMOTPIO BIiepea Mo Kyp-
CY 4 BHIKY, KaK CO CTOPOHbI OKeaHA HA HAC HAJABUTaeTCs BOJIHA BbI-
coTol paBuou juuHe monku. Ee ysuaea u oqMH U3 0akoBbIX rpeod-
OB, KOTOPBI TPaBUJI APEKTOB. S ycme ckoMaHa0BaTh: ''BbioOupa-
Th APEK, BeCjia, Becjia Ha BOAY, HABAJUCH'' . [ ped1ibl BHINOJHUIIM KO-
MaHAy cBoeBpeMeHHo. Hac BecbMa NPpUIMYHO KAYHYJI0, HO 0€3 yaa-
POB O I'PYHT U 3aJJUBAHUM HLIOIKHU - MOBe3J10. M 310 npu nosiuom
mruiie v sicnou nmoroje! Qxuaawmmux Ha oepery 0012710 MOPCKOM
BOIOM, HO 0e3 IPYyIruX HeNPUATHOCTEH.
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BoJyiHbI-yOMiibl HAa Mbice AHMBA (CaxaJiuH)
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BouHbI-younnbl Ha M. CBo0OaHbIN (Caxa/iuH)

08.12.2011,
height — 4.48 m,
H/Hs = 2.43

T

water elevation, m

24.12.2011,

| height —6.23 m,
H/Hs = 2.29

water elevation, m
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I'H. Jloazux

QOKNIOP PU3.-MAM. HAVK, OUPEKMOP, AKADeMUK

C.I. Joacux

Kaud. uz.-Mam. Havk

B.B. Oguapenro

KaHO. Puz.-Mam. HAVK, CNapuiil HayaHoIl cOMPVOHUK

B.A. Uynun PETHCTPAITUA HEJTMHEHHBIX BOTH

«ano. - MaAn. HAVK
rand. Bd ooy THIIA «/IBE CECTPbLy, «TPU CECTPbL»

KAHO. MeXH. HAVK, CINAPIIET HAV4HBIT COMPYOHIK

C.B. AIkoseHKo

8OVl HAVYHBIIT COMPVOHUK

(@OI'BYH Tuxookeanekill oKeaHono2uyeckitil WHCHUmin
wat B.H. Hnvuweea [JBO PAH)

2. Baaousocmor, Poccuiickaa Pedepaiia

B cmmamve oocyxcoaromea pesyieinamst 00padomsy 4 aHaIN3A IKCREPUMEHINATLHBIX OAHHBIX, NNOAYUEHHBIX HA Jd3ePHOM
uzMepumene gapuAn Uil JHOPOCPHEPHOce OAsTeHUA RPN PeUCINPA N §APUALUI 2UOPOCHEPHO20 OA6TeHUA HA OHE HA HieTh-
e Anonckoco mopa. OcrosHoe SHUMAHIE YOTCHO UIYHEH IO GUINYECKUX MEXUHNZMOE 803HUKHOBCHUA HETUHEHHbIX 21 -
OpoPuU3NYECKUX BOIMYUICHIT 6 QUANA30HE 2PASHINAYHOHHBIX U UHOPUAZPASHINANNOHHBIX MOPCKUX 60]H, OIMHOCAMUXCA K
RdCCy 60TH-YOUT N, AMITHINGObI KOMOPBIX 001€¢ 4eM 8 084 pa3d NPesuitidom aMInNmyost JpAiudduiix CH2HAT08 OaiHo-
20 OUANA30HA NEPLOO06. OFHAPYHCEHB! KIACCHYECKIe HETUHENHBIE GOSMYIEH LA, OMHOCAUINECA K 60THAM-YOUIIHAM «OOHA
cecmpar, «06e cecmpuviy, «mpu cecmpviy. Bosnuxknosenue ux ceA3ano ¢ 63a1UM00eiicMEneM pasimmal ioHHbIX 1 HHPpa-
2PASHIMANNOHHBIX MOPCKUX 607H 30HbI PACHON0NCCHNA peencmpupyroniell annapanyput. Ipu cnekmpansioil odpadonixe
HOJYHEHHBIX IKCIEPUMEHINAAbHBIX OAHHBIX 6b10€1eHbI OCHOGHBIE MOOb! 6€MPO6O20 60IHERIA U UHGPAZPACUINAYUOHHDIX
MOPCKUX 80/1H, OINGEMCINGEHHBIX 30 (DopMUPOSar e HADTI0OAEMBIX 80TH-YOUTIH.

Knwoueswie cioaa: BQ-THH-_}"ﬁHﬁi,’bJ, «oge CeCchIpsly, «HIPU CeCipPbly, ABN€eHIe e038pamd.

20508.7 Na

Yuacmox 3anucu nazepnozo
uzmepume’isa eapuanuil 2uopocphepnozo
0as1eHus, yCmaHoe/1eHHO20 HA OHe

] Ha 2n1youne 27 m
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Why does large wave appear?

Wind wave field Is quasi-Gaussian random process

1 No data for
| large deviations
or they are
not representativ

density of distribution function

sea elevation



Wind wave field

has narrow spectrum
1 —_

0.5

distribution function

for H = 2H,
One wave from 3000 waves

Freak wave — each 10 hr!

P=0.000336

IS a freak wave!
Wave Period ~ 10 s,

But who knows
extreme statistics?

0 - |
1

wave height, H/H

mean



BonHbl kKak cny4anHaa cynepnosuuua rapMoOHUK

PacnpepeneHue Panesa onsa BbICOT BOJIH

H? H = 2H, => BeposTHoCTb 3-10~* (ogHa BonHa 3a WTopMm)
S
P(H ): exp| —2— H = 3H. => BeposATHOCTb 1.5-10-8 (~20 ner)

Hopmbl 6e3onacHoCTU WwenbdoBbIX NnaTtgopm
(Norwegian Petroleum Directorate’s regulations):

Ultimate Limit State: 1 pas B 100 net — 3anneck 6e3
HapyLweHnsa pabotocnocobHocTn n 6e3
TpaBMUPOBAHUA NepcoHana;

Accidental Limit State: 1 paz B 10 000 net — 6e3
paspyweHns nnatgopmbl, BO3MOXHOCTb 3BaKyauuu,
6e3 cyweCcTBEHHOro 3arpsi3HeHns

2

3a ogHu cyTKn HenpepbiBHOW 3anucu: 9-103 BornH
Bank gaHHbIx Shell [Christou&Ewans’11]: 1.2-108 BonH
(+ cTaTuCcTM4eckast HeOQHOPOLAHOCTb, OLLUNOKN)
OpHa BonHa B 10 ThiC. neT: BepoATHOCTb 3-10-1
ana Hee H = 3.48H,

0 0.5 1 15 25

BeIcoTa H/H,

BCPOATHOCTD ITPCBLIIIICHUA



Pepxue skcTpemanbHble cobbiTUR

bapeHueBo Mope: Hyqq, = 24 M,
CesepHoe Mope: Hygp, = 24-30 M
[JlonatyxuH n gp., 2003; Haver, 2005]
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S 5 !
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Haver (2005): BEPOATHOCTL 5 AL IHATA M ladl n|._.l.r|.1|l|..,.l.In_,.'..ljllllw.l,.i Iil..ll_l,n!ll
BbICOTbI rpebHa HoBorogHeu (AL Hl'”f L L R VN A “
BonHbl: ~1 pa3 B 10 Thic. net. ] , , , , , ,
0 200 400 600 800 1000 1200
time (s)
.- Stansell (2005): BepoATHOCTb
S
O Hanbonee aKkcTpemarnbHOro
g | COObITMA NO AaHHbLIM
® o _ i "“lfl'l“”"“' i ‘”1‘ Il el i T "-]|J|'\'»'*|"||' "‘”"!'\ IR lJ‘zl\" I “I‘“‘l'. AL AMBL L I/I3MepeH|/II7I B CeBepHOM MOpe
= H/H, = 3.19 HegooueHeHa B
L |

I I I I I I
0 200 400 600 800 1000 1200 ~300 pas.
time (s)



Mechanisms:

= \ave — current interaction

» wave blocking,
»random caustics.

= \Wave — bottom Interaction

»ocuses, | shallow water only
»random caustics.

= “Itself” wave dynamics

» temporal-spatial focusing,
» modulation instability. deep water only



Wave — Current Interac’_[ions

[ Blocking on opposite current U>0
Q) = »\/ —|— kU (X y) 5 - U=0
blocking at €y, =-U(X) ~

Models: energy balance equation, ] U<o0

nonlinear Schrodinger equation |

| |
wave number

K

0 Random Caustics oo

#h

g

=i
=30 =




Wave — Current Interaction

Indian River Inlet,
Delaware, USA




Wave Bottom Interactions

44'N] i
Shallow
Water  +»
only
Random

Focuses, *"
Caustics




Mechanism of Wave Focusing

Wave
as each from us
has own speed



Mechanism of Wave Focusing

Meeting point



Dispersion Enhancement

PhysICS:  Phase speed is c(k)
ﬂ

V t=0 V

n— (wave focus) I
negative time positive time




Who Is responsible for frequency modulated wave
Focused In the Freak Wave ?

Of course, W I N D

But variable wind!
Waves are generated by resonant wind.:

Light Wind generates Slow (Short) Waves,
Strong Wind generates Fast (Long) Waves.

And Long Waves overtake Short Waves (Focusing)



Deep water waves

The nonlinear Schrodinger equation

The similarity parameter for the NLS ef§

nonlinearity _ steepness Ko7,
dispersion  bandwidth  Ak/k,

BFI = \/fsnt — Benjamin-Feir Index [Onorato et al, 2001;
Janssen, 2003]

Dimensionless steepness: s = kO Nrms

Number of individual waves within the group: n,=2-n,

Typical groups in the open sea should consist of 5-10 waves

Waves with BFI > 1 are modulationally unstable
(Benjamin — Feir instability, 1967) [Alber, 1978]



Validation in laboratory flumes

Benjamin — Felr Index

Exceedance Probability Functions
for large BFI

===FExperiment
===CSE Simulation

==MNLS Simulation
— Rayleigh

al) x=10ﬁ m

0 2

4 6 8
Wave Height

10

" ) x=176m

4 ]
Wave Height

b) x=126 m

o 2 4 6 8 10
Wave Height

& 6 8 10
Wave Height

: Findings from laboratory
i and numerical simulations:

1. Probability of large waves
Increase significantly when
waves are modulationally

| unstable (BFI>1)
| 2. The wave dynamics may

be described rather accurate

I by the potential models and

by NLS-type equations
[Shemer et al, 2010]
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Rogue events in spatiotemporal numerical simulations
of unidirectional waves in basins of different depth

A. Slunyaev'~ - A. Sergeeva'” - I. Didenkulova'="
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by Typical freak wave shapes
their life-times
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Rogue waves in mathematics

2
(R LOA AP A=0

ot ox°

Super-rogue-waves [multi-breathers|

Maximum wave amplitude
amplification' 2N + 1

Rational breather solutions
(homoclinic orbits)
are frequently identified
with rogue waves

Up to ~ 12-order rational

breather solutions have

been derived analytically
[Dubard et al]




Rogue waves in mathematics

Infinite-order breathers

Y
ThH

[Bilman et al, 2018]

-5

Superregular solutions

al . ] al
3l t=0 ] al t=10
i\ | /

AN 1 1t qwnﬂfﬁ"l’

m”ﬁ“’“““ - [Gelash & Zakharov, 2014]

|

oy T |
A
‘l |

\

[Biondini et al, 2018]



Long-living non-linear wave groups

Long-living short groups of steep
waves have been observed in

They are stongly non
They are strongly nonlinear and Time series

strongly modulated, but still have

gauges 2-10 gauge 3 ========- numerics
much similarity with the NLS envelope |
solitons. 02} b,
Most importantly — they exist in ‘f; —_ Qf///i}.\\' )
nature! ) ‘ "”“‘“\,\o,‘{\&)“ \"
The NLS equation is a reasonable 0210 ~ -‘ : 3
first approximation for their 0T

description.
P Snapshots

If such groups could be revealed
in the field of sea waves, this Just a few wave cycles!
method might be used for ozl
predicting dangerous waves &
for some time horizon

crest
trough
--------- envelope

-0.21
-50

50

[Slunyaev et al 2013, 2017]



Effects of coherent dynamics of stochastic deep-water waves

, PHYSICAL REVIEW E 101, 062214 (2020)
A. V. Slunyaev

1=0.5
-1
coherent
second free waves
| e e {15
harmonic v
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—
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=" - coherent
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~

zeroth
harmonic




Long-living non-linear wave groups

Collision of intense solitens in 1akerateREXPERIMNERLS

Technical Univ.
of Berlin 6

Exp. 2
95.03 m /,-%w\ |
records in the vicinity of the wall:
454 m > amplification and suppression of
8404 o . the displacement amplitudes
93.54 m \ - ]
93.04 m \ /
L
80 m w\'/ RN reflected train
' \ the second
625m "™ " reflection from the
e N wall with the
e i wavemaker
10m ”m* il ' ﬁ
0 20 100 150 200 250

t s [Slunyaev et al 2013, 2017]



YUCJIEHHOE MOJEJIUPOBAHUE “BOJIH-YBUHIIL”
HA MOPCKOM IMOBEPXHOCTHU B PAMKAX

IMOTEHIIUAJIBHBIX YPABHEHUWI DIJIEPA
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Action on Ship Design

COMMISSION OF THE EUROPEAN COMMUNITIES

RESEARCH DIRECTORATE-GENERAL

SP1-Cooperation
Collaborative project
Small or medium-scale focused research project

FP7-S5T-2008-RTD-1

Grant Agreement Number 234175
EXTREME SEAS

Design for Ship Safety in Extreme Seas
I —

SCP8-GA-2009-234175

Fig. 16. Maodel of the investigated Ro'Ro vessd.

Fig. 15 Imegular short crested sea state (tapk slice tirough the
irmegular short crested wave fiekl and distribution of the dynamic
pressure cakulated by adsptive Airytheary (2"‘ fram tap); 1mep-
uler short crested sea state and pressure distribution on ship hull
(3™ fram tap); Dynamp pressure distributon akmg a ship hall cal-
culsted by adapted Airy-theary (blue indkates negative dynamic
pressure, 2=d indicates pasitive dynamic pressure (below).



Forecast based on time-series processing
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Rogue waves and entropy consumption
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Abstract — Based on data from the Sea of Japan and the North Sea the occurrence of rogue
waves is analyzed by a scale-dependent stochastic approach, which interlinks fluctuations of waves
for different spacings. With this approach we are able to determine a stochastic cascade process,
which provides information of the general multipoint statistics. Furthermore the evolution of
single trajectories in scale, which characterize wave height fluctuations in the surroundings of a
chosen location, can be determined. The explicit knowledge of the stochastic process enables to
assign entropy values to all wave events. We show that for these entropies the integral fluctuation
theorem, a basic law of non-equilibrium thermodynamics, is valid. This implies that positive and
negative entropy events must occur. Extreme events like rogue waves are characterized as negative
entropy events. The statistics of these entropy fluctuations changes with the wave state, thus for
the Sea of Japan the statistics of the entropies has a more pronounced tail for negative entropy
values, indicating a higher probability of rogue waves.

Copyright @ EPLA, 2018
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Capturing rogue waves by multi-point statistics

A Hadjihosseini', Matthias Wiichter', N P Hoffmann*~ and J Peinke"*

! Universitit Oldenburg, D-26111 Oldenburg, Germany

* Hamburg University of Technology, D-21073 Hamburg, Germany

* Imperial College, London SW7 2AZ, UK

* Fraunhofer Institute for Wind Energy and Energy System Technology, Ammerlander Heerstr. 136, DE-26129 Oldenburg, Germany

E-mail: ali.hadjihosseini@uni-oldenburg.de

Keywords: Stochastic process, complex systems, multi-point statistics, rogue wave, prediction

Abstract

Asan example of a complex system with extreme events, we investigate ocean wave states exhibiting
rogue waves. We presenta statistical method of data analysis based on multi-point statistics which for
the first time allows the grasping of extreme rogue wave events in a highly satisfactory statistical
manner. The key to the success of the approach is mapping the complexity of multi-point data onto
the statistics of hierarchically ordered heightincrements for different time scales, for which we can
show that a stochastic cascade process with Markov properties is governed by a Fokker—Planck
equation. Conditional probabilities as well as the Fokker—Planck equation itself can be estimated
directly from the available observational data. With this stochastic description surrogate data sets can
in turn be generated, which makes it possible to work out arbitrary statistical features of the complex
sea state in general, and extreme rogue wave events in particular. The results also open up new
perspectives for forecasting the occurrence probability of extreme rogue wave events, and even for
forecasting the occurrence of individual rogue waves based on precursory dynamics.




‘Artificial intelligence’

Ocean Engineering 169 (2018) 270-280

Contents lists available at ScienceDirect

Ocean Engineering

journal homepage: www.elsevier.com/locate/oceaneng

Development of a warning model for coastal freak wave occurrences using | M)

an artificial neural network £
Dong-Jiing Doong™”, Jen-Ping Peng”, Ying-Chih Chen®
5 Department of Hydraulic and Ocean Engineering, National Cheng Kung Universioy, Tanar, AAININ-based warning model for coastal freak wave forecasting
Leibniz Instinute for Balric Sea Research Warnemuende (I0W), Rostock, Germary (Back-propagation learning algorithm)
ARTICLE INFO ABSTRACT —)  Sea state
Keywords: The potential for coastal
Coastal freak wave generated via the evoluti
Artificial neural nerwork mechanism of their form — Swell
Warning r_m:udel network (ANN) is propos|
Data tuoy height, peak period, wind
direction misalignment) g
data associated with 40 K
events are used for validat » Wave group
with the same amount o Occurrence
published and camera-req Or —
The choice of the —>| Nonlincarity No eccurrence
Input data should be —>| Atmosphere
p y y q ey Direction
for those on the shore, including individuals who may be fishing
breakwaters or along rocky shores. The coastal freak wave (CFW) is Input layer (7 neurons) Hidden layer (7 neurons) Output layer (1 neuron)

phenomenon in which a large amount of splash water is generated d



CpenHecpo4Hbiv NporHos no BFI

m OnepatumBHble KapTbl MHOEKCOB BFI yxxe npegoctaBnsoTcsa EBponencknm LeHTpom
cpeaHecpoyHoro nporHosa norogbl (European Centre for Medium-Range Weather
Forecasts, P. Jansses)

By " [laHHble peTponporHo3a MHTEPNPETUPYIOTCA C
TOYKN 3pEeHUA KapT BFI (Ponce de Leon & Soares

— konrms
BFI =242 AV
k0

TpyaHocTn ncnonb3oBaHd BEIENENPeLEeSE

HeT ogHo3HaYHOrO ONPEAENERNS B/ AN CHEKTHOBICHOKHOVICOCPMBIRGD

HerpybocTtb onpenenexns BFI [2 ciekTpanbHbX iapamenpal

Manbin pasbpoc 3HauyeH BFI, peaniisyempix B MOPE

Shdekt namsaTn [~10-100 nepyoa0B: BOSH| VIGBICTPOESaGEERNE




Real-time (short-term) wave forecast
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OT ruapoaNHaMMUKN K HENWHEWHOW ONTUKe

Mopckue «BOMHbI-younLbl» —
brnun3kne poacTBEHHUKN NPODOEB B
BOJTOKOHHO-OMTUYECKNX CUCTEMAX

bym nccnegosaHuim «BOSH-yomnLy» B
HEeNMHENHOM onTuke. AHanormm

MeXay BonHamMu Ha BOAE U BONMHaMm
B ONMTMYECKNUX BOSTHOBOAAX

Soliton on finite background
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C60000H0 cKauueaemcs ¢ cauma Hcypuaia
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VCIHEXUW PUZNYECKHNX HAVK

OB30Pbl AKTYAJIBHBIX IMPOBJEM

Mopckne BoJIHBI-YOuillbl: HA0II01eHHsl, PU3HKa H MaTeMaTHKA

A.B. Cinounsties, J1.E. ITesmnosekuit, E.H. INesmnosckuit

Boanuni-youtiyol —— HeoucuOanio 0IHUK Ao He atoMaablo 6blCOKUE GOANDL HA MOPCKOT ROGEPXHOCINU —— NPUGACKAU
GHUMaHUE Uccaedosametell, om okeanoepagdos do mamesamuros, Ha pvoeace XX —XXI s6. Qdcyacoaromes
PEIVALINAIMbL UCCACOOGANUA MNO20 AGACHUT: HUFUYECKUE MEXANUIMBL OZHUKNOGENUA AHOMAABIO GHICOKUX G011
U COOMBEMCMBYIOWUE MAMEMAMUUECKUE MOOeAU, HAMYVPHBIE OAHHBIE, PE3VALINAINGL IPAMO20 UUCAEHHO20 Mode-
AUPOBANUA U AAOOPAMOPUBIX IKCHEPUMENINOE, HOGbIE REOX00bI K MOOeAUPOSANUIO U NPOSHOZY IKCIIPEMAALHBIX

MOPCKUX 60H.



3aKJII0UeHU e

* HyxeH aHau3 HA0/I01aeMbIX JaHHbIX
(karaJior, reorpagus, BepOATHOCTD)

* Hy:xeH aHAJIU3 J0JIrOBPEMEHHbIX 3anuceil BOJIH
¢ miaarpopm u OyeB

* HyxeH aHAJIN3 KOCMUYECKUX CHUMKOB

* MoaeaupoBaHue HA0I0AaeMbIX COOBITHHI
(BpeMd KM3HH)

e PexoMeHIAIIMM 1JI1 HABUTAIIUU M I'a30-100bIYU



