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I'Ionyanb AaHHbIe MO cTapbIM COObLITUAM — 3a4a4a, pewlaemas
cneunanuctamm MYC, reorpachumn, reonorumn, okeaHorpacdpum, nctopum

« Co3paTb KaTtanor npownbiX COObLITUN

v UHCTpyMeHTanbHble gaHHble 50 - 150 neTt

v ObcnepoBaHud

v ApX1Bbl agMUHUCTpPALNN

v TaseTtbl (100 — 200 nerT)

v JlereHabl N cKkaszaHus (BNnoTb 40 6MGnuu)

v Packonku cnegoB uyHamm (1000 — 10000 neT)

e Ponb mMmateMaTuKm:

- OTCceAATb HEAOCTOBEPHbIE AaHHble
- JlaTb BEpPOATHOCTHbLIN MPOrHoO3



CeBepo-Kypunbck,
5 HOsAOPA1952 T.




Sainte-Rose,

Guadeloupe

Coral Reef Protectio

adirst blade, at least

x> _..':‘:-“_ )‘_g

;. - (18 m) high,
;:- ab@ut CRIIES
to’ @rthém open sea”

1867 \,{{‘I’Q‘_I‘n Is| an_d Tsuha



Deshales,
Guadeloupe,

The 1867 tsunaml :-‘ i
“The habitants took ref}f_. e in the - o
People had time to save drue to negatlve pref:ursor

We do not believe in 18 m wave



I'Ionyanb AaHHbIe MO cTapbIM COObLITUAM — 3a4a4a, pewlaemas
cneunanuctamm MYC, reorpachumn, reonorumn, okeaHorpacdpum, nctopum

[TOHATbL NOYeMy OHO NPOUCXOAUT — 3a4aua
doun3nkoB u reopuanNkKos

« 3eMneTpAaAceHuns

 W3BepXeHUs ByNKaHOB

« Cxop naBuHbI U OMON3HU C NPUOPEXHBLIX CKan
« Onon3Hu 1 ByrKaHbl No4 BOAOW

« MeTeopuThbl

 B3pbiB aToOMHOU 6OMObI

 [lpuwensbuybil......



ﬂonyanb AaHHbIe MO cTapbIM COObLITUAM — 3a4a4a, pewlaemas
cneunanuctamm MYC, reorpachumn, reonorumn, okeaHorpacdpum, nctopum

[TOHATbL NOYeMy OHO NPOUCXOAUT — 3a4aua
doun3nkoB u reopuanNkKos

[Mpeackasatb Oyayuwime cobbITUA KONIUYECTBEHHO —
3apava npuknagHou maTeMaTuku

 BbicTpana obpaboTka MHdopmMauum n BbIGOP maTt moaenu
 Paccuutatb OLICTPO, NOKa LyHaMM eLle He goLwsio go 6epera

 [oHecTtn nHpopmauumo Ao Kaxaoro



USER MANUAL OF' v
Tsunami Simulation-Visualization ™
UMCTIEHHDI Ko pa3pab Software
UCJIEHHbLIN Jal paboTtaH
COBMECTHO AVI-NAMI

C TYPEUKNMU Kosnrseramm

Yalciner AC ., Pelinovsky E2, Zaytsew A2, Ozer C.!, Ozyurt G.!, Kurkin A3

INTERNATIONAL TSUNAMI
INFORMATION CENTRE

INTERGOVERNMENTAL
OCEANOGRAPHIC COMMISSION

UNESCO

Certificate of Service
Efim PELINOVSKY

IS HEREBY RECOGNIZED TO HAVE SERvED As Course Software Developer

10C INTERNATIONAL TRAINING COURSE ON TSUNAMI NUMERICAL MODELLING:
COURSE | - TSUNAMI SOURCES AND TSUNAMI PROPAGATION
KUALA LUMPUR, MALAYSIA, 8-19 MAY 2006 OOSTENDE, BELGIUM, 06-16 JUNE 2006
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INSTRUCTORS: D
LAURA S.L. KONG EMILE A. OKAL, COSTAS E. SYNOLAKIS, a9
AHMET C. YALCINER, ANDRE| ZAYTSEV o
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February 27,2010 Chilean Tsunami Travel Times
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At06:34:14 UTC, a M8.8 earthquake occurred offshore Maule, Chile, [35.846°S,
72.719°W], resulting in a Pacific-wide tsunami. Shown above are the tsunami
travel time contoursin hours, beginning from the O-time of the earthquake.
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February 27,2010 Chilean Tsunami Travel Times
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BOGC apamwup, ckana Typ, cepus eonH yyHamu 28.02.10, 05:11 UTC, ¢pomo J1. KomeHko



— 28.02.2010 14:02 —

BonHa uyHamu
npuwna
Ha o-B Napamywup
BbICOTOM
2 MeTpa
Yac cnycTA
nocrie OTMeHbl

TpeBOrn uWyHamum
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HungaTonga- Hunga Ha'apai Volcano, 15 Jan. 2022
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Explosion 4:15 UTC Expected tsunami arrival time (for a typical earthquake-induced tsunami)

Tsunami Waves up to 15 m :
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LlyHamMu ByNIKAaHN4YECKOro nNpoucxoXxXaeHus

Major Volcanoes of ltaly StrOm bOI | ;
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More than 30 tide-gauge records in Indian Ocean



Tsunami due to 1883
Krakatau Eruption

Eruption time :
1883.8.27 AM10:02

Current time :
after Ohra 2Zmins
(1883.8.27 10:04)

Laboratory for Coastal and
Ocean Dynamics Studies
Sung Kyun Kwan Univ. Kered




Volcanic Tsunami SUMATRA INDONESIA
22 December 2018

90 m g 430 VI Ctl m S o Sunda Strait

Jaﬁana

Ash cloud

Collapsed summit?

Concentric waves ;

@ SENTINEL Hub



Montserrat Volcano Eruption, July 12, 2003
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Tsunami Traces

4 m high,
100-200 m inland




Explosive volcano eruption

Equivalent source (Le Mehaute)

n(M)=H[2(r/R?-1 E==

r/R




Source Radius, km

Displacement in the Source, m

- Explosive tsunamis
| intermediate
Re — O.O4EO'3 1883
T T e e | Krakatau eruption
Fruption Eneroy. 8.4x10%" Joules
100 R, ~3.5km
' H,~220m

H. = 0.02E°%

12 14 16
10 10 10 10

Eruption Energy, J
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Tsunami generated by subaquatic volcanic eruptions

PAGEOPH, 2000, v. 157, 1135-114
January 2, 1996, Karymskoye Lake, Kamchatka, Russia

H. ..=30m

max

tsunami erosion

Crater, 600 m In diameterss...
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YHaAMHU OIMOJIBHCBOI'O ITPOUCXOKACHUS

16 oxTsa0ops 1979 r. Ilpu paciuupeHur MeXAYHAPOIHOIO
ayponopra B Humue (®paHums) I3KCKABATOP <«3aaen»
NOABOMAHBLIA omoJizeHb. Ilorm0igo 6 4enoBek. BpwicoTa
BOJIHBI HA Oepery A0CTHUIJIA 3 M.

Antibes
10 km
from Nice
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Landslide Tsunami, 11 December 2018
Bureya River, Russia
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25 mIn cubic meters Runup 90 m

e .‘-” _j‘* > t:-‘:ﬂ’s 29 + ~ 3 g X : A““ N o X =
A general view of the landslide scar 6 he southern bank of the Bureya water reservoir and
the body of the landslide with a passage, initially made by the militaries in February 2019

and extended by the spring floods in April-May 2019. Photo by A.N. Ostroukhov (IVEP FED
RAS) made with the quadcopter "Fantom 4" on June 19, 2019.




This tsunami is 7-8 in list of hugest runup heights

The map of the measured run-up heights of the December 11, 2018 Bureya tsunami plotted
inthe PDM/TSU graphic shell. The red dot marks a position of the landslide.
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17 October 2015, Alaska

Almost 200 m!
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June 18, 2017 Greenland 100 m high,
4 people missing

ENVIRONMENT

THE WAVE HEIGHT, AT ITS PEAK, WAS AROUND 100 METERS. DZMITRY MELNIKAU/SHUTTERSTOCK
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Canada

e |NterNatIONEI bOUNdary
=+ = Province-level boundary
ational capital

{  Reindeer
Lake

aaaaaa OCEAN

ATLANTIC |

LHynamu
B3pbIBHOTO
MPOUCXO0KTCHUSA

B Kanane, B rapanu I'aamugakc B 1exkadope 1917 rona

CTOJIKHYJIUCH ABA CyAHA, IPY:KEHHbIE B3PbIBUATKOM.

Boanpbl 0k0J0 10 M.

LlyHaMH MCKYCCTBEHHOI'O MPOUCXOKICHUA



CTOJIKHOBEHHUSI aCTEPOU/I0B
¢ 3emuren

Atepouanl guamerpoMm 200 M B 1uamerpe

1 00JiblIE CTAJIKMBAKOTCA ¢ 3emMJieil pa3
B 3000 Jret

NASA: 633 noTeHUManNbLHO
onacHbIX acTepongosB

BpeMsi Mporuo3a — HeCKOJIbKO MECHAIICB






KapTta pacnonoxeHus gokasaHHbIX (~185) MMNakKTHbIX CTPYKTYp Ha
noBepxHoctn 3emnun. UctouHuk: Expert Database on the Earth Impact
Structures (EDEIS), 2015 (lN'ycskoB)
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Geophyvs. S Ine. (2003) 153, F6-F10

FAST TRACK PAPER

Asteroid impact tsunami of 2880 March 16

Steven N. Ward! and Erik Asphaug?



Est. Hun-up:

o 120 mM
= | I
Run-up:
132 m
i 1 i

Figure 3. Tsunami waveforms at four sites along the United States east
coast (orange dots). Note how dispersion spreads an original impulse into
a long series of waves of decreasing period. Observers on shore would see
initial minor cscillations grow to heights of 30—100 m in a one-half to one
hour span. Peak amplitude waves have periods of about 2 min.




YenabuHck, 15 cbeBpan;l 2013 rop,a

HAK NOAHUMAJIH BOJIHA

Boaonasbl NOANOKMAK NOA METEOPUT
Kenesmblit nucr pazmepom 2x1 metp.

MpuKpenneHHsIe K Hemy TPOCHI NPOTAHYH K KaTaMapaHy.

\ | - OnameTp
- 20 m




NMapneHue Tena nog yrnom 5° ¢ pasnuyHbiMm ckopoctamm RANS-models
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LilyHamu B HepHom mope — 6onee 20 coObiTUMN

(3auuee u lNenuHoeckuu, 2011)




LlyHamu B pekax u osepax Poccun
(QuodeHkynoea u lNenuHoeckut, 2006)
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OnepaTBHbLIN NPOrHO3 LyHaMu

1. «Jo» cnyX0bl uyHamu: NMoyyBCTBOBAaB 3eMIeTpsACeHne
Ha Oepery — Yxoau B ropsbl....

Bceraa dKTyaJibHO AJlA NNOKAaJIbHbIX LWYYHAMU

2. Cnyx6a yyHamu (nocne 1960 roga): 3a 10 MUHYT -
Onpepenutb MarHUTyAy U KOOpAUHaTbI 3eMJIeTPACEHMUS.
Ecnun oHo B mope u M > 7 o6baBnAan TpeBory

Pe3ynbrat: OrpoMHOEe YMCIO JIOXHbIX TpeBor (okorno 75%)
Ouar 3eMneTpsiceHUs AOMKeH ObITb HErNMyooKUmM U
cMelleHue B HeM B OCHOBHOM BepTUKaribHoe.

3. HoBble MeToabl: 3a 10 MMHYT onpeaenuTb MarHuTyay
3eMneTpsceHna v BbioOpaTtb Hanbonee 6nM3Kkoe u3
OaHKa cueHapueB UyHamm (paccyumaHHbIe 3apaHee)



10 MMHYT — OCHOBHbI€ LlyHaMU reHepupyrTca pagom!
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CueHapHbIu NoaxoA:
- U\cnonb3yeTtcsa B AnoHun u CLUA

- No3BonsieT BblAoaTb NMPOrHO3 aMnJINTyAbl

MuHyc: ecsiu amnisiumyoda 3aHuUXeHa, mo Hem peakuuu

(*kepTBbI LYHaMu 2011 roaa B AnoHuwn)

PaspabaTkiBaeTca ana Poccumn (Hybapos, l'ycskos n ap.)
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MNepBas perncrpauus LyHamum B OTKpPbITOM okeaHe: CLUA, 1979,
Btopasa — Poccusa, 1980
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NOAA Tsunami Forecast

Detection

£ Tsunameters MoHuTOpUHIr noaxoasiwien BOSHbI




Moaenb XopoLwo 1 6bICTPO NpeackasbiBaeT LYyHaMU XapaKTepPUCTUKMN.
OOHaKo noKa 3TO TeCTOBbLIN PEXUM.....
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= May 3, 2006 Tonga tsunami
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Jlonzocpounwtit npozno3 yynamu

IIporHocruyeckasi BeposaTHocTh (Ilyaccon)

probability
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IIporHocTuyeckue BHICOTHI HyHaMu Ha 100 et

o, KaucmpeHko, lNenuHoeckuu, CumoHos, 1988
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100-¥EARS FORECAST FOR THE LEVELS OF FLOODING OF THE SOVIET
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JNlokanbHbIe K03(hhMLUMEeHTbI YCUNeHUsa BONHbI Ha 6epery He BKITHOYEHbI



Paramushir, Kurile Islands,
1‘ﬁ§gcross-section: annual rinq@(so 1952
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Out of flooding, . Flooding zone,
H = 25-30 m, Age 30 yeal ‘2 H=5m, Age 80




Kunashir,
Kurile Islands,
October 4, 199

View from
helicopter:
a few days after

ew Methods of
Post-Disaster




Disaster Recovery Operations Guidance

Pre- and Post-Event Imagery of 12 June 1993 Okushiri Tsunami
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Dec. 29, 2004

structures destroyed

Dec. 29, 2004
boats piled on pier
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HoBble HanpaBneHua: panoHMpoOBaHUE ropoaoB U MOCEsIKOB

5.0800=+000

Velocity Magnitude

4.1667e+080

Time Frame : 0.008080=+6080

3.3333e+000

Z.5008e+000

1.6667=+000

8.3333e-001

0.0000e+000



CKONbKO BpeMeHM Haao NOKUHYTb NOoA3eMHbIN rapax?

Time : 0000000 Casel DS




Evacuation

T ¢

PatrolCar: & “5min
MassMedia: &lmin
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. - Observed inundation after the 1964 tsunami,
e Red line - Simulated inundation,
e Blue line - Simulated coastline.

PacuyeTbl 30HbI 3anuBaHua ansa Ansicku
(E. TpowuHa, do 1994 2o00a e HHTY)

ona Poccuu ewle He BbINONMHAETCA...




IHopr Xaiiaapnama, Typuusi (KOHTEHHEPHBIN MOPT)
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Bbicota 5 m,

OucTtaHuus
340 m




YMeHbLllueHue PUCKa LUYHaAMMW.

1. NnaHbI 3Bakyauun
(B KQXKOQOM OOMe U Ha TenedoHe)

2. O6pa3OBa|-me (NaMATKKU, KHUIKU, Urpbl)
3. TPeHNpPOBKMU

4. H3 (npoaykTbl, BeLyn)
5. CpeactBa cBA3N

(vHdopmauma poBoaUTCA A0 KaXaoro '
Ha MOOUNbHbLIN TenedoH)

EVACUATION
A o | IN CASE OF EARTHQUAKE, 6O T0
= ot you GROUND OR INLAND ROUTE
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DROP! COVER! HOLD ON!

Protect Yourself During Earthquakes

GO TO HIGH GROUND!

The Shaking is Your Warning

STAY THERE!

Waves May Arrive for Hours




