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Natural Hazard Statistics
1. Flood (40%)
2. Cyclone (20%)
3. Earthquake (15%)
4. Drought (15%)

Tsunami is the number FIRST killer
in XXI century

Cost of the human life:      ~ $360 000 US



Tsunami
(in Japanese):

Big waves 
in harbor

津
波

Origin:
1.Earthquakes (85%)
2.Volcanos
3.Landslides
4.Meteo-tsunamis
5.Asteroids
6.Explosions

Typical Scales:
Duration 5-30 min
Length 20-100 km
Height 1-30 m



UN General Assembly has designated 5
November as World Tsunami Awareness Day
and called on the world to mark it.
The date of 5 November was chosen in honour
of a true story from Japan: “Inamura-no-hi”,
which means the “burning of the rice
sheaves”. During an 1854 earthquake, a farmer
saw the tide receding, a sign of a looming
tsunami. He set fire to his harvested rice to
warn villagers, who fled to high ground. In the
aftermath, he helped his community build back
better to withstand future shocks,
constructing an embankment and planting
trees as a tsunami buffer.

World Tsunami Awareness Day, 5 November



28 September 2018, Indonesia, Sulawesi Island
more than 2000 people were killed; wave amplitudes attain up to 11 m



Palu, Sulawesi, Sunday 28 Sept, City Day Holiday



Typical Indonesian House, 0-5 min after the earthquake





Int. Field Survey, October - November



Runup 51 m

26 December 2004



Last Tsunami   - Puerto-Rico, January 07, 2020 
M=6.4

4 died

Tsunami 10 cm



Kubota, T., Saito, T., & Suzuki, W. (2020). Millimeter‐scale tsunami detected by a wide and dense observation 
array in the deep ocean: Fault modeling of an Mw 6.0 interplate earthquake off Sanriku, NE Japan.Geophysical 
Research Letters, 47, e2019GL085842. https://doi.org/ 10.1029/2019GL085842

https://doi.org/


Volcanic Tsunami 
22 December 2018
85 m, 430 victims





Krakatau eruption on 27 August 1883 at 10:00

Energy = 1024 erg = 1018 joules

= 200 Megaton atomic bomb 

= 20,000 Hirosima atomic bombs

36,000 people were killed by tsunami; 
up to 40 m height on the coasts 

of Sunda Strait



Global recording of tsunami waves, 1883

More than 30 tide-gauge records in Indian Ocean

Choi, Pelinovsky,
2003



Landslide Tsunami, 11 December 2018
Bureya River, Russia



25 mln cubic meters Runup 90 m



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



9 July 1958, Alaska

Landslide 
from 600 m,
Volume 
3 mln m3

Splash
524 m



17 October 2015, Alaska

Almost 200 m!



June 18, 2017 Greenland 100 m high,
4 people missing



16 October 1979. A submarine slope failure occurred
during construction of Nice (France) new harbor. The
event cased victims: one person in Antibes, and five -
worked on the building site. Maximum effects were
observed 10 km far from building site near Antibes, that
was inundated (one person killed). Photos show water
heights of 1 m. At La Salis (close to Antibes), witnesses
reported a first wave of 50 cm, 5 min after the landslide.
This wave was followed by three 3m-high waves with
period of 8 min. At harbor of Saint Laurent du Var the
water lowered by 2m 1 min after the landslide and then
rose by 1 m. Tide-gauge records of Nice and of
Villefranche show that the first wave is a 10 cm trough.
The maximum recorded wave amplitudes do not exceed 10
cm in both harbors, whereas witnesses reported wave
amplitudes of 1 m.



1 October 1979



16 October 1979



Antibes (60 km from Nice ) 16.10.1979



Tide-record of the 1979 Nice tsunami

H ~ 10 cm, whereas on the coast – 1 m

15 October

16 October



Artificial tsunamis of explosive origin

In December 1917 large waves were generated by the 
greatest explosion before the nuclear era – this happened
in the Halifax Harbor (Nova Scotia, Canada) after a collision
of the munitions ship Mont Blanc, having 3,000 tons of 
TNT on a board, with the relief ship Imo.
At the coast near to the explosion site, the waves were 
over 10 meters high, but their amplitude diminished 
greatly further away.



Fulchignoni and Barucci, 2005

Asteroid collision with Earth



Asteroids larger than 200 meters in diameter 
hit Earth about every 3000−5000 years, 
so the probability of one impact in a given 
human lifetime is about 2−3% 

Asteroid collision with Earth

NASA: 633 known potentially 
hazardous asteroids

Forecasting time – a few months





Known asteroid entries into the oceans
(Kharif & Pelinovsky, 2005)



Seismic mapping

Isolines of the seismic speed

Barents Sea, 
142 Ma, 40 km



Челябинск, 15 февраля 2013 года

Почему не было цунами?

Вес
500 кг

Диаметр
20 м





Tsunami statistics for 20th century (NGDC)

Tsunami was the number five killer
(after earthquakes, floods, typhoons and volcanic eruptions)

Now is the First Killer



Geographical distribution of tsunamis in the World Ocean
The size of circles is proportional to the earthquake magnitude, density of gray tone – to the tsunami intensity

Gusiakov, 2005



Origin of earthquakes and tsunamis

Earthquakes are commonly associated with the ground shaking
that is a result of elastic waves travelling through the solid earth.
However, near the source of submarine earthquakes, the seafloor is
"permanently" uplifted and down-dropped, pushing the entire
water column up and down. The potential energy that results from
pushing water above mean sea level is then transferred to the
horizontal propagation of the tsunami waves (kinetic energy).



Richter magnitude for earthquakes
Logarithm of explosion energy

M = 6 1 atomic bomb

M < 2 – micro-earthquakes

M = 4.5 or greater - several thousand such shocks 
annually - strong enough to be recorded all over the world

M = 8 – great earthquakes: one event occurs each year

M = 9-10 – limit of “margin of safety” of Earth



Propagation speed of tsunami wave
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Ray Tracing Method
30 angle sec Sandwell bathymetry
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Chile, 22 May 1960

10 m



1755 Lisbon Tsunami

6-7 hours to 
Lesser Antilles

4-7 m



sea surface

sea bottom

“Piston” Modelx

y

Tsunami source

Dimensions – function of earthquake parameters
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26 December 2004 Earthquake

Vertical Seafloor Displacement Horizontal Seafloor Displacement



Practice of Tsunami Computing 
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26 May 1983
Japan Sea

(Shuto, 1983)

Tsunami wave 
Shapes at 

Japanese Coast



Thailand,
26/12/2004



Accuracy Comparison
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KdV and FNDM Models





Explosive volcano eruption
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Eruption Energy, J
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24.002.0 EHe =

intermediate
water

1883 
Krakatau eruption

8.4×1017 Joules 
Re ~ 3.5 km
He ~ 220 m 



Tsunami generated by subaquatic volcanic eruptions
PAGEOPH, 2000, v. 157, 1135-1143

January 2, 1996, Karymskoye Lake, Kamchatka, Russia

Hmax=30 m

“Explosions occurred every 4 to 12 min. Six explosions 
were observed with an average interval of 6 min”

Crater, 600 m in diameter tsunami erosion



Numerical code of nonlinear –dispersive shallow-water theory 

COULWAVE



Very Good
Comparison!



Navier-Stokes Equations (RANS and others)

Body: diameter 1 m, angle 80 degree, velocity 30 m/s

Body: diameter 1 m, angle 20 degree, velocity 30 m/s



Angle 5 degree

30 m/s 60 m/s

100 m/s 150 m/sJumping Frog Effect
Kozelkov A.S., Kurkin A.A., Pelinovskii E.N. Effect of the angle of water entry of a body
on the generated wave heights. Fluid Dynamics, 2016, vol. 51, 288-298.
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Savage-Hutter model of 
granular flow (uniform on depth)
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Dam Break Problem



2D Self-similar solutions (parabolic cap)

m – shape coefficient in cross-section



Landslide with parabolic profile of flow
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3/4)( pxxh = “Non-Reflected” Beach

Marie-Galante, Guadeloupe, Lesser Antilles
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Duhamel Integral
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Andrei Ermakov1 and Yury Stepanyants1,2

Soliton interaction with external forcing within the 
Korteweg–de Vries equation

Chaos 29, 013117 (2019); doi: 10.1063/1.5063561

attraction repulsion
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6Two –layer model of landslide tsunamis



Генерация цунами подводным оползнем в дельтах рек 

Maximum wave height distribution 

Potential landslide tsunami in Nile Delta



Navier-Stokes Model
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Fritz et al, 2009; 
Mohammed, 2010



1597 Оползень
с высокого откоса

р. Волга

Цунами в Волге



Из летописи 1597 года



На месте 
разрушенного
монастыря



Population: before 1995 - 12,000, now – 4,400

Discovered in 1493 by Ch. Coulomb, first people from 1632



Plymouth – former capital



26.12. 2001

03.08.2003 03.08.2003



Pyroclastic Flow
12-13 July 2003
Tar River Valley

Tsunami 
generation



Tsunami Traces

4 m high, 
100-200 m inland



Computations and comparison with:

Tunami – shallow water
Geowave – Boussinesq
Logos – Navier Stokes
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Japan SeaRandom Wave Paths

H = K He
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amplification
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Importance:
- to check data and
- to predict huge heights

Choi,
Pelinovsky,
et al, 2002



Choi, Pelinovsky, Hong,
Geophysical Research Letters, 2006

2004 Tsunami
in

Indian Ocean



Short-term prediction – the Operation Warning System

Different Speeds:
seismic -8 km/s,
tsunami – 200 m/s

weak Alaska tsunami 1988



Tsunami was predicted by NOAA on-line within 
the framework of shallow water theory (MOST).
DART data is effective for the good prediction!



Black - observations, Red - simulations
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Long-term tsunami forecasting

Probability (Poisson distribution)

P = 1 - exp(-νt)

- Historic data analysis
- Numerical modeling



Nuclear Plant in Egypt will be created by Russia



The new directions in the numerical modeling



Dam in Kamaishi, Japan
Tsunami 2011

If no dam Difference in velocities



Порт Хайдарпаша, Турция (контейнерный порт) 

Расчеты вплоть до шага 1 м

Волна приходит через 5 мин и
становится максимальной к 20 мин

Вода стоит в порту более часа



Высота 5 м,

Дистанция 
340 м





Fragility Function

Flow depth, m velocity, m/s





2011 Japan evacuation (Shuto)



Risk mitigation:
1. Evacuation plan

(each house and telephone)

2. Education (books)
3. Training
4. Reserve (food)
5. Communications



Главнейшие задачи:
1. Откуда взять расчетное землетрясение, оползень, вулкан, астероид?
2. Как оперативно предсказать источники ближних цунами?

3. Точные модели (физика, механика) или параметризация? 

4. Обрушение – необрушение, многофазные потоки на берегу

5. Роль нейронных сетей – «убивцев» уравнений

6. Эффекты волн-убийц в цунами и предсказание особенностей дна

7. Социальное поведение в природных катастрофах

8. Воздействие на экологию и климат

Нелинейная физика  - пункты 1, 3, 4, 6
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