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Indian Ocean tsunami of December 26, 2004, 
228,000 fatalities. Destruction of the coastal area 
of ​​Banda Aceh 

Tohoku tsunami March 11, 2011, 18,428 fatalities 
Destruction in Rikuzen-takata, Miyako 
Prefecture, Japan   
 



Ferrer M., González-de-Vallejo, L.I. Global Historical Megatsunamis Catalog 
(GHMCat). GeoHazards 2024, 5, 971–1017.  

Megatsunami is defined as a giant 
wave with a height of 35 m or more 

Megatsunamis are local events originating from 
nearby sources, with their effects confined to 
small areas, as the wave height rapidly decreases 
with distance from the source. 

Most historical megatsunamis have been 
generated by large subaerial landslides, with 
some cases involving submarine landslides 
and a few cases related to violent volcanic 
eruptions. 

In total, 40 megatsunamis (i.e., those with wave 
heights ≥35 m) have been identified in the two 
existing Global Tsunami Databases for the period 
from 1674 to 2024 and Global Historical 
Megatsunami Catalog (GHMCat) has been 
formed. 



Ferrer M., González-de-Vallejo, L.I. Global Historical Megatsunamis Catalog (GHMCat). GeoHazards 
2024, 5, 971–1017.  

The list of 40 megatsunamis that have been identified in the two 
existing Global Tsunami Databases for the period from 1674 to 2024  



The paper states a remarkable absence of correlation between Hmax and source 
parameters, such as earthquake magnitude M, landslide volume V, volcanic 
explosion index VEI  

  
 



Map of historical tsunamigenic events occurred from 2000 BC to 2024  with the 
trans-oceanic mega-tsunamis highlighted in red. About 2750 events are shown. 
Size of circles is proportional to source magnitude, color represents the tsunami 
intensity I on Soloviev-Imamura scale 
 



14 trans-oceanic tsunamis, 
(H > 5m at D > 5000km) 
N - number of run-ups 

Top-15 tsunamis with 
highest run-up,  
sorted by Hmax 

Top-15 tsunamis with 
 largest fatalities,  
 sorted by NFAT 

365AD Crete       M ~ 8.5 
1700 Cascadia    M ~ 9 
1737 Kamchatka M = 9+ 
1755 Lisbon        M = 9 
1788 Aleutian      M = 9 
1837 Chile           M = 9 
1868 Chile           M = 9 
1946 Aleutians    M = 8.8 
1952 Kamchatka M = 9 
1957 Aleutians    M = 9 
1960 Chile           Mw = 9.5 
1964 Alaska         Mw= 9 
2004 Sumatra      Mw= 9.1 
2010 Chile           Mw = 8.8   
2011Tohoku         Mw=9.1    

524m 1958 Lituya Bay 
250 m 1963 Vajont Dam 
150m 1936 Lituya Bay 
120m 1854 Lituya Bay 
  90m 2007 Greenland 
  90m 2018 Bureya Riv. 
  88m  1788 Aleutians 
  85m  1771 Ishigaki Is. 
  70m 1936  Norway 
 68m 1964 Alaska 
 63m 1737 Kamchatka 
 62m 1934 Norway 
 51m 2004 Sumatra 
 42m 1946 Aleutians 
 38m 2011 Tohoku 

227,899 2004 Sumatra 
  36,417 1883 Krakatau 
  30,000 1755 Lisbon  
  30,000 1707 Nankaido 
  27,122 1896 Sanriku 
  26,000 1498 Enshunada 
  18, 428 2011Tohoku   
  15,000 1741 Osima 
  13.486 1771 Ishigaky Is. 
  10,000 1952 Kamchatka 
  10,000 1765 Guanzhou 
    5,233 1703 Boso Pen. 
    5,000 1605 Nankaido 
    4,376 1976 Philippines 
    3,000  1854 Nankaido 

Three groups of largest tsunamis of the World Ocean 
(compared by different parameters) 



 
Formal criteria for identification of trans-oceanic mega-

tsunamis in historical catalogs: 
 
Events that created  run-up heights more than 5 m at the 

distance of longer than 5000 km 
 

Physical meaning of this criteria:  
These events are capable to create a damage on the 

opposite side of an oceanic basin  



Date and location  M  N  I  HmNF, 
m  HmFF, m  FNF  FFF  

July 21, 365, Crete  8+ 3  4  Unknown  10  ~5,000 ~700  

January 26, 1700, Cascadia  9 7  3.5  10  2–4  Unknown  0  

October 17, 1737, Kamchatka  9 6  4  63  12–15  Unknown  Unknown  

November 1, 1755, Lisbon  8.5  51  4  30  7  ~1-2.000  Unknown  

November 7, 1837, Chile  8.5  20  3.5  8  6  0  62  
August 13, 1868, Chile  9  99  3.5  15  5.5  612  7  
May 9, 1877, Chile  9  111  4  24  12  512  50  
June 15, 1896, Japan  7.6  62  4  38.2  9.0  27.122  0  
April 1, 1946, Aleutians 8.4  542  4  42.2  20.0  5  162  
November 4,1952, Kamchatka  9.0  314  4  18  9.1  >10.000  0  
March 9, 1957, Aleutians 9.1  304  3.5  22.8  16.1  0  0  
May 22, 1960, Chile  9.6  537  4  15.2  10.7  ~1.000  283  
March 28, 1964, Alaska  9.3  292  4  68  4.9  106  18  
December 26, 2004, Sumatra  9.0  1015  4.1  50.9  9.6  175.827  52.071  
March 11, 2011, Tohoku  9.0  5578  4.2  55.9  3.0  18.497  2  

List of historically known transoceanic tsunamis and their basic parameters   

These mega-events constitute less than 1% of all tsunamis, but they are responsible 
for more than 60% of all fatalities and 80-90% of material damage 



Energy flux for trans-oceanic mega-tsunamis historically known. Insert figure – distribution of fatalities 
over the tsunami propagation time ( up to  85% fatalities occur during the first hour).  Calculations are 
made in ICT SB RAS by means of MGC numerical package for tsunami modeling (Chubarov, Babailov, 
Beisel, 2011).  



Trans-oceanic mega-tsunamis represent a small 
(less than 1%) fraction of all tsunamigenic 
events, but in historical perspective of XX-XXI 
centuries they are responsible for  
 
 more than 50% of all tsunami run-ups in DBs 
 more than 60% of all tsunami fatalities 
 more than 70% of total tsunami damage 
 nearly 90% of total tsunami energy released 

in the World Ocean 
 
 

  
 



Основные особенности транс-океанских мега-цунами: 
 

 Порождаются крупными субдукционными землетрясениями 
магнитуды 9+ 
 Способны вызвать  ущерб и потери среди населения на 
противоположном берегу океанского бассейна 
 Имеют большие периоды  повторяемости  -- порядка  500 лет 
[215 ÷1100]   (в каждом отдельном регионе) 
 Максимальные заплески на берегу  составляют 20-40 м и  не 
является предельно высокими, но они могут наблюдаться  на 
значительном (> 500 км) протяжении береговой линии 
 На побережьях окраинных морей (типа Охотского, Берингова) 
наибольшие колебаний уровня могут наступать  через 12-24-48 
час после прибытия первого возмущения 
 Имеют увеличенный период волны (до 1 часа) и способны к 
глубокому  (до 5-6 км) проникновению  вглубь суши 
 



Historical run-up distribution along  the coast of Honshu for the period from 684AD to 2011 

38m(1896) 

29m (1933) 

33m (1993) 



Historical run-up distribution along  the coast of Honshu after 11.03.2011 

40.5m 39.2m 
 

38.9m 
 

38.6m 
 

33m (1993) 



The height of the waves reached 15-20 meters. The number of fatalities is from 10 to 
14 thousand people (according to modern estimates). The earthquake caused a 
transoceanic tsunami, one of the strongest in the 20th century. 

The earthquake and tsunami of November 4, 1952 so far is 
the largest natural disaster in the territory of the Russian 

Federation. 



The height of the waves reached 15-20 meters. The number of fatalities is from 10 to 
14 thousand people (according to modern estimates). The earthquake caused a 
transoceanic tsunami, one of the strongest in the 20th century. 

The earthquake and tsunami of November 4, 1952 so far is 
the largest natural disaster in the territory of the Russian 

Federation. 





Severo-Kurilsk, September 2022. Concrete military defense unit 
overturned and displaced  on several hundred meters upstream of a 
small river 



Severo-Kurilsk, September 2022. Concrete protective room in the 
state bank displaced  on 1.5 km from the intital location 
 



Numerical model of the Kamchatka tsunami of November 4, 
1952  

 

Расчет на сетке 3000х3000 на 36 час физического времени произведен с помощью платы FPGA за 2 мин 
процессорного времени 



Трансокеанское распространение Камчатского 
цунами 1952 года 

In southern Chile (south of 35°S) the 1952 Kamchatka tsunami was 
the only noticeable event during  84 years (from  1868 to 1960)  



Comparison of glow maps for model subduction sources with different magnitudes 
Mw 9.0, 8.4, 7.8 and 7.2 on a regional scale. The ratio of the initial (static) tsunami 
energy for these earthquakes is also shown. 

Mw=9.0 
E ~ 3850 
 

Mw=8.4 
E ~ 160 
 

Mw=7.8 
E ~ 10 
 

Mw=7.2 
E ~ 1 
 



Tsunami propagation in the Kuril-Kamchatka region for Mw=7.8, 8.4 and 9.0 sources, made in ICT 
SB RAS by means of MGC package for tsunami modeling (Chubarov, Babailov, Beisel, 2011).  

  
 

Mw=7.8 

Mw=8.4 

Mw=9.0 

The 1960 Chilean tsunami produced highest historical run-ups (up to 2 m) 
observed along the whole Okhotsk Sea coast. Along the Koryakia coast (north-
east Kamchatka) wave heights were up to 4-5 m and made a lot of damage. 
 
 

1-2 m 4-5 m 

Выступающий
Заметки для презентации
3. As compared to tectonically-induced tsunamis, volcanic tsunamis generated by explosive eruptions or volcanic cone failure can be extremely destructive locally, but can hardly transport their energy far away the area of origin. 

4. Statistical nature of tsunami generation process results in absence of direct relation between earthquake magnitude and intensity of tsunami. Selection of magnitude threshold is critical for the “missed event/false alarm”  ratio. Direct ocean bottom or satellite measurement of tsunami in the open sea  can improve warning statistics.




a 

  
 

1946 Aleutians Mw8.6  H=16.7m Fat=173 NoWarn 
1952 Kamchatka Mw9.0  H=6.4m Fat=0 Warn 
1957Aleutians Mw9.5  H=16.1m Fat=0 Warn 
1960 Chile Mw9.0  H=12.1m Fat=61 Warn 
1964 Alaska Mw9.0  H=4.6m Fat=0 Warn 
1975 Hawaii Mw7.4 H=14.3m Fat=2 NoWarn 
1986 Aleutians Mw8.0  H=0.9m Fat=0 Warn 
1994 Shikotan Mw8.3  H=0.5m Fat=0 Warn 
2006 Simushir Mw8.3  H=0.8m Fat=0 Warn 
2010 Chile Mw8.8  H=1.0m Fat=0 Warn 
2011 Tohoku Mw9.0  H=4.8m Fat=0 Warn 
 
 

H a w a i i 
Transoceanic mega tsunamis present the major threat to remote island like Hawaii 



Maximum tsunami run-up heights recorded in the World Ocean during 
1900-2024.  Red color marks trans-oceanic mega-events resulted from 
M9 class subduction earthquakes (1946 Aleutians, 1952 Kamchatka, 
1957 Aleutians, 1960 Chile, 1964 Alaska, 2011 Indonesia, 2011 Tohoku) 

  
 



Despite of great near-field heights (greater than 1960 Chilean tsunami), the 2010 
Maule tsunami cannot be counted as trans-oceanic mega-tsunami 

1 m 

1.0 m 

1.8 m 

0.4 m 

0.8 m 

0.4 m 
0.6 m 

0.4 m 

0.2 m 
0.2 m 

0.7 m 

1.0 m 

TTT map and  observed far-field heights of the 2010 Maule tsunami  
Mw=8.8  I=3.5 



Dependence of tsunami intensity I (on Soloviev – Imamura scale) on Mw magnitude for 
Pacific tsunamigenic earthquakes for the period 1904-2022. 

I = 3.55 Mw –27.1 

I = ½ +log2Hav 

(Гусяков,Чубаров,1985) 

(Soloviev, 1972) 



Long-term prediction of mega-quakes and their input 
in tsunami hazard maps 



10 

Карта цунамиопасности Дальневосточного побережья РФ, показывающая 
высоты волн с ожидаемой вероятностью превышения 5% в течение интервала 
50 лет (средний интервал повторяемости 975 лет). 



Known historical and geologically identified pre-historical mega-tsunamis in 
the Kuril-Kamchatka and Japan regions resulted from M9 subduction quakes 

1737 1952 
 

2011 

1667 
? 

869AD 
(1611) 

600-800 AD 
400-500 BC 
1400 BC 



Historically known run-up heights along the Kuril-Kamchatka coast for 1737-2024 and results 
of numerical modeling for a set of hypothetical model sources of magnitude Mw=9.0 
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Earthquake recurrence law (Gutenberg-Richter law) for the Kuril-Kamchatka zone. 
Black dots show the number of events in the seismic catalog for 1700 - 2015 with 
magnitude M > Mi. Solid lines are its possible approximations. 

Mmax=9 

Gutenberg-Richter law 
lgN = а – bM 



Map of historical tsunamigenic earthquakes for Japan–Kuril-Kamchatka – Alaska-Aleutian regions.  
Nearly 500 historical events are mapped. M9 class events are shown as elliptical sources and 
marked  by year. Big questions exist about a gap  in the western Aleutians and western Canada-
US coast. 

? ? 



Source map of mega-tsunamis in the Pacific and Indian oceans 
occurred  from 1700 to present 

  
 



Restored (by paleo-geological tracing) run-up heights of the 1737 and 1952 
tsunamis along the Paramushir – Kamchatka east coast (Pinegina, 2014) 

  
 

1952 source 

Выступающий
Заметки для презентации
3. As compared to tectonically-induced tsunamis, volcanic tsunamis generated by explosive eruptions or volcanic cone failure can be extremely destructive locally, but can hardly transport their energy far away the area of origin. 

4. Statistical nature of tsunami generation process results in absence of direct relation between earthquake magnitude and intensity of tsunami. Selection of magnitude threshold is critical for the “missed event/false alarm”  ratio. Direct ocean bottom or satellite measurement of tsunami in the open sea  can improve warning statistics.




New paradigm in tsunami hazard mitigation in Japan – two-level strategy in 
tsunami hazard management (Takeuchi, 2013) 

  
 



 
 

 
 

  
 

 

 
 

   
  

  
 

  
 

Выступающий
Заметки для презентации
 



З А К Л Ю Ч Е Н И Е 
 
 Trans-oceanic tsunamis resulted from M9 class subduction 

earthquakes gives the major input in overall tsunami hazard 
(<1% of events responsible for >50% of all fatalities). 

 They produce high (>10m) run-ups over extended portion 
(~1000km) of coastline and constitute major hazard for the 
coast of marginal seas 

 With few exceptions (1896 Sanriku, 1946 Aleutians) the 
magnitude value Mw=9.0 looks like a threshold for generating 
of trans-oceanic tsunamis 

 Geological methods of paleotsunami  tracing is indispensable 
tool for long-term tsunami hazard assessment and needs to 
be used in all regions 

 Trans-oceanic mega-tsunamis resulted from M9 class 
subduction earthquakes, constitute a separate group of 
tsunamigenic events and in any consideration they should be 
clearly distinguished from all other “ordinary” tsunamis   
 

 
 
 
 

  
 



February of 2012. Prof. Y.Tsuji (Тоkyo University) at the basement of 
a living house in Rikudzen-takata city, Miyako prefecture.   





Tsunami occurrence in the World Ocean from 1000 AD to present. 
Vertical axes is the tsunami intensity I on Soloviev-Imamura scale 
   ~ 1500 – beginning of the era of great geographical discoveries 
1833 год – the first sea level  station (Brest, France) 
1885 год – the first seismic station 
1992 год – the first international  post-tsunami  field surveys (Nicaragua) 
 

Only 0.5% of historical events  
are known for earlier period 

1885 1833 1992 ~1500 



1904 – beginning of global instrumental earthquake catalog 
1963 – deployment of global seismic network WWSSN 
1976 – beginning of deployment of broadband network of STS-type stations 
1992 – beginning of detailed instrumental measurements of tsunami consequences 
 
Tsunami occurrence in the World Ocean from 1900 to 2024.  M9 trans-
oceanic mega-tsunamis stay clearly out of all other events 
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