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Definition  

‘Tsunami’ (soo-NAH-mee) 

is a Japanese term which 

means harbor wave 



History of tsunamis 

Highest tsunami ever measured: 85 m in 1971-
caused by a submarine earthquake in the Ryukyu 
island chain south of Japan 

 

Megathrust events  

(when one tectonic plate subducts beneath another) 

1960, M 9.5 Chile earthquake  

1946, M 7.3 earthquake in Alaska  

1952, M 9.0 Kamchatka earthquake 

1964, M 9.2 Alaskan Earthquake  

 

 



How are tsunamis created? 

Caused due to a sudden upward or downward 

movement of the seafloor as a result of a 

submarine earthquake (magnitude > 6.7), 

landslide or volcanic explosion  

In fact it can be 

generated by 

ANY 

disturbance 

that displaces 

a large water 

mass from its 

equilibrium 

position 



Mechanism 

• When a large section of 

the sea floor suddenly 

rises or falls during a 

quake, all the water over 

the moving area is 

dropped for an instant.  

• As the water returns to 

sea level, it sets up long 

low waves that spread 

rapidly over the ocean 



                                                                                                   



Earthquake-generated tsunamis 

The 26th 

December 2004 

earthquake-

triggered 

tsunami in the 

Indian Ocean 

was caused by 

the Indian plate 

subducting 

beneath the 

Burma plate. 

Subduction zones can trigger earthquakes of high 

magnitudes and are ideal in the formation of highly 

destructive tsunamis. 



Submarine Landslides 

* Common on inclined areas of the seafloor, often in areas of rapid 

 deposition of sediment or fractured rock. 

 

* Caused by the instability and sudden failure of submarine slopes 

 where a reduction of pore water pressure occurs that reduces the 

 strength of the strata, through the following triggers: 

 * Ground motions of a strong earthquake (Seismic strain). 

 * Ocean currents eroding the base of a slope (Tectonic erosion). 

 * Hurricanes, passing storm waves and the presence of gas filled 

  cavities within sediments (Hampton 1970; 1972; Summerhayes 

  and Thorpe, 1996) 

 

* External disturbances reduce the balance of forces resulting in a 

 downward/ outward movement of rock or sediment.  



Volcanic Eruptions 

Cataclysmic eruption on August  27, 

1883. 

Volcano exploded with the force of 

100 megatons.  

Waves reached heights of 40 m 

above sea level.  

Estimated 36,417 people were killed, 

most by the giant sea waves. 

165 coastal villages were destroyed.  



Frequency of impact plotted against energy, either in Joules and Megatons TNT equivalent. (Credit : 

Paleontological Science Center) 

Meteor Impacts 



A tsunami can not be felt aboard ships nor 
can it be seen from the air in the open 

ocean. 

Interesting facts 



 When the ocean is 6100 m deep, a tsunami travels 
at 890 km/hr.  

Interesting facts 
A tsunami can compete with a jet aeroplane, 
travelling across the ocean in less than a day. 



A Large wind- generated 
wave:  

- Wavelength of 400 m 

- Velocity of 90 km/hr 

- Wave height at shore: 3m 

How is a tsunami different from a   

wind-generated wave? 

Tsunami: 

- Wavelength of 160 
km 

- Velocity of 725 km/hr 

- Deep water wave 
height: 2m 

- Wave height at 
shore: 15-30m 

NOT a tidal wave 



Characteristics of the Indonesian 

earthquake 

The tectonic plates are estimated to have been displaced 

as much as 30 metres - thus, the energy released is 

equivalent to 10.000 Hiroshima atomic bombs.  

 

The sea floor overlying the thrust fault would have uplifted 

by several meters as a result of the earthquake 



Fierce currents at the shore 











Phuket, Thailand 



No Tsunami Warning System exists 

for the Indian Ocean ! 

A Warning System should consist of seismic stations and 

tide stations; 

Seismic waves travel faster (28 800 km/hr) than water 

waves (725-890 km/hr). 

 

The seismic stations are thus the first stations to register 

any potential tsunami generating earthquakes of the 

correct magnitude and location. 

The tide stations confirm any potential warnings from the 

seismic stations. 

 



Desperate time for Scientist at Early 

Warning Centre 



Early Warning Systems 

 Functioning of  ITWS begins with the detection 

of an earthquake which has a magnitude and 

location that make it potentially capable of 

generating a tsunami.   

 Personnel at the station immediately send their 

readings to the Pacific Tsunami Warning Center 

(PTWC)., in Honolulu, which issue alerts via 

satellite and radio to participating members. 



Listening to the earth 

A tide station has tide 

gauges, which have 

the ability to 

measure long and 

short term changes 

in sea level  



Listening to the earth 
A seismic station has equipment that can detect, 

monitor and record earthquakes locally or anywhere in 

the world  



In South Africa  

(South African National Network) 



Historical seismicity of southern Africa 



Can the South African coast 

experience a mega tsunami? 

Fundamental Question: 





Two potential sources: 

*  Earthquake in the Indian Ocean 

*  Local, submarine landslides 

 



 

 
 

Possible area from where a threat for South Africa may arise: 

1. “Sumatra” (meeting of Indian and Burma plates) 

2. “Karachi” (meeting of Indian, Arabic and Eurasia plates) 

3.  “South Sandwich Islands” (small sub-plate; meeting of 

Antarctic and America plates) 

 

2 

1 

3 

Global Seismic Hazard Map 



Area 1: Sumatra 

• mmax( estimated) = 9.0 ± 0.60 

(event of 26 December 2004 not included) 

• mmax ( observed) = 8.9 - 9.0 (26 December 2004) 

 



 

 
Area 2: Karachi    

• mmax ( estimated) = 8.52 ± 0.25    

• mmax ( observed) = 8.3 (16 June 1819) 

             (Also earthquake of 1945) 



Area 3: South Sandwich Islands 

•  mmax ( estimated) = 7.8 ± 0.3 

•  mmax ( observed) = 7.5 (6 October 1973) 

              



Bathymetry of South the African 

Coastline 



The Agulhas Slump 

Length – 750 km 

Width – 106 km* 

Area – 79 488 km2 

Volume – 20 331 km3  

Age – Pliocene? 

*Area/mean length of slump Extent of the Agulhas Slump, after Dingle, et al, 1977 



Answers: 

•The risk of a tsunami generated at tectonic boundaries is very, 

very low, though not impossible.  

 

•Submarine landslides have occurred in the past along the coast 

and could pose a threat in the future. 

 

•Large volcanic eruptions can spawn tsunamis that effect 

coastlines at great distances.   

 

•Meteor impacts pose a risk, albeit on large timescales.  

 

•Presently there is sparse information of past tsunami evidence 

on South African’s shorelines.  

 



South African Indian Ocean 

Tsunami Warning System 

SA-IOTWS 

Seismological 

Component 



South African National Seismograph 
Network 



Seismic Event Data Transmission 



Tsunami Warning Transmission 



Status Matrix of the Tsunami Stations 

Station and Code Data Acquisition 

Unit 

Digitizer Seismometer Communications Link 

Calvinia (CVNA) EARS-Micro 24-Bit 100 sec KS-2000 GPRS 

Ceres (CER) EARS-Micro 24-Bit 100 sec KS-2000 GPRS 

Grahamstown (GRM) EARS-Micro 24-Bit 100 sec KS-2000 GPRS 

Mussina (MSNA) EARS-Micro 24-Bit 30 sec CMG-40T GPRS 

Pongola (POGA) EARS-Micro 24-Bit 100 sec KS-2000 GPRS 



Construction and Installation of Mussina station 





Tsunami station at Mussina 



Tsunami station at Ceres 



Tsunami station at Pongola 



Tsunami station at Calvinia 



Tsunami station at Grahamstown 



Examples of Records 













Tsunami questionnaire 
 

1.  Have you ever experienced a Tsunami or something you think may 

 have been a Tsunami? This includes large ocean waves at the beach 

 not related to a storm, coastal flooding and/or a simultaneous 

 Earthquake at the coast. 

  Yes No 

 

2.1  Where were you at the time of the experience? Name the 

 district or farm or city and suburb or beach. Also name the 

 nearest large city and province. 

  _________________________________________________________

  

  Nearest large city: ______________ Province: ______________ 

 

2.2  How far were you from the coast? Within: 

  1 km  2 km  3 km  4 km 

 

3.  When did you have this experience? 

  _________________________________________________________ 

  Year  Month  Day  Hour 

 

4.  Were you caught in the water by the Tsunami wave? 

  Yes No 



5.  Did you see a Tsunami wave or coastal flooding? Select one or both: 

  Tsunami   Yes  No 

  Coastal flooding  Yes  No 

 

6.  How high was the wave or how far inland was the coastal flooding? 

 Was there more than one wave? 

  Tsunami ____________m. high 

  Coastal flooding ______________km. inland 

  More than one wave?     Yes  No 

 

7.  Did you feel an Earthquake just before or during the Tsunami wave 

 and/or coastal flooding? 

  Yes No  

 

8.  If yes to Question 7, how did you feel the earthquake? Select one: 

  Very strong (houses were collapsed) 

  Strong (houses were damaged) 

  Weak (houses had no damage) 

 

9.  If yes to Question 7, how long after the Earthquake did you experience 

 the Tsunami wave and/or coastal flooding? 

  Approximately _________       Minutes ____________    Seconds  

 



10.  Approximately how many other people around you also experienced: 

  The Tsunami wave  _________ people 

  The coastal flooding  _________ people 

  The related Earthquake  _________ people 

 

11.  Did the Tsunami wave, coastal flooding or Earthquake cause injury to 

 people or damage to houses or property? 

  Yes No 

  If yes, give details: 

  ___________________________________________________________ 

  ___________________________________________________________ 

  ___________________________________________________________ 

  

  _______________________   ___________________ 

  Signature     Date 

 

 

Thank you for your time! 

Please return this questionnaire to:  

Department : Provincial and Local Government,  Disaster Management 

Private Bag X804, Pretoria 0001,  

or 

Council for Geoscience, Seismology Unit, Private Bag X112, Pretoria 0001. 



Tsunamis in the South African context 

 

Background 

In the wake of the tsunami that caused widespread devastation to nations 

bordering the Indian Ocean, many people living along the coastlines of South 

Africa have been concerned about their own safety. There is very little 

available historical documentation and evidence of destructive tsunamis along 

the South African coastline. However, it must be also be noted that, to date, 

few serious studies have been conducted to quantify the risk of the 

phenomenon to South Africa. 

 

What Is a Tsunami? 

Tsunamis can be described as powerful ocean waves generally resulting from 

large submarine earthquakes or landslides, volcanic eruptions and meteorite 

impacts in the ocean that displace water vertically. Waves associated with 

tsunamis are unlike normal ocean waves generated by wind and storm action. 

Tsunamis can travel at speeds faster than 970 km/hr in the open ocean and, 

as they approach the shore, they behave more like a fast-moving tide that 

extends far inland, rather than breaking on the shore. The topography of the 

coastline and the ocean floor influences the size of the waves and it is 

possible that the first wave is not necessarily the largest one. 



Tsunamis range in size from small micro-tsunamis, which are detectable only 

by sensitive instruments, to large mega-tsunamis that can affect the coastlines 

along entire oceans. It should be borne in mind that even small tsunamis (2 m 

high) will be accompanied by extremely strong currents, capable of knocking 

people off their feet. 

 

Complex interactions with the coastline cause tsunami waves to persist for 

many hours and thus, once a tsunami warning has been issued, it is important 

to stay away from the beach until wave activity has completely subsided (A 

rule of thumb is to avoid going to the beach for at least a day). 

 

It is very important to note that, should a major earthquake or landslide occur 

close to the shore, the waves could reach the beach within minutes, before a 

warning can be issued. It is therefore of paramount to familiarize yourself with 

tsunamis as discussed in this leaflet. 

 

Where and How Often Do Tsunamis Occur? 

Coastlines bordering the Pacific Ocean are more at risk from tsunamis than 

those along the Indian Ocean. This is due to the fact that, the Pacific tectonic 

plate spans more than one-third of the earth's surface and is surrounded  



by a series of mountain chains, deep-ocean trenches and island arcs along which 

most earthquakes occur. Thus, the islands of Japan, Hawaii, and the coastlines of 

Alaska down to the west coasts of North and South America, are at a particularly 

high risk. Although rare, tsunamis do occur in the Atlantic Ocean, Mediterranean 

Sea, Indian Ocean and on large lakes. The 1883 Krakatau volcanic eruption, which 

generated a tsunami wave of over 40 m high along the Indonesian coast and 

caused the loss of an estimated 36 000 lives, demonstrates that tsunamis in the 

Indian Ocean are not initiated solely by submarine earthquakes. 

 

Globally, two locally damaging tsunamis are expected per year, while one 

destructive tsunami, capable of causing ocean-wide damage, is expected 

approximately every 15 years. 

 

Is South Africa Prepared for Tsunamis? 

The South African government, through the National Disaster Management Center 

(NDMC), actively participates in the Indian Ocean Tsunami Warning System 

(IOTWS). Five seismological stations of the South African National Seismograph 

Network (SANSN), operated by the Council for Geoscience (CGS), have been 

modernized to provide continuous broadband monitoring of seismicity. It is 

envisaged that the data recorded by these stations shall be streamed, via a 

dedicated communications network, to a proposed International Data Center (IDC) 

that will issue tsunami warnings for the Indian Ocean. 



What to Do When a Tsunami Occurs 

 

The following are guidelines for what to do if a tsunami is likely to occur in 

your area: 

 

* Listen to reports from the media (Radio and Television) to stay 

 informed whether a tsunami warning is in affect. If a tsunami 

 warning has been issued, move inland to higher ground 

 immediately and stay there.  

* If no tsunami warning has been issued and you notice water 

 receding quickly and unexpectedly from the beach move to higher 

 ground immediately. 

* Also, if you are on the coast and you feel an earthquake, treat it as 

 if it caused a tsunami, and move to higher ground. 

* Remember that areas lower than 7 m above sea level and within 2 

 km of the shoreline are at a greater risk of inundation. 

* Maintain your vessel’s position if you are at sea in deep water. 

* Vessels in shallow water or harbors should move to deep water if 

 there is  enough time and weather conditions are suitable.  



The following are guidelines following a tsunami: 

 

* Keep away from flooded and damaged areas until officials declare 

 it is safe to return.  

* Stay away from debris in the water as it may pose a safety hazard. 

* Drowning is the most common cause of death associated with a 

 tsunami; therefore beware of water receding in the run-up zone. 

* Only drink water designated safe by the authorities as 

 contamination of drinking water can occur.  

 

 

Remember the golden rule, Save Yourself - Not Your Possessions. 



Thank you! 


