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Horrific images of death and destruction from the Indian Ocean  tsunami of 

December 26, 2004 were broadcast around the world within hours of the incident. 
People saw first-hand the destructive power of these giant waves and the large loss of 
life that occurred throughout the region. However, most people do not understand what 
is taking place during a tsunami. For one thing, the tsunami came without warning. 
Some, ignorant of its warning signs, were actually drawn closer to watch the surging 
waves. Often sea level recedes prior to the surge, exposing the nearshore environment 
and stranding sea life. Local people, unfamiliar with this exciting event, may even 
venture out to collect stranded fish. Obviously, shoreline dwellers as well as visiting 
landlubbers need to be educated about tsunamis, for it may save their lives one day. 

Tsunami, is a Japanese word meaning ‘harbor wave’. Such sudden  surges 
were often observed within harbors. Due to the high frequency of earthquakes in Japan, 
the Japanese were one of the first trying to understand this phenomenon. 

Unfortunately, this is not the case with many other cultures living along 
shorelines. Due to the relative infrequency of tsunamis, most potentially affected people 
have no experience in dealing with them. The occasional local tsunami is often 
unknown at distant locales. Even the memory of a past destructive tsumani fades with 
time and subsequent generations live without the knowledge of their danger. 

The greatest danger from a tsumani is a lack of warning time. In the early 1960’s, 
a tsunami warning system was established in Hawaii by UNESCO’s IOC for the Pacific 
Ocean region. Once an earthquake is being recorded, the center informs countries 
around the Pacific Rim about a potential tsunami hazard. Following the 2004 Indian 
Ocean tsunami such a network was also established for this region. However, such 
systems are not fail-safe due to many variables that affect the realibility of the network. 
Due to the high number of earthquakes occurring, a tsunami warning may not be issued 
every time, for, if it turns out to be false, people may loose confidence in future reports. 
Then there is the cost. Many  poorer countries do not have the means for evacuations, 
or a country’s warning system may not be operative.   

Almost all tsunamis are caused by some form of tectonic movement. Its three 
causes are: Sudden pressure release of subducting crustal plates, flank failure of 
submarine slopes, and flank failure on mountains above sea level. The displacement of 
earth materials caused by these events can be in the hundreds of cubic kilometers. 
Each of these displacements produce a like displacement of water – becoming the 
tsunami, made visible once the traveling energy reaches shore. 

  The 1964 Alaskan earthquake displaced about 500 km3 of rock, while the 1960 
Chilean event displaced a huge 1,500 km3! Each  such displacement produces a like 
displacement of water – becoming the tsunami. The most devastating tsunamis 
originate from subsidence or uplift of the ocean floor. Examples include Sumatra, 
Indonesia (2004), 230,000 deaths; Messina, Italy (1908), 90,000, and Lisbon, Portugal 
(1755), with 100,000 earthquake & tsunami deaths. Smaller events touched Hilo,  
Hawaii, swamped by the Chilean (1960) tsunami. Crescent City, CA, experienced a one 



meter surge from the 1964 Alaska event. 
 Above surface flank failure like at Letuya Bay, Alaska (1958), produced a giant 

splash reaching a height of 520 m. Being a sparsely populated area, few deaths 
resulted. Occasionally, island volcanoes like Krakatoa, Indonesia, (1883) erupt. It 
produced a tsunami of up to 37 m in  height. Along the shores of nearby islands over 
30,000 people lost their lives. Krakatoa’s offspring, Anak Krakatoa, is growing again and 
it, too, may someday explode causing even greater losses due to the shoreline’s 
increased population. The volcanic eruption on the Island of Thera (Santorini) about 
1490 BC destroyed most of the island and its culture. 

Other events include face collapse on volcanic islands (Hawaii, 1868/1975). 
Smaller ones may not be as destructive, and affect a relatively small region. However, 
there is evidence of late Holocene Hawaiian flank failures, whose effects were felt as far 
as the southeast coast of Australia.  On Molokai and Lanai paleo marine 
conglomerates have been found at 170 m above today’s sea level. It is thought that they 
were deposited by the flank failure of a nearby island and the resulting local tsunami. 

Evidence for massive flank failures, none of which have occurred in historic 
times, has been found on the ocean floor surrounding the Hawaiian islands, Reunion in 
the Indian Ocean, La Palma in the Atlantic, and elsewhere. While the likelihood for one 
of these catastrophic events to happen soon is low, some must be expected in the more 
distant future.  

Submarine flank failures can occur on many earthquake-prone coast lines and on 
sea mounts. Such debris avalanches happen on unstable coastal scarps. Being 
proximal to coasts, they permit little, if any, warning time of impending tsunamis to local 
populations. Evidence for such events in historic and prehistoric times exists for the 
Oregon and California coasts. While tsunami height at these locations is unlikely to 
exceed 10m, losses in today’s times would be substantial. Other submarine landslides 
have happened on New Guinea (1998), and the Balearic Islands (2003).  

Shifts of rock material cause a like displacement in the volume of water. The 
resulting change in water level on the open ocean may vary at most 2 m from the 
surrounding wave action, and may not even be noticeable. The speed of a tsunami 
depends upon the depth where the displacement occurred: the deeper the event, the 
faster the rate of travel. The 1960 Chilean earthquake generated tsunami wave speeds 
of up to 900km/h. While tsunami waves can travel around the globe, their effects 
diminish with distance, reaching their minimum amplitude (height) after 12,000 km and 
there may raise water levels by only a meter.  

Wave motion is not water flow, but a flow of energy. The medium (water) itself 
does not travel. Ocean waves at the interface between air and water are called orbital 
waves. They have a length from crest to crest of up to 400 m and travel at speeds 
between 25 to 90 km/h, whereas tsunami wave lengths are in excess of 200 km. When  
such a surge reaches shore its length shortens. The onrushing water column is forced 
upward by the shallow shore, producing the tsunami surge. Such waves generally max 
out at 15 m, however, heights of 30 m (Okashiri, Japan, 1993), and (Ceylon, 2004) have 
been reported. Tsunami wave period on the open ocean is up to 90 minutes, but with 
increasing speed near shore, crests shorten to 10-45 minutes. Tsunami surges are 
usually repetitive and subsequent wave surges are often higher than the first one(s). A 
common misconception is that oncoming tsunami waves are always indicated by a 



retreat of the water from shore. If a crest reaches shore first, it leads to an immediate 
surge of water! It is only because of the extremely long wave lengths of tsunamis and 
their long troughs, that retreats are observed more often than surges. 

Beyond the three major tectonic causes a least likely, but eventually to be 
expected event, is the ocean impact of a large asteroid, which could cause a tsunami of 
several hundred meters in height. The Yucatan impact 65 million years ago with its 
resulting tsunami and other effects, appears to have caused a major extinction. 
Tsunamis of varying magnitude will continue to happen roughly every five years around 
our ‘living’ globe. Some will produce horrific results, yet most will see only minor loss of 
life – a footnote in the lives of millions – but a terrifying and deadly experience for those 
directly exposed. 
 
 

  
 
 
 
 
 
 


