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UNDERSTANDING THE OCEAN'S
FURY: HOW DOES A TSUNAMI
OCCUR?

The  ocean,  a  vast  and  often  serene
expanse, holds within it a power that can
transform  coastline  communities  in  a
matter  of  minutes.  Few  natura l
phenomena command as much respect
and  fear  as  the  tsunami.  To  truly
understand  the  scale  of  a  tsunami's
devastation,  one  must  first  grasp  the
fundamental  question:  how  does  a
tsunami occur? It is not a single event
but  a  complex  sequence  of  geological
and physical processes, a chain reaction
that  begins  miles  beneath  the  Earth's
surface or far out at sea. This guide will
take you through the entire lifecycle of a
tsunami,  from its  hidden origins  to  its
catastrophic arrival on shore.

THE SOURCE: WHAT TRIGGERS A
TSUNAMI?

At  its  core,  a  tsunami  is  a  series  of
massive  ocean  waves  caused  by  the
sudden displacement of a large volume
of  water.  While  most  large  waves  are
generated by wind, a tsunami’s energy
comes from below. The primary trigger is
seismic activity,  but  not  the only  one.
Let's  break  down  the  most  common
causes behind the question, "how does a
tsunami occur?"

1. Underwater
Earthquakes
(The Most
Common Cause)
The  vast  majority  of  tsunamis  are
caused  by  large,  shallow  earthquakes
beneath  the  ocean  floor.  This  typically
happens  at  convergent  plate
boundaries, where one tectonic plate is
forced under another in a process called
subduction.  When  the  overriding  plate
gets  stuck  on  the  subducting  plate,
immense  pressure  builds  up  over
decades  or  centuries.  Eventually,  the
strain  is  released  in  a  sudden  lurch,
causing  the  seafloor  to  snap  upward  or
downward. This vertical displacement of
the seafloor pushes the entire column of
water above it, creating the initial wave.
For a tsunami to occur, the earthquake
must be large (usually magnitude 7.0 or
greater),  shallow  (less  than  100  km
deep),  and  cause  significant  vertical
movement  of  the  seabed.

2. Landslides
(Both Submarine
and Terrestrial)
Landslides are another powerful tsunami
generator.  A  large  mass  of  rock,
sediment, or ice falling into the ocean or

https://template-dev.mobaptist.org/


2

2 How Does A Tsunami Occur 2024-09-19

moving  suddenly  underwater  can
displace  enough  water  to  create  a
devastat ing  wave.  Submarine
landslides  often happen on the steep
slopes of continental shelves or volcanic
islands.  Similarly,  a  massive  terrestrial
landslide plunging into a bay or fjord can
generate  a  local  tsunami  that  strikes
without  much  warning.  Historical
examples show that these tsunamis can
be incredibly high, even if localized.

3. Volcanic
Eruptions
Violent  volcanic  eruptions,  especially
those that are explosive or involve the
collapse  of  a  volcano's  flank,  can
displace  huge  volumes  of  water.  The
infamous  1883  eruption  of  Krakatoa
generated massive tsunamis that killed
tens of  thousands of  people.  When an
underwater volcano erupts or its caldera
collapses, the sudden vertical movement
or the injection of hot volcanic material
into the water creates the disturbance
needed  for  a  tsunami.  Many  of  the
world's  most  dangerous  volcanic
tsunamis  occur  around  the  Pacific  Ring
of  Fire.

4. Asteroid or
Meteorite
Impacts
Though extremely rare in human history,
the impact of a large space rock into the
ocean  is  theoretically  capable  of
generating a mega-tsunami. The energy
from such an impact would displace an
enormous  amount  of  water,  creating

waves  that  could  travel  across  entire
ocean basins. This falls into the category
of  impact-generated  tsunamis,  and
while not a practical everyday concern,
they  are  important  to  consider  when
studying the Earth's geological past.

THE SCIENCE OF PROPAGATION:
HOW THE WAVE TRAVELS

Once the initial displacement occurs, the
tsunami  begins  its  journey  across  the
ocean.  This  is  a  crucial  stage  to
understand  when  asking  "how  does  a
tsunami  occur?"  because  the  wave's
behavior changes dramatically based on
water depth. Unlike ordinary wind-driven
waves, a tsunami's energy extends from
the  surface  all  the  way  to  the  ocean
floor.  This  gives  it  two  defining
c h a r a c t e r i s t i c s :  a  very  long
wavelength and enormous speed.

Characteristics of
a Tsunami in
Deep Water

Speed: In the deep ocean (depths
of 4,000 to 5,000 meters), a
tsunami can travel at speeds
exceeding 800 kilometers per hour
(500 mph), as fast as a jet airliner.
Height: Paradoxically, the wave
height in deep water is very small,
often only 30 to 60 centimeters (1
to 2 feet). This makes it almost
invisible to ships at sea.
Passengers on a boat would likely
not even notice it passing
underneath.
Wavelength: The distance
between successive wave crests
can be hundreds of kilometers
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long. This means the entire energy
of the event is spread out over a
great distance and time.

Because  of  these  characteristics,  a
tsunami  in  the  open  ocean  is  not  a
breaking wave but rather a rapid, long-
period surge of  water.  It's  this  energy
conservation that makes it so dangerous
when it approaches land.

THE TRANSFORMATION:
SHOALING AND ARRIVAL

The deadliest phase of a tsunami begins
when it enters shallower coastal waters.
This process is known as shoaling.  As
the  wave  encounters  the  rising  seafloor
near the coast, physics forces a dramatic
transformation:

Speed Decreases: Friction with1.
the ocean bottom slows the wave's
speed considerably, from hundreds
of km/h to perhaps 30-50 km/h
close to shore.
Height Increases: Since the2.
wave's energy is now compressed
into a much shallower water
column, the height increases
dramatically. A small deep-ocean
wave can grow into a wall of water
10, 20, or even 30 meters high (30
to 100 feet).
Wavelength Shortens: The long,3.
stretched-out wave "bunches up"
as it slows down, creating a steep
front.

Before  the  main  wave  crest  arrives,
there is often a critical warning sign: the
drawback.  The  sea  level  may  recede
dramatically,  exposing  the  ocean  floor,
reefs,  and  stranded  fish.  This  is  not  a
sign of safety but a desperate warning
that  the  tsunami  trough  is  arriving  first,
and the massive crest will follow within

minutes.  Many  people  have  tragically
walked  out  to  explore  the  exposed
seabed, only to be overwhelmed by the
incoming surge.

TYPES OF TSUNAMI WAVES: NOT
ALWAYS A "WALL OF WATER"

When people think of  a  tsunami,  they
often imagine a giant breaking wave like
a  surfer's  dream.  In  reality,  most
tsunamis arrive on coastlines not as a
curling  wave  but  as  a  rapidly  rising
flood or a bore. The incoming water can
appear  as  a  turbulent,  fast-moving
current that surges inland like a river in
flood  or  a  tide  that  rises  far  faster  and
higher than normal. In some cases, the
wave  does  break,  but  the  primary
danger  is  the  immense,  turbulent
volume of water that sweeps everything
in its path. The energy can push debris,
ships, and even buildings far inland. This
is why "how does a tsunami occur" is a
question  that  must  also  consider  the
nature of the wave's arrival.

REAL-WORLD EXAMPLES:
LEARNING FROM HISTORY

History's  most  destructive  tsunamis
provide  crucial  data  for  understanding
the mechanics and mitigation of  these
events.

The 2004 Indian
Ocean Tsunami
This catastrophic event was caused by a
magnitude  9.1  earthquake  off  the  coast
of  Sumatra,  Indonesia.  The  seafloor
ruptured  for  over  1,200  kilometers,
displacing a massive volume of  water.
The tsunami killed over 230,000 people
across  14  countries,  highlighting  the
deadly  far-field  effects  of  a  tsunami.
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Waves  reached  heights  of  over  30
meters  in  some  areas  and  traveled
across  the  Indian  Ocean  to  strike
coastlines  in  Africa  hours  later.  This
tragedy led to the creation of the Indian
Ocean Tsunami Warning System.

The 2011 Tōhoku
Earthquake and
Tsunami (Japan)
A  magnitude  9.0  earthquake  off  the
coast  of  Japan  generated  a  towering
tsunami that reached heights of over 40
meters  in  some  locations.  The  wave
inundated over 500 square kilometers of
coastal  land.  Most  tragical ly,  i t
overwhelmed the  seawalls  and caused
the Fukushima Daiichi nuclear disaster.
This  event proved that  even the most
prepared nations  could  be  devastated,
reinforcing  the  need  for  robust  early
warning,  evacuat ion  plans,  and
infrastructure  resil ience.

TSUNAMI PREDICTION AND
MITIGATION: THE LIFELINE

Understanding how a tsunami occurs is
the  first  step  toward  surviving  one.
Modern  science  relies  on  a  global
network  of  tools  to  detect  and  warn
about tsunamis.

Seismic and Sea-
Level Monitoring
Seismometers  detect  the  initial
earthquake  within  minutes.  Scientists
can  then  estimate  the  magnitude  and
location.  However,  not  every  large
earthquake  generates  a  tsunami.  To

confirm, Deep-ocean Assessment and
Reporting  of  Tsunamis  (DART)
buoys  are used. These are specialized
buoys  anchored  to  the  seafloor  that
measure  the  very  small  changes  in
water  pressure  caused  by  a  passing
tsunami. They transmit data via satellite
in real time, allowing warning centers to
determine  if  a  tsunami  has  been
generated and predict its arrival time.

Public
Preparedness
Technology is only half the battle. The
r e s t  d e p e n d s  o n  commun i ty
education. Knowing the natural warning
signs—a  strong  earthquake,  a  sudden
rise or fall of the ocean, or a loud roar
from  the  sea—can  save  lives.  The
universal  advice  is  simple:  if  you  are
near  the  coast  and  feel  a  strong
earthquake,  see  the  water  recede,  or
hear  a  warning  siren,  do  not  wait.
Immediately move to higher ground or
inland as far as possible. Never go to the
shore to watch a tsunami.  Remember,
the  first  wave  is  often  not  the  largest,
and  the  danger  can  last  for  hours.

CONCLUSION

So, how does a tsunami occur? It begins
with a violent, sudden disruption of the
ocean  floor—whether  by  earthquake,
landslide,  or  volcanic  blast.  This
displacement  transforms  into  a  high-
speed, long-wavelength wave that races
across the ocean, almost invisible until it
reaches  shallow  water.  There,  it
undergoes  a  stunning  and  deadly
metamorphosis  into  a  towering  flood
that  can  devastate  entire  coastlines.
While  these  events  are  rare  and
impossible  to  prevent,  understanding
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their  mechanics,  recognizing the signs,
and supporting robust warning systems
are  our  most  power fu l  too l s  in
minimizing  their  tragic  impact.  The

ocean's immense power will always be a
force  to  reckon  with,  but  knowledge
remains our greatest defense.


