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Tsunamis are giant waves caused by earthquakes or volcanic eruptions under the sea.
Out in the depths of the ocean, tsunami waves do not dramatically increase in height. But as the
waves travel inland, they build up to higher and higher heights as the depth of the ocean
decreases.
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Tsunamis are characterized as shallow-water waves. Shallow-water waves are different from
wind-generated waves.

Wind-generated waves usually have period (time between two successional waves) of five to
twenty seconds and a wavelength (distance between two successional waves) of about 50 to
200 meters. A tsunami can have a period in the range of ten minutes to two hours and a
wavelength in excess of 500 km.
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Earthquakes

. Earthquakes

@ Landslides (underwater & land based)

Volcanic eruptions

Submarine landslides or Coastal landslides
| ' Volcanic eruptions

large asteroid impacting the ocean @ Meteorite impact in the ocean

. Unknown causes

Other
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The crust is composed of two rocks. The continental crust is mostly
granite. The oceanic crust is basalt. Basalt is much denser than the
granite. Because of this the less dense continents ride on the denser

oceanic plates.
Crust

The Mantle is the largest layer of the Earth. The middle mantle is
composed of very hot dense rock that flows like asphalt under a
heavy weight. The movement of the middle mantle (asthenosphere)
Is the reason that the crustal plates of the Earth move.

Mantle

Core

The core of the Earth is like a ball of very hot metals. The inner core
of the Earth has temperatures and pressures so great that the
metals are squeezed together and are not able to move about like a
liquid but are forced to vibrate in place like a solid. The outer core is
so hot that the metals in it are all in the liquid state. The outer core is
composed of the melted metals of nickel and iron.
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A divergent boundary occurs when two tectonic plates move away

from each other
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Two plates sliding past each other forms a transform plate

boundary
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When two plates come together, it is known as a convergent
boundary. The impact of the colliding plates can cause the edges of
one or both plates to buckle up into a mountain ranges or one of the
plates may bend down into a deep seafloor trench.

Wi www.iris.edu/earthquake
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Continental-continental convergence Oceanic-continental convergence Oceanic-oceanic convergence

*  When two oceanic plates collide, one runs over the other
which causes it to sink into the mantle forming a subduction
zone.

*  Oceaniclithosphere heats and dehydrates as it *  The subducting plate is bent downward to form a very deep
Subsides. depression in the ocean floor called a trench.

The melt rises forming Volcanism. *  The worlds deepest parts of the ocean are found along

trenches. E.g. The Aleutian Trench

*  Oceanic lithosphere subducts underneath the
*Continent-Continent Collision Forms continental lithosphere.

mountains, e.g. European Alps,

Himalayas
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I DGMET Tsunami Observation System
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10 stations to measure sea level
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| Distant Tsunami Sources

2004 Sumatra Tsunami

An earthquake off the coast of Sumatra Island, Indonesia,
measured 9.1

The Sunda fault, 1500 km long

The height of the waves reached 30 meters

The tsunami formed within 20 minutes of the earthquake
Deaths reached 227,898 from 14 countries in the Indian Ocean
Losses amounted to 14 billion US dollars
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I 2004 Tsunami Reaches Oman Coasts A(

Oman Field Survey after the December 2004 Indian Ocean Tsunami
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Local Tsunami
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Remembering the 1945 Makran Tsunami
Interviews with Survivors Beside the Arabian Sea
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Earthquake Analysis using seiscomp5
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I Tsunami Early Warning System

Tsunami Simulation and Observation using TOAST

—— B —

TOAST (Tsunami Observation And
Simulation Terminal) is a software
for tsunami simulation and
verification giving a quick hazard
assessment

19

o

wAaall glphll anm
CIVIL AVIATION AUTHORITY

FEATURES

« Direct connectivity to SeisComP

» Automatic reception of earthquake
parameters

« Calculation of SSH, SSHMax, isochrones,
arrival times, coastal wave heights

« Calculation of warning levels for forecast
zones

» Automatic and interactive rupture generation

*GPU based "on the fly" simulation

* Pre-calculated simulation databases

* Worst-case scenario aggregation

*Integration of oceanographic sensor data
» Template-based bulletin generation
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I Tsunami Early Warning System

Tsunami Simulation and Observation using TOAST

Numerical models of tsunamis simulate the wave from the
deformation through propagation until it reaches the coasts. Th

models can calculate:

Wave height at the coast
Inundation Area/distance
The arrival time of the wave

Generate initial surface deformation
Propagate the wave from source to coast of Oman
Inundate the coast
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I Tsunami Early Warning System

0-5 Min
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Bulletin 1
(Earthquake
info.)

Bulletin 2 (First

Tsunami
warning)

warning update)
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(Tsunami

Updated Bulletin
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3.1(Tsunami

warning end)

Bulletin 4
(Tsunami

Communication Method

Cell Broadcast

Email
Social Media
Fax
TV
Sirens

Other
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Expected stakeholder

NCEM, ROP & TV

Podcast Bulletin 2 to NCEM, ROP, TV
& Public

Podcast Bulletin 3 to NCEM, ROP, TV
& Public

Podcast Bulletin 3.1 to NCEM, ROP,
TV & Public

Podcast Bulletin 4 to NCEM, ROP, TV
& Public

> . p :’:::
> > b b P
}>}> >}>}>}



SO P X(
b cAR

Potential tsunami. Earthquake: ailabuall J>loaw csls nobigasi Tlool suili adloiz) g JUI ¢
Earthquake with potential tsunami along Oman coasts
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SOP3 SOP4

EQ >=6.5 i | S| e EQ >= 7.5
Near Field € e -
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I Tsunami Safety | offshore
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You may feel the earthquake
through the hull of your ship

You may see a rapid or extreme shift
in currents and simultaneous
changes in wind wave heights

You may receive official warning
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What to do

* If you are on land or tied up at the dock: Do not attempt to
take your vessel offshore. Leave your boat and go to high
ground on foot as soon as possible.

* If you are in deep water or close to deep water: Take your
vessel further offshore beyond the “minimum offshore safe
depth”. Typically, this depth is 50 to 100 fathoms (90 to
180 meters), then you are safe from tsunamis.

* If you are on the water but near shore: Use your best
judgment to decide between the two options: safely
beach/dock the vessel and evacuate to high ground or get to
the minimum offshore safe depth.
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