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1. INTRODUCTION
There is very little that can be done to prevent the occurrence of natural hazards. Floods, droughts,
earthquakes, hurricanes, volcanic eruptions and tsunami cannot be prevented. But humankind,
being as adaptable as it is, has learned to live with all these hazards.
But while these natural disasters cannot be prevented, their results, such as loss of life and property,
can be reduced by proper planning. To plan for the tsunami hazard, however, we must have a good
understanding not only of the physical nature of the phenomenon and its manifestation in each
geographical locality, but also of that area's combined physical, social and cultural factors. Some
of these areas are more vulnerable to marine extreme events. No matter how remote, the likelihood
of a marine extreme event should be considered in developing coastal zone management and land
use. While some degree of risk is acceptable, government agencies should promote new
development and population growth in areas of greater safety and less potential risk. These
agencies should formulate land-use regulations for a given coastal area with the tsunami risk
potential in mind, particularly if such an area is known to have sustained damage in the past.
This booklet combines the general information of marine extreme events, their generation,
movement, coastal amplification, impact and also provide the assessment, preparedness,
resilience, planning and development of mitigation strategies for general public and youth.
The training courses aimed at enhancing the young participants’ awareness on marine hazards to
endeavour a better understanding of marine hazards and their effects on human life and manmade
coastal structures and discover tools for safety and preparedness.
The training will provide an opportunity to explore dangers of marine hazards for participants. It
will offer practical tools and an experiential multidisciplinary learning journey supporting
participants to engage with marine hazards and their effects on human life through non-formal
education methodologies and tools.
TROYO and BEST training course gathers together youth leaders, Volunteers, and trainers of
multidisciplinary studies from different countries. During the training course participants will find
an opportunity to be trained by trainers, experts and professionals of coastal engineering. The
training program will enhance knowledge and awareness of selected young people in the marine
hazards and enable them to acquire new methods of preparedness against marine hazards and
transfer the acquired knowledge directly to younger people through training activities.

5

2. MARINE EXTREME EVENTS AND DISASTERS
2.1. Marine Extreme events:
Storms, storm surges, tsunamis, swell, seiche, sea level rise, freak waves, tidal motion may have
extreme characteristics sometimes. Those should be investigated, monitored, modelled, observed,
forecasted and necessary precautions can be developed for reduction of risk and safety of coastal
communities.
2.2. What is a disaster?
A disaster is a sudden, calamitous event that seriously disrupts the functioning of a community or
society and causes human, material, and economic or environmental losses that exceed the
community’s or society’s ability to cope using its own resources. A disaster occurs when a hazard
impacts on vulnerable people.
The combination of hazards, vulnerability and inability to reduce the potential negative
consequences of risk results in disaster.
Disaster Management can be defined as the organization and management of resources and
responsibilities for dealing with all humanitarian aspects of emergencies, in particular
preparedness, response and recovery in order to lessen the impact of disasters.
The first people to respond to a disaster are those living in the local community. They are the first
to start rescue and relief operations. The Red Cross and Red Crescent National Societies therefore
focus on community-based disaster preparedness, which assists communities to reduce their
vulnerability to disasters and strengthen their capacities to resist them.
When the capacity of a community or country to respond and recover from a disaster is
overwhelmed, and upon request from the National Society, the International Federation uses its
regional and international networks, assets and resources to bring assistance to the communities
and National Red Cross Red Crescent Society which is assisting them. At an international level
the International Federation advocates with Governments, international organisations and
humanitarian donors for better practice and accountability in disaster management and greater
respect of the dignity of the vulnerable people.
2.3. Disaster Terminology
The United Nations Office of Disaster Risk Reduction UNISDR develop basic definitions on
disaster risk reduction to promote a common understanding on the subject for use by the public,
authorities and practitioners. The terms are based on a broad consideration of different
international sources. The terminology is available at;
https://www.unisdr.org/we/inform/terminology
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3. INTRODUCTION TO MARINE INDUCED RISKS
3.1.Ocean Processes
3.1.1. How Oceans Behave
Oceans cover about 70% of the Earth's surface. The oceans contain roughly 97% of the Earth's
water supply. The ocean appears blue because it is reflecting the blue colour of the sky.

Figure 3.1.1 Earth’s Oceans

The oceans of Earth serve many functions, especially affecting the weather and temperature. They
moderate the Earth's temperature by absorbing incoming solar radiation (stored as heat energy).
Moving ocean currents distribute this heat energy around the globe. This heats the land and air
during winter and cools it during summer.
The Earth's oceans are all connected to one another. Until the year 2000, there were four
recognized oceans: The Pacific, Atlantic, Indian, and Arctic. In the spring of 2000, the
International Hydrographic Organization delimited a new ocean, the Southern Ocean (it
surrounds Antarctica and extends to 60 degrees latitude).
Table 3.1.1 Characteristics of Oceans

Ocean

Area (square miles)

Average Depth (ft)

Deepest depth (ft)

Pacific
Ocean

64,186,000

15,215

Mariana Trench, 36,200 ft deep

Atlantic
Ocean

33,420,000

12,881

Puerto Rico Trench, 28,231 ft
deep

Indian
Ocean

28,350,000

13,002

Java Trench, 25,344 ft deep
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Southern
Ocean

7,848,300 sq. miles
(20.327 million sq
km)

13,100 - 16,400 ft
deep (4,000 to 5,000
meters)

the southern end of the South
Sandwich Trench, 23,736 ft
(7,235 m) deep

Arctic
Ocean

5,106,000

3,953

Eurasia Basin, 17,881 ft deep

3.1.2. Wave Behaviour in Shallow Water
Waves moving out away from a storm eventually organize themselves into a swell, and eventually,
if they are not destroyed by interference, they reach the shore. The seafloor shallows as the waves
approach shore, and eventually the waves touch bottom (they reach wave base). At this point we
shift from "deep water" to "shallow water" (from the wave's perspective).

Figure 3.1.2 Near Shore Wave Processes

The waves begin to slow down (celerity decreases) due to friction and wave celerity now depends
on water depth. So as the waves come to shore from the sea,






they change from deep-water waves to shallow water waves at wave base, where water
depth = 1/2 wavelength,
wavelength decreases, period stays the same
height increases
wave breaks and becomes
swash, then backwash

8

Wave Transformation
As the waves move from deep toward shallow water they are transformed by the variation in the
bottom configuration and the existence of obstacle such as islands and breakwater. As a result, the
height, length, celerity, and direction of waves may change. Finally, waves become unstable and
break at a certain water depth.
Wave Refraction
Imagine that a single wave train is coming towards shore. If the sea floor were a perfect incline,
the wave would reach wave base at the same distance offshore. The wave would steepen at the
same place offshore, and break at the same place at the shore.
But in many places, the seafloor is not perfect incline. Even though it is under water, it has hills
and valleys as you walk along, parallel to the shore.
When the area just offshore of the beach has topography, waves reach wave base farther offshore.
At this point, orbits change to ellipses, and the wave slows down. The part of the wave that hasn't
touched bottom yet continues to move toward the beach, now moving faster than the part of the
wave that has slowed down. This bending of waves around objects is called wave refraction. Wave
refraction causes waves to strike as near to parallel to shore as they can.

Wave refraction in a bay Top view of refraction phenomenon Wave refraction at headland
Wave Diffraction
Diffraction usually happens when waves encounter surface-piercing obstacle, such as a breakwater
or an island. It would seem that on the land side of the island, the water would be perfectly calm;
however, it is not. The waves, after passing the island, turn into the region behind the island and
carry wave energy and the wave crest into this so-called 'shadow zone.' The turning of the waves
into the sheltered region is due to the changes in wave height (say along the crest) in the same
wave.
Wave Breaking
The separation of water particles from the wave under the action of gravity is known as wave
breaking. Wave breaking process causes energy dissipation by turbulence.
Wave breaking is one of the most commonly observed features of water waves. Breaking is always
a nonlinear phenomenon and is therefore extremely difficult to describe analytically.
9

Types of Wave Breaking

Spilling Breaker

Plunging and Collapsing Breaker

Surging Breaker

3.2. Marine Hazards General Review
3.2.1. Tsunami
Tsunami is the Japanese word for harbor (tsu) wave (nami). Tsunami is a series of very large waves
generated by an underwater disturbance: a submarine earthquake, a submarine landslide, a
volcanic eruption or a meteorite.
Tsunamis are very long waves. Due to their long wavelength, the distance between two crests may
reach 100 km.
The speed of a tsunami wave depends on ocean depth, therefore they travel faster in deep ocean
and they slow in shallow waters. Tsunamis may travel very fast in deep ocean, as fast as a jet plane.
Although, in deep ocean tsunami height does not exceed a few meters when they approach the
coast and enter shallow waters they slow down but their height increase. The morphology of the
ocean floor and of the coastline will influence the size of the wave. Tsunamis are different from
wind waves, that we may observe on the beach. When tsunamis flood coastal areas they can
penetrate large distances inland (more than 1 km); when the waves retreat they carry large objects,
people and debris. A tsunami is not a single wave but a series of waves. Tsunamis can occur at any
time, there is no tsunami season!

Do you know?
-

The Indian Ocean tsunami on 26 December 2004 in Indian Ocean claimed more than 230
000 lives throughout the Indian Ocean coast

-

That there are natural warning signs of a possible tsunami:
the earthquake itself- if you feel an earthquake near the coast you must evacuate towards
higher ground; Sometimes tsunami arrival is preceded by a noticeable fall in sea level as
the ocean retreats seaward exposing the seafloor.

-

A tsunami occurred after the 1999 Ismit earthquake in Turkey. At Tavsancil, the sea in the
local port receded first and when the sea came back it flooded the first floor of some hoses
10

Figure 3.2.1 Tsunami

Figure 3.2.2 Tsunami flooding the coast of Japan 11 March 2011 (source:
https://www.google.pt/
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Figure 3.2.3 Tsunami generation by earthquakes (source ITIC – International Tsunami Information
Center)

3.2.2. Storm and Storm Surge
Waves come in all shapes and sizes—from small ones calmly lapping on the shore to large rogue
waves out at sea. Storms interact with the ocean on the surface, from hurricanes to tsunamis.
Hurricanes, cyclones, and typhoons are all the same weather phenomenon; it is just used as
different names for these storms in different places. In the Atlantic and Northeast Pacific, the term
“hurricane” is used. The same type of disturbance in the Northwest Pacific is called a “typhoon”
and
“cyclones”
occur
in
the
South
Pacific
and
Indian
Ocean
(http://oceanservice.noaa.gov/facts/cyclone.html).
Storm surge is an abnormal rise of water generated by a storm, over and above the predicted
astronomical tide. It’s the change in the water level that is due to the presence of the storm. Since
storm surge is a difference between water levels, it does not have a reference level.
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Figure 3.2.4 Storm Surge

Storm surge is caused primarily by the strong winds in a hurricane or tropical storm. The low
pressure of the storm has minimal contribution! In general, storm surge occurs where winds are
blowing onshore. The highest surge tends to occur near the “radius of maximum winds,” or where
the strongest winds of the hurricane occur.
There are several factors that contribute to the amount of surge a given storm produces at a given
location:
-

Central Presssure (Lower pressure will produce a higher surge)
Storm Intensity (Stronger winds will produce a higher surge)
Size (Larger storm will produce higher surge)
Angle of approach to coast
Shape of the coastline
Width and Slope of the Ocean Bottom
Local Features

3.2.3. Seiche, Swell, Tide, Freak Waves
Seiches are periodic oscillations of water level set in motion by some atmospheric disturbance
passing over a Great Lake. The disturbances that cause seiches include the rapid changes in
atmospheric pressure with the passage of low or high pressure weather systems, rapidly-moving
weather fronts, and major shifts in the directions of strong winds. Seiches exist on the Great Lakes,
other large, confined water bodies, and on partially-enclosed arms of the sea. The intervals (or
periods) between seiche peaks on the Great Lakes range from minutes to more than eight hours.
The term was first promoted by the Swiss hydrologist François-Alphonse Forel in 1890, who had
observed the effect in Lake Geneva, Switzerland. The word originates in a Swiss French dialect
word that means "to sway back and forth", which had apparently long been used in the region to
describe oscillations in alpine lakes.
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Figure 3.2.5 Image courtesy of Professor Brennan, Geneseo State Univ. of New York

Swell is a wave system not raised by the local wind blowing at the time of observation, but raised
at some distance away due to winds blowing there, and which has moved to the vicinity of the
ship, or to waves raised nearby by winds that have since died away. Swell waves travel out of a
stormy or windy area and continue on in the direction of the winds that originally formed them as
sea waves. The swell may travel for thousands of miles before dying away. As the swell wave
advances, its crest becomes rounded and its surface smooth. Its length increases until it is
approximately from 35 to 200 or more times its height.
Swell waves normally come from a direction different from the direction of the prevailing wind
and sea waves at the time of observation. However, sea and swell waves may occasionally be seen
coming from essentially the same direction, thus making it more difficult to distinguish the two
systems, especially if the sea waves are high.
Sea waves and one or more systems of swell waves are frequently present at the same time, forming
"cross seas." Again, sea waves may be absent (as would occur under conditions of very light
winds), but one or more systems of swell waves may still be present.
Tides are the alternating rise and fall of the surface of the seas and oceans. They are due mainly
to the gravitational attraction (pull) of the moon and sun on the rotating earth. Two high and two
low tides occur daily and, with average weather conditions, their movements can be predicted with
considerable accuracy.
When the moon is new or full, the gravitational forces of the sun and moon are pulling at the same
side of the earth. This occurrence creates the extra-large "spring" tides.
When the moon is at first and third quarter, the gravitational forces of the sun and moon are pulling
at 90 degrees from each other. This occurrence yields little net tides called neap tides.
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Figure 3.2.6 Diagram of Spring and Neap Tides

Freak, rogue, or giant waves correspond to large-amplitude waves surprisingly appearing on the
sea surface (“wave from nowhere”). Such waves can be accompanied by deep troughs (holes),
which occur before and/or after the largest crest. Seafarers speak of “walls of water”, or of “holes
in the sea”, or of several successive high waves (“three sisters”), which appear without warning.
But since the 70s of the last century, oceanographers have started to believe them. Observations
gathered by the oil and shipping industries suggest there really is something like a true monster of
the deep that devours ships and sailors without mercy or warning. There are several definitions for
such surprisingly huge waves. Very often the term “extreme waves” is used to specify the tail of
some typical statistical distribution of wave heights (generally a Rayleigh distribution); meanwhile
the term “freak waves” describes the large-amplitude waves occurring more often than would be
expected from the background probability distribution.

Figure 3.2.7 Various Photos of Freak Waves
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3.3.

Other Natural Hazards General Review

Hazards are unpreventable natural events that, by their nature, may expose our Nation's population
to the risk of death or injury and may damage or destroy private property, societal infrastructure,
and agricultural or other developed land. Hazards include earthquakes, volcanoes, floods,
droughts, earthquakes, hurricanes, volcanic eruptions.

Figure 3.3.1 Typical Cross Section of Earth and Layers

3.3.1. Floods:
Floods are the most common and widespread of all natural disasters--except fire. Floods have been
an integral part of the human experience ever since the start of the agricultural revolution when
people built the first permanent settlements on the great riverbanks. Seasonal floods deliver
valuable topsoil and nutrients to farmland and bring life to otherwise infertile regions of the world.
Flash floods and extreme floods, on the other hand, are responsible for more deaths than tornadoes
or hurricanes.
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3.3.2. Volcanic Eruptions:
Volcanic eruptions are one of Earth's most dramatic and violent agents of change. Not only can
powerful explosive eruptions drastically alter land and water for tens of kilometers around a
volcano, but tiny liquid droplets of sulfuric acid erupted into the stratosphere can change our
planet's climate temporarily. Eruptions often force people living near volcanoes to abandon their
land and homes, sometimes forever. Those living farther away are likely to avoid complete
destruction, but their cities and towns, crops, industrial plants, transportation systems, and
electrical grids can still be damaged by tephra, lahars, and flooding. he 2010 eruptions of
Eyjafjallajökull were volcanic events at Eyjafjallajökull in Iceland which, although relatively small
for volcanic eruptions, caused enormous disruption to air travel across western and northern
Europe over an initial period of six days in April 2010. Additional localised disruption continued
into May 2010. The eruption was declared officially over in October 2010, when snow on the
glacier did not melt. From 14–20 April, ash covered large areas of northern Europe when the
volcano erupted. About 20 countries closed their airspace to commercial jet traffic and it affected
about 10 million travellers
3.3.3. Hurricanes, Cyclones, Typhoons:
A tropical cyclone is a rapidly rotating storm system characterized by a low-pressure center, a
closed low-level atmospheric circulation, strong winds, and a spiral arrangement of thunderstorms
that produce heavy rain. Depending on its location and strength, a tropical cyclone is referred to
by names such as hurricane, typhoon, tropical storm, cyclonic storm, tropical depression, and
simply cyclone. Tropical cyclones typically form over large bodies of relatively warm water. They
derive their energy through the evaporation of water from the ocean surface, which ultimately recondenses into clouds and rain when moist air rises and cools to saturation. This energy source
differs from that of mid-latitude cyclonic storms, such as nor'easters and European windstorms,
which are fueled primarily by horizontal temperature contrasts.
3.3.4. Drought:
Agricultural disasters may not be as dramatic as a volcanic eruption or a hurricane, but they are by
far the most damaging. Worldwide, since 1967, drought alone has been responsible for millions of
deaths and has cost hundreds of billions of dollars in damage. Many different climatic events can
trigger crop failures including excess rainfall leading to flood damage or crop disease, heat waves,
drought, fire, unexpected cold snaps, severe storms, climate-related disease outbreaks, and insect
invasions.
3.3.5. Earthquakes:
One of the most frightening and destructive phenomena of nature is a severe earthquake and its
terrible after-effects. An earthquake is a sudden movement of the Earth, caused by the abrupt
release of strain that has accumulated over a long time. For hundreds of millions of years, the
forces of plate tectonics have shaped the Earth as the huge plates that form the Earth's surface
slowly move over, under, and past each other. Sometimes the movement is gradual. At other times,
the plates are locked together, unable to release the accumulating energy. When the accumulated
17

energy grows strong enough, the plates break free. If the earthquake occurs in a populated area, it
may cause many deaths and injuries and extensive property damage.
Although we still can't predict when an earthquake will happen, we have learned much about
earthquakes as well as the Earth itself from studying them. We have learned how to pinpoint the
locations of earthquakes, how to accurately measure their sizes, and how to build flexible
structures that can withstand the strong shaking produced by earthquakes and protect our loved
ones
An earthquake is a sudden shaking of the ground. They generate seismic waves which can be
recorded on a sensitive instrument called a seismograph. The record of ground shaking recorded
by the seismograph is called a seismogram. The Earth's outermost surface is broken into 12 rigid
plates which are 60-200 km thick and float on top of a more fluid zone, much in the way that
icebergs float on top of the ocean.

Figure 3.3.2 Worldwide Distribution of Fault Zones which Trigger Earthquakes

Figure 3.3.3 Stress Release and Surface Deformation by Earthquakes
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3.4. Risk Associated to Marine Hazards
A commonly accepted definition of Risk is: “Probability of a loss, dependent on three elements –
hazard, vulnerability, and exposure – that increases or decreases as any element increases or
decreases” [WMO, 2008].
To quantify the risk, the following generalized equation [WMO, 2008] is frequently used:
Risk = function (Hazard, Vulnerability, Exposure)
Where:
Hazard: The physical aspects of the phenomena and the ability of the phenomena to inflict damage.
Vulnerability: Condition or process resulting from physical, social, economic and environmental
factors which determine the likelihood and scale of damage from the impact of a given hazard.
Exposure: Inventory of people or infrastructures at risk by exposure to a hazard.
Recent disasters remind us of the exposure and vulnerability of coastal communities to marine
hazards. Marine hazards are related to phenomena that occur in marine environment such as
tsunami, storm, hurricane, swell, tide ...etc. These phenomena can heavily impact any coastal area
worldwide, causing catastrophic human and economic losses. The risk associated to marine
hazards depends on the exposure (element exposed to the hazard) and its vulnerability
(susceptibility to damage) (Fig. 3.3.1).
Reduction of the risk from a hazardous marine phenomenon implies implementation of
precautionary measures and early warning systems.

Fig.3.4.1 Components of Risk associated to Marine Hazards
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Do you know?
More than one-third of the world´s population is exposed to marine hazards because they live in
coastal areas.
The economic impact of the Sandy Hurricane (USA, in 2012) has been estimated at US $ 62
billion.
The Tohoku-Oki tsunami (Japan, in 2011) killed almost 16,000 people and caused, together with
the earthquake, substantial damage estimated at US $ 300 billion.

3.5. Climate Change/Sea Level Rise and Marine Hazards
The study of geological and historical sea-level changes establishes an important aspect of climate
change and global warming research. The International Panel on Climate Change (IPCC, 2001b)
states that, climate change will have many negative effects, including greater frequency of heat
waves; increased intensity of storms, floods and droughts; rising sea levels; a more rapid spread
of disease; and loss of biodiversity. Present day sea level rise is of considerable interest because
of its potential impact on human populations living in coastal regions and on islands.
The seas of the Earth are rising, a direct result of a changing climate. Ocean temperatures are
increasing, leading to ocean expansion. And as ice sheets and glaciers melt, they add more water.
An armada of increasingly sophisticated instruments, deployed across the oceans, on polar ice and
in orbit, reveals significant changes among globally interlocking factors that are driving sea levels
higher.

Figure 3.5.1 Coastal Flooding (Credit: U.S. Department of Transportation,
http://www.noaanews.noaa.gov/stories2015)
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Tide gauge data show that global average sea level rose between 0.1 and 0.2 metres during the
20th century. It is very likely that precipitation has increased by 0.5 to 1% per decade in the 20th
century over most mid- and high latitudes of the Northern Hemisphere continents, and it is likely7
that rainfall has increased by 0.2 to 0.3% per decade over the tropical (10°N to 10°S) land areas.
Climate Change/Sea Level Rise Impacts
Coastal areas are important economic zones where settlements, industry, tourism, agriculture and
transportation sectors thrive.
Coasts are projected to be exposed to increasing risks, including coastal erosion, due to climate
change and sea-level rise. The effect will be exacerbated by increasing human-induced pressures
on coastal areas. Many millions more people are projected to be flooded every year due to sealevel rise by the 2080s. Those densely-populated and low-lying areas where adaptive capacity is
relatively low, and which already face other challenges such as tropical storms or local coastal
subsidence, are especially at risk. The numbers affected will be largest in the mega-deltas of Asia
and Africa while small islands are especially vulnerable.
Recently additional pressure put on coastal areas by climate change which has gained great
significance. Rise in sea level rise, sea surface temperatures are two climate change driven
parameters that have most significant impacts on coastal areas. Impacts of sea level rise on
coastal areas can be grouped into three: coastal erosion, flooding due to increased levels of storm
surges, land loss due to inundation and saltwater intrusion to aquifers and rivers.
Table 3.5.1 Impacts of Climate Change on Coastal Areas and Adaptation Measure
(Ergin, A., Türkiye’de İklim Değişikliği Etkileri,Etkilenebilirlik ve Uyum .Kıyı Alanları,2011 ,‘UNDP 2nd
National Communication to the UN Framework Convention on ClimateChange; Impact, Vulnarability and
Adaptation; Coastal Areas’, December, 2011)
Vulnerability
Land loss and coastal erosion
Changes in frequency of storms
Salt water intrusion to rivers and increase in soil
salinity near rivers
Inundation of coastal agricultural areas
Salt water intrusion to coastal aquifers
Adverse impacts on tourism
Impacts on coastal settlements due to
oceanographic pressures

Adaptation Measures
Adaptation measures against the impacts given in
first column should not only focus on physical
options but also include socio-economic aspects.
Integration of these measures with national action
plans is mandatory, providing sufficient funding
and
encouraging
rapid
implementations.
However, uncertainties existing within the body of
physical processes, gaps in data at national and
regional level, low efficiency of existing coastal
protection structures as well as complex nature of
institutional and legal framework of coastal zone
management are the major problems in adaptation
policies against the impact of climate change on
coastal areas
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4. TSUNAMIS
4.1. Generation and Behaviour of Tsunamis

Tsunamis are waves resulting from the displacement of a big amount of water. The displacement
of water can be triggered by earthquakes, landslides, volcanic activity, cosmic objects and under
specific meteorological conditions. The characteristics of tsunamis may vary depending on their
trigger mechanism.
Most tsunamis are triggered by shallow submarine earthquakes. These earthquakes deform the
ocean bottom to lift the water column above. Earthquakes mainly occur along plate boundaries
because of accumulation of strain. This strain is released during rupture along a fault plane.
Because ruptures along fault planes may have dimensions of several hundreds of kilometres and
oceanic trenches are located at great ocean depth of about 4 km or more a huge amount of water
is lifted or subsided.

Figure 4.1.1 Tsunami generation
http://webpages.uidaho.edu/~simkat/course_materials/geol344/tsunami_creation.jpg

Another cause of tsunamis are submarine or subaerial landslides. Submarine landsides can reach
extreme values in terms of physical dimension, acceleration, maximum velocities, and travel
distance. The displacement of water is happening at lower speeds as during earthquakes, which
results in locally more pronounced wave heights. This is why landslide triggered tsunami may
have extreme regional impact. These mass movements may occur at continental slopes and
volcano flanks independently of their inclination. They result from slope instability because of
weak layers of sediments at the slopes. Most of the submarine landslides are triggered by
earthquakes but also volcanic activity may trigger landslides.
Another cause of tsunami are volcanos, during eruption the may cause displacement of a large
amount of water to produce tsunami waves. Volcanos can trigger tsunamis through several
mechanisms, landslides, fast pyroclastic flows, caldera collapses or hydrovolcanic explosions.
Hydrovolcanic explosions happen when magma is transforming water instantly into water gas by
contact. Their effects are often local to regional but in some rare cases they may cause severe
impact also at more distant shores. Extreme examples are the eruption of Thera volcano today
know as Santorini Island in Greece about 3600 years ago or more recently the eruption of the
Krakatoa volcano in 27 August 1883 in Indonesia.
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It is quite unlikely that a cosmic object able to generate a tsunami hit the earth. If so it is more
likely to hit the ocean. Cosmic objects impact the earth at speeds of hypervelocity (~18 km/s).
Impacts at such high speeds are complex. Depending on the energy and the water depth a big
amount of water is displaced generating a giant tsunami-like wave. If the object impacts in deep
water highly non-linear waves are generated with extreme amplitudes but very short wavelength.
In this state, the waves are completely unstable and transformed through wave breaking and
formation of undular bores into smaller amplitudes at which propagation is possible.
Meteotsunamis are tsunami-like waves triggered by atmospheric processes such as atmospheric
gravity waves, sudden pressure jumps, frontal passages squalls or other atmospheric disturbances.
These disturbances can generate long waves in the ocean that are interacting with the ocean for a
limited period of time. Propagation of generated waves may occur at the same speed as the
generating weather systems. In general, meteotsunamis are less energetic than tsunami triggered
by earthquakes with a more accentuated local impact. However, in under certain conditions great
magnification may occur that can cause severe damage, injuries and deaths. Strong amplification
is more likely to happen in funnelled bays or semi-enclosed water bodies.
All these triggers may cause tsunamis that can propagate over large distances with only little loss
of energy. That is why tsunamis can cause severe impact also on distant shorelines. Tsunami
behave like a shallow water wave because of their long wavelength compared to the ocean depth.
The wavelength is the distance between 2 consecutive wave crests. In deep waters, the propagation
speed is only depending on the water depth ℎ and acceleration of gravity 𝑔, given by 𝑣 = 2√𝑔 ∗ ℎ.
This means that in Open Ocean tsunamis can propagate with a speed of about 700 km/h. In
shallower waters, the wave slows down and the faster back part of the wave train forces the water
to pile up. Because of the high speed and energy tsunamis are a great threat to coastal communities.

Did you know?
-That the worst natural catastrophe for Sweden was the 2004 Indian Ocean tsunami.
-That Meteotsunami happens quite frequently at the Balearic Islands I the bay of Ciutadella
and is called ‘Rissaga’.

4.2. Consequences of Tsunamis on Communities and Coastal-Marine Structures

Tsunamis are low-frequency but high-impact marine hazard for the coastal communities and
infrastructures. Public awareness of the threat posed by tsunami waves has significantly increased
after the events of the Indian Ocean tsunami in 2004 and of the Tohoku-oki in 2011, the disasters
which caused catastrophic loss of life and property. The 2004 Indian Ocean event demonstrated
the high vulnerability of coastal population to tsunami hazard in the absence of any kind of
protection and warning measures. The 2011 Tohoku-oki tsunami showed the destructive
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characteristics of tsunami waves along the coast of Japan; one of the countries best prepared to
deal with tsunami disaster.
The effects of tsunamis on coastal areas can range from unnoticeable to devastating. The severity
of the tsunami impact depends essentially of two main elements:
1.
2.

The source that generated the tsunami: its size/magnitude, its mechanism, its distance
from the coasts and communities.
The target coast: its location relatively to the source, the configuration of the bathymetry
and the topography, the presence of exposures vulnerable to tsunami impact.

Coastal communities today, around the world, are experiencing an unprecedented population
growth; more than one-third of the world´s population lives in coastal areas. This change is placing
coastal communities at increasing risk from marine hazards such as tsunamis, particularly in the
absence of protection and early warning capabilities. The Boxing Day 2004 tsunami illustrates a
dramatic example of the impact on unprotected coastal communities across twelve nations of the
Indian Ocean. It caused the death to about 250,000 people, approximately 37,000 were missing
and 650,000 left homeless.
The growth of the coastal population is accompanied by a significant urbanization and build of
coastal infrastructures worldwide, which increase the vulnerability of the coasts to marine hazards.
Due to the characteristics of the tsunami, long-periods walls of water, it is considered as the most
destructive marine hazard. The force of some tsunamis is enormous. Tsunami waves can destroy
and move natural or man-made structures in their way: boulders of several tones, break-waters,
sea-walls, boats, buildings, bridges, cars, power lines, trees ...etc. Once the tsunami waves hit the
shoreline it can advance on dry land carrying debris for kilometres far away from the coast. The
Tohoku-oki 2011 caused massive destruction along the northeastern coasts of Japan that resulted
in approximately US $ 300 billion of substantial damage. The coastal barriers were severely
damaged or failed structurally due to massive scour of the onshore toe or to the return flow, while
sea-walls that survived were overtopped and the areas behind them were damaged. More than
400,000 buildings were damaged by the tsunami with different damage levels ranging from minor
damage (possible to be use after minor reparation) to total collapse/washed away (non-repairable,
require total reconstruction).
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Fig4.2.1 Impact of the 2004 Indian Ocean tsunami on coastal population
http://www.tsunami2004.net/

Fig4.2.1 Impact of the 2011 Japan tsunami on coastal structures
https://www.britannica.com/event/Japan-earthquake-and-tsunami-of-2011/images-videos

Do you know?




The 2004 Indian Ocean tsunami killed about 250,000 people.
The 2011 Japan tsunami damaged and destroyed approximately 400,000 buildings.
The economic loss after the 2011 Japan event was estimated at US $ 300 billion.

25

4.3. World Tsunamis: In Oceans and Marginal Seas, Case studies (1755, 2011, 2004, 1956,
365, 1999)

Figure 4.3.1 Some world tsunamis – showing that tsunamis can happen all over the world

The 365 AD Tsunami
On 21 July AD 365, a powerful earthquake impacted Crete, and a massive tsunami propagated all
over the Eastern Mediterranean.
This event was one of the largest ever occurred in the Mediterranean Sea. While earthquake
destruction was reported mainly from Crete, tsunami descriptions exist all over the eastern
Mediterranean basin. It is believed and supported by archaeological works that the roman harbour
of Phalarsana, in Crete, was uplifted several meters and the coastline retreated 150 m.The Roman
historian Ammianus Marcellinus reports the fact that huge were stranded on the roofs of
Alexandria, in Egypt, and Methone thrust out by the mad blasts, perched on the roofs of houses,
as happened at Alexandria. In Methone, South West Peloponnese, a Spartan ship was moved inland
about 2 km from the seashore. In the Nile Delta agricultural lands were abandoned because of the
flooding.
The 1755 Lisbon Tsunami
On the 1st November 1755, a massive submarine earthquake occurred in the North East Atlantic
offshore Portugal around 9:40 in the morning. Current scientific estimates of the earthquake
magnitude are 8.5 – 9.0. Less than half an hour after the shock first tsunami waves hit the South
Portuguese Coast. In Lisbon, the tsunami entered the bar in Lisbon and propagated into the Tagus
estuary flooding downtown and causing massive destruction of the ships in the harbour. The
tsunami engulfed some villages and destroyed fortresses along the South Portuguese coast. In the
Atlantic coast of Spain, the tsunami caused extensive damage to Cadiz and Huelva. In Morocco,
the tsunami flooded the coastal areas, in the Atlantic, from Tangier to Safi and Agadir. The tsunami
propagated all over the North East Atlantic causing damage in Madeira and Azores Islands.
Approximately eight hours and impacting as far as Barbados and Antigua in the Caribbean Islands.
To the North, there are reports of tsunami observations as far as Cork in Ireland and Cornwall in
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the United Kingdom. There are several estimates of the death toll of this event that range between
40 000 to 60 000.

Figure 4.3.2 Lisbon seen from south over rough waters of Tagus River. Ships staggering, houses
collapsing, town on fire. (Copper engraving, France, 18th c.?) (Lisbon, Portugal)
https://nisee.berkeley.edu/elibrary/Image/KZ70

The 1956 Aegean Sea Tsunami
On July 9, 1956 at 3:11 am UTC a strong earthquake of magnitude 7.8 hit the Cyclade island group
with the epicentre located at the island of Amorgos in the Aegean Sea. The event triggered a
tsunami with a maximum run-up of 30 m. A view minutes later a second earthquake stroke the
Island of Santorini where 529 homes where completely destroyed. The combined effects of the
earthquake shaking and the tsunami caused the deaths of 56 people with a further 100 injured. A
series of studies related to the event suggest that run-up values have been generated by submarine
landslides triggered by the earthquake. The tectonic setting at the Cyclades islands is within a zone
of extension because of flat sub-slab subduction at the Hellenic arc where the African plate
subducts underneath the European plate.
The 1999 Izmit Tsunami
On 17th August 1999 an earthquake of magnitude 7.6 occurred near the city of Izmit, Turkey. The
earthquake ruptured the northernmost segment of the North Anatolian fault at three o’clock in the
morning (1 am UTC), 11 km south of Izmit. The first tsunami wave hit the north coast few minutes
after the earthquake bringing mussels into the houses and other debris. The highest run occurred
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at Korfez near Yarimca and the inundation distance reached thirty five meter. The water reached
the police station in Hereke. At Tavancil, all water in the local port withdrew during the
earthquake. In a very short period of time, the sea came back and flooded up to 25 m inland
invading the first floor of the houses. In Sirinyah, the first floors of the houses located within 5 m
to the sea were flooded. At Izmit Marina, the sea receded about 40 m and the moored boats fell
down for 2 m. Along the southern coast, the sea receded first. All along the shore the tsunami hit
the coast shortly after the earthquake leaving no time for warning. According to the National
Geophysical Data Center the tsunami caused 155 casualties

Figure 4.3.3 A view from the İzmit tsunami http://www.usc.edu/dept/tsunamis/turkey/turkcoast.jpg

The 2004 Indian Ocean Tsunami
On December 26, 2004 a massive earthquake of magnitude 9.1 occurred offshore Sumatra island.
The epicentre of the earthquake was located about 250 km south-southeast of the Indonesian city
of Banda Aceh. The earthquake triggered a gigantic tsunami that immediately flooded the coastal
areas of Sumatra and propagated all over the Indian Ocean. It was the deadliest tsunami ever
known killing at least 225 000 people in many countries namely in Indonesia, Sri Lanka, India,
Thailand and Maldives. Many tourists on vacation in the area were killed or reported missing. This
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was a transoceanic tsunami. In some places, the tsunami took about fifteen minutes to reach the
coast. The northern island of Sumatra was hit quite quickly. However, the tsunami took two hours
to arrive to Sri Lanka and Thailand and more than seven hours to reach the countries in the Eastern
coast of Africa more than 4500 km away from the epicentre. Unfortunately, there was not a tsunami
warning system in place in the Indian ocean at the time… The tsunami caused many environmental
problems such as the salinization of the water in rivers and lakes. The flooding of agricultural soils
and consequent salinization also affected the soil fertility.

Figure 4.3.4 Banda Aceh Indonesia after the 26.04.2004 tsunami
(source: ITIC http://itic.ioc-unesco.org/ )

The 2011 Japanese Tsunami
On March 11, 2011 a magnitude 9.0 earthquake occurred off the coast of Japan. This earthquake
was ranked fourth in the world. It generated a tsunami on of the most destructive tsunamis observed
in Japan. Less than an hour after the earthquake, the tsunami waves hit the coastline in Japan. The
tsunami waves reached run-up heights of more than 30 meter up to 128 feet (39 meters) at Miyako
city and penetrated more than 5 km inland in some places in Japan. The tsunami waves overtopped
and damaged the protective tsunami seawalls at several locations. The tsunami heavily impacted
the Fukushima-Daishi nuclear power plant causing the failure of the cooling system. The tsunami
crossed the Pacific Ocean impacting Hawaii and Chile. In Chile, more than 17 000 km away from
Japan, the tsunami was a meter high. The JMA (Japan Meteorological Agency) issued the tsunami
warning three minutes after the earthquake. Although 200,000 people successfully evacuated,
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tragically over 18,000 people were killed or remain missing in Japan because of the tsunami. It
was the deadliest natural disaster in Japanese history. The World Bank estimates the coast of the
disaster in $235 billion dollars. http://www.tsunamizone.org/downloads/Tohoku_poster_FN.PDF)

Figure 4.3.5 A view from the 2011 Japanese Tsunami http://www.telegraph.co.uk

5. STORM SURGE
Few things in nature can compare to the destructive force of a hurricane. In fact, during its life
cycle a hurricane can expend as much energy as 10,000 nuclear bombs! Hurricane winds blow in
a large spiral around a relative calm centre known as the "eye." The "eye" is generally 30 to 50 km
wide, and the storm may extend outward 600 km. As a hurricane approaches, the skies will begin
to darken and winds will grow in strength. As a hurricane nears land, it can bring torrential rains,
high winds, and storm surges. August and September is peak months during the hurricane season
that lasts from June 1 through November 30.
The term hurricane is derived from Huracan, a god of evil recognized by the Tainos, an ancient
aborigines Central American tribe. In other parts of the world, hurricanes are known by different
names. In the western Pacific and China Sea area, hurricanes are known as typhoons, from the
Cantonese tai-fung, meaning great wind. In Bangladesh, Pakistan, India, and Australia, they are
known as cyclones, and finally, in the Philippines, they are known as baguios. The main cause of
hurricanes are humidity and temperature. Therefore those ocur in tropical regions.
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Figure 5.1. Generation of hurricane (left), lightning (right)

In order to indicate hurricane intensity, and associated potential damage, the Hurricane Scale.
associated damage, storm surge levels, and evacuation limits are described by NOAA, National
Hurricane Center for tropical cyclones.
Hurricane Scale
Category 1 - Winds of 74 - 95 mph (33 - 42.5 m/sec)
Category 2 - Winds of 96 - 110 mph (42.9 - 49.1 m/sec)
Category 3 - Winds of 111 - 130 mph (49.6 – 58.1 m/sec)
Category 4 - Winds of 131 - 155 mph (58.6 – 69.3 m/sec )
Category 5 - Winds over 155 mph
( > 69.3 m/sec )
World Storms: In Oceans and Marginal Seas,
Hurricane Kartrina impacted New Orleans
August 23, 2005: Tropical Depression Twelve had formed over the southeastern Bahamas.
August 24, 2005: The system was upgraded to Tropical Storm Katrina.
August 25, 2005: Katrina became the fourth hurricane of the 2005 season and made landfall later
that day around 6:30 p.m. between Hallandale Beach and Aventura, Florida.
August 27, 2005: The storm was upgraded to category 3 intensity and at 12:40 am.
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August 28, 2005: Katrina was upgraded to Category 4. Later that day, Katrina went through a
period of rapid intensification, with its maximum sustained winds peaking at 280 km/h (well above
the Category 5 threshold of 250 km/h), gusts of 344 km/h and central pressure of 906 mb by 1:00
pm CDT.

Figure 5.2. Impact of Hurricane Katrina in New Orleans

Cyclone Gonu impacted Omman
Super Cyclonic Storm Gonu is the strongest tropical cyclone on record in the Arabian Sea, and is
also the strongest named cyclone in the northern Indian Ocean. The second named tropical cyclone
of the 2007 North Indian Ocean cyclone season, Gonu developed from a persistent area of
convection in the eastern Arabian Sea on June 1, 2007. With a favorable upper-level environment
and warm sea surface temperatures, it rapidly intensified to attain peak winds of 240 km/h on June
3, according to the India Meteorological Department. Gonu weakened after encountering dry air
and cooler waters, and early on June 6, it made landfall on the easternmost tip of Oman, becoming
the strongest tropical cyclone to hit the Arabian Peninsula. It then turned northward into the Gulf
of Oman, and dissipated on June 7 after making landfall in southern Iran, the first landfall in the
country since 1898. Pictures are from Muscat and Sana, Oman.
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Figure 5.3. Impact of Hurricane Katrina in Oman Muskat (left), Sana (right)

Cyclone Cleopatra, Sardinia Storm
Cyclone Cleopatra caused rivers to burst their banks, sweeping away cars and flooding homes.
Over 450mm of rain fell in just an hour and a half day after in Sardinia, Italy. The flooding was
associated with an extratropical cyclone in the western Mediterranean Basin on November 17-19,
2013 which developed slow-moving embedded thunderstorm complexes, as cold air flowing from
the north entered the Mediterranean and interacted with warm moist air to the east.
Continuous rain over two days resulted in the overflowing of the rivers in the northeastern part of
Sardinia, flooding villages like Torpè and towns such as Olbia, Nuoro and Oristano. The cyclone
brought extremely heavy rain to the island of Sardinia as more than 440 mm of rain fell in 90
minutes on the morning of 19 November, resulting in flooding and swollen rivers bursting their
banks. The area around the north-eastern city of Olbia has been affected the worst, where up to 3
m of water has left cars and homes submerged.

Figure 5.4 Flooding by Cyclone Cleopatra and consequences in Sardinia
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6. SEICHE, SWELL, TIDE, FREAK WAVES
Seiches are periodic oscillations of water level caused by some disturbance inputting the energy
to the basins or harbors. The intervals (or periods) between seiche peaks may range from minutes
to more than several hours. The word “seiche” originates in a Swiss French dialect word that means
"to sway back and forth". When a wave enters a closed basin (harbor or bay), surface fluctuations
occur within the basin which affects coastal infrastructure, navigation of marine vehicles and
public safety.

Figure 6.1 Seiche and Resonance in Lakes

Swell waves are the waves generated in the irregular wave train of strong storms. The storm waves
travel very long distance and among them the short period waves diminish and long period waves
can arrive to the coast without dying. Since they come from long distance away, there is no relation
with the weather condition at the arrival coast. Therefore, even on sunny calm weather swell waves
are observed. Swell waves facilitates wave surfing.
Freak, rogue, or giant waves correspond to large-amplitude waves surprisingly appearing on the
sea surface (“wave from nowhere”). Such waves can be accompanied by deep troughs (holes),
which occur before and/or after the largest crest. Seafarers speak of “walls of water”, or of “holes
in the sea”, or of several successive high waves (“three sisters”), which appear without warning.
They occur anywhere any time in the sea during the storm and may cause damage on ships if ship
is at the location where freak wave occurs.
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Figure 6.2. Amplification of Swell near the Shore

Tides or tidal waves are the alternating rise and fall of the surface of the seas and oceans. They are
due mainly to the gravitational attraction (pull) of the moon and sun on the rotating earth. Two
high and two low tides occur daily and, with average weather conditions, their movements can be
predicted with considerable accuracy. When the moon is new or full, the gravitational forces of
the sun and moon are pulling at the same side of the earth. This occurrence creates the extra-large
"spring" tides.
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Figure 6.3 Tides

7. DISASTER RISK MANAGEMENT
7.1. Preparedness
"There is no such thing as a 'natural' disaster, only natural hazards."
Key Terms
Disaster Risk Reduction (DRR): Systematic efforts to reduce disaster risks by analysing and
reducing the factors of disasters through lessening exposure to hazards, decreasing vulnerability
of people and property, land management and increased preparedness.
Risk is the combination of the probability of an event and its negative consequences.
Hazard is a phenomenon with a potential to cause damage to people. It can be either natural like
earthquake, storm, flood etc or man-made (industrial accident etc.). It can lead to disasters only if
hazards affect human beings.
Vulnerability is the circumstances of a community that make it susceptible to the damaging
effects of a hazard. Poorly designed buildings, lack of awareness or inadequate mitigation
strategies are some of the factors increasing vulnerability.
Capacity means the combination of all the strengths, attributes and resources available within a
community, society or organization that can be used to achieve agreed goals. Capacity may include
infrastructure and physical means, institutions, societal coping abilities, as well as human
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knowledge, skills and collective attributes such as social relationships, leadership and
management.
Resilience is the ability to resist, absorb, and recover from the disasters in a timely and efficient
manner.
Preparedness is the knowledge and capacities developed by governments, professional response
and recovery organisations, communities and individuals to effectively anticipate, respond to, and
recover from, the impacts of likely, imminent or current hazard events or conditions.
Mitigation is the lessening or limitation of the adverse impacts of hazards and related disasters.
Prevention is avoidance of adverse impacts of hazards and related disasters.
7.1.1. Planning
Planning against hazards has a major impact on losses caused by natural hazards. In developing
countries disasters have a 20 times higher impact on gross domestic product (GDP) than
industrialized nations. Between years 1995-2014, despite facing only 26% of storms, 89% of live
loss caused by storms occured in lower-income countries.
While natural hazards cannot be prevented, leading damage and live loss can be decreased by
planning and developing mitigation strategies.
In March 2015 Sendai Framework for Disaster Risk Reduction (2015-2030), which was agreed by
187 UN Member States was signed. Sendai Framework introduces four priorities for action. They
are as follows,
Priority 1: Understanding disaster risk.
Priority 2: Strengthening disaster risk governance to manage disaster risk.
Priority 3: Investing in disaster risk reduction for resilience.
Priority 4: Enhancing disaster preparedness for effective response and to “Build Back Better” in
recovery, rehabilitation and reconstruction.
Planning against natural hazards requires a team of engineers and scientist. For example, for flood
hazards, risk maps can be created and regulated urban development in those areas of high risk can
decrease exposure of people and property or structural measures can be taken to prevent a possible
damage.
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Figure 7.1.1 Flood plain https://www.ec.gc.ca/eau-water/97439BCE-005F-4014-B125-

B6C817BA31E5/Floodplain.gif
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7.1.2. Civil Protection
The main goal of civil protection is to minimize the impact of disasters. The concept put into
practice in Europe for the first time by establishment of two disaster mitigation initiatives in
France and Italy. In some cases, countries are able to deal with the disaster on their own
however in case of catastrophic events, assistance from other countries are needed. Due to this
reason in 2001, the EU Civil Protection Mechanism was established, fostering cooperation
among national civil protection authorities across Europe. The Mechanism currently includes
all 28 EU Member States in addition to Iceland, Montenegro, Norway, Serbia, the former
Yugoslav Republic of Macedonia and Turkey.
7.1.3. Drills
To increase preparedness and raise an awareness among the people, emergency circumstances
are simulated from time to time to test the ability of individuals to make the most appropriate
decisions to ensure their safety. The outcomes of drills include practice, assessment and
improvement in emergency response plans.

Figure 7.1.2: Precautions against a tsunami

7.1.4. Raising awareness (Risk perception, Capacity Building, Education of Youth,
Disaster Preparedness in Schools)
An effective disaster education in schools helps to install a developed awareness and increase
preparedness in the whole community.
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7.2.Mitigation
In case of a hazard, generation and spreading of a timely warning information to community
that is threatened by the hazard plays a vital role in reducing the live loss. A well-managed
warning system enables individuals and organizations to prepare and act accordingly.
Therefore, along with the warning systems, community evacuation measures are also highlt
important. For example, in Japan signboards provide the direction to escape, the distance to the
next shelter, and the name of the shelter; in Japanese and in English in case of a tsunami.

Figure 7.2.1: Tsunami evacuation route sign
Figure 7.2.2: Tsunami Evacuation Map (Source: Shaw et al., 2012, Wordlbank KN 2-1, Nonstructural
Measures. Retrieved from: Forest Agency, 2011)

7.3. Recovery
7.3.1. Human aid, international aid
The December 26, 2005 Earthquake and Tsunami in Asia generated an unprecedented
humanitarian response in terms of funds and organizational efforts the world over. In the
aftermath of the disaster the affected counties took very different approaches and found
different policy mechanisms to organize and coordinate the international response, including
the flood of financial and human resources available from the international community.
Historically there are few instances of linear progress from relief to recovery, reconstruction
and development. This is particularly true of countries or regions affected by long-term, low
intensity conflicts that may be struck by sudden natural disasters.
Hence, international organizations working in the country will need to ensure the balanced
distribution of assistance across affected regions in order to support the three-year old peace
process that is becoming increasingly fragile. Currently there is a significant imbalance in aid
distribution. Districts with deeper poverty and higher concentrations of vulnerable
communities affected by the Tsunami and conflict (Jaffna and Vanni), have far fewer projects
and organizations on the ground than in some other Tsunami affected districts in the south
where reconstruction is slightly more advanced.
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7.3.2. Insurance
In the USA In 1968, Congress created the National Flood Insurance Program (NFIP) to help
provide a means for property owners to financially protect themselves. Homes and buildings
in high-risk flood areas with mortgages from federally regulated or insured lenders are required
to have flood insurance. In Turkey due to frequent occurrences of earthquakes, earthquake
insurances are also mandatory.

REFERENCES
http://www.ifrc.org/en/what-we-do/disaster-management/preparing-for-disaster/riskreduction/learning-from-disasters/
[WMO, 2008]: World Meteorological Organization, Urban Flood Risk Management—A Tool
for Integrated Flood Management, Associated Programme on Flood Management Document
11, in Flood
Management Tools Series, 38 pp. http://www.apfm.info/ifm_tools.htm
Harbitz, C. B., Løvholt, F., & Bungum, H. (2014). Submarine landslide tsunamis: how extreme
and how likely?. Natural Hazards, 72(3), 1341-1374.
Heir, T., Rosendal, S., Bergh-Johannesson, K., Michel, P. O., Mortensen, E. L., Weisæth, L.,
... & Hultman, C. M. (2011). Tsunami-affected Scandinavian tourists: disaster exposure and
post-traumatic stress symptoms. Nordic journal of psychiatry, 65(1), 9-15.
Mader, C. L., & Gittings, M. L. (2006). Numerical model for the Krakatoa hydrovolcanic
explosion and tsunami. Science of Tsunami Hazards, 24(3), 174.
Masson, D. G., Harbitz, C. B., Wynn, R. B., Pedersen, G., & Løvholt, F. (2006). Submarine
landslides: processes, triggers and hazard prediction. Philosophical Transactions of the Royal
Society of London A: Mathematical, Physical and Engineering Sciences, 364(1845), 20092039.
McCoy, F. W., & Heiken, G. (2000). Tsunami generated by the Late Bronze age eruption of
Thera (Santorini), Greece. Pure and Applied Geophysics, 157(6-8), 1227-1256.
Monserrat, S., & Rabinovich, A. B. (2006). Meteotsunamis: atmospherically induced
destructive ocean waves in the tsunami frequency band. Natural Hazards and Earth System
Science, 6(6), 1035-1051.
National Tsunami Hazard Mitigation Program (2015). Meteotsunami Fact Sheet.
Weather.Gov. National Weather Service. Accessed 19th July 2016.
Tinti, S., Tonini, R., Bressan, L., Armigliato, A., Gardi, A., Guillande, R., ... & Scheer, S.
(2011). Handbook of tsunami hazard and damage scenarios. JRC scientific and technical
reports. EUR, 24691.
Vennell, R. (2007). Long barotropic waves generated by a storm crossing topography.
Journal of Physical Oceanography, 37(12), 2809-2823.
41

Vilibić, I., & Šepić, J. (2009). Destructive meteotsunamis along the eastern Adriatic coast:
overview. Physics and Chemistry of the Earth, Parts A/B/C, 34(17), 904-917.
Wünnemann, K., & Weiss, R. (2015). The meteorite impact-induced tsunami hazard. Phil.
Trans. R. Soc. A, 373(2053), 20140381.
Di Vita, A. (1995). Archaeologists and earthquakes: the case of 365 AD.
Okal, E. A., Synolakis, C. E., Uslu, B., Kalligeris, N., & Voukouvalas, E. (2009). The 1956
earthquake and tsunami in Amorgos, Greece. Geophysical Journal International, 178(3),
1533-1554.
Papadopoulos, G. A., Daskalaki, E., Fokaefs, A., & Giraleas, N. (2010). Tsunami hazard in
the Eastern Mediterranean sea: strong earthquakes and tsunamis in the west Hellenic arc and
trench system.Journal of Earthquake and Tsunami, 4(03), 145-179.
Shaw, B., Ambraseys, N. N., England, P. C., Floyd, M. A., Gorman, G. J., Higham, T. F. G.,
... & Piggott, M. D. (2008). Eastern Mediterranean tectonics and tsunami hazard inferred
from the AD 365 earthquake. Nature Geoscience, 1(4), 268-276.
Yalciner, A.C., Karakus, H., Ozer, C., Ozyurt, G., (2005), “Short Courses on Understanding
the Generation, Propagation, Near and Far-Field Impacts of TSUNAMIS and Planning
Strategies to Prepare for Future Events” Course Notes prepared by METU Civil Eng. Dept.
Ocean Eng. Res. Center Ankara, Turkey, for the Short Courses in the University of Teknologi
Malaysia (UTM) held in Kuala Lumpur on July 11-12, 2005, and in Technology Development
Division, Astronautic Technology (M) Sdn. Bhd (ATSB) Malaysia held in Kuala Lumpur on
April 24-May 06, 2006, and in UNESCO Training Course I on Tsunami Numerical Modeling
held in Kuala Lumpur on May 08-19 2006 and in Belgium Oostende on June 06-16, 2006.

42

