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EXTREME EVENTS

Coastal and island communities in the Pacific region are familiar with extreme weather events — particularly
tropical cyclones which generate storm surges, severe waves, flooding and unprecedented sea levels.

As these extreme events reach the coast, their intensity increases to leave low-lying coastal terrain inundated,
beaches eroded, coastal infrastructure damaged or destroyed, and people injured or killed.

Examples in the past decade include Cyclone Waka in Tonga, the Aitape tsunami in Papua New Guinea,

and Cyclone Oka which caused extensive damage at Niue.

How are these events caused, and will they become more intense under an enhanced Greenhouse Effect?

TROPICAL CYCLONES

It's estimated that on average between 7-8 cyclones
per year occur in the Pacific region.

Tropical cyclones begin over warm, humid tropical
oceans. They start as thunderstorms, although forces
associated with the rotation of the Earth cause the
storms to spin in a clockwise direction in the
southern and anticlockwise direction in the northern
hemisphere. These storms rise up to 10 kilometres
into the atmosphere.

Once a cyclone becomes organised, a calm clear area
forms in the centre of the cyclone. This is known as
the eye. The most intense winds form around the wall
of the eye, behind which are very active thunderstorms
and heavy rain.

The movement of tropical cyclones is difficult to
predict, although in the south Pacific, they usually
move towards the southwest in the easterly trade
winds, before curving back to travel in a southeasterly
direction at around latitude 20°S. Warm tropical
oceans provide the energy to generate and fuel
tropical cyclones. However, they tend to weaken

and decay if their path takes them over significant
island landmasses or over cooler waters further

south, losing intensity and forming rain depressions.

The consequences of powerful tropical cyclones are
severe weather in terms of wind and flooding rain.
Sometimes a weaker cyclone (measured in terms of
the wind force) can cause more flooding because it is
slow moving — this allows more rainfall and a greater
increase in river and stream levels as a result.

There are also severe ocean conditions associated with
cyclones including high waves and storm surge, both
of which can cause substantial coastal flooding and
erosion. The impacts of tropical cyclones can be
severe, including injuries and loss of life and damage
to man-made infrastructure on or near the coast,

the natural environment and agriculture.

Cyclone ‘Waka' (in late 2001) impacted directly on
Vavau Island (Tonga). This cyclone produced wind
gusts of more than 200 km per hour and caused
extensive damage to buildings on the island.

If a cyclone is approaching it is important to ensure
loose objects are stored securely as they can become
flying debris which in turn causes even more damage

to buildings, as well as presenting a risk to human life.

Cyclone Bebe impact, Funafuti.
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EL NINO AND CYCLONES

Tropical cyclone occurrence is influenced by the
El Nino/Southern Oscillation (ENSO) phenomenon.
During the La Nina phase, when the Western
Pacific warms relative to the eastern Pacific,
cyclones occur with greater frequency in the
western Pacific, close to Australia. However,
during the EI Nino phase when the western

Pacific is cool relative to the eastern Pacific,

the region of greatest cyclone occurrence is

found in the middle of the south Pacific.

CLIMATE CHANGE

Projections of climate change as a result of
enhanced Greenhouse Effect indicate there may be
an increase in frequency and intensity of cyclones.
Maximum wind speeds may increase by 5-10%
and precipitation rates may increase by 20-30%.
Regions of origin are likely to remain unchanged.
There may be changes in the preferred paths of
cyclones and the poleward extent of these paths
although changes remain uncertain. The frequency
of tropical cyclones may be further affected by any
future changes in ENSO. It is expected that ENSO
variations will continue in the future.

EXTREME SEA LEVELS

Sea-levels have responded to naturally-varying
climates for many thousands of years. However,
extreme sea levels can occur as a result of various
different forces or combinations of forces. These
include the movement of the moon and sun
relative to the Earth that produce tidal variations;
movements of the Earth’s crust (earthquakes) that
produce tsunamis; and intense weather conditions
that cause storm surges and severe waves.

Tides are predictable events that vary in strength
on a regular basis. Earthquakes and severe storms
such as tropical cyclones are less predictable
events. Over periods of several months, EI Nino
Southern Oscillation (ENSO) can cause regional
sea level changes, with cooler temperatures in
the western Pacific during EI Nino events being
associated with slightly lower sea levels and
warmer temperatures during La Nina events
causing slightly higher sea levels in the western
Pacific. The relationship between ENSO and
tropical cyclones will also affect the probability
of storm surges occurring in a particular region.

SPRING, NEAP AND KING TIDES

Spring tides produce higher high tides and lower
low tides and occur every 14 days at the time of
the full Moon and new Moon when the Sun, the
Moon and the Earth line up to exert the maximum
gravitational force at the Earth’s surface. Neap
tides, on the other hand, are tides of smaller
variation in amplitude (i.e. lower high tides and
higher low tides) that occur during the first and
third quarters of the Moon when the position of the
Moon and the Sun form a right angle to the Earth.
Variations in the magnitude of the spring and neap
tides occur partly because of changes in the
position of the Moon and Sun relative to the
Earth, and the orbit of the Moon around the

Earth and the Earth around the Sun.

A King Tide is often used to describe an unusually
high spring tide. The movement of the planetary
bodies and hence the tides is predictable. Changes
in the earth’s climate will not influence the future
behaviour of tides.

Tuvalu, March 2002, “King Tide”.



TSUNAMIS

A tsunami is an oceanic wave caused by a seismic
disturbance (e.g an earthquake) on the earth’s crust.
It is a long wave with a wavelength (that is the
distance between wave crests) typically of several
kilometres. Tsunami waves can travel at speeds of
hundreds of kilometres per hour depending on the
depth of the water over which they are travelling (the
deeper the water, the faster the wave). Their heights
depend on the intensity of the Earthquake at their
point of origin. In deep water, a tsunami may remain
undetected having a height of only a few decimetres.
However, as it reaches shallow coastal waters, the
speed of the wave decreases and its height increases,
so that the tsunami experienced at the coast can be
many metres in height. Tsunamis are not only
unpredictable but are also potentially the most
devastating events that influence coastal sea levels.

WAVES AND WINDS

Ocean waves are produced by winds acting on the
ocean surface. Large waves can be produced both
by extreme winds acting over a small area for a
relatively short time (such as around the eye of a
tropical cyclone) or by generally strong winds
occurring over a much larger area for a longer period
(perhaps as much as a few days). The waves in the
region where they are generated are usually very
chaotic and irregular. As the waves move away from
their region of generation, they become more regular
with a longer period between crests—these more
regular waves are referred to as swell.

Wave setup 1

Swell waves can propagate very long distances as
long as they do not “run into” land masses and can
travel right across the globe.Sometimes a cyclone
which passes by, but not close to a Pacific Island,
will have only a minor impact in terms of wind and
rainfall; the same storm may produce large swell
waves which eventually reach the island and cause
major problems.

Waves travelling across deep water are affected if
they reach shallow water — usually they grow in
height in a process called shoaling and then break.
The larger the wave, the greater the depth at which
they break. The presence of reefs is very important
—because the reefs cause the waves to break and
loose their energy before they reach populated
areas. Breaking waves at the coast can also
produce an increase in coastal sea levels known as
wave setup—waves created by a region of strong
winds can break over a reef and cause water levels
to rise well above normal. The maximum inland
excursion of water that occurs as a wave breaks
onto the shore is known as wave runup.

A sand spit where two villages stood prior to the Aitape
tsunami. The wave removed almost all other traces

of the several hundred houses that stood on the sand spit.
(Photo credit: Hugh Davies, University of PNG.)
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The various contributions to extreme sea levels at the coast. In addition to tidal variations, sea levels can become elevated due to
storm surges caused by exteme winds and pressure falls from tropical cyclones. Breaking waves in the surf zone during storm events
can also cause a localised increase in elevation known as wave setup. The maximum inland penetration of water as a wave breaks

is called wave run-up.



STORM SURGES

A storm surge is a region of elevated sea level at
the coast caused by the combined effect of falling
atmospheric pressure and intense winds of severe
weather events such as tropical cyclones. The rise
in sea level due to falling pressure is about 1 cm
per hectopascal fall in pressure (the so-called
inverse barometer effect) although the larger
contribution is due to wind stress acting on the
surface of the ocean—which has the effect of
piling the water up against the coast.

A tropical cyclone-induced storm surge would be
most intense over the region of strongest onshore
winds as the cyclone moves onshore. A number of
factors also influence the storm surge height
including the shape of the sea floor and the
proximity to bays, headlands and islands. Wide and
gently sloping continental shelves amplify the
storm surge and bays and channels can funnel and
increase the storm surge height. Storm surges can
combine with other ocean processes such as tides
and waves to further increase coastal sea levels
and flooding. Clearly a storm surge will have
maximum impact if it coincides with high tide.
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