TROPICAL CYCLONES

a briefing for mariners
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INTRO

In recent years, within the JDN - Group, two ships were wrecked in
tropical cyclones.

CSD Kaerius was declared total-loss due to a hurric ane in the
Caribbean, and TSHD Cristoforo Colombo —in 2004 — in the aftermath of
a typhoon reaching as far north as Sachalin island, eastern Siberia.

M/V Pompei was trapped in a typhoon in South China Sea early 2006, but
survived against all odds.

The past seven years, TSHD “Gerardus Mercator” has been assigned
jobs in Taiwan, Korea and Sachalin, crossed South C  hina Sea numerous
times, in world’s most dangerous region for tropica | cyclones.

| remember our first typhoon, “Rusa”, in South-Kore a, september 2002.
Hundreds of ships packed tightly together in Chinha e anchorage, all
surrounded by hills — a “safe” place.

Still: it was awesome, huge; the massive buildup of wind hour after
hour.

Two ships dragged anchor, collided in front of “Mer cator”

One of them (a large trawler “Shin An Ho”) capsized in ten minutes flat;
fifteen crewmembers in the water.

Crew of “Mercator” -all hands on deck- managed to g et five seamen out
of the water, in windgusts of 150 km/h.

Fig. 1: Trawler “Shin An Ho” capsizing during typtr “Rusa”, september 2002.
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Later on that day windgusts went up to 200 km/h.

Since that day the idea got to my mind that I'd bet  ter know something
about these typhoons.

“Gerardus” was anchored next to “Cristoforo Colombo " when typhoon
“Songda” struck and beached “Cristoforo”, septembe r 2004 (see
chapter 5).

And “Gerardus” was in the wake of typhoon “Chanchu” that disabled

“Pompei”, may 2006.

During six years presence in the Far-East, “Gerardu  s” was directly
affected by about two typhoons yearly, monitoring m ore typhoons
passing close by, witnessed two major ship disaste rs, and “Pompei”
disabled.

So: tropical cyclones are not just things that happ en to others.
They are real — and coming your way too.

Knowledge helps to avoid disaster.

First time “Gerardus Mercator” sailed into typhoon- infested waters, was
on an offshore job in Taiwan Strait, 1999. Thattim e, back in 1999, we
were still at the starting point of a learning proc ess.

Eight years on, we gathered some usefulll experienc e on this matter,
which we would like to pass on to any person intere sted.

That's why this paper was written: to get the exper  ience across,

to help achieve situational awareness when you cros s (or work in)
regions known for tropical cyclones.

And not to be caught by a tropical cyclone unknowing, unaware and
unprepared.

Marc Van de Velde,
onboard “Gerardus Mercator”
april 2007
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1. BASICS

Tropical cyclones are infrequent in comparison with middle and high
latitude storms, but they have a record of destruct ion far exceeding that
of any other type of storm.

A tropical storm has a small size. Most tropical cy clones have a
diameter of 200 to 300 nautical mile, rarely upto  a diameter of 2000 nm.
You can experience nice weather, only a few hundred miles from the
center of a typhoon.

The rapidity with which the weather can change when the tropical
cyclone approachs, and the violence of the fully ma tured tropical
cyclone, are difficult to imagine, if they have not been experienced.

Tropical cyclones are warm-core, cyclonic low-press ure centers that
develop over tropical or subtropical waters.

Although the tropical cyclone formation process is not fully understood,
it is well known that they require tremendous amoun ts of energy to
develop and sustain the high wind velocities presen t. Only the warm
moisture-laden air of the tropics possesses this qu antity of energy.
Tropical cyclones are “born” in all tropical ocean area’s between 6° and
30° north or south. They can reach as far as 55°n  orth or south.

Fig. 2: Worldwide distribution of tropical cycloneshown are all tropical cyclones from 1985 to 2005
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Tropical cyclones have different names in different regions of the world.

South-East Asia:  “Typhoons”

Caribbean: “Hurricanes”
Indian Ocean: “Tropical cyclones”
Australia: “Willy-Willies”

But basically they are all exact the same phenomeno  n, everywhere
around the globe.

In this paper we will call them by their generally “tropical cyclones” (TC).

The annual global number of tropical cyclones is ab out 87 £ 10.

BIRTH OF A TROPICAL CYCLONE

Tropical cyclones are “born” in well known origin r egions (see Fig. 2)

Fig. 3: Breeding grounds for tropical cyclones.
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Inside these “breeding grounds” following condition s are
necessary for the birth of a tropical cyclone:

a) Coriolis force (typically from latitude 6° N/Su  pwards), the
higher latitude north or south, the more Coriolis f orce is
present, the easier a cyclone starts spinning.

b) Warm sea water (more than 26,5° Celsius), and — by
consequence: a moist atmosphere (Fig. 3)

Fig. 4: Water temperature in the worlds’ oceanss Tigure only displays a year’'s mean
temperature. During summer season, the sun heatsean water in the northern hemisphere,
shifting the zone of warm water northward, thusrgiv\good conditions for cyclonic activity

at the end of summertime. (And vice versa in wititee for the southern hemisphere).

Great amounts of heat energy are transferred whenw  arm water is
evaporated from tropical seas. This energy is store  d within the
water vapour contained in moist-laden air. As this air ascends,
90% of the stored energy is released by condensatio  n, giving rise
to the towering cumulus clouds and rain.

The release of heat energy warms the air locally, ¢ ausing a further
decrease in surface pressure underneath.

Consequently, air moves in faster to fill this area of low pressure,
and more warm, moist air is drawn off the sea, feed ing further
energy to the system.

Thus, a self-sustaining heat engine is created.
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Fig. 5: Evaporation, rising moist air, heat trandéfem the warm ocean water to the air,
Coriolis-force. All elements to build a tropicalatgne are present.

c) Light winds conditions: to allow this process to start, light
wind conditions in the lower atmosphere are necessa ry, as not
to disrupt the initial heat-transfer mechanism.

d) Existing disturbances in the trade-wind-latitud es (“easterly
waves”) are the trigger to transform these turbulen t cloud
clusters into the embryo of a tropical cyclone.
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Fig.5a: Waves in the
trade winds in the
Atlantic Ocean—areas of
converging winds that
move along the same
track as the prevailing
wind—create instabilities
in the atmosphere that
may lead to the
formation of hurricanes.

Fig.6: Typical view on a tropical disturbance wfé north coast of Bresil. Indicated a patch of
turbulent weather, typical for cyclogenesis.
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Once this mechanism gets in motion, we call itatr  opical disturbance,
attaining wind speeds of 34 knots — 7 Beaufort.

Typically this disturbance -a large patch of turbul ent weather- wanders
around for a few days, or remains stationary.

The deepening of the this disturbance is the nexts  tep in the buildup to a
tropical cyclone.

Isobars become closed, the cyclonic character becom es clear,
windspeed goes up to 64 knots (12 Beaufort) and the system starts to
move in a general direction, mostly westwards to no rthwest (in the
northern hemisphere).

MATURING OF THE TROPICAL CYCLONE

As the depression strengthens it becomes a tropical storm (10 Beaufort) and
then a hurricane or typhoon (exceeding 12 Beuafort sustained wind speed).

A mature hurricane or typhoon takes the form ofac  ylinder of deep
thunderclouds around a centre that is relatively fr ee from clouds, the so called
“eye” of the storm.

Fig. 7: Cross view of a matunegpical cyclone.,
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With the system becoming fully mature, it wil | travel in a westerly to
northwesterly direction, making a forward speed of about 10 knots. As long as
the TC remains over warm water, it will gather stre  ngth, higher wind gusts,
higher waves, higher storm surge, more energy, more destruction.

Fig 7.: Maturing hurricane off the coast of Fl@id'he eye is formed.

RECURVING, OR NOT ?

During the maturing stage of its life cycle,a TC normally recurves to the east, at
a latitude of appx. 20° to 30° N/S, following the g  eneral air circulation around the
globe (the “westerlies” at these latitudes).

At that recurving stage the TC has peak power and h  ighest sustained wind
speeds.

Beware: about 70% of TC’s recurve to the east.
This means that 30% of TC’'s do not recurve , but continue travelling west,
northwest, north, or have an erratic track, or star  t to loop back or remain

stationary.

To predict if a tropical cyclone recurves (or not) is the tricky thing in typhoon
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track forecasting.

Recurvature depends on steering elements present in the atmosphere close to a
tropical cyclone such as: centres of high and low p ressures, strong winds and
on the geography of the region.

After recurving, the TC will speed up, attaining a forward speed of more than 15
knots.

As it start to move over gradually less warm water in higher latit udes, its energy,
windspeeds, etc... starts decreasing.

Fig.: 7a: Chart displaying the drop in surfacepgerature in the Gulf of Mexico as hurricanes Kataind Rita
passed over. Katrina left a clear trail of coldetev. Heat energy in the water had been transféortrtk tropical
cyclone.
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DEATH OF A TROPICAL CYCLONE

Tropical cyclones die either over land, or over sea

a) DEATH OVER SEA — BECOMING EXTRATROPICAL

Once the system reaches mid-latitudes it starts to degrade fast, as the source of
energy —warm ocean water underneath — disappears. T  he path of a decaying
typhoon becomes highly unpredictable, the system wi [l move fast forward
during the final days of its existence, with forwar d speeds of 35, up to 50 knots.

A dying tropical cyclone at sea is unpredictable i n its path, impossible to outrun
with a ship, often still above 12 Beaufort, includi ng associated wave heights,
swell, but with less warning time.

A tropical cyclone becoming extratropical and dying over sea is no less than an
unguided missile for any ship in the vicinity.

System moves forward

System produce speeds of e.g. 35 knots
sustained wind speeds of
up to 65 knat

Ship experiences 100 knots wind speed = (65 + B6fsk

Fig. 8: The hidden danger of an extratropical systeindspeed adds to forward speed.

Forward speed of the tropical cyclone adds to winds peed in the cyclonic
system, makes for higher windspeeds, and associated waveheights.

The cyclone is already decaying, windspeed is decre  asing, but the whole system
is accelarating fast forward. This can add up for a high observed windspeed.
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b) DEATH OVER LAND

After just a few hours overland, a tropical cyclone will begin to weaken
rapidly - not because of friction - but because the storm lacks the
moisture and heat sources that the ocean provided.

This depletion of moisture and heat hurts the tropi cal cyclone's ability to
produce thunderstorms near the storm center. Withou t this
convection,the storm rapidly fills.

Fig. 9: Hurricane passing over Florida; cyclortitisture gets lost, the eye is filling up rapidlj.this

particular cyclone would reach open water agaacking westwards in the Gulf of Mexico it would
strengthen once more.

ACCOMPANYING PHENOMENA

The most common phenomena associated with tropical cyclones are
strong winds.

Other phenomena include:

High seas - large waves (up to 15 metres) are cause d by the strong
winds, a real hazard to ships.
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(Waveheight is function from duration of the wind, windspeed, and
“fetch”, the uninterrrupted open range over which w ind is allowed to
blow.)

Fig. 10: Nomogram for significant wave heightfumction of wind fetch, duration, speed.

Storm surge - a surge of water of up to several met res can cause
extensive flooding and damage in coastal regions;

(In 2003 — during work on a port extension in Pusan — Korea, a
storm surge flooded all spare parts and containers of “Gerardus”,
placed on a lowlying land area, though in sheltered waters. Some
containers were damaged beyond repair).
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Heavy rain - the tropical cyclone can pick up two b illion tons of
moisture per day and release it as rain.

This also leads to extensive flooding - often well inland from
where the tropical cyclone hit the coast;

2. AVOIDANCE TACTICS
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Tropical cyclones, as is explained elsewhere inthi s paper, are not fully
predicatable.

When working in (or sailing through) a region known for tropical
cyclones, it is foremost important to get weather f orecasts onboard;
preferably from differents sources.

Different sources give different typhoon track fore casts.
Sometimes they differ wildly in their predictions.

Situational awareness is of utmost importance when it comes to
avoiding a TC.

There are some options, when a tropical cyclone is threatening to strike
your ship:

stay in port — if the ship is in port

make a sortie and escape at sea: evasion
find a sheltered anchorage

negotiate the tropical cyclone at sea

REMAINING IN PORT

Remaining in port -when it is possible to evade as  torm- is a decision
that is contrary to most of the traditional rules o f seamanship. However,
if the decision to remain in port is made, it shoul d not be done without
considering every available fact concerning the imp ending storm and
the port in which the vessel is berthed.

Consider the following:

Often staying in port is the worst choice.

1. Securing to a pier should be done before wind gu  sts will
render manoeuvring and berthing impossible.

2. If atropical cyclone passes overhead, winds wil | come from
almost every direction.

3. Some ports simply evacuate all ships before atr  opical
cyclone hits. No ships are allowed to remain in por  t.
The port may not allow ships to sail timely due to
shortage of pilots, tugs, etc...during this exodus.

You may well be delayed to leave port untill the
cyclone is to close for a proper evasive action at sea.
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As a matter of fact, many ports in South East Asia
evacuate all ships out of port when a typhoon is
imminent.

Others (like Hong Kong) do not allow ships to stay in
floating drydocks, etc...

Message: know the local regulations.

Your ship may be tied up perfectly to a berth,a  ble to
withstand a passing cyclone, but other ships and

barges may not, break loose from their moorings, dr ift
around and hit your ship in the process.

Forget about assistance from harbour tugs.

They will be in great demand throughout the passing of
the cyclone.

Mooring a vessel suffciently to withstand the fo rce of
wind (and eventuallu current) in a TC is problemati  c,

anyway.

The forces involved exceed the design limits of the
mooring equipment.

The ship must be ballasted down, and all engines must
be kept running during the passing of the TC.

Once the tropical cyclone is overhead, sendingc  rew
on deck is hazardous — to say the least.

Check out the “Typhoon Havens Handbook Western
Pacific...” and the “Hurricane Havens Handbook for
the North Atlantic...” on internet.

They contain specific info for ports in the Pacific and
Atlantic, concerning their virtues as a shelter for
tropical cyclones.

http://www.nrlmry.navy.mil/pubs.htm

EVASION

The idea here is to evade the oncoming TC with a sa
margin. The whole evasive action may take anything
hours.

fe and economical
from 24 to 96

TLBX.0087.E 31/05/07 revisie 02

18/55

18



Consider:

1.

Fuelstatus of the ship.

To evade a cyclone a minimum of one week bunkersle  ft
onboard is no luxury. (Likewise, when crossing a kn own TC-
region in the right season, a few extra days bunker s is a must).

Critically review your bunkerstatus before making a sortie to
avoid a TC.

. General status of the ship.

Is it fully loaded with heavy equipment and contain ers ?

Are there any deficiencies that may cause problems ?

Is all seafastened well ?

All hatches battened down ?

Do you still have time to seafasten, to bunker, to prepare your
ship for a sortie ?

Basically: is your ship seaworthy ?

Do you have options, once at sea ?

What is your plan ?

Can you evade a TC and not get stuck on a leeshore  ifthe TC
changes direction ?

What if the TC starts accelarating ?

Develop a plan for evasive action that keeps more o ptions
open.

Do you have sufficient weather information onboa rd while at
sea ?

In the close vicinity of a TC, the text data coming thru Navtex
or Satcom-C are definitely not sufficient to assist in planning
an evasion.

Are your weather-forecast-sources redundant ?

Do you have proper seacharts for this evasive a  ction ?

Whatever decision is made, the following general co mments should be
considered.

1. Crossing ahead of a typhoon should be accomplish ed well in
advance of the approaching typhoon.
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Heavy swells may be encountered ahead of the advanc ing TC
well before the occurrence of strong winds, followe d by the edge
of the wave patterns around a TC.

Such swells and waves may decrease a ship's speeda nd
manoeuvrability, preventing clearance of the typhoo n track.

2. At certain times of the year, particularly the p  eak typhoon
season, the possibility exists that two or more tro pical storms
are present. This would greatly complicate any evas  ion
planning.

3. Staying well to the equator-side of a TC isthe  sensible choice.

4. Once out at sea, observe hourly surface pressure , wind, swell,
clouds.

These observations will give you early warnings th ataTC
changed direction towards you, ahead of any weather forecasts
you may receive.

Close to a TC, your best typhoon forecast willbe m  ade up by
your own observations.

5. Alooping tropical cyclone can cause a false sen  se of security as
evaded ships attempt to return to their origin port

SHELTERED ANCHORAGE

This was the optimum choice with “Gerardus” in Kore a. Whenever a
typhoon passed by, we choose to anchor in “Chinhae” inlet; a large
body of water, almost completely surrounded by hill s, with a narrow
entrance.

A perfect hide-out during a typhoon.

Unfortunately: we were not the only ship who got th at idea.

The whole anchorage filled up with hundreds of ship s as the typhoon
approached. Ships were anchored within 2-3 cablesd  istance from
one another. Some of these ships had unproper balla st conditions,
engines were not running, or not standby, anchor ge ar was not
properly used, etc, etc,...

Concerning “Gerardus”: we used 200 meter of anchorc hain,

the other anchor just “down on the foot”. This arra ngement
minimises the heavy yawing while anchored - so typi cal for a ship
with a forward wheelhouse.
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Both engines were kept running during the peak wind s, forepeaktank
filled, hopper filled completely, with a trim as mu ch forward as
possible, about 1,5 meter to minimise air resistanc e.

The risk of collision with another ship is real.
Every time "Gerardus” was anchored in this sheltere d area, we saw
ships dragging and drifting around.

With sufficient length of anchorchain payed out and full propulsion
power available, it's quite feasible to manoeuvre a  nd keep free of
these drifters.

During our first typhoon there two ships collided i n front of
“Gerardus”, one vessel capsized.

In Hong Kong harbour, the idea is generally the sam e, though large
single-point mooring buoys are used.

SAILING THROUGH A TROPICAL CYCLONE

If you have other options: do not attempt to sail through a tropical
cyclone. Your chances of survival are definitely less than 100 %.

Do not consider sailing into a tropical cyclone as an option of choice.
Consider it bad luck, if you're forced to do so.
Ship and crew will definitely get in harm’s way.

Ok, this is it: you will get overrun by a tropical cyclone.

You've been watching the weather forecasts for the past few days
during this sea passage, and every escape manoeuvre you figured
out was countered by a change of course of this cyc lone.

This cyclone is not playing it by the book.

(Don't count they will, anyway, ever.)

Or there is simply not enough space for evasion.

Or you never thought about typhoons at all, only re cognising the
signs, the long swell, the dropping barometer, the haze and the cloud
patterns when it's too late for avoiding action.

There we go, down into the abyss.

First there is this long swell, travelling ahead of the typhoon, later

followed by the first bands of tremendous rain, swa mping every
space onboard which is not sealed perfectly waterti ght.
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Then you got the waves, becoming higher, upto 10 m  eter and more.
Your ship is corkscrewing in a confused sea.

Yes, you can fill up the hopper, giving more mass a  nd thus stability
to the ship. Unfortunately you'll get a lower freeb oard as well, waves
hitting the decks, shipping lots of water, and wate r “sloshing” around
in the hopper, causing structural damage.

Visibility decreases fast with the heavy rain, with the foam whipped
up from the sea.
A normal lookout is impossible.

Your radar display will be fully cluttererd by now, though maybe your
radar antenna will break down in these winds. The s canner is not
designed for this kind of windgusts.

Some other antennas may be whipped away also; mostl  y they do.

Time to reduce propulsion power.
Use of excessive propulsion power is about the main reason of ships
going down in bad weather, crushing themselves in t he waves.

The violent movement of your ship will stir up any sediment in your
fuel tanks, clogging fuel filters, causing downtime , or blackout of
propulsion.

If your draught is small, propellers will rise out of the water, then be
submerged again; no engine can handle this abuse fo r a long time;
engines will shutdown or breakdown.

Mainly, your ship will be drifting around without ¢ ontrol over its
track, or speed.

Your crew will pass an ordeal lasting of —say- 48 h  ours, and will get
very tired in the process, allowing human errors to be made,
accidents to happen.

There are the dangers of falling broadside with the vessel, large
spares or equipment breaking out of their seafasten ings, there are
chances to be taken.

Basically: you're running out of options - fast.

Some tips:
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a) Try to stay out of the 34 knot wind area. Mosts  hips
loose speed and manoeuvrability once wind exceeds 7
Beaufort. Adjust this to 6 Beaufort for smaller sh ips.

b) Avoid the “dangerous semi-circle”.

Once your ship gets trapped inside the tropical cyc lone,
try to get out asap. Your heading depends on your
position relative to the eye of the storm.

A ship in the “navigable” (left of the typhhon trac k, on
the northern hemisphere) semi-circle will tend to b e
blown away from the center of the cyclonic system.

A ship in the dangerous semi-circle will tend to be
pushed towards the center of the storm.

Danaerous sen-circle

Navigable semnr-circle

Fig. 11: Dangerous and navigable semi-circle, fathrern hemisphere.
For the southern hemisphere, the image must bemadover a horizontal axis.
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Vessel at A: put wind at 160°relative to the bow, making best course and
speed into the left semi-circle of the system.

Vessel at RF and RR: take the wind 45°relative to  the starboard bow,
attempt to make best course and heading out of the system.

Wind and seas in the right semicirclemay decrease s  hip’s speed
drastically.

Vessel at LF and LR: put wind at 135°relative tot  he starboard bow,
Making best course and speed awat from the eye.

3. COMMON MISCONCEPTIONS
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1. “A small typhoon is less powerfull than a big ty phoon.”

Fig. 12: Hurricanes “Floyd” and “Andrew”, both wilustained winds of 135 knots at peak
intensity; Saffir Simpson scale 3-4 .
“Floyd” had a diameter of 600 nm, “Andrew” measuogdy 189 nm across.

As illustrated, size does not matter.

A tropical cyclone can be small (even only 100 nmi  n diameter),
but very powerfull.

There is very little association between intensity (either measured
by maximum sustained winds or by central pressure) and size
(either measured by radius of gale force winds ort  he radius of the
outer closed isobar).

Hurricane Andrew is a good example of a very intens e tropical
cyclone (922 mb central pressure) that was also rel  atively small.

2. “Atropical cyclone transiting to extratropical status is
“navigable”.
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Extratropical cyclones are unpredictable concerning strength,
path and forward speed.

They can move very fast forward, making for surpris e
appearances.

The wind speed and their forward speed must be adde  d to obtain
observed wind speed.

3. “Computer models for weather forecasts, typhoon track forecasts
and satellite imaqging makes for forecasts with a hi gh deqgree of

accuracy.”

Detection and tracking of tropical cyclones is grea tly enhanced by
satellite imagery.

Due to advances in numerical weather prediction mod els,
forecasting the initial development of tropical cyc lones has
improved greatly in recent years.

Once detected, cyclone tracks are forecasted using a combination
of numerical forecasting models, synoptic forecasti ng and
statistical methods.

Numerous weather sensors (including satellites) are collecting
data worldwide, feeding them into mainframe compute rs.

These mainframes run software models of the eartha  tmosphere,
generating forecasts for up to 7 (or even 10) days ahead.

But:

In some area’s in the world, almost no data is coll  ected, these
area’s include the birth places of tropical cyclones (Africa’s we st
coast, the Pacific east of the Philipines, etc...).

The area’s with a coarse gridded data input represe  nt “blind
spots” for weather-forecasting models.

A computer model needs a good input: a detailled st atus of the
atmosphere in a fine grid. If very little or unreli able data is input,
the output can be expected to be rubbish.
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Fig. 13: Weather data gathered over a 6-hour iatewvith a combianation aof land-
and sea-based observers, radiosondes and satellite
The origin regions of tropical cyclones are covenaty by satellites and the odd ship

that sends weather observations.
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4. Typhoon tracks can be forecasted.”

A tropical cyclone in its early stage is hard to pi npoint.

The tropical storm is only a loose formation of tur bulent weather
covering a large area.

The typical cyclonic circulation, the “eye” in the centre, is not yet
present. A developing typhoon typically “wanders a round” for
the first few days of its existence.

At this stage their movement is hard to detect thro ugh satellite
imagery.

The next week this typhoon gathers strength, and st arts on a track
that takes him out of the tropics, typically with a forward speed of
10 knots.

Prediction of typhoon tracks in this stage is part statistics, part
synoptic forecasting, part the result of computermo delling.

In hindsight, and for all hurricanes in the last de cade, position
errors (in forecasting TC positions) are quite comm on.

The average position errors are:

For a 24 h prediction an error in position of 100n m
“ 48h " “ 200 nm
“ 72h " “ 300 nm

(Figures: National Hurricane Center, U.S.A.)

Again: this is the average error in position, large r errors are made.

This are the figures you need to keep in your mind while
evaluating a typhoon track forecast.

Don’t look to a hurricane track and expect it to be true or correct,
do not focus on the thin line, displaying a track f orecast.

Look to a tropical cyclone, its position, its potential to reach your
position . And don’t take chances in the process; don't be t rapped
by wishfull thinking.
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Fig. 14: Hurricane “Katrina”, typhoon track foretdsdays before hitting New
Orleans. “Katrina” just crossed Florida on a wegteack and is expected to turn
north. New Orleans lays on the outer envelope @fitedicted “Potential track”,
making for a prediction error of 300 nm.

A most genuine example of errors in a hurricane tra  ck forecast) is
hurricane “Katrina”; predicted August, 25 ™ 2005 to turn north
once past Florida. (Fig.8).

New Orleans was on the outer edge of the potential track area for
4-5 days later.

“Katrina” eventually remained over the Gulf of Mexi co the next
few days, gathered strength over the warm waters in the Gulf of
Mexico, and made a straight hit on New Orelans.

A track prediction error of 500 km.
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5. “A supertyphoon (Saffir-Simpson scale 4 or 5) is about 2 times
more powerfull than a scale 1 typhoon.”

Incorrect.
The formula for kinetic energy tells all:

Ek=m.v2
2

(Double windspeed gives four times higher kinetic energy.)

A category 5 tropical cyclone packs about 5 times m ore energy
(and devastation) than a scale 1 TC, merely on sust ained
windspeeds alone.

A ship or offshore structure is designed for a cert ain maximum
stress. A category 4 or 5 cyclone is much more lik ely (than a
category 1 cyclone) to exceed the ship’s design li mits and cause
structural damage.

A supertyphoon (scale 5) is very likely to exceed d  esign criteria of
ships and structures.

As most design limits are exceeded, damage by acat egory5TC
will amount to appx. 500 times the damage of acat egory 1 TC.

6. “No tropical cyclones ever occurred in the South Atlantic ocean.”

Update that: in 2005 a hurricane (categorie 1) mad e landfall in
Brasil: first ever registered hurricane in the Sout h Atlantic.

7. “Tropical cyclones loose power on passing over | and.”

Correct: tropical cyclones loose power when passing over land.
There are some smaller landmasses that lay frequent  ly in the path
of atropical cyclone, e.g. Japan, Taiwan, Korea,  Phillipines,
Florida, Cuba, Madagascar, Sri Lanka, etc...

Tropical cyclones commonly cross these small land m asses.
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After just a few hours over land, a tropical cyclon e will begin to
weaken rapidly because the storm lacks the moisture and heat
sources from the warm ocean water underneath.

Without the convection of warm, moist air, the stor m rapidly
fades.

Once the tropical cyclone is past the landmass, com ing over
warm water again, it will pick up energy and start to grow and to
strengthen once more.

If a tropical cyclone makes landfall over alarge|  andmass (a
continent), it will fade out completely.

A small land mass does not block you from a tropical cyclone on
the other side of this land mass.

8. “Tropical cyclones always recurve.”

Well yes, most of them they recurve...about 70 % of t  hem do.

That leaves another 30% that do not recurve , they stay on a
westerly to northerly track, they loop back, they r emain stationery,
they have an erratic track, very rarely they track towards the
equator.

TC’s do recurve — normally - to an easterly direction because they
tend to follow the general wind direction on latitu des 30° - 50°
(passat winds or “trade” winds).

However: other elements in the atmosphere can affec  t the path of
a tropical cyclone.
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Fig. 15: All typhoon tracks in the west Pacific; the year 2005.
Typhoons seemingly track randomnly.

Fig. 16: All typhoon tracks in thenorth Atlantigrfthe year 2005.
One gets an idea about the possible shapes a eyitbwk can have
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9. (In the northern hemisphere) tropical cyclones o nly occur during
summer season.

In the following graphics you'll find the extent of the tropical
cyclone season in the different oceans.

Fg. 17: North Atlantic Ocean: a well defined huarie season from May to
December.

Fig. 18: Eastern Pacific: again a well defined tvame season,
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Fig. 19: Typhoon season in the West Pacific sthetsall year round, with a peak in
late summer.

The West Pacific basin (including South China Seaa nd Sea of Japan) is
by far the most dangerous region for tropical cyclo ne activity.

Fig. 20: The Indian Ocean has a less pronounceditefe tropical cyclones.
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Fig. 21: Peakseason in the Atlantic.

Depressions are born between Africa and Brasil.

They form into hurricanes, heading for the Caribbea  n and southern
coasts of the U.S.A.. It's quite familiar to seet hree tropical cyclones at
once, in subsequent stages of development, forming “trains” during late

summer, when a new cyclone is born with intervals o f one week or less.

Tropical cyclones coming within 750 nm from each ot herwill start to
influence each other, the so called “Fujiwara”-effe ct. They will start
moving clockwise around a centrepoint between the t wo eyes of the
TC’s.
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4. THE BATTLE FOR INFORMATION

On all major dredging sites, weather info is broadc  asted to ships
working on that site. Nowadays this is mostly a ded icated marine
weather forecast, tailor-made by an external compan vy, for that
particular site.

On smaller sites, this may not be cost-efficient, b ut there can be no
excuse for finding a proper weather forecast on int ernet daily.

It's astonishingly easy to setup a makeshift meteo- service on site, given
the information overload on internet.

As most ships have limited bandwidth (and / or no i nternet-access), site-
office can email or fax the data to the vessels on site on a daily basis.

During sea passages, ships are exposed to more bad weather, and have
less (sheltering) options than on site.

Until recently, ships on sea-passage had no support from shore-side.

After the problems -experienced with M/V Pompei in 2006-, JDN decided
to set up a weather routeing support for ships duri ng sea-passage.

All ships at sea are tracked, and their tracks are checked against
weather predictions for their intended track by a ¢ onsultant.

This system will be fully operational soon, and wil | be announced by a
memo from AQ-HSE department.

In the meantime, ships can already make good use of this system, (as it
already provides services) by contacting QA-HSE thr ~ ough:

nicolaas.verbraeken@jandenul.com or john.desmet@jandenul.com.
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There are some “do-it-yourself” ways of getting wea ther info onboard, of
which follows a brief description.

RECEIVING WEATHERFAXES THROUGH A GMDSS HF-SSB
RECEIVER

Most dredgers have a full GMDSS-installation, inclu  ding a HF-SSB
receiver.

This radio-receiver can be tuned to frequencies in the HF-marine band
to receive weather-faxes, send by certain coastal s  tations, listed in the
Admiralty List of Radio Signals (Vol4., “Wefax”).

Some stations broadcast all day, with an average of 40 weathercharts a
day, including satellite images, typhoon forecasts, wave height charts,
etc, etc ...

This technology is already 40 years old, but the re  sults are still very
usefull for sea passages, and work in remote area’s , typhoon tracking,
etc...

A two-core electric cable is connected to the louds peaker of the SSB-
receiver, and plugged into the soundcard of a PC.

Install dedicated software on that PC, and you have an online,
weatherfax-receiver.

http://www.hffax.de/

http://www.nws.noaa.gov/om/marine/radiofax.htm

http://www.jvcomm.de/ weatherfax shareware
GRIB-files

A relative new technology; GRIB-files are data-file s collected from
internet — or obtained by email.

These data-files contain weather data in a geograph ical grid, with
predictions up to seven days.

The predictions are made through computer modelling software, ran on
mainframe computers by major meteo offices; and tha n distributed.

TLBX.0087.E 31/05/07 revisie 02 37/55

37



Weather parameters received can be wind, pressure, waveheights, swell,
temperature, etc....

To view the data, GRIB-viewer-software is used, whe re the weather data
are presented as an overlay to a geographical map, and can be animated
in time.

To our experience, these predictions are awfully co rrect for the first 24-
36 hours, and than tend to deviate for medium term predictions.

Predictions are more reliable in area’s with a high density of meteo-
sensors, (e.g. Korea, Japan, Europe,...).

In remote area’s (like Sachalin), with less data in  put, predictions are
crappy.

The software is free available on internet, and gri  b-data-files are also
sent free of charge through email.

Fig. 22 .: West Pacific: a typhoon is formed exdshe Philippine Islands.
The data-file contains windvectors and isobargHernext 7 days for the whole western
Pacific, and was delivered to the email accounbanth
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http://www.raymarine.com/raymarine/default.asp?site=1&section=3&pa
ge=145&Parent=0 Grib viewer software

http://www.globalmarinenet.net/downloads.htm Gribfiles download

http://www.xs4all.nl/~ruudkatt/gribfiles.htm Same

SAILDOCS

“Saildocs” is a free-of-charge internet service.

The user sends an email with some simple codesto a  n internet-server,
asking some text and / or image weather forecasts f  or specified area’s.

After a few minutes, the asked weather data is send back to the user by
email.

send an email to gquery@saildocs.com
subject line: anything you like
text: send info

send help

The Saildocs-server will return you an email with a helpfile to
get you started.

Saildocs also has “grabber’software, that allows yo u to “grab” a *.tiff or
* jpg file from internet through email.

http://www.saildocs.com

ETP-MAIL (N.O.A.A)

FTP-MAIL is a service of “N.O.A.A.”; the National Oceanographic and
Atmospheric Administration”, a U.S.A. government in stitution.

send an email to ftpmail@weather.noaa.qov
subject line: anything you like
text: help
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The NOAA-server will return you an  email with a starter’s guide
to get retrieve weather-data from them through emai 1.

They offer surface analysis charts, wavecharts, tra  ck forecasts,
etc, etc,...

GOOGLE-EARTH

Google-Earth has some very usefull plug-ins, displa  ying typhoon tracks,
cloud coverage realtime, satellite imagery, etc...

Fig. 22a: Google-Earth, with global-cloud-coverages infrared satellite image overlays,
april, 29" 2007.

The Inter ropical Convergence Zone is clearly recsmple; “hot-spots” are forming.

In these area’s (later in the typhoon-season)dabptorms will generate
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INTERNET

Fig. 23: Area’s of resposnsibility for tropical tyee forecasting.

Internet sites of Regional Specialized Meteo Centre s (RSMC).

Caribbean Sea, Gulf of Mexico, North Atlantic and eastern North Pacific
Oceans: RSMC Miami-Hurricane Center / NOAA / NWS National Hurricane
Center, USA.

http://www.nhc.noaa.gov/products.html

Western North Pacific Ocean and South China Sea:
RSMC Tokyo-Typhoon Center /Japan Meteorological Agency.
http://www.jma.qgo.jp/IMA HP/en/typh/typh.all.html

Bay of Bengal and the Arabian Sea:
RSMC-tropical cyclones New Delhi /India Meteorological Department.
http://www.imd.ernet.in/section/nhac/dynamic/severe.htm

South-West Indian Ocean:

RSMC La Réunion-Tropical Cyclone Centre /Météo-France
http://www.meteo.fr/temps/domtom/La_Reunion/
trajGP/data/home _trajGP.html
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South-West Pacific Ocean:
RSMC Nadi-Tropical Cyclone Centre/ Fiji Meteorological Service
htttp://www.met.gov.fj/advisories.html

Central North Pacific Ocean:
RSMC Honolulu-Hurricane Center /NOAA/NWS, USA.
http://www.nws.noaa.qgov/pr/hnl/cphc/pages/cphc.shtml

South-East Indian Ocean:
TCWC-Perth/Bureau of Meteorology (Western Australia region), Australia
http://www.bom.gov.au/weather/wa

Arafura Sea and the Gulf of Carpenteria:
TCWC-Darwin /Bureau of Meteorology, Australia
http://www.bom.gov.au/weather/nt/inside/cyclone/cyclone.shtml

Coral Sea:
TCWC-Brisbane /Bureau of Meteorology, Australia
http://www.bom.gov.au/weather/qld/cyclone/

Tasman Sea:
TCWC-Wellington /Meteorological Service of New Zealand, Ltd.
http://www.metservice.co.nz/forecasts/high_seas.asp

These are just a fraction of the availble internets ites.
Surfing on the internet may bring more possibilitie S.

E.g.: check out www.typhoon200.ph, suscribe to their email-service. An
email is send as soon as a tropical storm starts de  veloping in the west
Pacific.

A perfect early-warning system.
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5. SOME EXAMPLES

Some examples of tropical cyclones, typical, not-so -typical,
recurving, straight...

Most examples illustrate that all tropical cyclones have a distinct
individuality; they cannot be described within a se t of textbook rules.

Typhoon Chanchu — may 2006

This typhoon crossed the Philipines in an early sta ge, which cut back its
power.

On May, 14", “Chanchu” remained stationary in South China Sea , Which
is —in spring- not yet warm enough to feed a typhoo n fully.

A tropical cyclone remaining stationary will shut o f its own source of
energy. The warm ocean water underneath will get st  irred up and get
mixed with water from deeper (colder) under the sur  face.

To remain powerfull, a typhoon must keep moving.
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After its pause “Chanchu” made a sharp 90° bend to the north on May,
15", heading for the Chinese mainland and die over the continent.

“Pompei” was in the pathof this typhoon, when it bt urned north.

“Pompei” already experienced problems with one main engine, having a

slower speed, and got in harm’s way.

“Chanchu” disabled the other engine, left “Pompei” drifting around,
to be towed in Hong Kong harbour with a tug.

“Gerardus” was —at that time- soutward of “Chanchu” , on the
equatorside, slowing down, pressure riding the typ hoon.

Pressure riding is a technique “to navigate with a barometer”,
continuously checking if the ship is not further ap poraching the tropical
cyclone.
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Typhoon Nabi — auqust 2005

A potential killer, end of August - bang in the mi ddle of the typhoon
season.

This particular typhoon played it by the book; he r ecurves at 30° north,
and becomes extratropical in the Sea of Japan.

“Gerardus” was anchored again in Chinhae anchorage, all engines
running and on full alert.

“Nabi” came quite close; the margin was so small, t hat any last minute
change in the typhoon track would have meant a dire  ct hit on us, and
any forecast would have come too late to warn us.

So, we kept a weary eye on the barometer and the wi  nd all night.
Finally “Nabi” cleared a little bit more to the eas t, steering well free of

our position, “Gerardus” experienced merely 6 Beauf ort during the
closest point of approach.

TLBX.0087.E 31/05/07 revisie 02 45/55

45



Typhoon Xangsae — october 2005

Tropical storm “Xangsane” made it up to typhoon str ength -Saffir
Simpson category-4, headed due west to Vietnam and dissipated over
land.

“Xangsane” recurved slightly to the south, remained almost on a
straight track from birth to death.

“Gerardus” was between Taiwan and mainland China, h  eading south to
Singapore —with minimal bunkers- when “Xangsane” cr ossed its bow,
well ahead in South China Sea.

If “Xangsane” would have turned north, “Gerardus” w ould have to
evade, turning to a position north of Taiwan, wait and choose the
opposite side of Taiwan, leaving he island between them both.

Three days later we crossed the wake of this typhoo  n and noticed only a
little residual swell.
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Supertyphoon TIP 1979

Typhoon “Tip” is the largest and most intense tropi cal cyclone on
record.

The third super typhoon of the 1979 Pacific typhoon season, “Tip”
developed out of a disturbance in the monsoon troug h on October 4 in
the west Pacific.

Initially, a tropical storm to its northwest hinder ed the development and
motion of “Tip”, though after it tracked further no rth Tip was able to
intensify.

After passing Guam, it rapidly intensified and reac hed peak winds of
306 km/h (190 mph) and a worldwide record low press  ure of 870 mbar
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(hPa) on October 12. At its peak strength, it was a  Iso the largest tropical
cyclone on record with a diameter of 1200nm.

It slowly weakened as it continued west-northwestwa rd, and later turned
to the northeast under the influence of an approach ing trough. “Tip”
made landfall on southern Japan on October 19, rava  ging through the
archipelago, and became an extratropical system sho rtly thereafter.

Fig. 24: Supertyphoon Tip, largest ever, and TQ,ramallest ever (only 30 nm diameter,
Darwin, Australia), projected together on a maghefU.S..
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Typhoon “Songda” 2004

Numbers represent days of the month.

This particular typhoon was already eleven days old , & textbook example
of a recurving tropical cyclone.

Late in the summer season the waters in the Sea of  Japan are heated up

sufficiently to sustain an extratropical system for another few days,
carrying the typhoon even further to the north, tow ards Sachalin Island,
where “Gerardus” and “Cristoforo” were anchored off Kholmsk, alert of

the oncoming typhoon.

TLBX.0087.E 31/05/07 revisie 02 49/55 49



Lastminute changes in the track of “Songda” went un detected by both
ships, partly because this typhoon knocked out the antenna of Tokyo
radio station, through which weatherfaxes were sent (*), before it
continued its rampage towards Sachalin.

“Cristoforo” and “Gerardus” started up main engines on the first signs
of the weather deteriorating. The wind wentupin1 5 minutes, to 10
Beaufort and beyond.

“Gerardus” rode out the night, but “Cristoforo” suf fered a propulsion
shutdown after a few minutes, and could not be pre  vented being
beached.

“Songda” illustrated the renegade character of an extratropical system;
fast moving, unpredictable track, and still powerfu [l'in the last 48 hours
of its life.

See how the extratropical cyclone chills out over K amsjatka, in the Sea
of Ochotsk, an area which is covered with pack ice in wintertime!

In comparison: the east coast of Canada is yearly a  ffected by
extratropical cyclones, as far north as Newfoundlan d.

(*) Hence the need for redundant reception of weather forecasts. Never rely
on one source of information, never rely on one way to receive weather data
onboard.
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Supertyphoon “Parma” 2003

Supertyphoon « Parma » made a perfect loop inthe w  est Pacific, a
typhoon for eleven days, was supertyphoon for four days, never came
close to land and never made headlines on CNN.
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Hurricane “Gordon” september 2006

Hurricane “Gordon” —Saffir Simpson scale 3- is a pr ime example of a
hurricane that tracks as far as the coast of the Ib  erian peninsula — as an
extratro pical system.

The system travels east, steered by the “westerlies " on latitudes 30 °to
40° north.

Potentially a nasty surprise for the mariner naviga ting coastwise along
Portugal, to be overrun by the remains of a tropic  al cyclone.

Again: fast forward moving in the last days of its extratropical life (a
system can cover a distance of 800 nm  daily its its final days.)

Some extratropical systems do reach Portugal and Sp ain, or the south
coasts of Britain.
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Appendix: SAFFIR-SIMPSON SCALE

The Saffir-Simpson scale is in use for hurricamethe Atlantic Basin, but has been used throughout
this paper as a standard for all tropical cyclomeddwide.

Saffir-Simpson starts where the Beaufort scalesst8pffir-Simpson can be seen as the logical
extension of the Beaufort scale.

SPEED DESCRIPTION SPECIFICATIONS FOR USE AT SEA
Scalemiles/hour  knots

1 74-95 64-82 Minimal damage, Sma Il craft torn from
moorings in exposed anchorage.

2 95-110 83-95 Moderate damage, Considerable damage to
piers, small craft torn from mooriongs.

3 111-130 96-113 Extensive damage .
4 131-155 114-134 Extreme damage.
5 >155 Supertyphoon. Catastrophic damage. Major

damage to offshore structures
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Any questions, remarks, please email:

vandevelde.marc@gmail.com or gerardus.mercator@jandenul.com

| can send software (mentioned in chapter 4) to you by email or cd.
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