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Marine Meteorology
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INTRODUCTION

How to use the weather observation record sheets

– Making your studies an exciting and rewarding, practical exercise
The study of meteorology whether in the marine scene or ashore, is very much a practical
subject and one in which you should absorb yourself from the outset.
The four pieces of basic equipment you need are, in order of importance, an observant pair of
eyes, a barometer or barograph, a thermometer, a wet and dry thermometer (or hygrometer) or a
sling psychrometer.
It is suggested that you make two or three observations a day – say, at 0800 and 1800, on a
regular basis, and at some interim time if your occupation and circumstances permit.
Log these in the appropriate spaces on the weekly weather record sheets supplied. I would
further suggest that, at the time of taking your morning observations, you make a 12-hour and
24-hour forecast, which will be duly noted, in the space provided. Have your daily newspaper
open at the weather map (which will be 1500 on the previous day) but refrain from reading the
official forecast (at least until you have made your own). To obtain the latest weather map or
forecast, it would be prudent to use the World Wide Web or the Bureau of Meteorology’s
Weather by Fax service (details later in Chapter 5).
Check your results on a daily basis and note them accordingly. The only person you can cheat is
yourself. There are no marks or penalties, but enormous satisfaction is a reward when you find
that the rules really do work and you will achieve an understanding of the weather that cannot
be obtained in any other way.
* See listings of some good weather sites in Appendix 3.
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Weekly record of weather observations
TIME

TEMP.

BAR.

R/HUM.

WIND

MONDAY
…….. 20
FORECASTS.

Accuracy of Forecasts
TUESDAY
…….. 20
FORECASTS.

Accuracy of Forecasts
WEDNESDAY
…….. 20
FORECASTS.

Accuracy of Forecasts
THURSDAY
…….. 20
FORECASTS.

Accuracy of Forecasts
FRIDAY
…….. 20
FORECASTS.

Accuracy of Forecasts
SATURDAY
…….. 20
FORECASTS.

Accuracy of Forecasts
SUNDAY
…….. 20
FORECASTS.

Accuracy of Forecasts
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Chapter 1 Weather
Weather can be defined as the state or condition of the atmosphere at a particular time and
place. Weather can change from day to day – or – even hourly.
It is a fascinating subject because it is something that affects everybody; from a houseperson to
a farmer and, most of all, the mariner at sea.
To the mariner, an accurate appreciation of weather signs and portents, the ability to read and
understand meteorological instruments, an understanding of weather reports and synoptic
charts, and, above all, the knowledge to enable them to be put together into a sensible and true
overall picture can, without exaggeration, be a matter of life and death.
This is what this series of lectures is all about – not a matter of learning a lot of technical data to
pass an examination, but a totally practical subject that you can start to put into practice right
now, even in a classroom.
Any investigation or observations of the weather immediately poses the questions of cause and
effect.
This means, if one knows the various causes, and has the means of observing or measuring
them, the effects can be forecast with reasonable accuracy.
Any untrained person can put their head out of the bridge window and tell you that it is blowing
hard, raining or whatever. The trained observer is the one who will tell you with some
confidence what the same weather may be doing in 6, 12, 24 or even 48 hours hence. This
person will also know what action should be taken to minimise the effects of that weather with
the safety of their vessel in mind.

Objectives
So here are our objectives:
• To read and understand the elements of weather.
• To put those elements together to make a knowledgeable assessment of the reasons for the
present weather and consequently, forecast the future weather.
• To know what action to take in the light of that knowledge.

The five elements of the weather
[1]

Air pressure

The pressure or weight of the atmosphere. Measured by a
barometer, expressed in hectopascals (hPa). Visually presented
on weather maps as isobars, or lines joining points of equal
atmospheric pressure.

[2]

Temperature

The heat content of both air and sea. Measured by a
thermometer. Expressed in degrees (C or F), visually presented
on maps as isotherms, or lines joining points of equal
temperature.

[3]

Moisture

Quantity of water vapour in the air, measured by a hygrometer.
Expressed as a percentage.

[4]

Air movement (wind)

The surface movement of air. Speed is measured in knots (kn)
and direction from which it is blowing, either visually or by
anemometer and wind vane respectively. Visually presented on
weather maps by speed and direction symbols, as part of a
‘station model’ (Refer page 4.1).
1.1
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[5]

Clouds

Condensed water vapour. Identified visually as types of clouds
and percentage of sky cover. Expressed in oktas.

These and other special terms that are used in weather reporting and observation will be
explained in detail as they occur in the text.
We will look separately at the causes and effects that were mentioned earlier.

Causes and effects
Heat and moisture are the two prime causes of all weather conditions on the globe. Except for
very localised factors such as bush fires, erupting volcanoes and, perhaps, nuclear explosions,
the heat source for the earth’s weather is the sun.
The landmasses, which heat up quickly and cool equally quickly, produce heat radiation in
specific areas. The sea, which retains its heat for much longer periods, results in constant
temperatures over vast areas with consequent heating of air from cooler regions, or the cooling
of warmer air from lower latitudes or landmasses.
The oceans and seas can also carry heat into specific areas, as in the case of the Gulf Stream, the
warm flow of which ensures that the ports of Britain remain ice-free all year round. On the other
end of the scale, the Labrador Current brings very cold water down from the East Coast of
Canada. Where this meets the warm, moist air above the Gulf Stream, you get the constant fogs
of the Newfoundland region – another cause and effect.
The moisture source is, of course, the sea or ocean. The combination of the sun’s heat and the
resultant evaporation of the sea surface, produces moisture content in the air.
The third element of weather after heat and moisture is wind – a direct result of heat from the
sun – that causes warmed air to rise. The resultant vacuum draws in the surrounding surface air
and this movement is the wind.
And once again, there is the other end of the scale where upper air which has cooled will fall,
either gently or (in the case of a thunderstorm) violently to produce surface winds outwards
from the point of decent.
The fourth element – clouds – are both cause and result.
Clouds result from the upward movement of moist air, which condenses on reaching the cooler
upper atmosphere. This has a twofold outcome: (1) the process of condensation releases energy,
in the form of latent heat, into the upper atmosphere; and (2) at the same time the condensed
droplets of water vapour form themselves around salt or dust particles in the upper air to form
visible clouds.

Sun

Insulation

Latent heat

Condensation
Direct Heat

Insulation
Wind

Wind

Radiation

Evaporation
Land heated
Fig. 1.1 The effect of the sun’s heat on the ocean (evaporation) and land (radiation)
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The effect of the clouds on the weather (the cause) is again twofold.
1.

The degree of cloud cover will restrict both the heating effect of the sun and the ability of
the earth to radiate heat outwards. As such, they can be the cause of keeping certain areas
cool or, alternatively, maintaining heat over a localised area.

2.

The effect of the latent heat released into the atmosphere during the condensation process,
and the subsequent precipitation in the form of rain.

Putting it all together
Let us now rationalise all of this.
The sun heats the earth’s surface – the land and the sea.
It causes:

• the surface air to rise
• evaporation of the sea surface.

These result in surface wind, clouds and lowered atmospheric pressure.
The surface wind results in transfer of heat laterally.
The clouds result in precipitation.
You can now see a sort of chain reaction in which each factor triggers off another important
one.
The sun causes upward air movement, which causes the winds that help create most of the
ocean currents. These are either warm or cold, depending on where they flow from, and have a
heating or cooling effect on the air above them.
The winds themselves will be carrying their own temperature content with its effect on the areas
to which they blow.
We now have a further link in this chain reaction – the fact that ‘what goes up must come
down’. So the warmed rising air, whether it condenses or not, eventually cools, spreads out and
descends to earth. In other words a circulation cell is created.

Coriolis force – the spinning effect of the earth
Affecting all of these phenomena is the rotation of the earth, which results in what is called the
Coriolis force or effect.
I find this easier to understand if I try to imagine what would happen as I fed water into a
circular bowl placed in the centre of a rapidly spinning potter’s wheel. The incoming jet of
water (in the case shown in Figure 1.2) will be immediately flung to the right and will continue
to revolve the same way as the wheel – anti clockwise. This equates to wind movement in the
Northern Hemisphere. If I now placed the bowl about half-way between the centre and the
circumference of the wheel, the water would still begin to take up a circular motion but the
spinning effect would not be nearly so great as it was at the middle.
This is precisely what happens on the earth’s surface with both the winds and, to a lesser degree,
the ocean currents.
Having reached the outer circumference of the wheel, were it possible to rest the basin on the
underside, you would find the water wanting to spin in the opposite direction – the clockwise
spin of the Southern Hemisphere. So, when you cross the equator, the directional spin imparted
by the earth’s rotation is reversed.
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Fig. 1.2 Coriolis effect looking down on the North Pole

This means that air and water movement in the Northern Hemisphere, whatever its direction,
will be deflected to the right.
In the Southern Hemisphere the deflection will be to the left.
The effect of this force has a vital bearing on all the earth’s weather systems. It deflects the
winds flowing into the hot tropical belt around the equatorial region from the north and south
and turns them into north-east and south-east winds – ie, the Trade Winds.
At 40º to 50º south, where the airflow is away from the equator, the greater Coriolis force nearer
the poles turns the flow left through 90º to form the Southern Ocean westerlies – the roaring
forties.
In tropical zones north and south of the equator, it imparts the spin to the fast moving air
flowing into an intensely heated localised area, and can result in tropical-revolving storms.
To a lesser degree, it imparts the same force to the ocean current systems so that the various
gyres, as they are called, become vast revolving bodies of water.

The important properties of the Coriolis effect are:
•

It deflects wind: to the left – Southern Hemisphere; to the right – Northern Hemisphere.

•

It is a maximum at the respective poles and decreases to zero at the equator. This means
that it is latitude dependent.

•

It increases with an increase of wind speed and vice versa

Check out the following web site for more excellent information on the Coriolis effect:
http://www.physics.ohio-state.edu/~dvandom/Edu/newcor.html
There are also plenty of textbooks that will help your understanding of Coriolis. Check the list
at the front of these notes.

“The ultimate cause of the wind and rain – weather in a nutshell” (after Gedzelman, 1980)
1.

The sun’s heating varies over the earth and with the seasons.

2.

The differences of air temperature over the earth cause the winds.

3.

The rotation of the earth destroys the simple wind pattern of air rising at the equator and
sinking at the poles, twisting the winds and producing great wind spirals that are known
as high and low pressure areas.

4.

Since cool air can hold less water vapour than warm air, cooling the air causes rain and
other forms of precipitation.
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5.

Pressure in the atmosphere decreases with increasing height (pressure decreases by
approximately 1 hPa for every 10 metres we rise in the atmosphere).

6.

Decreasing the air pressure causes the temperature to drop.

7.

Clouds and precipitation are caused by rising air; descending air causes clear weather.

8.

Rising air in low-pressure areas causes clouds and precipitation, sinking air in highpressure area systems causes clear weather.”

Observing and measuring the elements
You will see that we now have a number of fixed and variable factors which, in various
combinations, are going to decide the weather on a global scale.
To the mariner at sea, the most important thing is going to be the weather in their immediate
areas, but you must never forget that conditions in your area will be, in many cases, dictated by
the situation elsewhere. A tropical cyclone 600 miles to the westward of you may not be an
immediate threat, but it is certainly a future one and will, even at this moment, be affecting the
weather in your immediate locality and giving you some warning of its presence.
This brings us to the methods and instruments by which the weather observer can become aware
of the various developments that are happening to the atmosphere around us.
Bearing in mind the chain reaction referred to earlier, let us list the information we want, and
how it can be obtained.
The sun’s heat

The temperature: a sudden change in temperature, or a generally
consistent temperature over a long period, may be significant and can
be measured by your thermometer (provided that it is exposed
correctly – in a thermometer screen – which is basically a white
painted, louvred box). (Refer page 2.1). Enter the reading in the log,
preferably at three hourly intervals.

Barometric pressure

This will tell you, to put it very simply, your relative position in
regard to existing pressure systems. In more technical terms you will
come to refer to these as low-pressure and high-pressure systems. The
measuring instrument is the barometer or the barograph and, these
results should be regularly entered in the log.

Wind

Remembering that wind is a direct result of either a high or lowpressure system, its direction and speed must be directly linked to one
of those systems. Wind direction and speed can be measured by
windvane and anemometer respectively, or by eye, noting its effect on
the sea. Log the result.

Moisture in the air – the relative humidity
This is measured by a hygrometer, which is either a set of two
thermometers, one with a dry bulb and the other a wet bulb. Enter the
data into a “Table” and extract the results. (Refer page 2.1). Log the
results.
Sea and Swell

The wind in the immediate area will create a sea. Disturbances up to
hundreds of miles away are usually the cause of the swell. Note them
both – their height and direction – and log the result.

Sea Temperature

This is usually measured by a thermistor (temperature sensor) set in
one of the sea water inlets and transferred electrically to a bridge
recorder. Note and then log.

Clouds

Clouds are observed visually by eye. Note and log the type of clouds
and extent of cloud cover.
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You now have all the ingredients for making a knowledgeable assessment of the weather
situation.
What these various instruments look like and how they are used will be detailed in the next
Chapter and you will progressively come to understand the significance of each piece of
information they supply. You will have noticed the continual emphasis placed on entering these
results in the deck log.
The great value of any series of weather observations is in being able to compare current
readings with those that precede them, and look for trends. This is the basis of forecasting
and, without it, you are going to miss vital facts, which may well affect the accuracy of
your future predictions.

Self-Test Questions
Self-test questions have been provided at the end of each chapter to enable you to test your
understanding of the material you have just studied. You should work through these on a
separate sheet of paper (photocopy any maps), then check your answers against those given at
the back of the book.
1.

The primary cause of global scale weather is:
(a) The temperature difference between the ocean and land masses
(b) The temperature difference between the equatorial and polar regions
(c) The inclination of the earth’s axis
(d) The movement of the polar front

2.

List the important properties of the Coriolis force.

3.

Which weather elements are we interested in logging? Why do you think that the logging
of weather elements is important?

4.

Low pressure systems are usually associated with cloud and rain. True or False?

5.

The Coriolis effect in the southern hemisphere acts:
(a) From high to low pressure
(b) From low to high pressure
(c) At right angles to the wind, deflecting it to the left
(d) At right angles to the wind, deflecting it to the right

6.

Log the important weather elements on a daily basis for at least a month. Compare the
logged data to the surface weather map each day. Can you draw any conclusions relating,
say, cloud type(s) to weather system type(s)? What happens to the atmospheric pressure
before and after a cold front? A high pressure system?

7.

List briefly how weather comes about (or weather in a nutshell).

8.

Does air pressure normally decrease with height? True or False?

9.

What is the value of the rate of change of pressure with height?

10. Cold air can hold more water vapour than warm air. Is this statement True or False?
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Chapter 2 Weather measuring instruments
Thermometer
In its simplest form, the thermometer is a bulb
containing mercury or coloured alcohol which, as it is
heated, expands and is forced to rise up a graduated
tube. These graduations are made by submerging the
bulb in melting fresh ice to establish 0° Celsius (32°
Fahrenheit) and boiling fresh water to determine 100º
Celsius (212° Fahrenheit). An equal division of the
intermediate space makes the intermediate degrees in
each case, between the freezing and boiling points.
In order to accurately measure air temperature, the
instrument must be mounted out of direct sunlight and
open to a free flow of air. The ideal place is in a
thermometer screen – a louvred box, which is mounted
outside the bridge or wheelhouse. If it must be placed
inside, see that it is near an open doorway and away
from exhaust fans and vents.
Fig. 2.1 Thermometer

Hygrometer

The hygrometer is an instrument for measuring the
moisture content of the air. It allows you, with the aid
of simple tables, to establish the percentage of water
vapour relative to the air temperature (relative
humidity) and the dew point – the temperature at which
the air, with its present moisture content, will become
saturated, if the temperature continues to drop. The
importance of this information in anticipating the
likelihood of fog is of prime importance to the
navigator.

Fig. 2.2 A wet and dry bulb hygrometer

The hygrometer consists of two identical thermometers
mounted together in a frame. The bulb of one of the
instruments is wrapped in a cloth wick, which keeps it
moist from a reservoir of distilled water. The rate of
evaporation of the water in the wick is directly related to
the amount of water vapour in the air. This evaporation
uses up latent heat and cools the bulb; the difference
between the readings of the two thermometers can be
calculated to give the relative humidity of the
atmosphere and the dew point, using tables.

2.1
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Whirling psychrometer

Fig. 2.3 Whirling psychrometer (Bureau of Meteorology, Perth Office)

Sling or whirling psychrometer is an instrument where two thermometers are mounted on a
frame, which is rotated or whirled by hand in order to provide the required ventilation of the
bulbs. The relative humidity or dew point temperature can then be calculated in the same way as
described above under hygrometers.

Barometer
It would be true to say that all weather systems indicate their intensity and their probable future
movement by the level and rate of change of the atmospheric pressure.
An instrument that will measure these will, therefore, be of top priority in any weather
forecasting context. The needs of the average small vessel at sea are for a fairly robust
instrument that is fairly accurate, quick and easy to read and that shows changes in pressure at a
glance. It is the rate of change of pressure over time that is important in weather forecasting.
How fast is the pressure rising or falling? See weather forecasting, Chapter 4.

Fig. 2.4 Aneroid barometer

Aneroid Barometer
The aneroid barometer is operated by the expansion and contraction of a corrugated metal cell,
inside which is a partial vacuum. This is very clearly shown in the picture of the Barograph
below, which operates on the same principle. The movement of the top of the vacuum cell is
transmitted to a pointer on the face of the instrument by a series of levers. In some instruments
the linkage is inclined to stick and may need a light tap on the glass before taking a reading.
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An aneroid barometer also has a setting marker that can be rotated to align with the present
reading of the instrument and, when compared with a later reading of the barometer, gives an
immediate indication of whether the “glass” is rising or falling.
The hectopascal (hPa) is the standard unit of measure of atmospheric pressure. Atmospheric
pressure falls by 1 hPa per 8 metres of altitude. Therefore, a correction for ‘height’ applies to
the aneroid barometer. If you look on the back of any aneroid barometer you will see a small
screw, usually recessed below the level of the case. This is the adjustment screw and, when
turned with a very small screwdriver, will alter the reading of the pointer on the face.
When you first purchase a new instrument it must be set to a reading corrected mean sea level
pressure obtained from a nearby weather station. Once set, and provided it is going to remain in
that fixed location on your vessel, all its readings will be at approximately mean sea level
pressure. At least once per week or before setting out to sea the barometer should be set against
the standard reading for your area. (Contact your nearest Bureau of Meteorology office for this
information).

The barograph
The great value of the barograph is that it gives a
continuous graph over a 7-day period and a
record of certain barometric tendencies that are
not always apparent from a three hourly reading
of a barometer. Foremost among these is the
diurnal variation – a twice daily rise and fall of
the “glass” that is due to the alternate expansion
and contraction of the atmosphere. This effect is
more noticeable in the tropics, and to a much
lesser degree in temperate zones.
Fig. 2.5 The Barograph

The Barograph operates on the same principle as the aneroid barometer. Instead of the pointer
over a dial face, the linkage activates a moving arm to which a pen is attached. This instrument
records the pressure on graph paper attached to a revolving drum. It is usually run by a 7-day
clockwork mechanism. The instrument is generally more accurate than the aneroid barometer,
but it still needs to be adjusted to standard pressure at least once per week (at the same time as
you change the chart).

Anemometer
An anemometer is an instrument that measures the wind speed. It may be hand held or fitted in a
clear position in the rigging, preferably at mast-head, with a gauge or recording graph installed
on the bridge or at the steering position in sailing vessels.

Fig. 2.6 Rotating cup anemometer and wind vane
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There are two main types of fixed anemometers, the most common being the rotating cup. This
model may also be fitted with a wind vane for wind direction and both readings are transmitted
to the gauge position by electrical impulses.
Another type is the Pitot tube anemometer, which operates on the pressure of air on an open
tube held into the wind by a vane. This type of instrument usually records the speed on a form
of pressure gauge.

Fig. 2.7 Pitot tube anemometer

The hand held instrument, illustrated, is held directly into the wind for a fixed time period – say
ten minutes – and the average speed calculated from the gauge readings. The wind direction is
estimated.
Whichever type of instrument you use, you must always bear in mind that the result obtained is
the apparent wind – the result of the actual (or true) wind and the wind created by your own
speed. This is further affected by the course you are steering. The way to calculate the direction
and speed of the true wind is detailed in Chapter 6.
Most practical mariners assess wind direction and speed by eye, using the direction and state of
the sea and referring it to the Beaufort wind scale. This is also explained in detail in Chapter 6.

Self-Test Questions
1.

Which of the following instruments would you use to measure the relative humidity of the
air?
(a) Hydrometer
(b) Barometer
(c) Hygrometer
(d) Anemometer

2.

As a weather forecaster, why do you think that the barometer is a valuable instrument?

3.

Why would a barograph be a useful instrument at sea?

4.

In the absence of an anemometer, what method would you adopt for the estimation of the
wind speed at sea?

5.

Suggest a practical but accurate method to measure the air temperature at sea on a sailing
vessel.

6.

On a moving vessel, which wind direction and speed would be measured by a masthead
wind sensor?
(a) True
(b) Apparent
(c) Ground wind

7.

How can the measurement of the Dewpoint temperature be useful to you at sea?

8.

By what other name can an aneroid barometer be referred to?
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9.

Which organisation could you contact for information to help you set your barometer and
obtain other information on weather?

10. What is the unit of pressure?
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Chapter 3 High and low pressure systems and fronts
In the introduction to this series of discussions on the weather, it was stated that the two basic
causes of all weather conditions on the earth’s surface could be narrowed down to heat and
moisture.
Let me make one important point so that no confusion arises later. There is no such thing as
cold. From our point of view it is an adjective – not a noun – so air, in this case, has a heat
content and may be described as hot or warm.
With a reduction in, or absence of heat it becomes cool or cold.

Air masses:

Tropical, polar, maritime and continental

An envelope of gases, which we have chosen to call air, surrounds the earth. Its precise
composition, the names of the various levels and the temperature changes which occur at
various levels, are matters that do not concern us unduly at this point. Contrary to accepted
practices, I have chosen to leave this to the very last, when the technicalities will be more
meaningful.
We have already discussed the very important fact that the landmasses heat up and cool down
very rapidly and easily, so it can be accepted that large areas in the tropics will reach very high
temperatures during the daylight hours. Similarly, the Polar Regions will rapidly radiate what
little heat they obtain from the sun and become excessively cold.
Air flowing over such areas will be respectively warmed or chilled (ie. lose its heat).
The sea, on the other hand, does not readily absorb or radiate heat so it must be accepted that, in
the tropics, its average temperature will be less than that of the land and warmer than the land in
polar regions.
These are our heat machines in the weather factory.
Now let us look at the other cause – moisture (or the lack of it).
Air that is flowing over the sea is going to absorb moisture by evaporation, while similar air,
flowing over the dry land areas, can be expected to remain dry.
So, dependent on their geographical positions, we can classify the various air masses over the
earth’s surface as follows:
[1]

Tropical

over the tropics (warm)

[2]

Polar

over the poles (cold)

[3]

Maritime

over the sea (moist)

[4]

Continental

over the land (dry)

This leads to the further classifications:
[a]

Tropical maritime

warm and moist (Tm)

[b]

Tropical continental

warm and dry (Tc)

[c]

Polar maritime

cold and moist (Pm)

[d]

Polar continental

cold and dry (Pc)

This has now combined the moisture content with the heat factor and the various combinations
and permutations of these classifications will decide the weather in all parts of the globe.
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Movement of air masses
The weather machine in action
In Chapter 6 (Wind) we will discuss in detail the causes and effects of the earth’s wind system.
At this point it is sufficient to understand that, in general terms, the prevailing winds around the
globe follow a predictable pattern and, for the purpose of the following explanations, I will use
the Southern Ocean, south of the Australian continent as the battleground.
In this part of the world you have the Southern Ocean westerlies, which have come south from
the Tropical Regions and have curved to the left under the influence of the Earth’s rotation.
These winds, as might be expected, bring with them waves of warm, moist air – (tropical
maritime).
Southern Ocean westerlies

500

Polar easterlies
Fig. 3.1 Wind directions on the “battleground”

In the cold Polar Regions the airflow is from the south to the north and, like everything else in
the Southern Hemisphere, curves to the left to become an easterly wind. The air is polar
maritime – cold and moist – and somewhere along the way is going to collide with the warm,
moist air from the north.
Tropical maritime air

Polar maritime air

Fig. 3.2 Air masses on the “battleground”

This collision has immediate and far-reaching effects. The warmer air will ride up over the cold
air. Part of the cold air will be warmed and start to rise and this upward funnelling effect will
create a lowered barometric pressure.
At the same time the rotation of the earth will impart a clockwise spin to the air that is sucked in
to replace the up draught.
You now have a circular low – in Meteorological terms, a cyclone. This must not be confused
with the common Australian use of this term referring to a tropical-revolving storm or tropical
cyclone, although there are very great similarities between the two.
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warm air

cold air
Fig. 3.3 Warm and cold air streams collide

This rotating storm system is now operating like a vast water wheel. It is dragging more warm
air down to its cold southern base and feeding waves of cold polar air northward up its western
perimeter.

Cold front

Warm front

L

..... and a low pressure system is born.
Fig. 3.4 A circular low results

What we have just seen is the formation of a low-pressure system. Since there are vast quantities
of warm air to be carried down from the tropics, and an unlimited supply of the cold variety at
the poles, the area of convergence of the two winds – round about 50° south latitude – is a belt
of these lows. These lows follow each other, nose to tail, around the globe.
In the Northern Hemisphere the same phenomena occur in the Northern Atlantic where the
northern westerlies meet the polar easterlies. The only real difference is that, in the north, the
rotation of the earth causes the system to spin anti-clockwise. (There is a graphic illustration of
the procession of polar lows in the Satellite photograph on page 6.6).

Fronts
A front is the narrow zone marking the boundary between two different air masses. As you will
see a little later, it is not a vertical face but is inclined at an angle – a cold front will approach in
a wedge shape, while a warm front leans forward.
Without actually saying so we have already been talking about warm and cold fronts.
The warm air being moved south and east by the Southern Ocean westerlies into the cooler
southern regions must be a warm front.
The cold polar air pushing up towards its collision with the warm front just mentioned is a cold
front. These cold fronts that become part of the whole revolving system, like spokes in a wheel,
are the main factors in the winter weather that affects the southern part of continental Australia.
The warm fronts, moving south, are rarely experienced in our latitudes as a weather factor.
The next step is to see what effect these fronts are going to have over the land and sea areas that
they dominate, how to anticipate their imminent approach, and to look at the different
combinations that nature is able to devise from a relatively simple basic phenomenon.
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Warm, cold, occluded and stationary fronts
Effect on the weather
[1]

Cold front
The frontal boundary of a cold front is wedge shaped, sloping back at an angle of about 1
in 50.
As it advances, being cold and consequently dense, it slides under the warmer air ahead
of it, forcing that warm air upwards.
This upward motion causes a reduction in barometric pressure. The rising warm air
condenses into clouds, and rain falls.
The same upward motion of air draws in surrounding air to replace the void and you get
an increase in wind speed.

Cold, moist air

warm, moist air forced upward
Sea surface

Fig. 3.5 The formation of a cold front

Now look at the various possibilities of such a front.
If the angle of the face is shallow, and the front is moving slowly, the lifting effect on the
warm air ahead of it will be gradual. This will be shown by a slow falling of the
barometer and, on the weather map (which is seen in detail in the next Chapter) the
isobars – the lines joining points of the equal barometric pressure – will be spaced well
apart.
This front will take a long period to develop, the effects will be prolonged, but the winds
would not be expected to reach very high speeds.
Now look at a fast moving front. The speed with which this front is moving is causing a
friction at the sea surface, which curves the bottom back at sea level and steepens the
face.
The fall of the barometer would be very rapid and the upward movement of the displaced
air much more violent. The resultant winds would be relatively stronger.
On the weather map, the isobars would be spaced closely together – in other words a
steep gradient.
On the credit side, such a front would pass fairly rapidly but it could be expected to
produce very strong winds as a result of its passage.
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turbulent up-draught helping to
cause strong surface winds

Cold air

sea surface

Fast moving cold front
Fig. 3.6 Air turbulence of a fast moving front

We could summarise this for the mariner’s benefit by saying –
Slow falling barometer – shallow gradient – plenty of warning, with gradual cloud buildup. Bad weather will be prolonged but should not produce excessively strong winds.
Rapidly falling barometer – steep gradient – short warning with rapid cloud build- up.
Weather will probably be of short duration but very strong winds should be anticipated.
However: Never forget that cold fronts are almost invariably associated with a low, and
your proximity to the centre of that low will be directly related to the wind force. With
such a low in your close vicinity you will be experiencing strong to gale force winds from
the normal circular motion of the system. The passage of a cold front will have the effect
of increasing an already strong wind.
Still talking of cold fronts, imagine the situation where you have a very fast moving front
meeting an area of very warm, moist and consequently unstable air. Several things
happen in very rapid succession.
The front itself will have a fairly vertical face (due to its rapid movement), resulting in a
very steep pressure gradient and, as usually accompanies a steep gradient, a violent
change in direction of the isobars (and hence the wind direction) at the front.
•

There will be a rapid drop in pressure just ahead of the front.

•

As the front reaches you, there will be a very sudden change in wind direction –
sometimes as much as 150°, with speeds that can often reach storm force, with
gusts to hurricane force.

•

A sudden drop in temperature and torrential rain will accompany this change in
wind direction. There will be an equally sudden rise in the barometric pressure.

Such a front is known as a line squall. Because it is moving so fast and gives little
advance warning, the normal cloud formations associated with a front will arrive almost
simultaneously with the front itself. Also, by its very nature, the cloud-forming
condensation of the rapidly rising moist air occurs at very low altitude. The effect is of a
well-defined line of heavy cloud, which appears to be rolling along the sea surface.
These squalls can occur in what may otherwise be perfect weather conditions. They can
consequently catch a sailing vessel with full sail set and the crew totally unprepared for
the violence that is to come.
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Line squalls can extend over several hundred miles or may, on occasions, be very
localised. They are fairly common in south-east Australian waters but are occasionally
experienced in the west. One such squall hit the Fremantle area in the early sixties on a
summer afternoon. Winds at the height of the squall were logged in excess of 80 knots at
Fremantle and the chaos amongst the sailing fleet on the Swan River is still talked about.
One of the best descriptions of the effect of such a squall comes from a book titled, A
Wind-Jammer’s Half Deck, written by Shalimar, the pen-name of Captain F.C. Hendry,
who served his apprenticeship in four masted barques trading around Cape Horn. The
ship had just weathered the Horn and was making the westward passage up into the
Pacific:
At about two o’clock a cloud, hardly bigger than a man’s hand, rose over the weather horizon.
The second mate eyed it lazily and concluded it meant more rain. He sent Jimmy for his
sou’wester and oilskin coat, took off his boots and rolled up his trousers. The cloud grew and
spread over the sky. Streaks of lightning quivered through rifts in it and there were rumblings
of thunder. The breeze freshened slightly, a stronger gurgle came from the forefoot and the
wake grew whiter. Well pleased, the second mate rubbed his hands together. ‘Two more days
to Malpelo’, he chuckled.
Massed legions of cloud gathered to windward and, led by ragged pennons, advanced swiftly
across the sky, the weather half of which was now as black as ink. The pennons reached the
Culrain’s trucks and passed on over the blue sky leeward. Heavy rain began to fall; the sea was
hissing with great drops. From the weather beam there came a strange menacing sound, the
roar of a master wind moving across the face of the water.
The second mate peered through the rain and saw, bearing down on the barque, a line of white
foam like the foam of surf running up on a beach.
‘Stand by royal and t’gallant halliards’, he shouted and there was a note of anxiety in his voice.
The hands of the watch – some, who had seen the squall coming, in oilskins; others without –
rushed to their stations. Captain Blaikie’s head came up out of the companionway.
‘What the hell’s the matter with you, Mr. Marsh? You’re as timid as a schoolgirl. There’s no
weight in that squall’, he shouted.
The second mate flushed hotly, a bitter retort sprung to his lips but he choked it back. The
squall struck; the wind rose till it screamed. Over went the Culrain in one swift lurch, lee
scuppers under, the sea spouting up through the scupper holes. Another gust and she heeled
further; her lee rail was awash, the sheets of the courses were dipping in the water. The captain
was out on the poop now, his back half turned to the driving wind and rain.
‘Lower away the royals’, he roared.
The halliards were whipped off their belaying pins and slacked away, but the yards, owing to
the angle of the heel, were reluctant to come down the masts. A more furious gust shrieked at
the Culrain; the lee rail went out of sight; the water was creaming up the main deck. The lower
yardarms seemed to be dipping in the sea.
‘Gawd! She’ll be over on her beam-ends in a minit’, the boatswain, who seemed to have
materialised from nowhere yelled…
The barque had been caught with every stitch of canvas on her, by one of the fiercest squalls of
the whole voyage. Over and over she heeled until it seemed as if she was going to capsize
altogether. The unexpectedness of the whole thing almost took away men’s breaths…

The Culrain was saved by bringing the wind astern. Although this is a fictional story,
there is no doubt it is based on close personal experience, and most realistically describes
such a squall and its effects.

3.6

CHAPTER 3 – HIGH AND LOW PRESSURE SYSTEMS − FRONTS

[2]

Warm fronts
Essentially, warm fronts are unlikely to have much effect on the Australian climate. They
do have considerable significance in the higher (cooler) latitudes and, if there were a
continental mass south of Australia, it would obviously come under the influence of those
waves of warm air that flow south.
In the Northern Hemisphere, however, the situation is very different. The whole mass of
Northern USA and Canada, Northern Europe, Scandinavia, Russia and Greenland are
beyond that belt of convergence of the cold polar fronts and the warm tropical fronts. In
brief, they experience roughly the same general conditions that one expects in latitude 40º
to 50º south of Australia, but without the special significance of that great belt of
unbroken ocean – the Southern Ocean.
The train of low-pressure systems will still form (with some small differences) in the
same way that they do in the Southern Hemisphere, but those northern continents will
experience the warm fronts as well as the cold fronts.

00

200

400
warm front
L

600

Fig. 3.7 Southern Ocean ‘low’

What effect does a warm front have?
Figure 3.9 shows the shape of a warm front. Notice that it is reaching forward – the direct
opposite to the wedge shape of the cold front and, in general, will be much slower
moving.
As a warm front meets a cold air mass it rises up over the colder air. There is not much of
the turbulence that is associated with the passage of a cold front, where the warmer air
mass is suddenly displaced by the cold front.
As a result, a warm front will normally not bring very strong winds. However, visualise
the geographical location where these fronts are most prevalent.
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Fig. 3.8 North Atlantic ‘low’

Cold air

Rain or snow
Warm air
Cold land surface
Fig. 3.9 A warm front meeting cold air

They are flowing from a warm tropical area and, if they have been passing over the sea,
will be saturated with water vapour. The locality they are advancing on is very cold –
Northern Canada in winter is a good example.
This warm, moisture-laden air meets the very cold surface air over the land and is forced
upwards. It does not have to reach a very high elevation in those low temperatures to
condense and precipitation, in the form of rain or snow will take place. At sea, the sudden
advance of this warm air on the cold sea surface can cause fog. (Refer Chapter 9.)
[3]

Occluded fronts
The dictionary definitions of occlude: to block, or prevent something passing through.
(Who, today, has not heard of coronary occlusion – a blocking of the blood vessels to the
heart?)
An occluded front is one that is blocked, or stopped, when it overtakes another slower
moving front of the opposite type – for example, a fast moving cold front overtaking a
slow moving warm front.
The result is an occlusion, in this case a cold occlusion.
The same result is obtained when a warm front overtakes a slow moving or stationary
cold front, to create a warm occlusion.
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In sections, they would look something like these two diagrams. In both cases the air in
the warm front would be forced upwards – fairly gently in the case of a warm front
occlusion and more violently in the other case.
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Fig. 3.10 Cold occlusion
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Cold air
Warm occlusion
Fig. 3.11 Warm occlusion

In Chapter 4 we will go into detail on the weather map. These fronts are represented on
the map by the following symbols:

Cold front

Warm front

Occlusion

Stationary front

Fig. 3.12 Frontal symbols

You will notice that a general logic has been used. The occlusion rightly shows the
combination of both cold and warm fronts. The stationary front in the example shown is a
cold front, which when it moves, will be expected to proceed in the direction in which the
points are facing. The ‘warm’ side of the front shows a single warm symbol.

Low and high-pressure systems
Cyclones and anti-cyclones
[1] Low-pressure systems (cyclones) – from “Cyclo-”, circular (fr. Greek kuklos, circle
or wheel).
Knowing how one type of low-pressure system is formed ie, by the collision of oppositemoving air masses, it is also worth knowing that these particular systems have the
greatest effect on the temperate zones of the earth.
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In the tropical regions of the earth’s surface the sun is exerting a constant heating effect
on the sea, the landmasses and the air above it. This warmed air rises, giving a reduced or
low barometric pressure and surrounding air flows to fill the vacuum.
However, the Coriolis, or spinning effect of the earth does not affect air movement at the
equator. As a result, these tropical lows tend to be long, formless troughs. They are the
generators of the trade winds – the air flowing in from the north and south to fill the
vacuum thus created. This will be explained in greater detail when we look at the world’s
wind systems (Chapter 6 – Winds).
Because these systems are not rotating they are simply referred to as tropical lows (or
heat lows, whenever tropical land surfaces are encountered).
They are, however, areas of instability – that is – areas of rising air with a high moisture
content and internal turbulence.
During the summer period in both hemispheres, the trade winds cross the equator and,
because of the Coriolis effect, are turned through 90°. For the moment, recognise that the
areas where these ‘re-directed’ Trades meet the tropical lows is the factory for what are
called monsoons. These are known as ‘the wet’ in Northern Australia.
Here you have the cooler air of these monsoonal winds meeting the relatively still, moist
air of a tropical low. It is in this combination of heat and moisture that tropical-revolving
storms are born. They will not form right on the equator as there is no Coriolis effect to
commence them spinning, but from latitude 5 to15° north and south there is sufficient
force to impart that initial circular movement to localised areas of upward turbulence and
a tropical revolving storm may be born.
A tropical revolving storm (called a hurricane, typhoon or tropical cyclone – depending
on the part of the world in which it forms), is really very similar to the low-pressure
systems discussed earlier, except that they are much smaller in area, very concentrated
and, as a direct result, contain very high winds.
A very significant difference is that a tropical storm of this nature does not have any
accompanying system of warm and cold fronts.
The full story of tropical-revolving storms is in Chapter 9 – Severe weather.
Air movement in a low-pressure system
The two main features of a low are the upward movement of air, called convection,
(giving a reduced or low barometric reading) and the air which flows in to fill the gap
created by this upward movement. This lateral (or surface) movement of the air is wind.
It is also understood that on all parts of the earth’s surface, except right on the equator,
the rotation of the earth will impart a turning effect on this surface wind. As a result, all
winds in a low-pressure system will revolve in a clockwise direction around the centre of
the system in the Southern Hemisphere and anti-clockwise in the North.
It then follows that, if you can plot the position of the centre of a low – the area of lowest
pressure – you can predict, with considerable accuracy, the wind direction. This wind
direction will follow the line of the isobars (those lines on the weather chart joining points
of equal pressure) tending slightly inwards towards the centre.
The wind speeds will generally be greatest close to the centre of the low (calm at the
centre) easing at a fairly regular and predictable rate as you move outwards to the
circumference of the system.
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These rules apply equally to tropical-revolving storms as they do to southern and northern
hemisphere lows.

L

Fig. 3.13 Wind speeds will generally be greatest close to the centre

[2]

High-pressure systems (anti-cyclones)
When the heated air over the tropical zones rises to form the tropical lows, it cools and
spreads out to the north and south.
When it has cooled sufficiently it starts to descend, coming to earth about 30° north and
south of the latitude of the original up-draught.
This ‘down-flowing’ air, known as subsidence, exerts a pressure at surface level and
causes the barometer to rise – to give a high reading.
We now have all the ingredients for a high-pressure system and the following diagrams
show what happens to this down draught of cool air when it reaches the earth’s surface.

H
Fig. 3.14 If the air flow is visible, this is what you would see on the grand scale at sea level

H

Fig. 3.15 This is what the air flow would look like if you were able to view it from directly above

Note how the descending air, on reaching the earth’s surface, spreads outwards in all
directions from the centre – the area of highest barometric pressure.
On its northern and southern flow, it is going to eventually join with the up-flow of the
tropical lows in the equatorial regions and the temperate zone lows around 40° to 50°
north and south latitude.
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However, the Coriolis effect – the spin of the earth – won’t be disregarded and, in
accordance with the invariable rule, will swing those winds to the left in the Southern
Hemisphere, and to the right in the north.

H

Fig. 3.16 Southern Hemisphere Coriolis effect – swinging winds to the left

H

Fig. 3.17 The whole system now becomes a circular system rotating in an
anti-clockwise direction and outwards

Air movement in a high-pressure system
Unlike the winds around a low, which are generally strong, the winds around a highpressure system are relatively lighter (calm at the centre).
As a result, you can expect that the winds near the centre of a high-pressure system will
be light and variable, increasing in strength as you move outwards from the centre.
The gradient in a high will nearly always be a very shallow one near the centre, but may
well steepen towards the outer perimeter. A steep gradient means strong winds, and a
very rapidly rising barometer (indicating a steep gradient) is a warning of strong winds.
This is, perhaps, easier to understand by visualising low and high-pressure systems as
looking like this:

Fig. 3.18 Low-pressure system. Air spiralling upward at high speed in a confined chimney’

and spreading out at high altitudes
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Fig. 3.19 High-pressure system. Air is descending slowly and spreading out at ground or sea level

Generally speaking, highs will always be very much bigger in area than lows. The winds
in a high follow the direction of the isobars but in the opposite direction to a low – anticlockwise in the Southern Hemisphere and clockwise in the north. They will tend slightly
outwards from the circle.

Easterly movement of weather systems
Up to this point we have considered these weather systems as if they were always circular in
shape, and this would possibly be so if there were no landmasses to introduce variations in
surface temperature, and warm and cold currents to upset the balance.
First of all, you must recognise that all these systems, highs and lows, with the exception of the
polar highs and tropical revolving storms, are all moving eastward at a fairly regular and
predictable rate.
The Guilbert Crossman rule states that: A trough of low pressure tends to move to the place of
the preceding ridge of high pressure in 24 hours, and this ridge tends to move to the place of the
preceding trough in 24 hours.
In other words, the weather you are experiencing today should be repeated in two days’ time.
This is more significant at sea than over the land where it is common for large highs to remain
stationary for several days at a time in the southern summer. However, if you look at any
weather map of the Australian continent, provided it shows sufficient of the ocean area to the
south, you will almost invariably be able to see the regular pattern of highs following lows in
their regular procession from west to east.

Troughs, ridges and cols
The term trough relates specifically to areas of low pressure while the term ridge is reserved for
high pressure. The names probably derive from the barograph recording of the two opposing
phenomena. When a trough passes over your position, the barograph produces a trough-shaped
trace as the pressure falls and then rises again. A ridge produces the opposite result of a rising
trace, which peaks to a ridge shape and then begins to fall again.
[1]

Troughs
Specifically, a trough is a wedge of low pressure forcing itself up between two highs or
indenting itself into a high.
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Fig. 3.20 A pre-frontal trough (dashed-line) typical of Australian winter weather forcing up
between two successive highs. Note the typical ‘wedge’ shape of this frontal trough.

L

H

Fig 3.21 A non-frontal trough (dashed line) which forms regularly in summer
over tropical and extending to sub-tropical parts of Australia..
Note the typically ‘rounded’ shape of this trough

The pre-frontal trough shown above as Figure 3.20 is caused directly by the cold front
associated with the low, moving into an area of low pressure, between the two successive
high-pressure systems. (Remember that the pressures are decreasing the further you move
outwards from the centre of a high).
Because of its wedge shape, giving a sudden change of direction of the isobars, you must
expect a corresponding change of wind direction as the trough passes over your position.
The non-frontal trough, shown in Figure 3.21, is essentially formed by the extensive
heating of the tropical land surface. They are also known as “heat troughs”.
These troughs are normally associated with instability and, when combined with any
moisture, can create the ideal condition for the formation of cumulonimbus
(thunderstorm) clouds. These are discussed in considerable detail in Chapter 7.
The immediate result of such a trough is to direct the wind flow to the east, bringing hot,
dry winds from inland Australia. These are the conditions that give Perth and the SouthWest of WA their summer heat waves.
[2]

Ridges
A high-pressure system being a ‘gentler’ and more widespread circulation than that found
in a low may, if unimpeded, spread in a broad wedge across a wide area. In other words,
its centre becomes a broad ellipse, which may at times, extend right across continental
Australia.
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The weather conditions along the ridge are what you would expect in the centre of a
normal circular-shaped high – generally fine with very light air and generally clear skies.

H

H

Fig. 3.22 An extended ridge of high pressure across the continent, typical of an Australian winter

pattern.

H

L
L
Fig 3.23 A fast moving ridge between two Southern Ocean lows. It will pass very quickly

[3]

Col
A Col is a ‘no person’s land’, a region between two highs and two lows.
The Col usually produces light winds from any direction. The weather experienced is
dependent upon the dominant air mass.
If they occur over a hot landmass, heat convection and the general instability of the
atmosphere could result in showers or thunderstorms.
L

H

COL

H

L
Fig. 3.24 A col – the region between two highs and two lows

Families of lows
Lows over high latitude ocean areas (eg. the Southern Ocean) tend to be very complex and can
move in “families”, each successive low of that family being sited closer to the equator than its
predecessor.
The reason for this is very interesting and is worth a short explanation.
As discussed, cold fronts are associated with lows, sweeping up cold air from the Polar Regions,
around the centre of the low.
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You will also see, on any weather map incorporating cold fronts, they tend to curve backwards.
In other words, the outer edges are being left behind.
This is due to the upper part of the system nearer the equator having a greater distance to travel
than the lower part due to the spherical shape of the earth.
These trailing ends of the cold fronts tend to form separate low pressure systems as the cold,
moist air passing over the warmer sea or land loses the driving influence of the circular spinning
low that spawned it.
And so consecutive “secondary” lows tend to form from the original or “primary” polar low.
Their place of birth is well to the north of the original low and, correspondingly, each
consecutive one is a bit further to the north.
Eventually they run out of steam and it needs a new polar “primary” low to start the whole
system up again.

L

Stage (1)
Fig. 3.25 Stage (1) This is the original polar low with its associated cold front.

L

L

Stage (2)
Fig. 3.26 Stage (2) Here you see a new
secondary centre forming to the north of the parent or “primary” low.

L
L

L

Stage (3)
Fig. 3.27 Stage (3) A third low is now forming from the secondary.
The original parent low is still following its southern track.
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L
L
L

L

Stage (4)
Fig. 3.28 Stage (4) Yet another low has formed but is much weaker than its predecessors.
The system is now beginning to collapse.

In the next chapter we will look at how the weather map is drawn. This will give you the
opportunity of observing these changing phenomena in conjunction with the daily newspaper
weather chart and the more up-to-date Television, Internet, and Poll Fax synoptic charts.
You should, as a result, be starting to make your own daily weather forecasts independently of
the professional weather forecaster.

Self -Test Questions
1.

Describe the basic differences between a tropical and polar air mass?

2.

What is a cold front?

3.

Cold fronts are always associated with which type of weather system?
(a) High
(b) Low
(c) Col
(d) Ridge

4.

Describe the changes in weather elements (pressure, temperature, wind, cloud, weather)
that you would experience with the passing (passage) of a cold front over southern parts of
Australia.

5.

Briefly describe the occluded front.

6.

How does the warm front differ from the cold front?

7.

Which way do winds circulate around the following southern hemisphere weather systems?
(a) High
(b) Low
(c) Trough
(d) Ridge

8.

What are the general weather conditions associated with a High pressure system? A Low
pressure system?

9.

Weather systems in the Southern Hemisphere normally migrate from:
(a) East to west
(b) West to east
(c) North to south
(d) South to north
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10. Name two types of troughs.
11. What weather conditions are normally associated with a ridge of high pressure?
12. Define a Col.
13. What weather and wind conditions would you expect in a Col?
14. What is the significance of a family of lows?
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Chapter 4 The weather map and weather forecasting

Fig. 4.1 Weather Map (Bureau of Meteorology, Perth Office)

Everybody will be familiar with the simplified weather map that appears in the daily
newspapers around the nation and is commented upon, with varying degrees of success, during
the daily Television News sessions.
These maps are more correctly called Synoptic Surface Weather Charts – (the word synoptic is
derived from the word synopsis, meaning a summary or outline. Synoptic is separately defined
as ‘having the same view point’ or, in the weather sense, ‘a weather analysis at a given moment
in time’).
To achieve this a large number of observations need to be made simultaneously over a wide
area.
Observations come from ships, meteorological stations, automatic weather recording stations,
airport meteorology offices, satellites and aircraft. They are then coordinated into an area chart.
The coordination for the Australian continent, coastal waters and adjacent high seas is
undertaken by the Bureau of Meteorology, Head Office, Melbourne, Australia. Regional offices
are located in Sydney, Brisbane, Darwin, Perth, Hobart, Melbourne and Adelaide, each with
their areas of responsibility. (Refer area charts and regional limits in Chapter 5).

The station model
To conserve time and space and to provide a chart which is independent of language barriers,
weather reports are plotted on synoptic charts with a system of figures and symbols.
The specific system used is called a station model.
It is a circle plotted on the geographical location of the report and all the relevant information is
noted at set points around that circle.
The code used to refer to the various weather factors is as follows:
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Fig. 4.2

The Wind arrow is flying with the wind, with its point directed to the station model. The shaft
points into the direction FROM which the wind is blowing. The feathers on the arrow indicate
the speed of the wind in knots:
a full feather

indicates 10 knots

a half feather

is five knots

a solid tail

to the arrow is 50 knots.

These wind speeds are shown to the nearest 5 knots. Below three knots a directional shaft is
shown but no feather is indicated. A flat calm is indicated by a circle around the station model.
Cloud cover is plotted inside the station circle. The degree of cloud cover is reported in oktas
(eighths) and plotted as indicated below:

clear sky

1/8

2/8

3/8

4/8

5/8

6/8

7/8

8/8

sky obscured

Fig 4.3 Cloud cover symbols
Arrow down - falling pressure
Arrow up
- rising pressure

0040
280
4/8
cloud
Ns.

Example:
Wind direction North East
with average wind speed - 25 knots
Barometer 1004.0 hPa falling
Air temperature - 28.00C
Cloud cover - half-visible sky
Cloud type - Nimbostratus

Fig 4.4 Station model

There are many more symbols than those actually shown here. They cover all the main cloud
types, with amounts of each; present and past weather, amount of precipitation, snow, ice – the
list is very large and has little relevance to the small boat skipper.
As a result, we will deal only with those that are essential to:
(1)

making sense of newspaper, Poll Fax, Internet or Bureau HF facsimile charts;

(2)

drawing your own weather chart from information supplied.
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How a synoptic chart is produced
At a Bureau Forecast Office, the weather forecasters will have received reports from a vast
number of manned and unmanned stations throughout the nation and adjacent areas giving the
information shown in the station model.
By interpolating between the various barometric readings received, they will draw lines (called
isobars) joining points of equal pressure.
These isobars are drawn at intervals of 4 hPa (1 hPa = 1 mb).
This is a very important point to remember as it gives a direct comparison between pressures – a
steep gradient, meaning strong winds, will have the isobars close together. A shallow gradient,
with comparably lighter winds, will show them spaced much further apart.
Wind direction and speed are directly tied to both the steepness of the gradient and the position
of the centre of the system, be it a high or a low. As a result, the wind direction and speed
reported by each station must tie in with the weather patterns that emerge from the plot.
There are obviously going to be gaps in the information needed to make up an accurate synoptic
chart and this is where the reports from the ships at sea are of vital importance. Even so, these
are fairly few in the Indian and South West Pacific Oceans and fewer still in the lonely wastes
of the Southern Ocean. Vital reports come from the Cocos Island, far to the west, Willis Island
in the Coral Sea to the east and particularly from weather stations maintained by Australia at
both Heard and Macquarie Islands in the south.
This is where the weather satellites prove their worth. The operation of these satellites is
covered in greater detail later in the text but, in brief, they transmit cloud pictures, which can be
interpreted by the meteorologists to fill in most of the gaps and confirm their findings derived
from the other sources mentioned.
They are particularly dramatic in their presentation of low pressure centres and position of cold
fronts.

Fig. 4.5 Complex low pressure centres and associated cold fronts (Bureau of Meteorology, Perth Office)

In the weather map above you will see good examples of most of the points just
discussed:
•

Isobars spaced at 4 hPa intervals.

•

A steep gradient to the south-west of the continent with associated strong winds or
gales off Cape Leeuwin (westerlies at 30 to 40 knots or about 55 to 75 k/hr).
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•

Cold fronts that would have been plotted partly from land-based stations and
confirmed from satellite information.

•

The centres of the high and low-pressure systems affecting the area, shown as ‘H’
and ‘L’ respectively.

Fronts, troughs and ridges
Fronts, troughs and ridges are shown by their own special symbols:
Cold front
Warm front
Occluded front
Stationary front
Ridge line (ridge of high pressure)
Trough line (low pressure trough)
Fig. 4.6 Fronts, trough and ridge symbols

Check the bureau’s pamphlet The Weather Map for further information.

Fig. 4.7 Weather chart

Forecasting at sea
Weather prediction
Weather prediction is quite complex at the best of times, as there are many variables to be taken
into account.
It is made even more complicated at sea when compared to the land, considering the relative
lack of data available to the user.
One way of filling this void is for you to perform regular – say at least every three hours –
observations. These observations should include the following:
•

wind direction and speed

•

cloud type

•

temperature (air and sea)

•

barometric pressure (actual)
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•

barometric tendency, and

•

sea and swell conditions.

By logging the above variables and noting any trends in conjunction with regular forecasts, you
should be able to build a picture of what is going on around you. In particular it is the
observation of cloud, followed by the barometric tendency that will give you an indication of
any impending significant changes.
It is these changes with which you should be particularly concerned; knowing what the weather
is at the current time, any changes in both wind direction and speed may affect your future
strategy.
Become very familiar with at least the 10 main cloud types, namely, cirrus, cirrostratus,
cirrocumulus (high level clouds), altocumulus, altostratus (middle level clouds), nimbostratus,
stratocumulus, stratus, cumulus and cumulonimbus (low-level clouds). A very good knowledge
of accessory clouds is also recommended. Some examples of accessory clouds are as follows,
arcus clouds which are more commonly known as roll and shelf clouds, mammatus, lenticularis,
and pileus, just to name a few.
There are many good weather books and cloud charts that will help you. When you are happy
with this aspect (it takes time) then you can start to concentrate on cloud sequences or trends. It
is the sequence or trend that is very important for forecasting. An example of a must know cloud
trend (outside of the tropics) is that associated with the passage of a cold front.
It goes like this: 20 to 36 hours before the arrival of the cold front you will generally observe
high-level clouds, 6 to 12 hours before-hand middle-level cloud will be observed, and marking
the leading edge of the front at the surface will be our low-level clouds. But remember, from the
point of view of cloud and weather, each cold front will be different, and some cold fronts are
cloud free.
The aneroid barometer is your main instrument at sea that will sense significant changes. It is
the tendency (rise or fall over a time interval) of the pressure that is most important and not the
instantaneous value. For example, a pressure rise or fall of, say, 6hPa or more, over a 3 hour
period will indicate either at least strong winds or greater, or they are just around the corner.
The greater the pressure change over the three-hour period, the stronger the winds. Note: On a
moving yacht the pressure tendency as calculated by you from the barometer, is not for a fixed
point.
Take, for example, a yacht planing at 20 knots in an easterly direction while an active cold front
is moving in the same direction at 25 knots. The barometric tendency on the yacht may show
only a small rate of pressure fall, whereas a nearby island may show a large fall, thus indicating
a vigorous system. In this case, the yacht’s barometric tendency may be providing slightly
misleading information.

Wind forecasting
The basic weather forecast obtained via a radio (write it down or, better still, record it) will give
both wind speed and direction and essentially, there is little cause to argue with what the
forecaster is suggesting. Please note that wind directions and speeds mentioned in official
forecasts (and observations) are for a height of 10 metres (33 feet) above the ocean or land
surface and are 10-minute averages. Gusts are generally not mentioned at all in forecasts, but
can be up to 60% more than average. So be aware.
Information as to when a cold front, for example, will be passing over can be obtained from the
forecast and your own visual observations, noting the cloud changes (as well as pressure
changes), which herald the advance of the cold front and eventually, its passage. But it has to be
said that by the time you see the signs of the front, the changes are probably imminent.
Generally, the stronger the front, the worse the wind/weather accompanying it. A weak front
may pass through your area without any significant impact apart from a shift in the winds and a
small drop in temperature.
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Frontal forecasting is difficult, especially during the warmer months as fronts can accelerate,
slow down or disappear completely whilst making their passage along the New South Wales
(NSW) south coast. The mountains to the west can retard the passage of the front northward,
particularly over and close to the mountains. Meanwhile, closer to the coast and further
seawards, the front could be racing northwards at speeds around 30 to 40 knots.
The best example of this behaviour is the southerly buster. One sure way of forecasting the
arrival of this event and other events, at least during the day, is to look to the south of your
position and note the effect of change on other boats. We can also hope that some low cloud is
accompanying the change and note your barometric tendency (falling ahead, rising behind).
With a surface (or MSL = mean sea level) weather map (or analysis or anal) obtained from an
on-board high frequency (HF) weather fax, you are much more in control of this situation. The
orientation and spacing of the isobars will give a quick broad picture of the wind situation, as
well as the position of the major weather feature(s). By comparing the current chart with the
previous chart, you can estimate the approximate speed of the front (or any other weather
system) and hence have a good idea of when the front, and hence a wind change, will arrive in
your area by using the Rule of Persistence. (Refer page 4.7).
A quick method to help gauge the speed of the front and hence, the approximate wind speed at
the surface behind the change, is to estimate the wind speed from the isobaric spacing just
behind the front. This does, unfortunately, take some practice. The average speed of a cold front
and its associated low-pressure system is approximately 25 knots over southern Australia. A
high-pressure system moves with an average speed of around 15 knots.
One of the best tools available via on-board weather fax is the surface prognosis (prog). This
chart indicates, either by human thought or computer calculation, where the weather system will
be positioned at a particular time in the future. This product, when used in conjunction with the
methods outlined above, will help to establish the time of arrival of the cold front and hence, the
wind change over your area. Please remember that these charts are a good guide, but they are
not gospel!
Having a weather chart as well as the transmitted weather forecast can give confidence in the
ability to predict wind changes at sea. Coastal Waters and High Seas forecasts prepared by the
Bureau of Meteorology are generally an excellent guide and all we need is the barometer, your
weather knowledge and visual observations to fine-tune the forecast. Good local knowledge
gives a big edge.
After predicting the general wind flow, it is necessary to take into account all the local
variations which can affect the forecast.
These local variations are more likely to occur close to the coast (within 10 nautical miles
(nm)). However, even in ocean waters (greater than 10nm from the coast) variations can still
occur. Due to lack of observational data, experience suggests that over the oceans, alternating
bands or areas of locally stronger and lighter winds can occur which the ocean or coastal waters
forecasts tend to ignore at times.
This is especially true of pure trade wind flow. Gusty winds will occur in the area around a cold
front, but some evidence suggests that when there is a tight pressure gradient (isobars close
together on a weather chart), the wind arranges itself in corridors of stronger wind interspersed
with areas of lighter winds. These stronger winds can be 20 knots or more, higher in speed than
the average wind speed.
This situation is similar to waves at sea and significant wave heights, but nonetheless there can
be some waves at least twice that height. So in trying to predict or fine-tune the wind direction
and speed from a weather forecast, or a weather map or better still both, always bear in mind
that the wind could be stronger or lighter than the forecast suggests.
Inshore, the situation can be different again. Here, not only can the funnelling/channelling
effects around headlands, up and down river valleys and through straits, have a significant effect
on the strength of the wind, it can also have a marked effect on sea conditions, especially when
wind opposes tide or current.
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High coastal cliffs/hills or mountains can create problems with both onshore and offshore
winds. The rule is, keep clear of coastlines by at least 10 times the height of the
cliff/hill/mountain. Another rule is that: offshore winds increase in speed and back (go left) in
direction as they blow out over the water; onshore winds decrease in speed as they approach the
land and the direction will veer (go right) a little.
If conditions allow, a sea-breeze will set up and will be strongest within, say, 5nm of the coast
and will be at its strongest during the mid to late afternoon.

Some important forecasting tools
(a)

The rule of persistence
In forecasting generally we will constantly use the term extrapolate.
Extrapolate − to determine from known values, making the assumption that what applies
to known data would apply to similar unknown data.
In simpler terms, if a set of particular circumstances produce a certain result, it is
reasonable to assume that the same set of circumstances in the future will produce the
same result.
The rule of persistence involves extrapolating into the future, the characteristics of a
weather system (its rate of movement and changes in intensity) that it has shown in the
recent past.
For example; if the present weather map shows that a low has moved from A to B in the
past 12 hours, and the pressure at the centre has risen from 995 to1000 hPa; then its
position 12 hours from now will be at C, and its central pressure will have risen a further
5 mb to1005 hPa.
A

Now
B

1200 Mon

2400

995

12 hour forecast
C
1200 Tues
1005

1000

Fig. 4.8 Movement of a low, showing the increase in hPa over a 24 hour period

This is the simplest application of this principle, but it can also be applied when past
movement was not uniform in direction and speed.

1800
A
1200 Mon
995

1500
1000

1005

2100
1005
Now
B

6 hour forecast
E

2400

C
1200 Tues

1002

1005

1000

0300 Tues
995

12 hour
forecast

0600
990

0900
985

D

1200 Tues
980

Fig. 4.9 A rise in pressure to 1005 hPa and a fall to 980 hPa
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In the above situation we have five pressure readings over the 12-hour period, with the
general tendency being for the pressures to rise but with a significant drop and change of
course in the immediate past three hours.
The tendency would be to continue its current track when applying the rule of
persistence, and to suggest that the drop in pressure over the past 3 hours should be
extrapolated forward to give the next 12-hour forecast as position D with a pressure of
980 hPa.
However, the average course is towards position C, taking into account the general
movement during the whole 12-hour period, and the overall indication on pressure is one
of a general rise.
In this case, the meteorologist will probably forecast the 12-hour movement of the centre
to be more generally towards C with a probable rise in central pressure to around
1005 hPa.
This simple method of extrapolation has a relatively high accuracy for short intervals of
time but, logically enough, diminishes as the time interval increases.
Although the examples given are for convenience over a 12-hour period, the most
accurate results are for periods not exceeding 6 hours into the future, with the accuracy
diminishing rapidly after that time. In the example above the cautious forecaster would,
therefore, give a 6-hour forward predication, which would place the centre at E with a
pressure of around 1002 to 1003 hPa.
(b)

Some forecasting rules
Rules are for the guidance of wise people and the strict compliance of the not so wise.
Use all forecasting rules with caution as each has its limitations, with the validity of each
depending so much on other signs and portents that may be present at the time. Always
take good notice of the official forecast, if available, but also keep in mind the fact that
local weather conditions in your immediate area may not comply with the overall pattern
for a variety of reasons.
In general, if you feel there is a reason for caution, have faith in your own judgment.
However, if you do not share the Bureau’s prediction of bad weather, be wise and take
notice of what it says. In this way you back the winner both ways where the safety of
your ship and crew is concerned.
Special rules:
1.

The steeper the gradient (the closer the isobars on the weather chart and the faster
the rise or fall of the barometer) the stronger will be the winds.

2.

As an occlusion approaches the low will slow down, but may continue to deepen.

3.

Frontal lows tend to occur in families, each one following approximately the path
of its predecessor but displaced somewhat to a lower latitude – that is, closer to the
equator. In the Southern Hemisphere this means that each successive low is a little
north of its predecessor.

4.

Small closed highs usually move faster than larger ones. Large highs tend to move
slowly in an irregular way.

5.

Closely packed isobars crossing a front is an indication that the front is a fast
moving one. Winds will probably be strong and with an abrupt change in direction
as the front passes.

4.8

CHAPTER 4 – THE WEATHER MAP

6.

A warm front moves faster the more the pressure falls before it.
A cold front moves faster the more the pressure rises behind it.

7.

A slow moving cold front will normally have a broader zone of precipitation (that
is, a longer period of rain) than a cold front which is moving rapidly.

8.

If the barometer shows no rise of pressure after the passage of a cold front; if it
starts falling again with the wind veering slowly (remembering that it has probably
backed with the passage of the front) a second or post frontal trough should be
expected.

9.

The Guilbert Crossman Rule: A trough of low pressure tends to move to the place
of the preceding ridge of high pressure in 24-hours, and this ridge tends to move to
the place of the preceding trough in 24-hours.

Rate of change of pressure with time
Atmospheric pressure tendency: pressure falls especially
(After correction for diurnal variation)
3 hPa (or mb) in 3 hours
Place crew on alert
Strong gale-force winds developing over next 6–12 hours. Especially if rate of change
increases.
6 hPa (or mb) in 3 hours
Gale-force winds within next 6 hours.
9 hPa (or mb) in 3 hours
Gale to storm-force winds within 3 hours or so.
Notes:
*

Larger falls will see even stronger winds developing within a shorter time period.

**

mb (1 mb=1 hPa )

***

The above is a guide only. Fine tune through your experience.

**** Read the pamphlet The Aneroid Barometer – and how to use it. Available from your
nearest Bureau of Meteorology office.
The fascinating weather map reproduced below shows an intense low, sited south of
Newfoundland in the north Atlantic. Being in the north it revolves anti-clockwise and shows
very clearly; cold and warm fronts and a Col where it adjoins the outer fringe of another low,
with associated cold front, to the north-east.
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Fig. 4.10 An intense low cited south of Newfoundland in the North Atlantic

Satellites… their place in the Australian meteorological scene
In the Southern Hemisphere, 75% of the earth’s surface is water, which means that shore-based
weather stations are few and far between outside the main continental landmasses.
As a result, satellite photographs are an invaluable aid to observe and identify the positions of
the vortices (centre) of low-pressure systems and tropical revolving storms, jet streams, fronts,
ridges and troughs.
All these weather systems produce their own unique and recognisable cloud patterns, which are
photographed by the weather satellites and transmitted continuously to ground stations around
the globe. Even darkness does not present a problem, as the satellite is able to photograph by an
infra-red process, which allows 24-hour picture transmission.
In Australia, The Bureau of Meteorology receives data direct from weather satellites at its head
office in Melbourne.
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The Melbourne station is equipped to computerise all the results and, with information supplied
by NASA, along with the US National Oceanic and Atmospheric Administration (NOAA), the
Japanese Meteorological Agency’s GMS (Geostationary Meteorological Satellite) and other
satellites, to grid them into their geographical locations.
From the grid, mosaics of satellite pictures are transmitted from Melbourne throughout
Australia by landline facsimile facilities to forecast offices operated by the Bureau. Images are
also available on Television, Poll Fax and the Internet.

Fig. 4.11 Global meteorological satellite system.
Source: Bureau of Meteorology, Commonwealth of Australia.

The following pamphlets from the Bureau of Meteorology are recommended for more
information:
•

The weather by satellite

•

Interpreting weather satellite images.

Just check out the Bureau’s website at http://www.bom.gov.au for live examples and
general information.

Self-Test Questions
1.

Draw the chart symbols for the following?
(a) High
(b) Low
(c) Trough
(d) Ridge
(e) Cold front
(f)
Stationary front
(g) Col
(h) Warm front
(i)
Occluded front
(j)
Wind blowing from the west at 25 knots
(k) Wind blowing from the north at 100 knots

2. What do close isobars on a weather map indicate?
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3.

(i)

On the weather map below, what is the surface wind direction at the following
locations?
(a) Perth
(b) Darwin
(c) Brisbane
(d) Sydney
(e) 500 nm West of Tasmania

(Map courtesy of Bureau of Meteorology)

(ii)

Also on the map above please indicate the following features:
High, Low, Cold Front, Ridge, Trough, Col and the position of the subtropical ridge.

4.

List the weather elements that you should observe and log at sea to aid you in
weather forecasting.

5.

Over southern Australia, what is the average speed of movement of the following
weather systems?
(a) Cold front
(b) High pressure system

6.

Describe briefly the Rule of Persistence as used in weather forecasting.

7.

What would a rate of pressure fall of 9 hPa in 3 hours be telling you?

8.

How are satellites useful in weather forecasting?

9.

(i)

What are the two major weather satellite systems used by the Bureau of
Meteorology in Australia?

(ii)

How can you access information from these systems?

10. What is a prognostic chart and how would you use it?
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Chapter 5 Weather services
The newspaper never seems to have the coastal-waters forecasts that you want, and the
television stations largely ignore those with sea-water in their veins. So how do you make sure
you will not be caught out by the weather?
We are entering the information age; the age when the information you really want is becoming
available where and when you want it. So where to start?
We will begin with some of the more traditional information sources and move through to some
of the more exciting, evolving technologies.
The first step should begin well before you head out onto the water – by developing an
understanding of the weather. Learning how the weather works and how to make the best use of
the available information is a very important step.
The weather forecasts will never capture every detail of what you experience while at sea.
However, a combination of the weather forecast and use of your eyes and brain to respond to
what you are seeing, should reduce the number of unpleasant surprises encountered on the
water.
A range of excellent books on weather is now available. The Bureau of Meteorology in each
State carries a variety of pamphlets, which explain aspects of the weather as it affects the marine
community. Many of these are now available on the World Wide Web (WWW) or on the
Weather by Fax service.
The publication Wind, Waves and Weather, is available for all the southern states. The Wonders
of the Weather by former Deputy Director of the Bureau, Bob Crowder, provides more detail.
The next step is to access more specialised publications, with High Performance Sailing by
Frank Bethwaite and Wind Strategy by David Houghton as excellent examples.
It is also worthwhile keeping your eyes open for short courses on the weather, occasionally
offered by institutions such as Universities, Community Colleges, TAFE, yacht clubs and some
sailing schools.
Officers from the Bureau are sometimes invited out to various yacht clubs as guest speakers.
The benefit of attending one of these talks is that you can ask the instructor or speaker questions
about things you have noticed while out sailing, but haven’t fully understood.

The next step
Having satisfied yourself that you understand the basics of the weather and that you can read the
signs in the environment around you, it is time to get down to specifics.
Looking at the traditional choices, we have three forms of media: newspapers, radio and
television. Of these, the most immediate, up-to-date and widely available is the radio. Normally,
you will find a radio station in your area, which broadcasts the Bureau’s forecasts and warnings
in a timely fashion. If not, ask them why not.
The Bureau makes all forecasts and warnings freely available to the media, so information
availability is not the issue.
Next most timely are the television stations. Unfortunately, the time slots allocated to the
weather tend to be very brief and well separated.
Cable television and interactive television offer the greatest hope here, as this medium allows
visual as well as aural information to be provided.
In the meantime, SBS does offer the latest Bureau forecasts, warnings and a few relevant
weather observations from weather stations dotted along our long coastline.
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Thursday I
9pm EST 27 March

1012

Willis I
1008

Townsville
1004

Rockhampton

1000
996

1012

Charleville

1012

Brisbane
Bourke
Fig. 5.1 Chart of Cyclone moving from the Coral Sea to the Queensland Coast
demonstrates how isobars indicate wind speed and direction
(Bureau of Meteorology In Australian Sailing. September 1997, p.34.)

For those sailing or working in unfamiliar waters when there is a storm looming, this service
offers a very timely, yet widely accessible service.
A more comprehensive range of weather information is contained on the Bureau’s Weather by
Fax service, which carries more than 100 different products. Call up the national toll-free
number on your fax machine (1800 630 100) for the master directory. Each State (the ACT is
included with NSW) and the Northern Territory have their own menu, concentrating on
products specifically for that part of Australia (see Fig. 5.2).
Directory Free Poll No.
Master Directory

1800 630 100

Victoria

1800 061 433

Queensland

1800 061 434

South Australia

1800 061 435

Western Australia

1800 061 436

Tasmania

1800 061 437

Northern Territory

1800 061 438

New South Wales / ACT

1800 061 439

National

1800 061 440

Fig. 5.2 Weather by Fax directory numbers (current at time of printing)
(In Australian Sailing. September 1997, p.36)

It pays to get a new directory every few months to enable you to keep up with the latest
products or changes.
Satellite photographs and the weather charts are very popular products available through this
service. Many of the brochures mentioned earlier can also be obtained by poll fax.
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Internet the ultimate
The real future in accessing weather information is the Internet. The Bureau of Meteorology has
established its home page on the web: http://www.bom.gov.au.
The website contains both freely available information (most of the Bureau’s information) and
more specialised information through the registered users facility. All forecasts and warnings
issued by the Bureau can be found on this website, with a range of improved, graphical products
now in the pipeline.
There is a wealth of information on this website that will keep you informed about most
weather-related topics.

On the water
Armed with all the above information, you may actually find yourself on the water – where you
really want to be.
With the vast improvements in mobile communications, it is now possible to remotely access
the World Wide Web, the Weather by Fax (66 cents/minute, or higher with mobile and satellite
systems) and the 1900 telephone services, as long as your mobile telephone works. Satellite
telephones are also coming down in price, for those venturing further off-shore.
Most coastal areas of Australia are well covered by a combination of the Bureau Marine (VMC
and VMW) system, volunteer coastal patrol, search and rescue organisations and similar groups
that broadcast weather reports and forecasts over HF and VHF radio. Please check out the latest
information on the Bureau’s website at: www.bom.gov.au/marine, on a regular basis.
Penta Comstat, a private radio service based at Firefly, NE NSW, has a good coverage over the
eastern states and also offers a long distance service. Check out its website at:
www.pentacomstat.com.au, for more information. Postal address is: 170 Mobbs Lane, Firefly
NSW 2429. E-mail address is: info@pentacomstat.com.au.
Bureau offices along the Queensland coast broadcast weather forecasts on VHF. Check with the
Bureau’s Regional Office in Brisbane for information on locations, frequencies and times.
Weather information is also available on Cocos Island, Norfolk Island and Lord Howe Island by
contacting the Bureau’s Meteorological Information Office at these locations.
A new development in Australia is the SMS messaging service. This service is available from a
number of providers utilising your mobile telephone.
The traditional HF fax service should not be ignored, as it is one of the few services available
over the open ocean areas. The Bureau operates this service from transmitters located in
Charleville (Queensland) and Wiluna (Western Australia). A special HF fax receiver is required.
Sequences of facsimile products are broadcast via HF radio according to the set AXM and AXI
radio-facsimile schedules. Because these products cover such a vast area, they tend to provide
broader-scale information to the earlier mentioned services.
Australia is a signatory to a global agreement designed to minimise the loss of life at sea, known
as the Global Marine Distress and Safety System (GMDSS). As part of its obligation to this
agreement, Telstra utilises its Satcom-C system (safety net) to transmit a complete range of
safety information, including weather warnings, free of charge.
With knowledge of the above sources of weather information, it is a matter of selecting those
that are most appropriate to your specific needs.
Note: Check the Bureau’s pamphlet, Marine Weather Services for further valuable information.
Every vessel, be it large or small, contemplating an extended coastal, offshore or deep sea ocean
passage, should be equipped with an efficient radio installation capable of receiving radio
weather bulletins.
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The average small ship transceiver is going to be limited in the number of frequencies that can
be included in its installation. Most radios of this type are set up with fixed crystal
transmit/receive channels.
The selection of these frequencies will depend, to a great degree, on the type of work the vessel
is doing and its area of operation. On the Australian coast, a yacht would probably have the
following as a basic minimum.
2201 kHz

2524 kHz

4125 kHz

4149 kHz

4426 kHz

6215 kHz

6230 kHz

6507 kHz

8176 kHz

VHF channels 16 and 67 are used to receive weather information, among others. Because of
these limitations on the number of frequencies that you can use, a tuneable side band receiver is
a very valuable addition to your equipment. Make sure it is a sideband. This will still give you a
good broadcast band reception and make reception of coast radio broadcasts possible.
Note:

Always check the latest frequencies and procedures with the coast radio stations (both
VHF and HF) that you use.

Types of weather broadcasts
Coastal and high seas
Under the Meteorology Act 1955, the Australian Bureau of Meteorology has the responsibility of
preparing and issuing weather bulletins to shipping in Australian waters and surrounding oceans.
These bulletins include details of the location, movement and intensity of storms and cyclones,
and meteorological synopses and forecasts for particular areas – including coastal regions.
These are under two headings:
(1)

Coastal waters forecasts and warnings for coastal shipping (including the special small
ships schedules referred to).

(2)

Ocean forecast and warnings for vessels on the high seas.

Figure 5.3 shows the areas of responsibility of the Bureau’s HF weather broadcast service,
which provides coastal waters and high seas forecasts and warnings.
The transmitting times of all these stations, the frequencies on which they operate and the
services offered are available from the Bureau’s website. You should periodically get an up-todate copy of this information to keep up with changes in scheduled times and frequencies used.

Fig. 5.3 Coastal waters forecasts
(Bureau of Meteorology, Commonwealth of Australia)
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Tropical Cyclone, storm and gale, and strong wind warnings
The two Bureau HF stations also broadcast any warnings within the area of their boundaries of
responsibility.

Weather Forecast Areas

Fig. 5.4 Forecast areas for shipping on high seas (courtesy of the Bureau of Meteorology)

The Bureau HF stations in Charleville and Wiluna broadcast the High Seas forecasts and
warnings for the western, south-eastern, northern and north-eastern areas respectively. The
scheduled times and frequencies can also be obtained from the Bureau’s website.
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Information given in weather bulletins
The routine weather broadcasts include mean wind direction and speed, state of sea and swell,
and reference to areas of significant weather. Major changes expected during the forecast period
together with a brief description of the synoptic situation (position of highs and lows, etc.) are
also included. This will normally be followed by reports from selected stations within the
forecast area.

Marine wind warning system
These include storm, gale and strong wind warnings.
The Bureau of Meteorology issues a gale warning immediately the average wind is expected to
reach 34 knots (force 8) and will be upgraded to storm for a wind speed expected to reach or
exceed 48 knots (force 10). These warnings are issued for both Coastal Waters and High Sea
Forecast areas.
A strong wind warning is only issued for winds expected to exceed 25 knots (force 6); a strong
wind warning is only issued for coastal waters.
These warnings give details of the direction and speed of the wind, state of the sea and swell,
and a forecast of future developments.
They are repeated at six-hourly intervals,+ or more frequently if the situation warrants.
[High seas = greater than 60 nm from coast]
[Coastal waters = within 60 nm of coast]

Tropical cyclone warnings
Tropical cyclone warnings are issued immediately a tropical-revolving storm is confirmed
within a forecast area, and is repeated at three-hourly intervals for as long as the danger remains.
It includes name of the cyclone and geographical position of the centre:
•

date and time of warning

•

barometric pressure at centre, if available

•

estimated strength of winds at centre, with distance from centre that destructive winds
may be experienced

•

track of storm and speed of advance

•

estimated immediate future course, speed and general development of storm

•

date and time of next broadcast.

Vessels within the area of influence of the storm are usually requested to give three-hourly
reports of weather conditions in their immediate area.
Gale and storm force wind warnings can be used at sea, as well as a hurricane warning (average
speeds 64 knots or more) in tropical cyclone situations.

Weather routing
To enable vessels on the high seas to plot a course to avoid, where possible, areas of excessive
weather, a special service is available on request to the various national weather services and
private companies.
It is unlikely that a small pleasure craft would seek to take advantage of this service and the use
of climatic publications is usually the most satisfactory source of information, read in
conjunction with daily weather bulletins.
These publications, which are listed below, give seasonal information on ocean currents, wind,
waves, ice, visibility etc, for all parts of the globe.
5.6

CHAPTER 5 – WEATHER SERVICES

1.

Current Atlas

2.

Ice Atlas

3.

Climatic Atlas

4.

Oceanographic Atlas

5.

Routing charts

6.

Ocean passages of the world

7.

Admiralty sailing directions

8.

Admiralty and Australian Pilot volumes.

The value of this sort of information is, of course, that it is directed to the yacht master planning
an extended voyage offshore or a trans-ocean passage. The coastal navigator could restrict this
list to relevant volumes of the Admiralty or Australian Pilot.

Facsimile receivers
‘How wonderful it would be if I could just press a button and get a synoptic chart straight from
the Weather Bureau’.
Modern technology has made this a reality for even small ship skippers if they are prepared to
budget for something in the general vicinity of $3000 for the necessary equipment.
The instrument pictured is only 15¨ x 12¨ and can be run on 12, 24, or 32 volt D.C. power.
Having selected your zone and station the machine becomes wholly automatic and stops and
starts whenever that station transmits and produces a full synoptic chart or satellite photograph.
The results are best described by referring you to the following. There is a trend now to use onboard computers to access weather maps through the vessel's VHF/HF transceiver and satellite
communications system.
If you need more information on these systems, it would be best to check with your nearest
marine electronics specialists.

Fig. 5.5 Facsimile receiver
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Fig. 5.6 Frequency zones

Note: services may not be available on all of these frequencies
Check the Admiralty List of Radio Signals (HMSO) for the latest on all the different
weather transmissions around the world.

Fig. 5.7 Sample of Facsimile Receiver print-out
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Fig. 5.8 Sample of Facsimile Receiver print-out

Self-Test Questions
1.

List the various sources by which you can obtain weather information, especially at sea.

2.

Your vessel is on a passage from Melbourne (Aus) to Auckland (NZ).

3.

(i)

What radio source(s) would you monitor for high seas weather forecasts and
warnings?

(ii)

Which high seas weather forecast would you be listening for?

You are on a coastal passage from Darwin to Perth.
(i)

Which station would you choose?

(ii)

Which weather forecast would you be primarily listening for?
(a) Coastal
(b) High seas
(c) Both of the above

4.

Which marine wind warnings are available to Bureau of Meteorology forecasters for:
(a) Coastal waters?
(b) High seas?

5.

List the average wind speed ranges for the warnings that you have listed above in
Question 4.

6.

What information is available to aid the mariner wanting to plan a voyage from, say,
Sydney to San Francisco?
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7.

Which publication would you consult for details on where you could obtain
broadcast weather forecast information for your voyage mentioned above in
Question 6?

8.

How could an HF weather fax be of use to you?

9.

Check out the Bureau’s website and list the products that would be of interest to you.

10. Check out Penta Comstat’s website to see what is available to the mariner. If you
don’t have access to a computer, send Derek Barnard a letter requesting information!
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Chapter 6 Wind
Wind, in its simplest definition, is the movement of air on the earth’s surface.
It may be moist or dry tropical air. It may be moist or dry polar air, and this moisture content
will usually be dictated by whether the wind is off the sea or the land.
The causes of such air movement are many and varied, but ultimately, they all come back to one
basic fact: that hot air rises and cool air descends.
The simplest example of this is a fire in an ordinary hearth.
As the fire gains heat the hot air rises, carrying smoke, charred paper and ash up the chimney
and there is a noticeable inrush of air at the front of the fireplace.

Fig. 6.1 Fire in an open hearth heating air that rises

In fact, hold an open sheet of newspaper in front of the opening and it will be sucked into the
flames. In other words, the upward movement of hot air has created a partial vacuum (ie. an area
of low pressure has been created) and the immediate result is an in-rush of adjoining normal
pressure air to balance the pressure.
That in-rush of air is wind.
Wind is a constantly varying phenomenon in both direction and speed, with periods of stronger
wind (gusts) and lighter winds (lulls) that may last from a second or two through to a minute.
All forecasts and warnings issued around the world use a 10-minute average wind speed and
direction to smooth out these short-lived variations.
The wind gusts and lulls are the result of turbulence of the airflow, caused in part by frictional
effects with the earth’s surface. The rougher the earth’s surface, the greater the frictional effects
and the gustier the winds become. This fact explains why you may encounter a band of gustier
winds downwind of cliffs or islands, often most pronounced on either side of the sheltered
region. These effects may be felt a considerable distance away from the feature that is producing
the gustier conditions – up to a surprising 30-times its height downwind. It may come as a
surprise that the ocean surface also has a similar effect. In light wind conditions when the sea
surface is smooth, there is little friction and hence, the wind gusts tend to be low. A gust factor
(percentage difference between the maximum wind gusts and the average wind speed) of 15%
on top of the mean wind speed is common for wind speeds up to about 12 knots. As the wind
speed increases and the height of the waves increase, the frictional effects also increase and the
winds become gustier. These large waves also act like miniature hills and valleys, accelerating
the wind over the wave crests and reducing the speed in the troughs. These effects, and those
that are discussed below, produce gust factors that increase the wind speed. In gale force
conditions (Figure 6.2) a gust factor of 40% or so is to be expected.
Friction acts in the opposite direction to the wind direction. It is a maximum at the surface and
becomes negligible at about 1 km (on average) above the surface. This is known as the Friction
Layer. The frictional effect results in the wind blowing across the isobars at the surface, inwards
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towards a low pressure system and outwards from a high. Friction accounts for the surface
convergence of air associated with a low pressure system and the surface divergence of air
associated with a high.
The average angle of indraft/outdraft is given in the table below. The effect of friction is to veer
the surface wind direction relative to the wind direction at a height of 1 km.
Example: If the wind direction at 1km over the sea is blowing from the west (270 degrees True),
then the surface wind direction will be blowing approximately from 270 + 15 = 285 degrees.
True. If the station was over the land, then the surface wind direction would be blowing from
approximately 270 + 30 =290 degrees True.
The surface wind speed will be approximately 30% less than the wind speed at a height of 1 km
over the sea and 70% less than the 1 km wind speed over the land.

Effect of Friction
Surface wind
At sea

Wind speed (average)
2/3 of 1 km wind speed

Direction (average)
15º difference

Over land

1/3 of 1 km wind speed

30° difference

Please note that the above are average values only. On any one occasion (due primarily to
surface roughness), the surface wind direction and speed could be more or less than those
quoted above. Local winds, namely, the land and sea breeze and also the proximity of
mountains, hills and valleys can also lead to markedly different observations, as opposed to
calculated winds.
Bureau Warning

Mean Wind Speed

Strong Wind

25–33 knots

Gale

34–47 knots

Storm

48–63 knots*

Hurricane (severe tropical cyclones only)

64 knots and above

* This warning is open ended in mid latitudes in Australia. Hurricane warnings are only issued for severe
tropical cyclones.

Fig. 6.2 Terminology used in official Bureau of Meteorology warnings

It is also worth remembering that the force of wind on a sail increases with the square of the
wind speed. This is easiest to explain if we look at a simple example. Take a 25-knot gust as a
point of reference (25 knots being a gust that starts to gain the attention of the average sailor)
and say it applied a force of one unit on the sail. A 35-knot wind gust will exert twice that force
and at 50 knots the force will be four times as great. If we had a 75-knot gust, the force of the
wind on the same sail is nine times as great as that of a 25-knot gust.
The stability of the lowest levels of the atmosphere (a measure of how rapidly the air
temperature cools with height) is also important. The speed of the wind normally increases with
height above the sea, with the greatest increase occurring over the first 10 metres. This is the
height all official wind forecasts refer to in an attempt to minimise surface friction effects.
Therefore, the wind experienced over the deck of a yacht will normally be significantly lighter
than that measured at the masthead. When conditions are stable (a temperature inversion, where
the temperature increases with height, may be present) surface winds are light and gust factors
are low because the winds above the surface are not mixed down. Conversely, in unstable
conditions typically found in hot weather, or when there are sharp showers around, the wind
above the surface is brought to the surface at irregular intervals, creating very gusty conditions.
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In showery conditions or when there are thunderstorms about, wind squalls may also be
experienced. These last longer than wind gusts, but are still relatively short-lived bursts of stronger
winds. They normally last from 1 to 10 minutes and are most commonly generated by the down
draughts that accompany heavy rain or hail showers. These wind squalls are strongest in the
direction that the wind is blowing, at the height of the middle of the cloud producing the showers,
and it is almost always a different direction to the prevailing surface wind direction. These down
draughts also fan out from the shower or storm, explaining why successive wind squalls may be
experienced from different directions. Wind squalls may sometimes be mentioned in forecasts,
although the speed and direction will rarely be mentioned, due to their highly variable nature.
These squalls can be up to 60% (or greater) more than the average wind speed.

Global wind systems
The Wind Belts
The Trade Winds, westerlies and the polar easterlies.
These are the main global winds which, with local variations, can be reasonably predicted on a
seasonal basis throughout the year. The heating of the earth’s surface by the sun causes these
winds, with the greatest heat over the equatorial regions and less heat at the respective Poles.
This temperature gradient brings about the general circulation of air. This imbalance of energy
is due to the earth’s shape, that of an oblate spheroid.
Over the tropics – that area between latitudes 23° north and south of the equator (which is the
extent of the sun’s seasonal apparent movement) – the surface air is heated, and rises.
Inflowing cool air

Heated air rising

(Equator)

Inflowing cool air

Fig. 6.3 Cool air heated at the equator and rising

Exactly as in the case of the fireplace, cooler air from the north and south flows in to fill the gap.
However, because of the earth’s rotation, this air movement is deflected to the westward at the
point of convergence, resulting in a south-easterly from southern latitudes and a north-easterly
flow from the north. These winds are the familiar Trade Winds.

North East Trade Winds

Intertropical convergence

South East Trade Winds

Fig. 6.4 The Intertropical convergence zone is formed where the trade winds
of each hemisphere converge
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If we could see this wind system horizontally from sea level we would see something like the
picture in Figure 6.5.

SE Trades

NE Trades
(N)
(Sea Level)

ITCZ

Roaring Forties
(S)

Fig. 6.5 The wind system from sea level

Here you have heated tropical air rising, cooling as it reaches higher altitudes, spreading out in a
big umbrella and, because it is now cool and clear of the up draughts, settling back to earth
again.
Where it meets the earth, part flows back towards the equator to complete the full cycle and feed
air back into the tropical up draught.
The other half spills out towards the poles, is caught by the earth’s rotation, and becomes the
Westerlies of the mid-Northern and Southern Hemispheres – in our Southern Hemisphere, the
Roaring Forties.

Polar Easterlies
LOW
Northern Westerlies
HIGH

Area of Descent

North East Trades
LOW

ITCZ Area of Accent
South East Trades

HIGH

Area of Descent
Roaring Forties

LOW

Area Accent
Polar Easterlies

Fig. 6.6 Diagram of mean surface wind flow
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Seasonal influences on the wind belts
All these previous explanations have been given on the basis of the sun being directly over the
equator at all times.
Of course, we all know that this is not so and it is only for a short period twice a year (during
the equinox in mid-March and September) that the sun’s path follows the line of the equator.
During the southern summer (northern winter), by 23 December in each year the earth’s axis has
tilted away from the sun so that the solar equator – the apparent path of the sun’s passage
around the earth – is about at the latitude of Shark Bay in Western Australia.

Southern summer
NE Trades
Equator

Wind deflected NW

sun
ITCZ now here

Fig. 6.7 The movement of the earth around the sun changes the wind patterns

North-east Trades cross the equator to reach the area of up draught, which is now sited well to
the south.
As they cross the equator, the earth’s rotation will cause them to change direction to the northwest. This means that, in the southern summer (say, November to March) the prevailing wind in
North Australian areas is likely to be from the north-west whereas, during the rest of the year it
is under the influence of the south-east Trades.
These south-east winds have now moved much further south to give the southern part of the
continent the typical summer weather of east to south-east winds.
At the same time the roaring forties have moved much further to the southward.
The significance of the change of direction of the
north-east Trades. The intertropical convergence zone.
The change of direction of the north-east Trades after crossing the equator will cause very
strong convergence currents which set the stage for the formation of cyclones during that
period.
During the Northern summer, the position is reversed. The Intertropical Convergence Zone
(I.T.C.Z.) moves north of the equator and those areas, in turn, become within the danger area for
tropical revolving storms.

High and low pressure systems
Their effect on the prevailing wind systems
The effect of large weather systems, which control the winds over large areas and may, in the
process, supplement, cancel out or over-ride the prevailing global wind systems.
The mosaic satellite photo that follows (Figure 6.8) shows very dramatically the series of lowpressure systems, which follow each other around the Southern Ocean in a line unbroken by any
major landmass.
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These systems are pushed along in an easterly direction by the prevailing westerlies in 40° to
50° South Latitude that we saw in the world wind pattern just discussed.
These polar lows are caused by the meeting of the warmer westerlies (which flowed originally
from the Temperate Zone) and the super-cooled polar air. In addition, they are a direct result of
the necessary balance of the atmosphere – whenever you have an area of low pressure there
must be a corresponding high.

Fig. 6.8 Section of a mosaic of the world’s weather, made with pictures taken by Satellite Tiros the
24-hour period February 13–14 1965. A combination of 450 Tiros pictures was used to give the first
complete picture of the world’s weather

At the poles the intense cold, of necessity, creates a down draught – that is, a high-pressure
system – which completes the balance.
In the diagram, in general terms, are the relative positions of highs and lows on the earth’s
surface. The subtropical high-pressure belt or subtropical ridge is between the equatorial trough
(doldrums or ITCZ) and the Polar Lows in the Southern Hemisphere. This is where they might
logically be expected as a result of the general circulation brought about by the temperature
difference between the equator and the poles.
HIGH
LOW LOW

HIGH
00
300S
50-600S

HIGH

LOW

HIGH

HIGH
Equatorial Trough
(ITCZ)

Low pressure
HIGH

HIGH

LOW LOW

HIGH HIGH
LOW

Sub-tropical Ridge

Polar lows

HIGH
Polar high
Fig. 6.9 Relative position of highs and lows
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[1]

Australian summer
The earth’s axis has tilted away from the sun and the prevailing winds will be from the
south-east (the south-east Trades) in the southern half and north-westerlies in the north.
The tilt of the earth has moved that procession of Southern Ocean lows still further south,
and the line of Temperate Zone highs (that we saw on the diagram) is now moving across
the south of the continent.
Highs move fairly slowly and their anti-clockwise winds will tend to reinforce the
prevailing South-east Trades. These winds will bring moist sea air to the East Coast
giving that area summer rains in normal seasons.

Tropical low

H
H

H

L

L

Fig. 6.10 Australian summer weather pattern

[2]

Australian winter
The earth has now tilted towards the sun. The highs have moved north over central and
northern parts of Australia, while the lows have moved up to influence the southern part
of the continent.
The southern half is in the ‘in-between’ area (between the highs and lows), and can
expect periods of variable winds when under the influence of a high, followed by strong
to gale-force winds from the west to south-west as the next low moves through.

H

H

H

L

L

Fig. 6.11 Note how a big high over the centre of the continent reinforces the south-east Trades. This
results in strong winds (25 to 30 knots) when these conditions prevail
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In practice, of course, these systems do not hold to such regular shapes and progressions, as they
are further influenced by the changes in air temperature as they cross the western coast but, in
general principle, the theory holds good and is a reliable basis for weather prediction.

Land and sea-breezes
Because solar radiation penetrates more deeply into water than soil, land surfaces are heated and
cooled much more rapidly and significantly than the oceans.
In other words, while the land temperature will rise rapidly during the day, it will radiate (and
consequently lose) that heat rapidly after sunset.
The sea, on the other hand, being a much poorer conductor of heat, and having absorbed its heat
over a long period, will retain its temperature.
These are the mechanics of land and sea-breezes.

Sea-breezes
General knowledge tells us that the sea-breeze simply comes about because the land heats up
during the morning, hot air rises as a consequence and is replaced by cooler air coming in off
the water. This movement of cooler air was dubbed the sea-breeze.
During most mornings, the sun heats up the land surface, warm air does expand and hence rises.
This causes an accumulation of air (an imbalance of pressure) at some higher level, usually
between 300 and 1000 m. If there is no significant wind at this level, the air will have a natural
tendency to flow seawards to reduce this imbalance. Air gradually subsides or sinks over the sea
as it cools, taking the place of the air, which is beginning to move towards the coast – the seabreeze. So the sea-breeze circulation actually starts above the surface. Figure 6.12 shows a
simplified sea-breeze circulation cell.
Upper return flow

Land

Sea Breeze

Sea
Figure 6.12 Sea-breeze circulation cell

As time passes by, the circulation increases in extent – both offshore and onshore, and deepens.
In pure sea-breezes, with a great seaward extent, the greatest temperature gradient is near the
coast. More air subsides near the coast, with less further out to sea, leading to a fresher seabreeze near the coast that weakens as you move off shore. Typically, you will find the breeze
extends out 50 to 60 k offshore by mid-afternoon, with the speed increasing from a few knots at
the seaward extremity to 15 to 20 knots near the coast.
The peak speed, usually experienced around mid to late afternoon depends mainly on the nature
of the stability of the air and the magnitude of the temperature gradient between air over the sea
and the air over the land, with the former determining the depth of the circulation. During a
stable situation, such as that normally associated with the first arrival of a high-pressure system,
a shallow temperature inversion can act as a lid on the sea-breeze. This means that the upper
return flow will be confined to a low height, around 500m, which limits the size of the seabreeze circulation. Thus, the sea-breeze will be weaker than average, around 10 to 12 knots, and
will not extend as far offshore. If there is a reasonably thick layer of flat stratocumulus cloud
with the high-pressure system, the sea-breeze will be further weakened.
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During an unstable weather situation, often with a low-pressure system or trough close by, or
where we have cold air sitting over a warmer sea, the sea-breeze circulation will progressively
grow to a height around 900 to 1000m above the surface. This situation, assuming little or no
gradient wind (the wind at around 900m above the earth’s surface), is the pure sea-breeze
situation where the average speed gets up to around 15 knots. Here we would see the sea-breeze
start up mid to late morning as a light wind blowing directly onshore and its direction will shift
to the left (or ‘back’) during the afternoon as the speed increases. This ‘backing’ will tend to be
most rapid during the first hour and is largely complete after 2 to 3 hours, although it will
continue to back slowly until the sea-breeze dies.
The final sea-breeze direction ends up blowing along the shore at an angle of about 20º to 30º
from the general direction of the shoreline, across the southern half of Australia, and 40º to 50º
from the shoreline in the Tropics, where the backing effect is reduced (the Coriolis effect is
weaker). So, along the East Coast of Australia, including the East Coast of Tasmania, it is
roughly a north-easterly; along western coasts it is a south-wester (for example: the Fremantle
Doctor); along northern coasts it is a north-wester; and on southern coasts the breeze will end up
as a south-easterly. On some peninsulas, such as North West Cape around Exmouth, two
separate sea-breezes are experienced. At Exmouth, the north-easterly arrives first from Exmouth
Gulf, before the stronger south-westerly from the Indian Ocean over-runs it.
Once developed, the sea-breeze is generally very reliable – but there are always exceptions.
At sunset though, the pure breeze will normally drop-off, depending on how quickly the land
temperature falls. The drop off will be most rapid near the coast where it was the strongest
during the afternoon. A weakening breeze may continue as a cut off circulation, which moves
away from the coast for a time.
Following on from the work of Alan Watts, John Simpson and a few others in the 1950s, 1960s
and 1970s, (mostly in the UK), David Houghton, also from the UK, came up with the idea of
explaining sea-breeze behaviour by referring to the gradient wind direction and speed, which he
called the Sea-breeze Quadrants – see Figure 6.13. He proposed that gradient winds blowing
offshore, at the level of the upper return flow, assist the sea-breeze circulation (unless they are
so strong that they completely stop the sea-breeze), and gradient winds blowing onshore tended
to work against the upper return flow and are associated with either no sea-breeze or a pseudosea-breeze flow.

Q1

Q3

LAND

SEA

Q2

Q4

Fig. 6.13 Sea-breeze quadrants

Gradient wind directions in the Southern Hemisphere from somewhere between: east and south,
on a west-facing coast; between south and west, on a north-facing coast; between north and west
on an east-facing coast; and between north and east on a south-facing coast, are classified as
Quadrant 1 (Q1).
Q1 conditions are responsible for the best sea-breezes. These breezes will start off in a very
similar way to that described above but will attain maximum speeds of between 20 to 25 knots
by mid-afternoon, sometimes stronger. By late afternoon the direction of the breeze will be
more parallel to the coast than for the pure sea breeze. A Q1 breeze will last a lot longer at the
coast, often up to 2300 hr, before cutting off.
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When using this technique, care must be taken to observe changes in the weather pattern that
can change the quadrant of the gradient wind. For example, along the West Australian coast,
there is a trough of low pressure that typically lies very close to the coastline during the warmer
months. In the morning, the wind may be blowing quite strongly from the east with the trough
offshore. The trough often moves inland by the afternoon, leading to a reinforced sea-breeze –
as the gradient wind would have moved around to the south or south-east. In areas from
Lancelin to Carnarvon it is not uncommon for sea-breezes to blow at 30 knots or more once the
west-coast trough has moved inland.
A Q2 breeze (between south and west on an east-facing coast; between east and north on a west
facing coast and so on) will start up a little later, early to mid-afternoon, than the Q1 case. It
won’t be as strong, typically peaking at 15 to 18 knots, and will cut off from the coast about 1.5
hours after sunset. This situation can be confusing at times with a calm zone that can oscillate to
and fro over the coastal zone. This can lead to a day where there could be a sea-breeze operating
a few kilometres off the coast with an offshore wind inside the sea-breeze, but separated by a
calm zone roughly parallel to the coast, which could be some 300 to 500m wide.
Winds produced under the influence of both Q3 (between east and north on an east-facing coast,
between west and south on a west-facing coast, and so on); and Q4 (between south and east on
an east-facing coast, between north and west on a west-facing coast, and so on) gradient winds
aren’t true sea-breezes, but nevertheless they still blow onshore and affect our sailing.
The Q3 surface wind will essentially be the result of the gradient or isobar-generated wind. This
is a broader scale wind flow that will have a smallish sea-breeze vector added to it during the
afternoon. This means that the wind that is blowing first thing in the morning will typically
increase by approximately 5 knots during the middle of the afternoon, due to the sea-breeze
effect.
The Q4 surface wind will generally commence as an isobar-induced wind, which will have
added to it the sea-breeze vector during the late morning or afternoon. This results in the wind
direction being dragged to the left or anti-clockwise progressively during the afternoon. This
wind very rarely attains a true sea-breeze final direction, but can get close to it. Its speed
generally hovers around 8 to 12 knots.
The above situations hold for gradient wind speeds less than 25 knots and uncomplicated
coastlines. Speeds greater than 25 knots will generally make sure that a sea-breeze does not
develop to any great extent – except when there is a trough passage likely. Complicated
coastlines lead to a rich diversity of sea-breeze behaviour.
Just because the sea-breeze has developed, it does not mean that it will remain intact. Near the
coast, any cloud building up over the land, especially thunderstorm clouds, will generally see
the breeze falter. A weak cold front moving into your area during the course of the day will
weaken the sea-breeze, or will make sure the breeze does not build to the expected speed.
A sure sign that the breeze is faltering is a speed decrease, coupled with the direction moving
more right or clockwise.

Land-breezes
During the night the land cools rapidly while the sea remains at almost the same temperature as
during the day. Thus, the land becomes cooler than the air over the water and this produces a
flow of air at the surface from the land to the sea. This land-breeze does not normally exceed 15
knots, arriving a few hours after sunset and lasting a few hours after sunrise.
It will not generally extend more than about 2 miles to seaward, but it is well to remember that,
when reinforced by a prevailing or synoptic wind, it can reach higher speeds and a little further
in distance off the coast.
Land and sea-breezes, known as local winds, are a phenomenon that is worldwide. The direction
and strength of the winds in other parts will be directly related to the relative position of land
and sea and the size of the landmass.
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Beaufort Wind Scale
(For an effective height of 10 metres above sea level.)
Beaufort
Number

Descriptive
Term

Mean wind speed
equivalent in
knots
<1

Deep Sea Criterion

Probable mean
wave height* in
metres
−

0

Calm

Sea like a mirror

1

Light air

1−3

Ripples with the appearance of scales are formed, but
without foam crests

0.1

(0.1)

2

Light breeze

4−6

Small wavelets, still short but more pronounced;
crests have a glassy appearance and do not break

0.2

(0.3)

3

Gentle breeze

7 − 10

Large wavelets; crests begin to break; foam of glassy
appearance; perhaps scattered white horses

0.6

(1)

4

Moderate
breeze

11 − 16

Small waves, becoming longer; fairly frequent white
horses

1

(1.5)

5

Fresh breeze

17 − 21

Moderate waves, taking amore pronounced long form;
many white horses are formed (chance of some spray)

2

(2.5)

6

Strong breeze

22 − 27

Large waves begin to form; the white foam crests are
more extensive in streaks along the direction of the
wind

3

(4)

7

Near gale

28 − 33

Sea heaps up and white foam from breaking waves
begins to be blown in streaks along the direction of
the wind

4

(5.5)

8

Gale

34 − 40

Moderately high waves of greater length; edges of
crests begin to break into spindrift; foam is blown in
well-marked streaks along the direction of the wind

5.5

(7.5)

9

Strong gale

41 − 47

High waves; dense streaks of foam along the direction
of the wind; crests of waves begin to topple, tumble
and roll over; spray may affect visibility

7

(10)

10

Storm

48 − 55

Very high waves with long overhanging crests; the
resulting foam, in great patches, is blown in dense
white streaks along the direction of the wind; on the
whole, the surface of the sea takes a white
appearance; the tumbling of the sea becomes heavy
and shock-like; visibility affected

9

(12.5)

11

Violet storm

56 − 63

Exceptionally high waves (small and medium-sized
ships might be for a time lost to view behind the
waves); the sea is completely covered with long white
patches of foam lying along the direction of the wind;
everywhere the edges of the waves crests are blown
into froth; visibility affected

11.5

(16)

12

Hurricane

64 and over

The air is filled with foam and spray; sea completely
white with driving spray; visibility very seriously
affected

14

(−)

* This table is only intended as a guide to show roughly what may be expected in the open sea, remote from land. It
should never be used in the reverse way, ie., for logging or reporting the state of the sea. In enclosed waters, or when
near land, with an off-shore wind, wave height will be smaller and the wave steeper. Figures in brackets indicate the
probable maximum height of waves.

Fig. 6.14 The Beaufort wind scale (reproduced above) was adopted in 1808 to estimate wind speed at
sea and was based on the effect of the wind on the sea and the amount of sail a vessel could carry
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Recording wind direction and speed by eye
By using the modern Beaufort scale as shown above as Figure 6.14, it is possible to give a
meaningful estimate of wind speed without the aid of wind measuring instruments, simply by
observing the state of the sea.
Since the wind rarely blows at a precise speed, but varies up or down, any measurement must,
of necessity, be a general average over a 10-minute period.
In most wind situations there will be gusts or squalls that will register considerably higher than
the mean wind speed, up to 40% or more than the mean-speed. Where these are significant, a
wind report should state, for example, ‘Wind-force 6 with squalls to force 8’.
Converting Beaufort scale to speed in knots.
A quick and fairly accurate method is as follows:
Up to force 8 – multiply scale force by 4.
Over force 8 – multiply scale force by 5.
Thus, a force 6 wind is indicated as being 24 knots (the scale says 22–27).
A force 10 wind becomes 50 knots (scale – 48–55).
This result is achieved by a visual observation of the sea, unaffected by any variation brought
about by your own ship’s course and speed.
The direction of the wind is obtained by the same means – the wind’s true direction will be at
right angles to the line of the sea waves (not the swell).

Wind measuring instruments
Measuring wind speed
Most serious mariners will have some familiarity with the anemometer that is used to measure
the wind speed and the windvane used to measure direction. The most common form of
anemometer is a cup counting device, which consists of three cups that spin in the wind. An
electronic device counts the number of rotations of the cups and converts them into a wind
speed. It sounds simple but there are a few things to remember.
The most obvious one of these is to remove the effects of the vessel’s motion from the measured
wind speed. There are several anemometers on the market that will do this simple vector
calculation for you. This is fine, assuming the vessel is moving steadily. Caution is required
when the vessel is ploughing through heavy seas – slowly rising up a crest then surging into the
following trough. If the anemometer computer is averaging the vessel’s speed over any more
than a couple of seconds the vessel’s movement will not be removed reliably from the reported
wind speed. The technique by which the vessel speed is being determined can also be suspect.

Fig. 6.15 Rotating cup anemometer

What these instruments actually measure depends upon a number of factors. Most important of
these is how the anemometer is exposed. A typical vessel mounting would be on a short spar
close to the top of the mast. The wind speed measured is, therefore, dependent upon the height
of the mast.
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An anemometer on a 6-metre mast will measure a much lighter wind than that measured on top
of a 20-metre mast. The up-wash effects of the wind blowing upwards around the mast itself (if
the anemometer is mounted too close to it), is also important. This effect will vary depending
upon whether the vessel is sailing into the wind or down wind, being greatest into the wind.
Also important is the response time, averaging period and calibration of the anemometer. Check
the calibration certificate of your anemometer. Most commercial anemometers are only
calibrated up to around 30-knot mean wind speed, which is sufficient for most purposes. What
they measure beyond this is anyone’s guess. The response time of the anemometer relates to
how quickly the cups spin up and spin down as the wind speed varies. An anemometer that is
very responsive to slight changes in wind speed in light wind conditions can be prone to
overspin in strong wind conditions, over-reading the wind speed. Any anemometer that does not
spin down sufficiently rapidly will under-report the wind lulls, effectively over-reporting wind
speed. The sampling interval of the anemometer is also to be considered. Small, responsive
anemometers may report a one-second-wind gust. The anemometers that the Bureau of
Meteorology use are designed to handle wind speeds up to 120 knots, and report a 3-second
wind gust that will be lower than the 1-second gust.
The average wind speed is more meaningful, but requires an accurate averaging technique.
Humans have a natural tendency to pay more attention to the stronger gusts and ignore the lulls,
leading to an upward bias in estimated average wind speed. The best anemometers let you select
the averaging period, with 10 minutes being the period that reflects the wind field produced by
identifiable weather systems rather than individual cloud lines of topographic features.
There are a few other factors that affect wind speed. The heel of the vessel can initially increase
wind speed, then decrease it once it becomes too great. In rough conditions where the vessel is
pitching or rolling significantly, the acceleration and deceleration of the masthead through the
air can add considerably to the reported wind speed. Some anemometers can compensate for the
mast movement by averaging over a few seconds. However, very few can handle extreme
excursions of the mast that last several seconds.
In choosing an anemometer it is worth selecting one that is of a sturdy design. Make sure it has
a calibration certificate and that it clearly outlines its response characteristics. You do not want
an anemometer with flexible shafts leading to the cup, as they may bend and produce erroneous
readings.
Wind direction is more straightforward. Most direction sensors will report the magnetic wind
direction, relating the wind direction to the earth’s magnetic poles. All official weather
observations relate to the true or geographical wind direction. Whereas the magnetic wind
direction varies with location and slowly changes over the years (typically the variation from the
true north is between plus or minus 12º for most parts of Australia), true wind direction remains
the same no matter where you are on the globe.

Finding the true wind from the apparent wind
The results obtained from any type of wind measuring instrument will only be correct if the
vessel is stopped or a calculation is made to take account of the ship’s course and speed.
So this apparent wind direction and speed must be converted to a true direction and speed.
For example, with the ship steaming on a course of 045° at 10 knots in still air you will have a
10-knot wind blowing in your face.
The apparent wind is 10 knots from a direction of 045°. The true wind is zero.
Take another case. If you were steering 180° at 12 knots with a 12-knot wind from the north
(directly astern of you) your funnel smoke would be rising straight up and the anemometer
would register zero.
The apparent wind is zero. The true wind is north, 12 knots.
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It is thus obviously important to take account of your own course and speed, whether under
power or sail. This is done by a simple drafting exercise with a ruler and protractor or, more
simply, by using your chart as a drafting board, the latitude as the scale and the compass rose as
the protractor.
Here’s how it works: Ship steering 060°, speed 12 knots, apparent wind 120° – 18 knots.
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Fig. 6.16 ‘Charting’ the true wind from a moving ship

Self-Test Questions
1.

What is meant by the following terms?
(i)
Average wind direction and speed
(ii) Wind gust
(iii) Wind squall
(iv) Wind lull

2.

What is the gust factor?

3.

Briefly describe the concept of the force of the wind.

4. Describe the problems that can be associated with wind squalls.
5. What are the Trade Winds? How are they different in each hemisphere?
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6.

What is the name of the broad area that separates the trade winds of each hemisphere?
(i)
Horse Latitudes
(ii) Polar low
(iii) ITCZ (Doldrums)
(iv) Sub-tropical ridge (STR)

7.

What controls the seasonal movement of surface pressure systems?
(i)
Revolution of the earth around the sun
(ii) Revolution of the earth around the moon
(iii) The temperature gradient between the equator and the poles
(iv) The Pluto Effect

8.

Briefly explain the result of the seasonal movement of surface pressure systems on the
general wind and weather experienced over the Australian region in:
(i) Summer
(ii) Winter
9.

Describe the basic differences between a land and sea breeze.

10. Which of the following upper return flows would generally assist the generation of a sea
breeze? (Circle the correct answer.)
(i)
Onshore
(ii) Offshore
11. What are the main differences between a “pure” and a “re-inforced” or super sea breeze?
12. List the signs that may indicate to you that the sea breeze is about to falter.
13. How would the Beaufort Scale be useful to you?
14. What is the name of the instrument that is used to measure the wind speed?
(i)
Hygrometer
(ii) Thermometer
(iii) Anemometer
(iv) Barometer
15. List some of the problems that can be associated with the instrumental measurement of
the wind at sea.
16. Calculate the true wind speed and direction given the following:
Ship’s course: 060 deg
Ship’s speed: 12 knots
Apparent wind: 60 deg. on starboard bow at 18 knots

6.15

MARINE METEOROLOGY − SUPPLEMENTARY NOTES

Chapter 7 Atmospheric moisture and clouds
Atmospheric moisture
Section 1 Relative humidity
The earth’s atmosphere and its capacity to hold water are directly related to air temperature.
Hot, dry air has a high capacity for the absorption of water. Cool or moist air has a greatly
reduced capacity.
This is more easily understood if you relate air temperature to different sized test tubes, the
small one representing a very low temperature with the relative sizes increasing as the
temperature rises.

Fig. 7.1 Demonstration of relative humidity

We have put the same quantity of water into each of these ‘temperature tubes’.
Now, with the air temperature at 30° the tube is only a quarter filled. It is only filled to 25% of
its capacity. With the air temperature at 30° the relative humidity is 25%.
Now, cool that air down, without increasing or reducing the amount of water it holds, the
relative humidity rises – reducing the capacity of the atmosphere’s water-holding capacity.
At a temperature of 20° it appears to have risen to about 45%.
At 10° ‘temperature tube’ is almost full – about 80%. Relative humidity is now 80% and the air
cannot hold this water much longer if it continues to drop in temperature.
A little later it does drop to 5° – 100% capacity – 100% humidity and the slightest drop will
cause the water to overflow.
This is dew point
The air has been cooled to a point when it must get rid of, or precipitate, some of its moisture.
It is now saturated.
So, to summarise:
Relative humidity

is the amount of water vapour in the atmosphere expressed as a
percentage of the total capacity of the atmosphere at a specified air
temperature.
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Dew point

has been reached when the temperature of the air has dropped to the
point where it can no longer hold the water vapour it has absorbed –
the relative humidity has risen to 100% with this cooling process
without the quantity of water vapour being increased.

Saturated air

can be best explained as air that has absorbed its total capacity of
water vapour consistent with its temperature.

Whereas dew point usually refers to the ‘overflow’ point, brought about by the cooling of the
air; saturation refers to that point at the opposite end of the scale where air, at a generally
constant temperature, has continued to absorb moisture until it reaches that ‘overflow point’ of
humidity.
Measurement of relative humidity
Knowledge of relative humidity is important to the ocean navigator in forecasting the presence
of tropical lows and cyclones at one end of the temperature scale and the possibility of
imminent fog at the other end.
It can be done the easy way with a hygrometer; consisting of the wet and dry thermometer. The
sling psychrometer is more convenient, especially on a vessel at sea.
This consists of two identical thermometers mounted together on a board. Beneath one of them
is a small water container from which leads a wick that wraps around the bowl of that
thermometer to keep it wrapped in a ‘wet coat’. The rate of evaporation in the atmosphere is
reduced, as the air becomes moister.
When liquid is evaporated it draws energy – in the form of heat – from its immediate
surroundings. Spill a little methylated spirits on the back of your hand and feel the immediate
cooling effect as it evaporates. Or try evaporated liquid ammonia inside a closed system and the
effect is so good that you have just invented the refrigerator.
In the wet and dry thermometer, a wet wick is wrapped around the bowl of one of the
thermometers. Depending on the relative humidity, the water in this wick will evaporate slowly
or rapidly and its cooling effect on the thermometer bowl will be in direct relation to that rate of
evaporation.
As a consequence this thermometer will record a lower temperature than the ‘dry’ bulb
alongside it.
If relative humidity reaches 100% evaporation will cease, the water in the wick has long since
adjusted to air temperature and both instruments will read the same.
So, by comparison between the reading of the two bulbs (and the help of Figure 7.2 reproduced
below) you get the relative humidity.
Example:

Dry bulb reading (air temp.)

:

29°

Wet bulb reading

:

22°

Difference (depression of wet bulb)

:

7°

Relative humidity (Figure 7.2 below) :

7.2
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Fig. 7.2 Table for finding the relative humidity (%). (For use with Thermometer Screen)

Explanation: Enter the dry bulb temp of 29° on
the left hand column.
Enter the wet bulb depression of 7°
across the top of the table.
The point where the two intersect
in the body of the table gives the
relative humidity = 52°.

Fig. 7.3 A Hygrometer(wet and dry bulb
thermometer)
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The causes and results of cooling moisture-laden air
We have already discussed the main result of cooling moisture-laden air. The humidity
increases until the air reaches saturation point – it can no longer hold that moisture. It has
reached its dew point.
This cooling can be caused by several different factors singly or in conjunction with one another.
(1)

Natural cooling from day to evening. After sunset the ground or the sea begins to cool,
radiating its heat upwards so that the cooling process of air is generally slower than the
ground or the sea.
Eventually the air hugging the earth reaches dew point although that above will be
slightly warmer. That immediate surface air, having reached dew point, starts to
precipitate its moisture which shows as droplets of water – or dew.
If the cooling process continues, that dew can freeze to form frost and, if the air higher up
also reaches dew point, the moisture in it may condense to form fog which is the forming
of minute droplets of moisture around dust particles or other nuclei floating in the air.
Without such nuclei, fog cannot form. On the other hand, if these conditions occur in the
city where there is dirt, coal, or dust, or carbon monoxide fumes in the air, the effect is a
dirty brown or yellow fog, now graced with the name SMOG. (Refer Chapter 9 Fog.)

(2)

Cooling of the atmosphere on the approach of a cold front. When a cold front – a moving
body of cold, dense air – pushes its way under a mass of warmer, less dense, moisture
laden air, it forces it upwards.
Two things now happen. The warmer air is pushed up into the colder upper atmosphere
where it is rapidly cooled. At the same time, the cold front, with its own built-in
refrigeration system, is adding its own cooling effect.
The warm, moist air rapidly reaches dew point at its upper level and water droplets form
themselves around dust particles in the same way as the fog at ground level.
The result is the formation of clouds. Further cooling reduces the holding capacity still
further and the moisture is precipitated as rain.
The wind speeds and the general air turbulence experienced in this upward movement of
air will determine the different cloud shapes as we know them.

(3)

Upward movement of air heated by the sun – convection. The results here are much the
same as in (2) above, with clouds forming as the moist air cools below its dew point.
If the occurrence is over a very large area and happens gradually, one could expect
generally fine summer weather with scattered cumulus cloud formations.
If the heating were more concentrated in area, an upward funnel of air would form and,
depending on other factors in the area, could produce a thunderstorm situation – a high
reaching cumulonimbus cloud with the characteristic anvil head; or, a deepening local
low, which takes on a circular motion due to the earth’s rotation resulting ultimately in a
tropical cyclone; or, in temperate regions, an intense low pressure system.

(4)

Upward movement of air caused by geographical formations such as mountains
(Orographic cloud). This is why places like the coastal areas of most of the eastern side
of Australia have high rainfall averages. Cumulus and stratus clouds are common in this
situation.

(5)

Surface turbulence (mechanical turbulence). A very rugged terrain with deep valleys and
high mountains can cause violent overturning of air and produce the sort of weather
conditions that cause mountaineering to be a hazardous hobby. Stratus cloud is common
in this situation.
The different types of clouds created by these different situations are a very important guide
to the mariner in forecasting the type of surface conditions that can be expected in this area.
You should do your utmost to become very familiar with the different cloud types.
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The water cycle
Ice – apply heat – water – apply heat – water
vapour
Or – sun converts artic ice to seawater – further
heating evaporates seawater to form water vapour.
If we reverse the process –
Water vapour …cool…visible water vapour…cool
again…water…cool again….ice.

Fig. 7.4 Water cycle in the kitchen kettle

Or – water vapour cooled by colder upper
atmosphere – clouds form – cooled further – water
vapour precipitates at high altitudes as hail or
snow – reaches warmer lower altitudes and reverts
back to water – and so the cycle goes on.

Water heated in kettle boils and turns to steam
(heated water vapour). Steam condenses to visible
vapour on contact with the air and precipitates to
water on further cooling when it contacts cold plate.

Section 2 Clouds

Fig.7.5 Cloud identification
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There are two main types of cloud:
(1)

Cumulus (heap – Latin), Adj. cumulo.
Formed by rising currents of air.

Fig.7.6 Cumulus cloud

(2)

Stratus

(layer – Latin), Adj. strato.

Formed when a layer of moist air is cooled to dew point without rising air currents
building them up from inside

Fig. 7.7 Stratus cloud

Altitude classification of clouds
High altitude – cirrus
(adj. cirro) cirrus = hair-like – Latin)
Middle altitude – Alto.

(alto = with altitude – Latin)

Low altitude – nimbus

(adj. nimbo) ( = nimbo = showers – Latin)

As the two main types, cumulus and stratus can overlap, and take different forms at different
altitudes, we get various combinations of these types.

Fig. 7.9 This is a stratus cloud

Fig. 7.8 This is a cumulus cloud

Fig. 7.10 This is stratocumulus

Let us now look at each combination separately in the high, middle and low altitude levels,
together with what they portend weather-wise.

High level clouds

A
Cirrus (Ci)
Take a stratus layer at very high altitude (up to 10 km). The moisture condenses and freezes to ice
crystals and high speed upper air winds blow it into long streamers (or mares’ tails) called cirrus.
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Fig. 7.11 Cirrus cloud

These streamers can be:
(1)

The outriders of an intense low- pressure system with its associated cold front, which is
possibly 20 to 30 hours away from you, depending on the speed of advance of the system.

(2)

The first signs of the approach of a warm front. Warm fronts are not a common
occurrence in Australia and are more often experienced in high latitudes.

(3)

In the tropics they can be associated with a Tropical Cyclone.

(4)

Produced by high-level jet stream winds.

Forecast:
Followed by a steadily falling barometer, increase in wind, sea waves and ocean swell, and
cloud changes as described further on, it probably means the arrival of a cold front in 20 to 30hours time. The lateral direction of the streamers will give an indication of the centre of the
disturbance.

B
Subject cirrus formations to the cumulus treatment (that is, upward air movement) and you get:
Cirrocumulus (Cc)
These are a mixture of cirrus and cumulus, which give the mackerel sky. Still comprised of ice
crystals.

Fig. 7.12 Cirrocumulus clouds

Forecast: These clouds are probably associated with the approach of a cold front (which has
caused the upward air movement necessary to a cumulo formation).
An old seaman’s rhyme used to run:
‘When you see a Mackerel sky –
Four days wet or four days dry’.
The weather change, if it occurs at all, is probably 20 to 30 hours away.
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C
At a slightly lower altitude than the cirrocumulus, stratus cloud will still freeze to ice crystals
and, if the upper air is fairly still, will form into:
Cirrostratus (Cs.)
This type of cloud can have a ‘veil’ effect and can create a halo around the moon or the sun.

Fig. 7.13 Cirrostratus (Cs)

Forecast. As with the other two high clouds, this cloud is usually associated with the approach
of a cold front.

Middle level clouds

D
These clouds will be a combination of ice crystals and water droplets formed around upper air
nuclei such as dust or salt.

Fig. 7.14 Altostratus (Ac)

Stratus clouds, forming at this level (3 to 6 km) are:
Altostratus (As.)
These clouds appear as thick layers of grey or bluish grey, are fairly uniform in appearance and
can have a striped effect. The sun shining through can give a ‘frosted glass’ appearance.
Forecast: With a cold front in the offing (some 6–12 hours away) there will possibly be some
thunder at this stage, with a chance of rain. The barometer will continue to fall. The onset of
strong wind is imminent.
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E
If you introduce upward air turbulence to altostratus clouds you will get:
Altocumulus (Ac)

Fig. 7.15 Altocumulus (Ac)

This is much the same cloud as its stratus brother and with much the same weather outlook. The
sun can give a coloured corona effect in shining through these clouds, which often look like a
ploughed field.
Do not confuse these clouds with cirrocumulus (mackerel sky), which have much smaller
component parts in their peculiar pattern.
Forecast: As for altostratus. With a falling barometer heralding the approach of a cold front
these clouds can mean strong winds imminent. They can also take on a turretted appearance
(castellanus) at times, which could signify thunderstorms soon.

Low level clouds
At this level you get clouds composed of water droplets.

F
Stratus (St) – Layer cloud. Low level layer or mass, grey in colour and has a uniform base. Is
usually found under raining clouds, on mountain slopes and is fog if the horizontal visibility
within the mass is less than 1000 metres. If ragged (usually underneath raining clouds), it is
referred to as fracto stratus (fracto = broken). Drizzle is associated with this cloud.
Forecast: Drizzle – light to moderate winds.

G
Stratocumulus (Sc.) – formed by subsiding or sinking air or by rising air being forced to
spread-out underneath a temperature inversion. As they form generally in conditions associated
with high pressure, they are not normally associated with strong winds.

Fig 7.16 Stratocumulus (Sc)

Forecast: Light to moderate, possibly fresh winds. Drizzle is possible.
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H
Nimbostratus (Ns.) – (Nimbus meaning a shower.) Formed by the thickening and lowering of
altostratus, it is the classic rain cloud.

Fig 7.17 Nimbostratus (Ns)

Forecast: With a low-pressure system – wind now reaching maximum speed. Heavy rain
expected. Low cloud called “scud” may be observed underneath the main cloud base.

I
Cumulus (Cu.)

Fig. 7.18 The ‘rising mounds’ of typical cumulus clouds.

Convection – that upward movement of air caused by the sun’s heating effect on the earth’s
surface will, when atmospheric conditions are generally stable, result in small thick white
clouds with well-defined bases. These ‘cotton wool’ or cauliflower type clouds are the familiar
fair weather cumulus.
While they remain small, they are indeed fair weather clouds.
With an increase in upward air movement, coupled with instability and turbulence caused by
incoming fronts or surface turbulence, cumulus clouds can build up into vast rising mounds
presaging rain showers.
Forecast: Small, scattered cumulus – fine weather. Large, increasing cumulus mounds – rain
showers with the possibility of developing thunderstorms (see next section dealing with
cumulo-nimbus thunderstorm clouds). Can also be situated on the leading edge of a cold front.

J
Cumulonimbus (Cb)
When warm moist air is lifted into a very unstable lower atmosphere a violent up-draught can
produce a towering cumulus type of cloud which may reach up as high as 10 to 18km from a
low base around 2–3km.
As it reaches the cold upper air it spreads out into a mushroom shape or ‘anvil head’. This may
blow down-wind in the upper air streams, its direction indicating where the strongest winds and
weather will eventuate. This type of cloud is known as cumulonimbus (Cb).
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Fig. 7.19 Mushroom shape or ‘anvil head’ of a typical cumulonimbus cloud

Forecast: Very strong gusty and erratic winds, heavy rain showers, thunder, lightning and hail
and possibly tornadoes over the land and waterspouts over the sea. The period of wind and rain
associated with a particular thunderstorm will normally be quite short.
These clouds can also form on the leading edge of a cold front. See Chapter 9, ‘Severe Weather’
for more information on thunderstorms.
The place of the various formations with the approach of a cold front
Try to imagine the cloud formations on the left hand side of Figure 7.5 as approaching you from
the bottom left hand edge of the page, the cirrus clouds at the top being directly overhead and
grading away to the cumulus at the bottom, being still 100 miles or more away.
If you remember that the approaching cold front is pushing under the warm moist air in your
immediate vicinity, you will see the whole system like this, if viewed in side section.
Cumulonimbus

Cirrus
Cirrostratus
Altocumulus
Altostratus

Cold air

Warm air

Cumulus

Direction of Movement
Fig. 7.20 Side-section view of the cloud formation

Note:
The Bureau of Meteorology (BOM) has a section on clouds on its website. Check
this out for photographs of clouds in colour, as well as a cloud quiz. The Bureau also has a
pamphlet titled, Clouds. You should obtain this from your nearest BOM office or from the
Weather by Fax or the Bureau’s website. There are many good textbooks that will give
you a more in-depth treatment of clouds.

Self-Test Questions
1.

What is the main characteristic of a cloud with “cumulus” or “cumulo” in its name?

2.

What does “stratus” infer in a cloud description?

3.

What weather outlook would you forecast from the following clouds?
(i)

Strongly defined “cirrus” clouds. You are at latitude 33 deg. south and the clouds
are in long lines from the south west with their blown ends in the north east.
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(ii)

Well defined cirrus emanating from a definite direction and observed from a vessel
in the Gulf of Carpentaria during the month of February.

(iii)

At latitude 40 deg. south, massive cumulonimbus is:
(a) To the west of your position
(b) To the east of your position

(iv)

In the Tasman Sea with a mass of nimbostratus to the west of you.

(v)

Small puffy cumulus cloud over the coast at around noon.

4.

List the 10 basic cloud types, their international abbreviation and their corresponding
precipitation type if any.

5.

What problems could a cumulonimbus cloud pose to the mariner?

6.

Describe the typical cloud sequence associated with the passage of a cold-front in the
middle to high latitudes.

7.

Drizzle is associated with two types of cloud:
(a) Stratus and nimbostratus
(b) Stratocumulus and stratus
(c) Cumulonimbus and stratocumulus
(d) Altostratus and nimbostratus

8.

The following are classed as high level clouds:
(a) Cirrus, cirrostratus, cirrocumulus
(b) Stratus, stratocumulus, cumulonimbus
(c) Altostratus, altocumulus, nimbostratus
(d) Cumulus, nimbostratus, altocumulus

9.

Cloud may form when:
(a) Air dew point equals relative humidity
(b) Relative humidity overtakes the dew point
(c) Relative humidity falls below the dew point
(d) Air reaches its dew point temperature

10. Check out the self-test cloud section on the Bureau of Meteorology’s website
www.bom.gov.au under the listing of weather education.
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Chapter 8 Waves
How ocean waves are formed
There are three main causes of ocean waves:

(1)

(1)

Wind effect on the sea surface. This is the one that will concern us most – the way in
which these waves behave under different weather and geographical conditions is the
more important part of this Chapter.

(2)

Tsunami or Episodic waves. These waves have nothing to do with tides but are caused by
undersea earthquake disturbances or volcanic eruptions.

(3)

The true tidal eddies, or over falls caused by very fast moving water flowing over a
shallow or uneven bottom. These are common in those coastal regions of the world where
excessive tides are experienced.

Wind caused waves
The wind, blowing over the sea surface, creates a friction, which starts to lift the sea surface into
small waves. These, in turn, give the wind a bigger surface on which to react and the waves
become progressively bigger.
The height they will attain will be directly related to the strength of the wind and the length of
the stretch of water over which it is blowing. This stretch of water is known as the fetch.
You will be familiar with the conditions created by a hard offshore wind. Close inshore, the seas
will be slight in the shelter of the land, even though the wind force itself is high. As you run
downwind, out to sea, those seas will become progressively bigger as the fetch becomes longer.
These waves will persist long after the wind that caused them dies down, but they become
longer and more regular and are then known as swell. A swell can be experienced up to a
thousand miles or more from the centre of the disturbance which created the wave pattern.
So, you could define sea as the wave pattern caused by the wind in your immediate area. The
length between crests will be short and the wave faces fairly steep. The line of direction of the
crests will be at right angles to the wind.
Swell, on the other hand, may bear no relation whatsoever to the wind direction in your
immediate area and may consequently be running with, across or against the prevailing sea
conditions. It is important to note that more than one swell train can be present at anytime.
It is quite easy, with experience, to look out across the sea and observe the sea and swell as two
completely separate wave systems. On the West Coast of Australia, for example, there is a
south-westerly swell that rarely, if ever, abates. This is created by the Southern Ocean
westerlies, perhaps a thousand miles or more to the south, and is diverted to a general northerly
track when they meet the south-western tip of the continent.
A big swell will also be created by a tropical revolving storm some hundreds of miles distant,
and the direction from which it is coming may well be your first warning of the existence of that
disturbance.
Generally speaking, it is good seamanship to regard any unusual swell as the first warning of
some heavy disturbance, and to react accordingly.
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Wave power
Characteristics of waves
Waves have what might be described as an orbital velocity.
This is more simply explained by realising that the sea itself is static and the waves are
travelling along below the surface much as you produce waves in a garden hose by giving it a
flick at one end. The waves thus produced will travel along the length of the hose, but the hose
itself has not moved forward.
If you throw an object overboard in a rough sea it is drawn backwards towards an approaching
wave, lifted up, carried forward, and dumped in its original position once again.
Seen from the side it would appear to have described a full circle that rotated in the direction in
which the sea was running.
Wind
Forward movement

Backward movement
Fig. 8.1 Side view of wave formation

This will be amplified a little later in the text when we look at the inherent dangers of running
before a steep sea and the forces that are exerted on a vessel in this situation.
Direction of travel

Length

Crest
Back

Height

Face
Trough

Fig. 8.2 Characteristics of a simple wave

The characteristics of a simple wave as shown above in Figure 8.2, can be defined as follows.
[1]

Length

The length of waves is the horizontal distance between successive crests
or troughs.

[2]

Height

Wave height is the vertical distance from the crest to the trough.

[3]

Period

The period of a sea or wave train is the lapsed time between the passage
of two successive wave crests, past a fixed point.

[4]

Speed

The speed of waves is the apparent speed, in knots, at which individual
waves travel.

[5]

Steepness

Steepness is the ratio of wave height to its length.

Measuring wave height
While wind measurements are assisted by instrumentation, wave measurements rarely are. Only
in a few locations around the Australian continent are we fortunate to have wave rider buoys
that report measured wave heights in real time.
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Wave height is the vertical height between successive wave crests and troughs. The wave height
referred to in all international observations, forecasts and warnings is known as the significant
wave height. This is the height an experienced sailor will report as the prevailing wave height. It
is not the average wave height but the height of the highest one third of all waves. This is
approximately 1.6 times greater than the true average wave height as most people ignore the
relatively common small waves. In statistical terms this means you will typically encounter a
wave height that is equivalent to the significant wave, 15% of the time.
Although the significant wave height is referred to in forecasts and warnings it is the relatively
infrequent ‘rogue’ waves that will bring most vessels unstuck. These waves are always present
and will be encountered if you are in storm-force winds for any length of time. Scientifically, they
are referred to as the maximum wave height and in reality, this is a very difficult parameter to
define exactly, as the maximum wave height reported by a fleet of vessels in storm-force winds
will be highly variable. A couple of rules of thumb come in handy here to work out the most likely
maximum wave that 50% of vessels will encounter. The one-in-a-thousand wave (a wave that will
typically be encountered every 2.5 hours) will be 1.96 times the significant wave height. The onein-two-thousand wave, typically experienced every 5.5 to 6 hours, will be twice the significant
wave height. If you are in storm-force conditions where the mean wind speed averages 48 knots or
more, you need to be prepared for significant wave heights (assuming a fully developed sea) of at
least 7 metres. There is also a 50% chance of experiencing a few waves of 12 to 14 metres in
height. If we take this a step further and look at what the 5% chance of experiencing a ‘rogue’
wave is, for the one-in-2000 wave, the maximum expected wave is approximately 2.5 times the
significant wave height. In the above example this means that if you have a fleet (with vessels
spread out over a large distance) of 20 vessels in seas with a 7 metre significant wave height, one
vessel is likely to experience a 17.5 high wave every 5.5 hours.
It is also worth remembering that the longer gale to storm-force winds last and the greater the
distance from land, the larger the waves become.
The above points are simple concepts, but ones that should be remembered whenever you
venture out onto the ocean. Whereas much of the above discussion is purely of academic
interest in moderate breezes and small seas, a good understanding of what is likely to be
encountered as the wind speed increases, may change the way you look at what a gale or storm
warning is telling you.

Factors affecting the characteristics of ocean waves
A steady wind blowing over a stretch of water uninterrupted by any other factors will produce a
wave train – a regular procession of equally spaced and fairly consistent waves.
However, this situation will rarely exist and the wave train will be broken or changed by the
following factors.
(a)

Variations in wind speed in local areas.
This situation will produce several wave trains, all moving in the same direction but of
different frequencies. This will have the effect of periodically creating a ‘combination’
wave, or series of waves, which may be much steeper and higher than the average sea
being experienced.

(b)

Height and direction of the prevailing swell
(1)

Swell running with the sea.

In this circumstance you will get much the same effect as the ‘combination’ wave
referred to above, except that these much larger waves will arrive at fairly constant
periods. They occur in rough weather and usually take the form of three, steep, toppling
crests, known to seafarers as milestones.
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(2)

Swell running across the sea.

This combination can produce what is called a cross-sea – an unpleasant and uncomfortable
mixture that breaks the regular and generally predictable movement of the vessel.
(3)

Swell running against the sea.

This can be a dangerous combination, which may result in the occurrence of freak waves.
Imagine the probable result of three separate wave trains peaking at the precise moment
they meet a large, oncoming swell.
The following graph tells its own story. It is from the wave recorder on the Cork Lt. VI
on 12 January 1969 and shows the passage of a 40-foot wave when the average wave
height was only 10 feet.
20
15
10
5
0
5
10
15
20

Fig. 8.3 Reproduction of the wave recorder on the Cork Lt. VI, 12 January 1969

(c)

Wave reflection from cliffs, breakwater
These reflected waves are known as clapotic waves and occur when a sea or swell meets
a fairly steep obstruction with deep-water close-up.
The angle of deflection will be on the same general lines as that of a billiard ball striking
the cushion. At 90° the deflected wave will come straight back into the oncoming waves
and create steep, peaking seas or swells.
If the angle of deflection is around 45°, the deflected wave will cross the oncoming wave
at right angles, and form a pyramid shaped wave that may be twice the height of the
initial wave train.
Of such great significance are the clapotic waves formed by a very large swell. The area
of water between Kalbarri and Dirk Hartog Island on the West Coast of Australia is an
unpleasant example of this. The prevailing south-westerly swell mentioned earlier, which
will often have a height of between 20 and 30 feet, hits the unbroken line of the Zuydorp
cliffs that rise out of very deep water to a height of 400 to 600 feet above sea level for
most of their length. These enormous waves smash into the cliffs with such force that,
even at a distance of 12 miles or more, you can see the great sheet of spray reaching right
to the cliff tops.
The reflected clapotic wave then comes back, peaking the already high swell. Add to this
a 25 knot south-easterly running at 90° to the original swell, creating a rough sea in its
own right, and you have all the ingredients that make this stretch of water one of the most
unpleasant on the Australian coastline.
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Fig. 8.4 Waves peak on circled points

(d)

Shallow water effect on waves
Bearing in mind the orbital velocity referred to earlier, you should be able to imagine
waves as a series of rotating power sources rolling along below the sea surface,
something like this:

Fig. 8.5 Waves as a series of rotating power sources

In deep water, these separate power sources roll along unimpeded, lifting the surface of
the sea as they pass under it. When they reach shoaling water, the bottom of the system
starts to lift and is slowed down. This increases the wave height and the slowing effect
allows successive waves to catch up, and decreases the period.
In other words, the seas become shorter and steeper. If the water continues to shoal, the
wave rises higher still; the forward movement of the crest continues while the base is
slowed and it finally topples forward as a breaker.
The so called freak waves that trap many an unwary small boat fisherman anchored over a
shoal adjacent to deep water are usually a larger-than-normal wave or swell that has
‘grounded’ on the shoal and gone through the process described above.
The ratio of wave height to water depth at which a wave will break is about 3 to 4. In
other words, a 6-foot wave will probably break in about 8 feet of water.
One of those big 30 foot swells referred to earlier would thus break in 40 feet (say about 7
fathoms). The fact that it is a long, oily swell on an otherwise flat, calm sea has no
bearing on the matter.

Fig. 8.6 Wave movement
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(e)

Effect of tidal current waves
A strong tide setting across or against a sea can create a confused and unpredictable state
and may involve rips and eddies that can make the management of a vessel difficult and
often dangerous.
The areas affected in this way are usually well marked on your charts with the appropriate
symbols and adequate warning is usually given in the pilot manual for the area.
The likelihood of such conditions can usually be predicted by gauging the wind direction
against the predicted time and direction of the tidal flow. It follows that the effects will
always be greatest at spring tides and will reach their peak at the time of the fastest tidal
flow. These times are usually shown in a table of tidal flow on charts of areas so affected.
The situation where an ocean current opposes the prevailing wind direction can also
produce a very nasty sea state.

(2)

Tsunamis – the great waves
These waves, commonly (and incorrectly) called tidal waves are the result of underwater
earthquake or volcanic disturbance.
They are a series of ocean waves of extremely great length and period and, in the deep ocean,
their length may be 100 nautical miles or more from crest to crest.
Their height, on the other hand, may be very slight – perhaps only a metre or so. As a result,
they would not be felt by a ship at sea in deep water, and are not distinguishable from the air.
Their orbital speed, however, and their kinetic energy – that is, their energy of motion – is
enormous.
If you visualise a Tsunami wave on the theory of the rolling ball of energy that we discussed in
relation to ordinary waves, you must imagine the top of that ball as just lifting the surface a
metre or so but extending downwards for hundreds of metres. Added to this is the horrifying
knowledge that this ball of enormous energy may be travelling at a speed of as much as 600
knots.
As this deep draught wave reaches shoaling water it starts to drag on the bottom, which slows it
down and raises its height above sea level like any other wave. But, unlike ordinary waves, it
can rise as high as 30 metres (100 feet) and collapse with devastating force on coastal
habitation.
The arrival of a Tsunami on the seashore is often, but not always, heralded by the gradual
recession of coastal water if a trough precedes the first crest.
If the mean sea level rises after the wave, it indicates that another severe wave is approaching.
These great waves are confined mainly to the Pacific Ocean area, and a warning system has
been set up which is triggered by seismic recordings of quakes registering beyond a certain safe
limit.
In the past 127 years, 36 Tsunamis have struck Hawaii, the most recent, in 1946, killing and
injuring 322 people and causing property damage estimated at over $25,000,000. While this
warning system cannot save property damage to any great degree, it can allow people to move
away from the immediate coastal areas in time to avoid such disastrous losses and permit ships
to reach the safety of deep offshore water.

(3)

Tide induced waves
In areas affected by very fast flowing tidal streams such as the approaches to the port of
Wyndham in the North West of Australia, and Bass and Torres Straits, the fast movement of the
water over an uneven bottom creates waves and turbulence on the surface.
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These waves are similar to those seen in rapids in fast flowing rivers and differ from ordinary
ocean waves in that the wave remains stationary while it is the water that is moving.
These tidal ‘overfall’, as they are correctly named, become more dangerous when a strong wind
is blowing against the direction of flow.

Ultimate waves
In December, 1956 Miles Smeeton, his wife Beryl and John Guzzwell set out from Melbourne
in the 40 foot ketch Tzu Hang. They were bound for England via Cape Horn and the story of
that voyage is told in a book that should be required reading for every small boat skipper setting
out on a long ocean voyage.
In the book, Once is enough, the author describes how the vessel was twice capsized by what is
best described as an ultimate wave. On the first occasion the boat ‘pitched poled’ – capsizing
end-over-end.
All the rigging was lost. The doghouse was torn off and gaping holes left in the deck. The boat
was so low in the water that successive waves made her sinking imminent. How they patched
the holes, baled her out with buckets (the best pump of all is a frightened man with a bucket)
and built a jury mast out of short boards, is an epic in itself.
After staggering up to Aruco Bay on the West Coast of South America and spending months
making good the damage to the ship, they set out for another try at weathering the cape.
In the worst sort of coincidence imaginable, they were caught again by a similar giant sea and
rolled right over with results very similar to the previous occasion.
I will leave you to read this book yourself, but would like to include Smeeton’s description of
the first giant wave:
“Beryl was at the helm and the vessel was running under bare poles off the Horn towing 60
fathoms of 3 inch hawser astern to help keep her stern to sea and slow her forward speed.
“…she looked aft to check her alignment. Close behind her a great wall of water was
towering above her, so wide that she couldn’t see its flanks, so high and so steep that she
knew ‘Tzu Hang’ could not ride over it. It didn’t seem to be breaking as the other waves
had broken, but water was cascading down its front like a waterfall. The next moment she

seemed to be falling out of the cockpit.”
These giant seas appear to be mainly confined to the Great Southern Ocean, but the largest ever
recorded (and fairly accurately measured) was in the Pacific Ocean, experienced by the US
Destroyer Ramapo in 1933. As it approached from astern, the officer of the watch noted that its
crest was directly in line with the crow’s nest on the ship’s foremast. A (later) mathematical
calculation showed that wave to be 112 feet from trough to crest.
It is believed that the catching up of two or three separate wave trains when the average height
of the seas is already at the normal deep-sea maximum of 40 to 50 feet causes these ultimate
waves. The Southern Ocean is particularly susceptible with its thousands of miles of unbroken
seascape continually hammered by the Southern Ocean westerlies.

Ship safety in big seas
Running before a big sea
The inherent danger in running before a big sea is that of broaching-to. As the wave rises under
the vessel’s stern, the ship gathers speed on the downward slope with a surfboard effect. The
forward movement of the crest of the wave accentuates this speed while the backward
movement in the trough tends to hold the bow.
If, at this stage, the vessel is allowed to veer, even slightly, from a course square to the line of
the wave, the pressure on the stern will continue to force it round. The centrifugal force on the
superstructure now comes into play and, with the sea gripping her keel, she will roll further and
further, aided by the onward movement of the wave.
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Fig. 8.7 A roll indicator or Inclinometer

If the sea is large enough and steep enough (in relation to the size of the vessel) she will capsize.
However, you must also remember that, in a big enough sea even keeping this ‘square’ course
will not keep you out of trouble. At the bottom of the wave this backward moving force will
hold the bow while the crest continues to push the stern forward and there is a very real risk of
driving the ship right under. These conditions will vary with the size of the sea and the design of
the vessel – particularly as regards the degree of built-in buoyancy in the design of the bow.
You must reduce your speed under these circumstances, even to the degree of towing some form
of warp or drogue astern. This will allow the seas to rise and pass under you instead of carrying
you along with them.
Remember – you cannot run away from a big sea.

Heaving to
There are many occasions in very high seas when you cannot, with safety, continue to run with
the sea but must bring the vessel round to take the seas on the bow. This means waiting for that
moment when there is a temporary break between the seas – a manoeuvre that will require you
to call on all your cunning and experience if you have left it, as so often will happen, until
conditions have reached a higher danger point.
The best position for most vessels is with the sea between three and four points on the bow, not
directly into it. You must then decide, at this point, whether to nurse her gently along under
power, try lying to a sea anchor or, in a sailing vessel, head-reach on a storm tri-sail.

Synchronisation
You are probably aware that every vessel, from the small yacht to the ocean liner has a roll
period. This is the time that it takes for the vessel to complete one full roll – a time that will be
the same whether the roll is a gentle five degrees or a beam end seventy or eighty degrees.
It is possible, usually in a beam sea, for the wave frequency to exactly equal this roll period and
you will become aware of it as each successive sea causes the vessel to roll a little further than
the one before.
If you allow this to continue your ship will capsize. Avoiding this is easily achieved when under
power, as you simply alter course. If broken down or becalmed under sail you must find some
way to alter your ship’s heading if you want to live to see tomorrow’s sunrise.
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Self-Test Questions
1.

Define the following terms (use diagrams where possible):
(a) Wave length
(b) Wave height
(c) Crest
(d) Trough
(e) Wave period
(f)
Wave speed
(g) Fetch

2.

Visualise an entrance to a river, which is approached across a bar which can be safely
negotiated, when conditions are right, by picking a course where the seas are not breaking.
You are in an 8-metre motor-sailer which does 8 knots under power.
The tide ebbs at 3 knots and floods at 2 knots.
(i)

Pick the best combination from columns 1, 2, 3 and 4 below to enter the harbour.

1. TIDE

2. WIND

3. LOW SWELL

4. SUN

(a) Low water slack
(b) Half flood
(c) High water slack
(d) Half ebb

(a) Light onshore
(b) Strong onshore
(c) Light offshore
(d) Strong offshore
(e) Calm

(a) Onshore
(b) Cross-shore
(c) Nil

(a) Low altitude
inshore
(b) Overhead
(c) Low altitude
offshore (behind
you)

(ii)

What do you visualise as being the most dangerous combination?

3.

Briefly define the following:
(a) Freak waves
(b) Clapotic waves
(c) Tsunami
(d) Episodic waves

4.

What is sychronisation?

5.

Which wave height is referred to in Bureau of Meteorology forecasts, warnings and
observations?

6.

What is the difference between a sea wave and swell wave?

7.

Suggest some methods that could assist your vessel’s safety in big seas.
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Chapter 9 Severe weather:
Tropical-Revolving Storms,
Explosive Cyclogenesis, Cold Fronts,
Thunderstorms and Fog
Tropical-revolving storms (tropical cyclones)
Hurricanes, tropical cyclones, typhoons – they all conjure up visions of terrifying destructive
winds, furious seas, shipwreck and disaster.
Call them by what name you will, they all mean the same thing – tropical-revolving storms.
That is to say, they are intense low-pressure systems, which are born in the tropics.
They can range in size from 50 to over 500 miles in diameter with violent, destructive winds,
which can reach a terrifying 150 knots in extreme cases accompanied by torrential rain and high
seas.
The winds whirl in a clockwise direction in the Southern Hemisphere and counter-clockwise
north of the equator, with the greatest wind-speeds around the centre (or eye) and extending
from 20 to more than 50 miles outwards.
At the same time, the whole system is moving at something between 5 to 16 knots in tropical
zones and increasing to 30 knots or more further north or south of the equator.
In fact, a very rough rule of thumb is to give the system a speed equivalent to your latitude, if
you do not have more accurate information to lean on.
The general areas in which tropical-revolving storms are experienced are:
1.

The South Western portion of the North Atlantic, including the Caribbean Sea and the
Gulf of Mexico. In these areas, they are called hurricanes and revolve in an anticlockwise direction.

2.

The Northern Pacific off the coast of Mexico (hurricanes).

3.

The north-western Pacific area which includes the Philippines and the China Sea. Here
they are known as typhoons.

4.

The Southern Indian Ocean off the coast of Madagascar and the North West Coast of
Australia (tropical cyclones).

5.

The Southern Pacific Ocean from east of Australia to about 140º east longitude (tropical
cyclones).

M.V. Tactician reports hurricane Hattie, October 1961
These storms are a great hazard to seamen and the following extracts from the log of M.V.
Tactician dramatically records the power of Hurricane Hattie in October, 1961 in the Caribbean
Seas:
25 October. When on passage from Tampico to Belize, there were clear signs of a Hurricane
in the area. When rounding the Yucatan Peninsula there was little, if any, current; the Trade
Winds were very light, weather fine; barometer was slightly below normal, with no diurnal
variation.
(Note: The hurricane was located at this time about 600 miles east of the reporting vessel).
29 October. Ship at Stann Creek. Wind north-west force 3, blue sky and fine weather;
barometer 1009.1 mb and steady – but there was no diurnal range. The ship returned to
Belize to finish loading. Hattie was moving north and north-west in 18o 24' N 84º 54' W at 7
knots with wind speeds forecast at 110 knots. (Note that this is four days later).
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30 October. At 1000 local time Hattie was reported in 18º 18' N 84º 54' W moving W.S.W. at
7 knots – lowest pressure 924 mb and highest winds 130 knots – a threat to the Chetumal –
Belize area. Heavy seas were reported to be breaking on the outer reefs, so it was decided to
move to deeper water south of Grennel’s Cay.
At 1600 the hurricane was located in 18º 06' N. 85º 48' W moving WSW at 8 knots, highest
winds estimated at 130 knots, ‘gusting’ near to 175 knots. By this time the ship was anchored
about 5 miles South of Grennel’s Cay and all battened down ready. Barometer 1005.7 steady,
wind W force 5, clouds nimbostratus, overcast with light showers. This position is about
midway between Stann Creek and Belize, with depths of 9 to 11 fathoms and would give a
reasonable amount of shelter from the reefs.
At 2000 the barometer started to fall slowly – 1004 mb Wind WNW force 6–7 sky heavily
overcast, with moderate showers. Radar showed only light rain within 40 miles. Vessel,
though in light condition, lying quietly with 90 fathoms on the starboard anchor.
31 October. By 0200 the wind had increased to force 10 (48 to 55 knots) from WNW and a
short sea was rising. Sky heavily overcast with frequent showers but still no rain
concentrations visible on the radar. (Shortly afterwards the scanner motor stopped, owing to
the high wind and the list of the ship). The port anchor had been dropped earlier and the ship
was sheering about. This was easily corrected by a touch of dead slow on the engines. The
lights of Belize at 15 miles were clearly visible.
At 0215 the wind has reached hurricane force from WNW and the ship started to drag,
measured as 2 miles in 25 minutes and lay beam on to the full fury of an increasing wind and
a rising sea. Being in the lee of the land it was surprising that the sea was so high, as if the
wind was blowing down, rather than horizontally. By going astern on the engines, as the ship
would not come up into the wind, a reasonable ‘course’ would be made good, and the port
quarter was coming up into the wind. During an easing of the wind to about force 9 attempts
were made to head her into the wind, but without success, and the resultant ‘course’ set her
definitely towards the lee shore.
At 0300 the wind was stronger than I had ever before experienced in my life. Still
maintaining a WNW direction, it was listing the ship over to an angle of 20º, with the short,
steep seas pushing her over another 15º or 20º. Barometer 965.1 falling rapidly. Sea spray
and rain everywhere.
At 0400, wind WNW estimated at 150 knots. The wind recorder at Belize airport was later
reported to have collapsed when showing 154 knots. Heavy rain, but not so much as I would
have thought with a barometer of 937mb and such a steep fall.
At 0500 the Chief Officer read the barometer at 924.5mb and at 0515 at 927.9, at which time
the wind dropped suddenly to a moderate breeze.
The anchors were hove in for examination as the drift had been so much that one would have
thought that there were no anchors there at all. The ship was re-moored in a position well to
windward in anticipation of a complete reversal of wind direction and an increase of wind
force.
During the lull the moon, (a very sickly one) and a few stars were seen among the flying
scud, which was coming from an ESE direction. Hundreds of birds, alive and dead, were
clustered around the funnel, among them a few parrots that were probably speechless. A short
confused sea and swell were running but the main swell direction was from the SE and
gradually increased until, at 0600, the wind had settled at SE force 5–6 and the barometer had
risen to 934.6 mb.
(Note – this is the half way mark when the vessel was right in the eye of the hurricane. The
expectation at this point is that the wind will come from the opposite direction and with
increased force).
At 0615 the wind had increased to hurricane force and the barometer stood at 938.7mb. The
sea was rising and seemed to have more force behind it, probably due to the rise in water
level covering the reefs. The forecast rise was 15 feet, but I believe it rose about 10 feet in
Belize. The noise of the rising wind was incredible; spray and heavy rain everywhere.
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Fig. 9.1 Barograph gives a continuous graph over a 7-day period and a record of certain
barometric tendencies that are not always apparent from a four hourly reading of a barometer
The ship soon came beam on and heeling over as before, refused to come up into the wind.
Manoeuvres as before were resorted to – that is, going astern, canting the port quarter up to the
wind, and making a safe ‘course’ while dragging the anchors.
At 0700 Barometer 951.6, the wind reached its greatest velocity, ESE more than 150 knots. The
sky was still heavy with cloud but it seemed to be higher. Conditions were still very uncomfortable
for everyone but there was a feeling of relief that the centre had passed. The rain came in squalls
but still not so heavy as anticipated, and the barometer showed a steep climb.
At 0900 the wind had eased to about 65–70 knots, the ship responded to the helm and engines, and
was brought head to wind. Barometer 993.2mb. Wind ESE force 12, visibility 3 miles. By noon
the wind had eased to force 9 and the ship was lying quietly.

The writer goes on to report that the city of Belize was totally devastated, all channel beacons
had been destroyed and the sea was a milky colour and littered with palm trees and dead fish.
This very vivid description of a tropical-revolving storm is particularly interesting because it
demonstrates all the pre-storm weather signs, barometric readings at the various stages of the
storm, wind behaviour, conditions at the eye of the storm and the sudden reversal of wind
direction in the second phase.
It also points out very dramatically what effect such a storm has on a large vessel (the Tactician
was about 10,000 tons).

The formation and development of a tropical-revolving storm
From this point onward in the text, tropical-revolving storms will be referred to by their familiar
Australian name of tropical cyclone or “cyclone”.
A tropical cyclone is a roughly circular system of gale to hurricane force winds whirling round
a centre of very low atmospheric pressure called the eye. Sustained winds exceed 34 knots and
may, as you have seen in the account of Hattie, go as high as 150 knots.
Gusts can be up to 60% stronger than the average wind speed
The eye itself is sometimes less than 5 miles in diameter (though it may exceed 18 miles) and is
characterised by a sharp drop in wind speed, no rain and often very little cloud. It is sharply
separated from the surrounding strong wind, rain and heavy cloud.
A cloud wall extends around the eye almost vertically to a height of 12 miles or more. This wall
is also associated with the maximum wind speed ring where the wind gusts may reach 150 knots
or more, and towering cumulonimbus clouds produce torrential rain, thunder/lightning activity
and occasionally tornadoes and/or waterspouts.
The extreme winds around a cyclone generate high waves that travel outwards from the storm,
at an average speed of more than 800 miles a day.
This may be several times greater than the forward surface movement of the whole system, so
the presence of this heavy swell, which may be felt some hundreds of miles away, is a very
important part of navigator’s fore-warning that there is tropical cyclonic activity somewhere in
this area.
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How and where cyclones develop
Tropical cyclones contain no sharp air mass contrasts or fronts.
They form from a pre-existing tropical disturbance (low). As the very warm, humid (sea water
temperatures greater than 27 deg. C) air rises off the tropical ocean the water vapour condenses
to form cloud. As this happens, extra heat energy, known as latent (hidden) heat can be released.
This latent heat release acts like a “turbo boost” to the disturbance, and when combined with a
“twist”, courtesy of the rotation of the earth, can at times lead to the formation of a tropical
cyclone.

Fig. 9.2 Cyclone forming from a pre-existing tropical disturbance

The rising air spreads outwards in the upper troposphere allowing an increase in the upward
flow and a consequent increase in the surface winds feeding that flow.
A cyclone requires vast amounts of water vapour to maintain its intensity and this can only be
gathered from the sea. As a result, once it crosses the coast it usually spreads out, becomes a
rain depression and dissipates in torrential rain.
The Tropical Cyclone season runs from November to April in the Southern Hemisphere and
from May to October in the Northern Hemisphere. The danger period is the middle three
months in each case – December to March and June to September.
They usually originate between 5° and 15º from the equator and travel to the westward. They
cannot form in regions within 5° latitude of the equator because the earth’s deflecting force in
those latitudes is too small for the cyclonic circulation to become established.
The path of the cyclone can be very complex to say the least. It usually follows an approximate
parabolic path. In the Southern Hemisphere, it initially starts to move towards the west, then to
the south and can then re-curve away to the east. (In the Northern Hemisphere the curve to the
east is via the north.)
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The Bureau of Meteorology’s tropical cyclone advice service
Tropical cyclone advice is the general name given to cyclone watch and warning messages
issued by the Bureau’s Tropical Cyclone Warning Centres situated in Brisbane (looks after
north eastern Australia), Darwin (looks after northern Australia) and Perth (looks after Western
Australia).
When it becomes apparent that a cyclone might endanger life or property of coastal or island
communities within 48 hours, the Bureau’s warning system is activated.
A tropical cyclone or a developing tropical low that does not threaten any coastal or island
communities will be mentioned only in the Bureau’s weather notes and in advice to shipping
and aviation. Remember the Bureau’s Marine Wind Warning System, namely, strong wind,
gale, storm and hurricane will cater for vessels at sea, (see Chapter 7 Wind).
Cyclone watch: Will be issued if there are good indications that gale force winds will affect
coastal or island communities within 24 to 48 hours of issue.
This message contains the following:
Brief estimate of cyclone’s location, intensity, severity category (on a scale of 1 to 5, with
1 being weakest and 5 being most intense), and movement, and identifies the coastal or
island communities that could be affected. These are reviewed every 6 hours.
Cyclone warning: Will be issued if gale force winds and stronger are expected to affect coastal
or island communities within 24 hours.
It contains the following information:
Communities being threatened
Cyclone’s name
Location
Intensity (including maximum wind gusts and its severity category)
Movement.
Cyclone warnings are issued every 3 hours, but when a cyclone is under weather watch radar
surveillance close to the coast, hourly advice may be issued.
Please obtain the following pamphlet from the Bureau of Meteorology: Surviving cyclones
(used as reference to write this section).
Before setting off into tropical waters, please consult the relevant Tropical Cyclone Warning
Centre for further general or specific information (check the Telstra white pages) on Tropical
Cyclones or Tropical Meteorology.

Reading the weather signs
Even when in receipt of shore-based cyclone warnings, the navigator must rely to a great extent
on their own observation of the many available warning signs.
1.

Barometric pressure and barograph trace
The first sign of an approaching disturbance can usually be detected from the barograph
trace. In tropical areas with stable weather conditions there is a regular daily diurnal
movement of the barometric pressure, which evinces itself as a gentle six-hourly rise and
fall of the glass. When a storm centre is approaching, or developing, this diurnal
movement ceases.
At this stage, the storm may well be 12 to 18 hours or more away. The pressure itself will
probably be slightly below normal.
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In the barograph trace (below) of cyclone Peter on 29/30 December 1978 the recording
ship (F/V Raima Kathleen) was 12 miles north of Groote Eylandt in the Gulf of
Carpentaria. The interesting thing about this particular observation was that the cyclone
actually formed from a deepening depression situated about 20 miles north of the ship’s
position.
Between 1900 and 0100 on the 29/30 winds were very light with a calm sea and very
heavily overcast. No rain.
At 0100/30th, the wind came away from the south-east at 25 to 30 knots and at 0200 was
blowing steadily at 60 knots with gusts up to about 70 knots (the vessel was under tow at
this stage with damaged steering gear).
Against all the rules, it was moving in an easterly direction. It crossed the Gulf at about
the town of Weipa, doing considerable damage to the port, and moved inland over Cape
York.

Fig. 9.3 Barograph reading from F/V Raima Kathleen during Cyclone Peter, 29/30 Dec. 1978

Once again, it broke the rules by maintaining its strength over the land, emerging from
the coast over the Barrier Reef and turned on itself to batter Cooktown and Cairns. It then
headed out to sea, turned and had another hit at Cairns before heading South to cause
havoc all the way down the Queensland coast. It vented the last of its fury on Sydney
before disappearing out into the Tasman Sea where it dissipated.
2.

A heavy or unusual swell
The big seas created by a cyclone cause a swell that radiates out from the centre for
hundreds of miles and will sometimes be the very first indication you will have that all is
not well.
The direction from which this swell is coming will give you a fairly accurate bearing on
the storm centre and can be further confirmed by applying Buys Ballot’s Law – stand
facing the wind and the centre of the low pressure system will be 90º to 135º on your left
hand. (In the Northern Hemisphere it will be on your right hand).

3.

An appreciable change in the direction and strength of the wind
This would be noticeable if the south-east Trades ceased and the wind came away from a
totally different direction.

4.

Clouds
An approaching cyclone may forecast its presence with extensive cirrus clouds, their
direction often being a pointer to the storm centre. As the storm centre gets closer they
will be low, overcast with scud, with increasing wind and fairly continuous rain.

5.

Relative humidity
A very high relative humidity – 80% to 95% with an air temperature around 30º to 32º
can be experienced. This gives an oppressive feeling to the atmosphere.
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Taking the correct action
In the open sea
Your first option must be to seek a safe haven as early as possible! When there is no chance of
seeking a safe haven, the navigator must make as accurate an estimate as possible of the storm
centre and its direction of travel and decide what course to steer to take his/her vessel out of its
path and the area of greatest danger.
In the attached sketch of a cyclone you will see that there is a dangerous semi-circle, a
navigable semi-circle and dangerous quadrant.

Fig. 9.4 The dangerous quadrant

You will see that if you are facing an oncoming cyclone, the dangerous semi-circle is on your
right hand. The clock-wise winds of the system will tend to blow any vessel on that side into the
path of the storm where the highest winds will be experienced.
On the other side – the navigable semi circle – the wind will be blowing you out of the
cyclone’s path.
The dangerous quadrant is the most dangerous part of the dangerous semi-circle.
Should you find yourself in that sector you must steer to move as quickly as possible away from
the storm’s path. Steering towards the navigable semi-circle will only take you closer so the
ideal course is in the opposite direction, keeping the wind on the port bow and gradually altering
to port as the wind backs. On the West Australian coast this may present very real problems, as
you will be steering initially towards the land and may be forced into the decision of heaving-to
and riding it out.
If you are in the navigable semi-circle or in the path of the cyclone, your best course will be
with the wind on your port quarter, altering gradually to starboard as the wind veers.
In the Northern Hemisphere these rules are reversed by reading Starboard for Port and vice
versa.

Within reach of shelter
A small vessel should never consider riding out a cyclone at sea if there is suitable shelter
within reach.
Pleasure craft would normally avoid cyclone-prone areas in the cyclone season, but commercial
and fishing vessels do not, normally, have that choice.
In such a case you should be very carefully monitoring all weather schedules and keeping a
wary eye on the weather all the time.
You should also have marked on your chart various safe anchorages which you can use as
cyclone shelters, should the need arise. You should always make it a point, on coastal voyages,
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when time and circumstances permit, to investigate promising-looking anchorages, and tucking
the information away for future use.
There is nothing as good as local knowledge when making for land ahead of a rising storm,
especially when this has to be done in poor visibility and adverse weather conditions.

Selecting a safe cyclone anchorage
Your ideal cyclone anchorage will have shelter from the sea and swell for as much of the 360°
of the compass as is possible; it will have good holding ground, enough room to swing safely
and, if you can manage it, a soft shore-line such as mud or mangrove swamps.
Use your heaviest ground tackle and veer a maximum amount of cable. Have a second anchor
ready to let go. Secure all loose gear – the dinghy, awnings, cray pots, sail covers. A cyclone is
capable of stripping your decks clear.
It is also a good idea to notify your nearest coastal radio station about where you are anchored.
Provide regular three-hourly reports of barometric pressure, wind direction and speed, cloud and
rain reports, and any other information that will be of value to the meteorologists in completing
the broad picture of the storm’s state and progress.

Plotting a cyclone
Weather reports give latitude and longitude in degrees and decimals of a degree, eg, 30.6o S –
115.4o E. The decimal must be converted to minutes for plotting, eg, 30o 36′S – 115o 24′E.
0800/10
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1200/11

1600/10

0600/11
0100/11
Fig. 9.5 The course of a cyclone

When cruising the Australian coast you should have on board a chart showing the whole of the
north Australian area – AUS 4603 is ideal for this purpose. The daily scheduled weather reports
from the Coastal Stations will give, as part of the report, a synoptic situation.
You should always plot a low.
More importantly, you should plot the position of a deepening low.
It is vital to plot a tropical low.
These latter systems are very often the opening move of a full-blown tropical cyclone.
The Cyclone Warning Centre will give three hourly reports of cyclones that are within 400
miles of the coast and you should make a point of monitoring these broadcasts and plotting the
latest position and information on the chart.
At the same time you will be noting the wind direction and speed, the direction of the swell and
paying particular attention to your barograph trace. This information should all be entered in the
deck log for a three-hourly comparison.
On some parts of the coast – particularly in the central area of the Gulf of Carpentaria, changes
in speed and direction of a cyclone may not become apparent at the reporting centre for some
hours after they occur. This is where it is vital for you to be making your own on-the-spot
assessment.

Assessing current position of storm and present course
If you are caught in open water in the general path of an approaching cyclone, it is of vital
importance to know whether you are:
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1.

In the dangerous semi-circle;

2.

The navigable semi-circle; or

3.

Directly in the storm’s path.

Firstly, we must establish the approximate position of the storm centre by applying Buys
Ballot’s Law for the hemisphere in which we are navigating.
For the Southern Hemisphere it will read:
Stand facing the wind and the centre of the low-pressure system will be between 90o and
135o on your left hand.
Your next concern is the path of the storm – is it to the right of your position, to the left, or right
over the top? From this you can calculate whether you are in the dangerous or the navigable
semi-circle.
1.

If the wind direction remains constant you are directly in the storm’s path. This was very
clearly shown in the report of Hattie from M.V. Tactician.

Navigable S/c
perimeter winds
DQ
Danderous S/c

Fig. 9.6 Wind constant

2.

If the wind backs gradually (that is, if its direction changes in a counter-clockwise
direction) it will pass to the left, placing you in the dangerous semicircle.

Navigable S/c
perimeter winds
DQ

Danderous S/c

Fig. 9.7 Wind backing

3.

If the wind veers (Figure 9.8) (swings in a clock-wise direction) it will pass to your right
and put you in the navigable semicircle.

The series of diagrams shown here demonstrate these three situations.
This same knowledge is equally important when riding out a cyclone at anchor, as it will
indicate whether your chosen anchorage is going to give you protection when the wind changes.
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However, it is often said that the only predictable thing about cyclones is that they are
unpredictable.
Navigable S/c

DQ
Danderous S/c
perimeter winds

Fig. 9.8 Wind veering

If the system (in the Southern Hemisphere) is moving in a general southerly, or south-westerly
direction, sooner or later it will curve to the eastward if it follows the rules.
As a consequence, you must continually monitor the wind direction, as this may well be the first
indication you will get that it has altered its path.

Glossary of commonly used terms relating to tropical-revolving storms
Backing

Wind changing direction anti-clockwise

Barograph

A recording Barometer

Dangerous SemiCircle

The semi circle on your RIGHT as viewed from the storm’s track, facing
the vortex

Dangerous
quadrant

The leading quadrant of the Dangerous semicircle

Eye (or vortex)

The central region of the storm. Usually clear skies and quite light winds;
confused or mountainous seas. It averages about 12 miles in diameter but
may be as great as 35 miles

Path

The anticipated direction of the storm centre.

Track

The first movement of the storm centre

Navigable Semicircle

That section of the storm to the LEFT of the path when facing an advancing
storm

Rain (cloud) shield

The area to within about 80 to 100 miles of the eye. Clouds here are mostly
tall cumulonimbus with low base. Hurricane force winds, especially in the
dangerous quadrant

Recurvature

The term used to describe the South and Eastward change of course of a
Southern hemisphere T.R.S. In the Northern hemisphere the recurvature is
North and then East

Speed (of a TRS)

The forward movement of a Tropical-revolving Storm. This is
approximately:
Less than 10 knots if it is following an unusual path
10 to 15 knots on normal path before recurvature
20 to 25 knots after recurvature. This speed will usually increase with
latitude

Storm tides

Tides to 5 meters or more can be caused by the action of a T.R.S. Large
waves generated by the storm can cause a piling up of the water on the
coast from 250 to 500 miles away, increasing as the storm approaches. This
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occurs in conjunction with normal tides and is most severe in the dangerous
quadrant
Storm wave/surge

A rapid rise in sea level from 3 to 6 meters above maximum high tide as the
storm approaches the coast and is particularly accentuated in bays. Can
rapidly inundate towns on low ground and cause large loss of life

TRS

A common abbreviation for Tropical-Revolving Storm

Veering

Wind changing direction clockwise. Applies in both hemispheres

The stages and probable path of cyclones on the coast of Western Australia
Approach stage

Onset stage

Rain depression
stage

Rain depression stage

Fig. 9.9 Probable path of cyclone

Explosive Cyclogenesis
The trip from Botany Bay to Port Macquarie, on the mid-north coast of NSW, is not a long one.
Sailing up the coast past Stockton Beach, near Newcastle, the crew spots the wreck of the Sygna
stuck in the sand some 23 years now, with the waves surging back and forth around its rusting
hulk.
Along the western horizon can be seen a line of majestic thunderheads, silhouetted by the sun as
it sets on what has been a very pleasant day with a steady 20-knot north-easterly sea-breeze
blowing. The weather seems so harmless that no one listened to the weather forecast. The
barometer showed a pressure of 1010hPa – a low reading but nothing exceptional.
The thunderstorms move over the yacht early in the evening with the usual short-lived squalls
and heavy showers – nothing that the crew can’t handle as they settle in for the night. Around
midnight one of the crew notices that the barometer has dropped 8 or 9hPa since noon and the
breeze has shifted to a 25-knot south-easterly. Steady rain started to fall. A bit of a bumpy night,
but again, nothing they hadn’t experienced before.
The cause was what forecasters call Explosive Cyclogenesis or a bomb – an east-coast-low that
explosively develops in the space of 12 hours or so. Unlike most other major weather systems,
weather maps show little sign of these lows even half a day before the event unfolds.
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Nature of the beast
Three types of east-coast lows have been recognised in research efforts so far. All three types
develop and intensify very rapidly. All tend to form during the night and early morning.
Another interesting fact is that most of these lows tend to form a distinct eye and have much of
the appearance on satellite pictures of a tropical cyclone, including spiral banding, though they
may be very small.
East-coast-lows in the bomb category occur approximately once each year, most often in winter
or the transition seasons on either side. This is when there is a sharp contrast in temperature
between the sea and land temperatures, and the conditions thousands of metres up in the middle
levels of the atmosphere are generally more favourable.
Another four or five slower-developing, but still intense, lows can be expected in a typical year.
These low-pressure systems are identified by their characteristics of: forming close to land
(within five degrees of the coast); their habit of moving parallel to the coast during the first day
or so of their life; and the location of their centre, which is between southern Tasmania and the
middle of the Queensland East Coast. Central pressure may fall as low as 980hPa in extreme
cases, with pressure down to 995hPa being more common.
The strongest winds in an east-coast low tend to occur in the southern sectors of the system.
Winds are generally gale force in a 34 to 45 knot range, but a narrow core of storm force winds
(50 to 60 knots mean wind speed) can be experienced some 30–80k south of the centre. This
same area typically experiences the heaviest rain with a band of sometimes quite severe
thunderstorms spiralling clockwise into the centre of the low, another notable feature.
As these systems reach middle age (36–48 hours) they develop middle-age spread, characterised
by the formation of multiple low pressure centres making the winds far more variable in speed
and direction near the system’s centre. Gale force winds are quite extensive south of the centres,
but winds tend to ease significantly to the north.
East-coast-lows have left their mark on the people of the East Coast of Australia since the days
of the early settlers. They produce flooding rain and can generate huge seas in a very short space
of time.
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Fig. 9.10 The surface weather map for 00UTC or 1000 EST on 31/8/96
(In Australian Sailing. May 1999, p53)

The wrecking of the Sygna, a large freighter that was caught up in one of the strongest eastcoast-lows ever recorded, and washed up onto Stockton beach, is one of the more famous
demonstrations of the power of these storms. However, there are numerous more recent
examples.
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Competitors in the 49th Sydney to Hobart yacht Race in 1993 experienced a bomb-type-low,
which developed off the south coast of NSW a day into the race. This storm damaged numerous
yachts and swept one competitor overboard – miraculously to be picked up some six hours later.
Only 38 yachts out of a fleet of 104 finished this race. This was the second highest retirement
rate in the then 49-year history of the race. In 1998 another bomb-type low, which formed in
Bass Strait and moved eastwards very quickly, demolished much of the Sydney–Hobart race
fleet, and unfortunately six people died.

Fig. 9.11 The corresponding satellite picture. (In Australian Sailing, May 1999, p.52).

The east-coast-low that greeted the International Olympic Committee’s yachting delegates in
September 1995, generated a wave off Bondi Beach, which was measured at 13 metres. Inside
Sydney Harbour, between North and South Heads the waves were estimated to be five metres
high with winds that were averaging 50 knots. One million dollars damage was caused to a
Navy vessel washed up onto the rocks on Middle Head, with eight million dollars damage
elsewhere.
It is not surprising that the delegates were apprehensive about sailing Olympic-style regattas in
Sydney after witnessing the power of these weather systems. Fortunately, these lows generally
only last one or two days, so the regattas should be able to be completed in the allotted time,
even if one were to occur in September 2000.
One year later, on 31 August 1996 a similar bomb went off along the Sydney coastline with
peak wind gusts to 64 knots measured at Bellambi Point, near Wollongong. This time two
people died, the insured damage bill was $20 million and one in seven Sydney households was
left without power. A gale warning had been issued for coastal waters one day ahead of the
event so there were no major incidents on the water.
Fig. 9.10 is the surface weather map for 00UTC or 1000 EST on 31/8/1996 and Fig. 9.11 is the
corresponding satellite picture.

The forecasting problem
Forecasting the development of these very intense lows has always been a difficult task, with
warning lead times often shorter than the forecasters – and the marine community – would like.
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Historically, forecasters have closely watched the atmospheric pressure trends from land and
sea-based weather observations, to detect the earliest signs of the development of these lows.
These skills are still very important, but in recent years considerable improvements have been
made to computer-based numerical weather prediction systems which provide estimates of how
the pressure patterns are expected to evolve over the next few days. Computer technology
continues to improve, allowing the weather models to be run faster and with steadily improving
detail.
These computerised systems use weather observations from a wide range of sources: ships
crossing the open oceans, drifting buoys, land-based observers, winds deduced from weather
satellites which hover 36,000km above the equator, and from the weather balloons released by
the Bureau’s staff around Australia.
This information marks the starting point of the computer forecast. The vast oceans that
surround Australia and the limited number of bureau-funded weather stations means there are
very large gaps between these observations. No matter how refined the computerised models
become, this lack of detail at the starting point of the computer’s forecast run will always limit
the accuracy that these predictions can attain. Never-the-less, the numerical models are steadily
improving and will generally indicate the possibility of development of the largest east-coastlow-pressure systems anywhere from one to four days ahead.
Predication of the precise location of the centre and detailed structure of the lows remains a
difficult problem, but this is an area of ongoing research which should see improvements in
forecasting skill with each passing year.

Avoid the low
The best tips that can be given to sailors are to be weather aware and Avoid, Avoid, Avoid.
The weather forecasts are more accurate the closer they get to an event, so it pays to listen to
each issue of the weather forecast. These are widely broadcast by the coastal radio stations and
volunteer search and rescue organisations along the coastline. The most up-to-date weather
maps, satellite images, forecast, warnings and coastal weather observations are available by poll
fax at all times.
This information, combined with the observations of what is happening from on board your
yacht, should keep you out of trouble. If the forecasts indicate strengthening winds, do not
venture too far from a sheltered anchorage.
That’s great advice if you are cruising, but what about the racing person who generally has to
keep going, and anybody else who is caught out there? Hopefully, the crew will notice that
something is going wrong, either by listening to the forecasts and/or by regularly monitoring
trends in weather elements on the vessel.
Which elements? First, try the barometric pressure; it should fall rather dramatically as the low
is developing, flatten out at the lowest pressure when the low is mature and start to rise as the
low moves away or weakens. Secondly, the wind speed will increase fairly quickly and hence,
the decision to reduce sail should be made well in advance of the strongest winds to save a lot of
hard work and heartache.
A dramatic increase in the height of the swell wave would also be observed, along with an
increase in rainfall intensity.
Above all else, the rules of seamanship apply and the safety of your vessel and crew are
paramount.
“The well-prepared vessel is much more likely to come through a gruelling storm with only
minor problems. Yet storms can be a tremendous test of endurance and, despite very careful
preparation, much depends upon the cool judgment, courage, physical fitness and tenacity of the
skipper and crew” – Heavy Weather Sailing by K Adlard Coles, 1968.
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Cold fronts
For the maritime community the cold front is one of the most significant features that can be
seen every day throughout the year on the Bureau’s weather map.
These fronts mostly affect the southern waters surrounding Australia, but from time to time,
especially in the winter and spring months, can penetrate well north into tropical areas.
Unfortunately, few seafarers fully understand what these fronts are and what to expect when
they are encountered when sailing around the Australian coast.
A front is simply the way forecasters represent the boundary between two different air masses.
It may be moving, in which case the front is named by the advancing air mass – cold or warm –
or it can be stationary, with neither air mass advancing. In Australia cold fronts are far more
common than warm fronts.
For those who have looked at the classic textbook descriptions of cold fronts, you may
remember the simple explanation given was of an advancing cold air mass pushing under an
existing region of warmer air. This lifting of the warm air frequently produces a band of cloud
with accompanying showers or rain.
The textbook description, although accurate in broad terms, does not fully explain the
sometimes-severe wind changes experienced along the NSW coastline, particularly during the
warmer months. Two important factors of the weather situation largely determine the nature of
these changes. The first of these relates to the properties of the air mass ahead of the change – it
may not be moist or unstable enough to form cloud or rain, even when forced to rise.
The second factor is the depth of the advancing cold air. In NSW during summer, the advancing cold
air is often very shallow, with sailors experiencing effects that differ greatly from those that would
be expected, based upon the earlier mentioned simple description of the passage of a cold front.
The idea that a front is a single boundary is also frequently incorrect, with the concept of a
transition zone or frontal zone being more appropriate.
These frontal boundaries are seldom constant in their characteristics. They are continually
progressing through a sequence of intensification, then decay, and will periodically completely
dissipate or regenerate from an initially very weak change as they move across the waters.
Winds on each side of a front can increase the temperature difference across the front, which
leads to a rapid strengthening of the front. Alternatively, a front may run up against a large
slow-moving high-pressure system, known as a blocking high, which causes the front to stall,
then quickly dissipate.
These and other more complicated factors make forecasting the arrival of a wind change (although
vague and ambiguous, arguably a better term than front for the NSW coastline) a more complex
matter than simply calculating its speed and extrapolating its movement across land and ocean.

South Australia and Victoria
The structure of the cold fronts that affect South Australia (SA) and Victoria during the summer
was investigated during a field study called the Cold Fronts Research Program (CFRP) during
the years 1980, 1982 and 1984. Two types of cold fronts were identified from this study.
The first was a cold front with an associated frontal transition zone. This was the most common type.
A model of the structure of the frontal transition zone has been developed and is shown in Fig. 9.12.
The transition zone typically extends for approximately 300k ahead of the front and contains
discontinuity in wind, pressure temperature and humidity. This discontinuity is usually
associated with bands of convective cloud (cumulus clouds, sometimes appearing from the
ground as a series of lines of showers that would rapidly move through).
CFRP studies indicate that the speed of movement of the most significant frontal change depends
on the orientation and strength of the winds behind the front, and the extent to which the winds
ahead of the front blow against the direction from which the cold front is approaching.
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The second type of front has a structure similar to a shallow layer of cold air, sometimes only
about 900 metres thick – which slides under warmer air ahead. It can be thought of as an airflow
whose speed depends on the density difference between the cold and warm air and the depth of
the cold air, referred to as gravity currents in scientific circles. Winds ahead of the front also
influence the front’s speed.
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Fig. 9.12 The structure of summer time cold fronts over south-eastern Australia.
(In Australian Sailing. January 1999, p41)

A very strong pressure gradient occurs in the air immediately behind the front and usually, there
is little or no precipitation with this type of change. This type of front may often be experienced
when sailing across Bass Strait during the warmer months, sometimes accompanied by a roll
cloud and nearly always with strong winds. At times it will precede the first kind of front
mentioned above by a number of hours, typically three to six hours.
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Fig. 9.13 Progressive positions of a shallow cold front from 6 a.m. to 1 a.m. the next day.
(In Australian Sailing. January 1999, p41)
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Fronts over NSW
The second type of front described above is often not the result of a front originating in the
Southern Ocean. Many of them form ahead of a major frontal system somewhere over central
southern Australia, even as far east as Victoria or close to the NSW coast, and are sometimes
associated with small low pressure systems.
These shallow fronts, besides being the most common summer-time front in NSW are also the
most difficult cool change to forecast, as they may not exist 24 hours before the change arrives.
A significant problem in forecasting the movement of shallow fronts across NSW is that the
mountains of south-eastern Australia retard their progress. Because of this, the fronts develop a
distorted shape as they move northwards along the NSW coastline – see the surface synoptic
chart in Fig. 9.13.
In these situations locations close to the coast receive the wind change long before the air
behind the front becomes deep enough to move inland as far as the mountains.

Southerly Buster
The most famous of the shallow fronts affecting NSW is the Southerly Buster (also known as
the Southerly Burster), which is a change characterised by the sudden onset of strong southerly
wind squalls as it speeds along the NSW coast.
The 1996 and the 1997 Sydney to Hobart yacht race fleets experienced Southerly Busters a
short time into the race. The southerly winds are cool, originating from over the sea and usually
replace warm to hot north-westerly to north-easterly winds ahead of the front. The winds behind
the change are very gusty and frequently reach at least 30 knots, with wind squalls up to 72
knots having been recorded. The strong and gusty winds may last for several hours.
Temperature changes with the southerly buster can be dramatic. A fall in temperature of 10º to
15ºC in a few minutes is common. Southerly Busters are most intense during the afternoon as
this is when the temperature difference between the pre-frontal and post-frontal air will be
greatest and this is one of the contributing factors to the speed and strength of the front.
The meteorological conditions ahead of fronts can vary considerably. Strong north-westerly
winds and hot conditions are quite common. However, if the winds are not strong, sea-breezes
may develop close to the coast and moderate temperatures by 10º to12ºC. A short distance
inland (10–20 kilometres) the temperature may still be very high.
The moisture content of the pre-frontal air can also vary a great deal with consequent
differences in the weather. The hot north-westerly winds are generally dry but when they are
moist, conditions can be cloudy to overcast with some rain or scattered thunderstorms possible.
There are a few useful features of Southerly Busters affecting NSW:
•

The speed of movement of the frontal wind change in the afternoon can be double
that of the morning.

•

Post-frontal winds can vary quite markedly as one moves from several kilometres
offshore to inland areas. Offshore, wind directions can be anywhere from the
south-west through to the south-east. Near the coast, winds tend to be strong
southerly with the winds becoming lighter and turning progressively to the east
north-east as the change reaches the Blue Mountains.

West of the mountains, post-frontal winds are generally south-westerly. The difference is postfrontal winds east and west of the mountains can sometimes mean that the mountains may
receive either an easterly or westerly wind change, depending on which change moves through
first.
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The air behind Southerly Busters can exhibit horizontal roll vortices, which are rotating
cylinders of air that have their axis parallel to the ground. Fig. 9.14 shows a vertical crosssection through the type of front typically experienced near the NSW coast. Streamlines show
airflow relative to the circulation centres.
The front is moving towards the left-hand side of the page. There is ascending air immediately
to the south of the front at the head of the first roll vortex, and coincident with the greatest
instability.

Front
Fig. 9.14 Vertical cross section through a typical NSW coastal front.
(In Australian Sailing. January 1999, p42)

The horizontal portions of the vortices can produce occasional brief lulls or short-lived increases
in the surface wind speed. It must be emphasised that roll vortices are not associated with every
front or Southerly Buster. Also, not all Southerly Busters are associated with a roll or shelf
cloud as many move along the coast cloud free.
•

The pre-frontal air may not be unstable or moist enough to produce any showers or
thunderstorms and for some time after the frontal passage the new air mass may not
be deep enough for any significant cloud to form.

However, a reasonably common occurrence is for a shallow layer of low cloud to come in with
the change. One of the sure signs that the change is approaching is the sight of shreds of low
cloud scudding from the south towards you. Once the change deepens sufficiently, this low
cloud may thicken and drizzle or showers may form, depending on the characteristics of the
post-frontal air.
Monitoring the location and movement of shallow fronts at sea is very difficult. Cloud, if
present, is the most reliable indicator, with low cloud lines marking the surface position of the
change.
Changes in atmospheric pressure as observed on the aneroid barometers used mostly on boats
are not reliable indicators of the approach of the shallow fronts that frequent NSW waters, as
they often do not produce a large pressure fall. During daylight hours a decrease in the
horizontal visibility to the south, coupled with a darker coloured sea surface, may give you a
clue. It could be the only time in a race that you wished to have someone in front of you.
There is not a lot you can do during the dark hours, apart from hoping that the forecast arrival
time is accurate and that you prepare early in anticipation. A call to the Coast Guard or the
Coastal Patrol would prove to be very valuable since they are in constant contact with their
colleagues, and other boats up and down the coast.
With the technology now available one can obtain real-time observations, and hence pinpoint
the location of the change by linking into the Bureau of Meteorology’s Weather by Fax service.
Check out Freepoll 1800 630 100 for a comprehensive directory of services including cost
details. The Bureau’s internet site can also be used.
The next time you are heading out on the water (especially during the warmer months) and a
southerly change is forecast, be aware of the problems that are associated with the summer time
cool change and plan accordingly.
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Thunderstorms
The nature of thunderstorms
What thunderstorms are not
Confusion often arises between thunderstorms and other phenomena or systems such as tropical
cyclones, strong wind changes and intense low-pressure systems. The fundamental cause of the
confusion appears to be that everyone has their own definition of the word storm, depending on
their own interests. For example, to a meteorologist, a storm is an electrical storm or
thunderstorm. To an engineer working in water supply, a storm is any event which brings rain.
To a mariner, a storm is any event which brings strong winds. A thunderstorm is not a tropical
cyclone, intense low-pressure system or a front or southerly wind change.
In the rest of this article the word storm will be used to refer exclusively to thunderstorms.
What thunderstorms are
Thunderstorms are relatively small meteorological phenomena, only about a few kilometres
across, and very short-lived. In most cases each individual thunderstorm lasts a matter of
minutes, sometimes extending to a few hours. Frequently, more than one thunderstorm occurs at
the same time or in quick succession and this extends the duration of the event.
Thunderstorms are, in themselves, not associated with any particular pressure system which you
could see on a weather map, but may often form close to a front or a low because of the
favourable meteorological conditions for thunderstorm development which these systems can
create. The rising moist air that forms thunderstorms occurs only over a small area, but rises
very fast – about 20 knots in a normal thunderstorm, but up to about 100 knots in a very severe
thunderstorm.
Thunderstorms by definition always produce thunder and lightning, and may also produce rain,
strong wind gusts, hail and tornadoes – lightning, hail and tornadoes are specific to
thunderstorms.
Tornadoes are tubes of extremely strong winds, which appear in the familiar funnel shape from
the base of some of the most severe thunderstorms. They live for up to 30 minutes or so, and the
extreme wind strengths can cause devastating damage. Waterspouts are, meteorologically
speaking, quite different in origin from tornadoes – for a start; they need not be associated with
thunderstorms but can be produced from ordinary cumulus clouds. However, if they move over
land they may produce damage similar to weak tornadoes. Waterspouts should be given a wide
berth at sea – they can be very dangerous. Many have been observed around the Australian
coast in the past.
The rainfall from thunderstorms starts and stops quite suddenly and is fairly intense while it
lasts. The strong winds take the form of sudden sharp shifts in wind speed and direction –
squalls or gusts – which may not last more than a few minutes. The most severe form of these
thunderstorm down draughts are known as microbursts. They have been observed by the author
at sea, with speeds of around 80 knots, which lasted only several minutes. The wind direction
can be very erratic during these events. So be aware!
Thunderstorm development
The simplest type of thunderstorm is a single cell. The life cycle of a cell has three main stages:
In the towering cumulus stage the storm is not much more than a large cumulus cloud in which
the air is all rising – called the up draught. No rain or anvil cloud has yet formed. The upper
edge of the cloud usually appears sharp and can often be seen growing by the second.
The mature stage still has an up draught that has now reached the highest level it can (often the
tropopause). Consequently, the cloud has started to spread out at the top into the anvil shape; it
usually has a soft feathery appearance since it is high enough to be composed of ice crystals
rather than water droplets. This is the fully developed cumulonimbus cloud. Although the
thunderstorm proper is quite small as mentioned above, the spreading anvil cloud can cover an
enormous area.
9.19

MARINE METEOROLOGY − SUPPLEMENTARY NOTES

These are the anvil clouds, which make thunderstorms visible on satellite pictures, showing up
as rounded bright white blobs. A second significant feature is that the storm has now started to
produce rain that falls out of the cloud-base and is associated with descending air called the
down draught. It is this down draught that, when it reaches the ground and spreads out
horizontally, generates the sudden gusty winds always associated with thunderstorms. The down
draught is formed largely by evaporation of rain in the air below the storm, which creates a cool
blob of air that sinks slowly. Although the downward acceleration of this cooled air is very
small, the down draught generally originates thousands of feet up in the storm. Even with only a
couple of degrees of cooling, by the time the down draught air reaches the ground, it is moving
fast enough to produce strong gusty winds. This also explains why the wind gusts of
thunderstorms are cool and fairly moist.
The down draught is often called the thunderstorm outflow, and the edge of it – the gust front –
is a favourite spot for new cells to develop, with air forced upwards as the gust front moves
along. The down draught can sometimes be clearly seen on radar or satellite imagery as a clear
area of cloud-free air around a large thunderstorm cell – the sinking air dissipates any cloud in
the surrounding area.
In the dissipating stage of a cell, a weak up draught still exists at higher levels, but the storm
consists mostly of down draught, which has spread out sufficiently to cut off the warm moist air
feeding the up draught. Since this is what sustains the storm, the cell quickly degenerates.
All three stages together take only about 30 minutes to occur. However, even non-severe
thunderstorms are usually composed of more than one cell, and may last considerably longer as
a result.
In Australia, thunderstorms are most common over the land in the afternoons in the late spring
and summer months, but can occur in any month or at any time of day, especially over the sea.
Thunderstorm movement
Beware – thunderstorms usually do not move with the surface wind direction and speed. Each
cell moves with an average of the winds through the cloud layer. Since the wind may, and
usually does, change in both direction and speed with height, this average may be quite different
from the surface wind speed. Surface winds are often affected by local influences, even when
winds in most of the atmosphere above are fairly similar.
Since many thunderstorms are in fact formed from a number of different cells, the formation
and degeneration of cells can influence the direction in which the whole storm moves.
On most days over NSW, for example, winds strengthen and become more westerly with height,
so that thunderstorms frequently move from the west – that is, they form over the mountains and
move down over the coast and out to sea during the next few hours. The peak time of day for
thunderstorms to happen at, say, Katoomba is earlier than at Sydney.
Thunderstorms almost never circle around and move over the same spot again, but frequently
other cells are continuously forming and hence it appears as if the same storm is returning for
another ‘go’.
Overall cluster movement

Individual cell movement

Fig. 9.15 Thunderstorms are formed from a number of different cells
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Some aspects of thunderstorm movement – the individual cells that make up the thunderstorms,
are moving towards the east as they grow and decay. However, since new cells have a tendency
to form to the north of the cluster, the storm as a whole moves more towards the east north east
(see Fig. 9.15).
Severe thunderstorms
What is a severe thunderstorm?

There is of course no unambiguous definition of a severe thunderstorm. People have their own
perceptions of this question, which generally focus on thunderstorms that cause serious
inconvenience or injury or damage. It is reasonably obvious that the most dangerous
thunderstorms from a mariners perspective, are those that produce a lot of wind and probably
hail and lightning.
The Bureau of Meteorology needs to have a specific definition of a severe thunderstorm, as they
are required to try and forecast severe thunderstorms, and hence must know exactly what they
are aiming for. The definition for purposes of forecasting is: a thunderstorm that produces one
or more of the following:
•

tornadoes

•

hail > = 2cm in diameter (half golf ball) at the ground

•

wind gusts > = 90 k/h (not a steady wind) at the ground

•

very heavy rain

•

flash flooding.

To the justifiable surprise of many people, lightning is not mentioned in these criteria as there is
often very little relationship between the types of storms which produce other severe weather
and those that produce a lot of lightning. Also, the influences which produce storms with a lot of
lightning are poorly understood as yet, and we are unable to forecast such storms at present.
How lightning happens

There are two basic types of lightning discharge – forked or cloud-to-ground lightning and sheet
or cloud-to-cloud lightning.
Forked (cloud to ground) flashes originate near the cloud base in the form of an invisible (to the
human eye) discharge, called the stepped leader (Figure 9.16a), which moves downward toward
the earth in a series of steps about 50m long. When the stepped leader is approximately 10 to
100m from the ground, a travelling spark moves up from the ground to meet it. After contact
has been made, a highly luminous and visible lightning stroke propagates upward from the
ground to the cloud along the path followed by the stepped leader (Figure 9.16b). This is called
the return stroke and is what we normally observe as a lightning stroke.

Cloud

Cloud

(b)

(a)

+ + ++ ++ +

+ + + ++++

Surface

Surface

Fig. 9.16 How forked lightning occurs: (a) The formation of the stepped leader
(b) The return lightning stroke runs back up the path made by the leader
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Following the first stroke, which carried the largest current (typically 20,000 amp), subsequent
strokes can occur along the main channel. Most lightning flashes contain three or four strokes,
separated in time by about 0.005s (5ms).
Sheet (cloud to cloud) flashes make up 75% of all flashes. Instead of consisting of several
discrete strokes, they consist of a single, slow moving leader which moves across in a few
tenths of a second producing a low but continuous luminosity in the cloud upon which may be
superimposed several brighter pulses, each lasting 0.001s (1ms).
Lightning can originate from any part of the cloud, even from the anvil, which may be several
kilometres ahead of the main thundercloud. Do not believe the old saying, 'lightning never
strikes twice in the same place'. It may strike tall buildings many times during the same
thunderstorm and as often as 500 times a year.
The current in a lightning strike may peak at between 10,000 and 40,000 amperes, although the
sustained current is typically hundreds of amperes.
Why thunder happens

The return stroke raises the temperature of the channel of air through which it passes in such a
short time to above 30,000 degrees Celsius that the air has no time to expand. Therefore, the
pressure in the channel increases. The high-pressure channel then expands rapidly into the
surrounding air and creates a very powerful shock wave, which is heard as thunder.
Thunder is also produced by stepped leaders, but is much weaker than that from return strokes
and generally cannot be heard more than 25km from a lightning flash.
At greater distances the thunder passes over an observer’s head because it is generally refracted
upwards by the atmosphere.
Some lightning protection tips

If lightning strikes a human being, the electrical discharge can stop the heart, damage the lungs,
brain or other vital organs and cause serious burns. Whether a lightning strike kills depends
upon which organs the current passes through. If the heart stops, victims can sometimes be
revived as long as the strike does not seriously affect other vital organs.
If you are at sea during an electrical storm, the following actions will minimise the risk of being
struck by lightning.
•

Do not stand on the exposed deck.

•

Discard metal objects such as fishing rods.

•

Make sure your radios and metal masts are well earthed (the Standards Council of
Australia should be contacted for further details on lightning protection in vessels).

•

Avoid touching anything metallic whilst lightning is around.

•

Do not use anything electronic, such as radios, mobile telephones during
thunderstorms.

•

If your hair stands on end or you hear buzzing from nearby, move away.

•

Do not swim, or be in a dinghy especially in the open.

Thunderstorms are very dangerous; the utmost care should be exercised while they are in
your proximity
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Fog
Fog can be defined as condensation of water vapour at sea (or ground) level. By convention, the
horizontal visibility has to be less than 1000m; if the visibility is greater than 1000m it is Mist.
It is important, in the weather reporting sense, not to confuse haze or mist (which are wind
blown particles of dust, smoke or sea spray) or fine drizzle, with fog.
While these will affect visibility to a greater or lesser degree, they will not normally reduce it to
a point where it has a serious effect on the navigational safety of the vessel.

How fog is caused
The different types of fog
There are several types of fog but only two of these – advection and evaporation fog – will
normally affect the mariner.
1.

Advection or sea fog

When warm, moist air flows over a cold surface the lower layers may be cooled below dew
point. This results in a phenomenon very similar to that experienced in cloud formation.
The water vapour in the air condenses, forming tiny globules of moisture around salt particles in
the air. The density of such fog will be in direct relation to the quantity of water vapour at that
time.
Advection fog requires warm moist air blowing over a cooler surface.
Regions with most frequent fog
We have already noted that advection fog is the one most likely to affect the mariner and the
areas with the highest fog frequency coincide with the cold ocean currents.
Perhaps the best known is the north-western Atlantic in the vicinity of the Grand Banks and
Newfoundland. In this part of the world the Labrador Current brings masses of icy water and
icebergs southward from the Polar Regions until it meets up, and runs adjacent to, the warm
Gulf Stream.
In the northern winter, fogs develop with the warm winds moving the air from a southerly
direction. In summer the westerlies move the warm air from over northern Canada and fogs
develop when it flows over the cold water.

Fig. 9.17 Area that experiences dense fog

In this particular part of the world they average 75 days of dense fog each year.
Dense fog is often found in the vicinity of icebergs providing an added navigational danger.
This, of course, is due to the air being suddenly cooled in that immediate vicinity.
9.23

MARINE METEOROLOGY − SUPPLEMENTARY NOTES

2.

Radiation fog

This is the type of fog most commonly experienced ashore and is associated with the radiation
of heat from the earth’s surface.
Unlike water, the land heats up rapidly under the sun’s influence during the day and cools just
as rapidly at night.
In very still conditions the situation can arise where this rapid cooling chills the air immediately
adjacent to the surface below dew point. The resultant condensation of water vapour produces
dew that if further cooled below freezing point, becomes frost. (This is all part of the water
cycle, which is more fully explained in Chapter 7).
However, a light wind will mix this chilled surface air with the slightly warmer air above it and
the resulting condensation is a ground fog. It is interesting to note that this is exactly opposite to
that particular condition which is a prerequisite for advection (sea) fog.
So, the conditions that lead to radiation fog are:
•

Rapid cooling of the earth’s surface. This will happen when there is no cloud cover
to act as an insulator and prevent the radiation of the surface heat, and a sufficiently
low air temperature. It also requires, of course, the requisite water vapour content
in the air.

•

A light breeze – perhaps 5–10 knots – to bring about the mixing of the air layers.

Warmer upper air
(Temperature inversion)
Fog forms when air is cooled by cold ground

Fig. 9.18 Warm upper area contacts cold ground

It will be seen from the above sketch that you now have the unusual weather situation of a cold
layer of air below the warm layer.
This is known as a temperature inversion, a term becoming increasingly familiar to dwellers in
big cities subject to that curse of this industrial age – smog.
This is no more or less than a type of radiation fog where the condensation globules of water
form around a nucleus of smoke, industrial dust or carbon monoxide gas. These nuclei are
essential to the formation of any sort of visible condensation, be it clouds or fog. At sea this
nucleus is usually in the form of particles of salt.
Increased toxic and unpleasant nuclei hanging over big cities, results in a brown layer.
Radiation fog, be it of the smog or white variety, will affect the mariner in the close vicinity of
land and particularly around large ports.
3.

Evaporation or steam fog

This type of fog is the reverse of advection fog inasmuch as it is caused by cold (moist) air
flowing over a warmer area. The best and most common illustration of this is the steam that
rises from a hot bath when run on a very cold winter’s night.
The water, being so much warmer than the surrounding air, evaporates at an excessive rate and
condenses immediately on striking the cold air above it. This phenomenon is most frequently
experienced in Polar Regions when the air temperature drops below sea temperature and is
known as sea smoke.
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4.

Orographic fog

Orography is defined in the dictionary as the geography of mountains, and Orographic fog is,
obviously enough, fog caused by the upward movement of air when it comes against steeply
rising ground and is forced upwards. The resultant cooling brings about cloud known as stratus.
If the horizontal visibility is less than 1000m then a person in the cloudbank should report fog.
As would be expected, this will be found on the windward side of the high ground.
Its significance to mariners is that it can flow downwards over the adjoining sea to produce an
inshore fog courtesy of a down slope or katabatic wind.

Fog prediction
The likelihood of fog at sea can be fairly accurately forecast if one goes to the trouble of
graphing sea temperature against dew point.
In Chapter 7, Relative Humidity (the percentage of water vapour in the air at a given air
temperature) is explained in some detail. In short, it shows how air, as it cools, loses its capacity
to hold a given amount of water vapour until, at a certain temperature – dew point – it reaches
the overflow point and condensation occurs.
The wet and dry thermometer (or hygrometer) or sling psychrometer explained in Chapter 2 are
the instruments used to measure this relative humidity.
The same instruments can be used to establish the dew point – that is, the temperature to which
the air must drop to allow its current water vapour content to overflow or condense.
In Figure 9.20 you read the air temperature (dry bulb reading) down the left-hand column
against the difference between the wet and dry bulb readings across the top of the table.
The result, from the body of the table, is the temperature at which condensation will take place
under the current humidity conditions – the Dew-Point temperature.
Cast your mind back to the causes of sea fog – warm, moist air being cooled as it flows over a
colder sea.
If regular readings of sea temperature showed that the sea was becoming progressively colder
you have the first ingredient for the formation of fog.
If, at the same time the dew point – the condensation temperature of the air – was rising, you
have a situation where sea temperature and dew point will coincide.

If sea temperature falls below dew point, fog is a certainty
If sea temperature falls below dewpoint, fog is a certainty
Sea Tempe

100C

rature

Time of
probable
fog (2215)

Dew point

5 0C
1900

1930

2000

2030

2100

2130

2200

2230

Fig. 9.19 Convergence of sea temperature and dew point

In Figure 9.19, sea temperature is plotted at regular distance intervals (every 5 miles with the
ship steaming at 10 knots).
At these same intervals the dew point is plotted from the wet and dry thermometer and dew
point table.
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By projecting the graph forward it can be seen that, if current trends continue, fog will almost
certainly occur at about 2215.
It is worth remembering that there will be no visible warning of the onset of fog at night – you
may well be approaching a fog bank hiding the lights of another vessel and you may be totally
unaware of its presence.

DRY BULB (DEGREES CELSIUS)

DIFFERENCE (WET AND DRY BULB)

°C

1

2

3

4

5

32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8

31
30
29
28
27
26
25
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8
7
6

29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
13
12
11
10
9
8
7
6
4
3

28
27
26
25
24
23
21
20
19
18
17
16
15
14
13
11
10
9
8
7
6
4
3
2
0

26
25
24
23
22
21
20
19
18
16
15
14
13
12
11
9
8
7
6
4
3
2
0
−1
−3

25
24
23
22
20
19
18
17
16
15
13
12
11
10
8
7
6
4
3
1
0
−2
−4
−5
−7

6
23
22
21
20
19
17
16
15
14
12
11
10
9
7
6
4
3
1
−1
−2
−4
−6
−8
−10
−13

Fig. 9.20 Table Dew point calculation

On the night of the 26th January 1956 the impossible happened. Two modern, radar equipped
ocean liners collided off Nantucket Lightship off New York. Eleven hours after the collision the
pride of the Italian Merchant Marine – the Andrea Doria – sank.
Both ships, the Andrea Doria and the Stockholm were proceeding at high speed in calm sea
conditions, the Stockholm in fair visibility and the Andrea Doria in fog.
While both vessels were aware of each other’s presence on radar, the Andrea Doria (in the fog)
vainly listened for the other ship’s fog signals.
The Stockholm, in clear visibility, and unaware of the fog ahead, looked in vain for the other
ship’s navigation lights.
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It would seem, from reading reports on the accident, that both vessels in some way misread the
other’s course and, when the Andrea Doria broke out of the fog, both vessels were on a course,
and at such a range, that collision was inevitable.
A tragic incident such as this underlines the dangers of fog, even in this electronic age with
highly experienced seamen in command.
Very specific instructions are laid down in the Regulations for the prevention of collision at sea,
for the conduct of vessels in fog and restricted visibility, but some amplification of these can be
of great value.

Action to take when entering fog
1.

Establish the ship’s position before the visibility closes down. You may not get another
fix for a long time.

2.

Note and plot on your chart the position, course and estimated speed of any other
vessels in sight.

3.

Commence sounding your fog horn or siren.

4.

Station lookouts. There should be one man as far forward as possible and another
placed as high as possible. A lookout aloft can often see OVER the fog and is better
placed to hear sound signals from down-wind. Fog often has the effect of forcing sound
upwards from a vessel down-wind of you.

5.

In a small vessel, make sure you have your radar reflector hoisted in the rigging.

6.

Switch on radar and echo sounder. A fishing vessel fitted with sonar may find this of
value.

7.

REDUCE SPEED. A good rule of thumb is that your speed should be such that you can
stop the ship in half the visibility range. In a larger vessel have the engine room
telegraphs on ‘stand by’.

8.

Switch on navigation lights.

9.

If in the vicinity of land, have an anchor cleared away ready to let go.

10.

Maintain silence throughout the vessel to assist lookouts to hear sound signals of other
vessels in the vicinity.

11.

Work on the play-safe principle in your navigation and keep the ship on a safe course
until visibility improves. Remember that, at your reduced speed set and drift will have
a much more significant effect on the course you make good.

Generally speaking, it is not good seamanship to attempt to enter a port or a dangerous channel
in very restricted visibility. Provided you don’t do it in a busy fairway, it is often far better to
anchor than to blunder about in dangerous waters without a precise knowledge of your position.
In such a case you would, of course, give your fog-anchoring signal – the rapid ringing of the
ship’s bell at intervals of not more than a minute.

The use of radar in fog
Radar is, of course, the most valuable of all aids in fog but, even here, a special word of caution
must be sounded.
Under certain conditions fog can severely affect radar performance and I have had the
experience of getting numerous ghost echoes that I classified as ships, only to find that they
were caused by the atmospheric conditions. Under such circumstances it would be quite
possible to disregard a genuine echo.
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Self-Test Questions
1.

Define the following terms relating to tropical cyclones.
(a) Vortex
(b) Track
(c) Recurvature
(d) Dangerous semi-circle
(e) Dangerous quadrant

2.

What is the significance of the diurnal variation of pressure in tropical cyclone prediction?

3.

If the wind from a southern hemisphere tropical cyclone is backing, what semi-circle are
you in?

4.

If you discover that you are in the path of a southern hemisphere tropical cyclone, what
avoidance technique would you adopt?

5.

Briefly explain the Tropical Cyclone Warning Service in Australia.

6.

What is a “Meteorological Bomb”?

7.

Where do the strongest winds tend to occur in a “Bomb”?

8.

Which weather elements would you monitor to assist you in the forecasting of a “Bomb”?

9.

Briefly describe the three types of “Bombs”.

10. What is a cold front?
11. What are some of the major characteristics of the summer-time cool change (cold front)
over south-east Australia?
12. Is every southerly change along the NSW coast during summer a “Southerly Buster”?
13. List some of the visual signs that may help you to forecast the arrival of a cool-change.
14. List the dangers associated with a severe thunderstorm at sea.
15. Which winds steer thunderstorms?
16. What is a “downburst”? What dangers can they pose to mariners?
17. Suggest some lightning protection tips that you can adopt whilst at sea.
18. What is the other name for Advection Fog?
19. How does Advection Fog form?
20. Suggest a method for forecasting the onset of Advection Fog.

9.28

CHAPTER 10 – OCEAN CURRENTS

Chapter 10 Ocean currents
In dealing with this subject of ocean currents we are going to be concerned only with the
horizontal movement of the surface waters of the oceans.
In the great oceans, in addition to these surface currents, there are sub-surface currents, vertical
flows – both up and down – and other flows which run obliquely.
Despite research that has extended well over a century, there are still many grey areas in the
scientific knowledge of these phenomena, but we do know that the prevailing winds are the
main cause of surface currents.
To a very great degree, these world current patterns follow the wind patterns and you will
discover a very close relationship between what now follows and the wind systems that were
explained in Chapter 6 (Wind).
The direction of a current is given as the direction to which it is flowing, so an easterly wind
might be expected to produce a west flowing current.
In both the Northern and Southern Hemispheres the prevailing winds nearest the equator – the
north-east and south-east Trades – have an easterly bias and, as may be expected, the main
equatorial currents flow to the westward.
Further north and south the northern westerlies and the southern roaring forties both produce an
east flowing surface current. Just as the winds are affected by the rotation of the earth, so the
Coriolis force deflects the ocean currents. This effect is explained in some detail in Chapter 1,
pages 1.3 and 1.4, and you may recall the general rule that says:
In the Northern Hemisphere everything will be deflected to the right.
In the Southern Hemisphere the deflection will be to the left.
Additionally, this force will be greatest at the poles and non-existent right at the equator.
The wind systems would be expected to produce a current pattern something along these lines –
a west-flowing equatorial current and east-flowing currents in the higher latitudes north and
south.

Fig. 10.1 The coriolis effect on flow of currents in the Northern and Southern Hempispheres

Now apply your Coriolis force (indicated above by the dotted extensions to the current flow
arrows) and take into account the great landmasses that will impede or redirect the direction of
flow. You will find the currents forming themselves into circular systems – clockwise in the
northern half and anti-clockwise into the south.
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Fig. 10.2 Circular movement of gyres

These circular current systems are called Gyres (pronounced as in Tyres), the word itself
meaning a circular motion.
There are five main gyres –
South Indian Ocean
North Atlantic Ocean
South Atlantic Ocean
North Pacific Ocean
South Pacific Ocean

Locate these on Fig. 10.2

Further deflections and inter-actions will occur as a result of these gyres and the geographical
formation of the earth.
The strong east flowing current pushed along by the roaring forties will continue to flow
eastward south of Cape Horn and South Africa, but part of it will be deflected leftwards up the
western coasts of both those continents.
The strong westerly current across the North Atlantic will turn right and flow to the southward
down the eastern seaboard of Europe and Africa, but part of it will continue north of the British
Isles towards Scandinavia.
The south-westerly drift between Greenland and Northern Canada will veer to the right in
accordance with the Coriolis force and run down parallel (but in the opposite direction) to the
north/north-east flowing stream of the North Atlantic gyre.
This is the area referred to in the Chapter on Fog (Chapter 9) where the Gulf Stream meets the
Labrador Current and produces the unique fog conditions experienced in that area.
In all, these various flows result in 38 major currents around the globe. The strength and
direction of these do vary throughout the year as seasonal changes affect the prevailing winds.

Effects of ocean currents
Large masses of water moving constantly around the earth’s surface must have a significant
effect on climate and weather generally around the globe.
Water flowing from equatorial regions is naturally warm and loses this heat very gradually.
Consequently, it has the effect of heating the air above it, resulting in effects on the weather. It
is significant in the proliferation of marine life and, particularly in the case of Great Britain, can
prevent ice formation in coastal areas and large ports by keeping the sea temperature above
freezing point.
Cold flows are equally important.
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From a navigational point of view they pose the danger of carrying icebergs into shipping lanes.
They affect the weather by presenting a cold surface, which can chill warmer air and provide the
imbalance that creates the weather systems.
It is said that the Grand Banks off Newfoundland were formed over the centuries by stones and
soil released from melting icebergs as they flowed south with the Labrador Current.
Cold currents also occur when cold sub-surface water is forced to the surface as an onshore
current meets a continental shelf. As would be expected, this occurs on the eastern side of the
main oceans – the onshore side of the gyral flow.
This upward movement of sub-surface water is called an upwelling. The Peru Current, on the
north west of South America is a good example of an upwelling current.

Significance to navigation
It must be obvious that, in planning an ocean passage, consideration must be given to the
prevailing ocean currents.
The significance of this will become plain when it is realised that the Gulf Stream has been
measured at 5.75 knots, or 136 miles per day.
Pilot charts give detailed month-by-month pictures of all the world’s oceans, together with the
winds to expect at the same times.
In the coastal areas, the pilot manual will show the directions of flow and the speed of currents.
In the local scene, the coast of Western Australia is given in Volume V of the Australia Pilot.

Effect of tidal streams on ocean currents
Just as weather systems affect prevailing winds, so will strong tidal conditions in coastal areas
tend to reinforce, cancel out, or reverse the direction and force of ocean currents.

Self-Test Questions
1.

Which meteorological element is strongly correlated to the direction of flow of major
ocean current gyres?
(a) Wind
(b) Pressure
(c) Humidity
(d) Dewpoint

2.

The direction of the wind is assigned as that “from which the wind blows”. Does this same
convention apply to the direction of ocean currents?

3.

What assigns a current as being either cold or warm?
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4.

On the world map below draw the major ocean current gyres.

5.

What document would you consult in order to find information on currents around the
Australian region? How about for the rest of the world?

6.

What effect can strong tidal streams have on ocean currents?
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Appendix 1
Weather terminology
The following sections provide a brief introduction to the most significant weather terminology
likely to be encountered in Australian weather bulletins, forecasts and warnings. Samples of
actual forecasts and warnings are also provided and a selection of sources of real-time weather
information provided by the Australian Bureau of Meteorology is given.

Terminology used in Australian observations, forecasts and warnings
Winds:

Ten-minute mean wind speed and direction is normally all that will
appear in Australian observations, forecasts and warnings. If wind
gusts or squalls are expected, they will be explicitly mentioned.

Knot:

Unit of wind speed equal to one nautical mile per hour: 1 knot is 1.85k
per hour.

Wind direction:

Ten-minute average direction from which the wind is blowing,
described in terms of 16 compass points or in degrees, based upon true
(not magnetic) north.

Wind gust:

Short lived increase in wind speed. The Bureau of Meteorology
reports the strongest three-second wind speed at a height of 10 metres
above sea level. Wind gusts are typically 30% to 40% greater than the
strength of the 10-minute average wind speed, although they can be
60% greater when heavy showers or thunderstorms are in the vicinity.

Wind speed:

Ten-minute average wind speed for a height of 10 metres above sea
level.

Wind squall:

A sudden increase in wind speed often lasting several minutes that is
well in excess of the mean wind speed and often arriving from a
different direction to the prevailing wind direction. Wind squalls are
most likely when thunderstorms or heavy showers are in the vicinity.

Waves:

Significant wave heights for seas or swell or, occasionally, the
combination of the two, is the wave height that will be forecast in
Australian bulletins.

Wave Height:

Vertical height of waves, from the trough of one wave to the crest of
the next. Significant wave height is used; equivalent to the average
height of the highest one third of all waves.

Maximum wave height: The height of the highest wave likely to be encountered. Typically one
in every 2000 waves will be twice the height of the significant wave
height, with even higher waves occurring less frequently.
Wave period:

Time interval between successive waves.

Wave Length:

Horizontal distance between two successive waves of the same type.

Wind (or sea) waves:

Waves generated by the local prevailing wind. They vary in size
according to the length of time a particular wind has been blowing, the
fetch (distance the wind has blown over the sea) and the water depth.

Swell:

Waves generated by the winds from distant weather systems. They are
more regular with a longer period between wave crests. There may be
more than one set of swell waves travelling in different directions at
any given time.

Sea state:

The combination of wind waves and swell.
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Freak / king wave:

Rarely occurring wave that is much larger than the prevailing wave
conditions of the day. These may be enhanced by stronger currents,
sudden shoaling of the ocean floor, intense thunderstorm activity
(possibly some distance away from where the wave occurs) or the
combination of multiple wave trains. May occur in isolation or sets of
three waves.

Weather producing systems and weather phenomena
Low-pressure system:

An atmospheric circulation where the central air pressure is lower than
in surrounding areas with a clockwise circulation of winds in the
Southern Hemisphere.

High-pressure system:

An atmospheric circulation where the central air pressure is higher
than in surrounding areas with an anti-clockwise circulation of winds
in the Southern Hemisphere.

Trough:

Elongated region of relatively low pressure that typically marks the
boundary of a sudden wind change.

Ridge:

Elongated region of relatively high pressure that typically lies in a
region of relatively light winds.

Cold front:

The moving boundary between a region of cooler air and warmer air
usually accompanied by a sudden, often squally, wind change.

Warm front:

The moving boundary between a region of warmer air and cooler air
usually accompanied by an abrupt wind change and a period of rain.

Southerly buster:

Abrupt southerly wind changes, often producing strong and squally
winds, sometimes accompanied by thunderstorms, which occur along
the NSW coastline mainly during the warmer months.

East Coast low:

Intense low-pressure systems that often develop very rapidly in the
Tasman Sea.

West Coast trough:

Trough of low pressure found near the West Australian coastline that
separates hot easterly winds from cooler south to south-easterly winds.

Tropical cyclone:

Tropical low-pressure system with gale force or stronger winds that
blow clockwise around the low centre in Australian waters. The
region of dangerous winds and seas typically extends tens to hundreds
of kilometres from the centre.

Intertropical
convergence zone:

A relatively narrow zone in tropical waters that marks the meeting
point of winds originating from both hemispheres of the world.
Usually, a zone containing persistent thunderstorm activity.

North-west monsoon:

Persistent north-westerly winds, occasionally strengthening to gale
force, associated with the Australian wet season.

Tornado:

A violent funnel shaped whirlwind, typically only 100 metres or so
wide, associated with severe thunderstorm activity.

Tsunami:

A wave generated by a violent underwater upheaval of the earth’s
crust. These may be undetectable in deep water but rapidly build in
shallow waters.

Waterspout:

A funnel-shaped whirlwind, typically only 10 metres or so wide,
sometimes intense, associated with towering cumulus clouds or
thunderstorm activity.
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Wind warning categories
Strong wind warning:

Warning for 10-minute average wind speeds between 25 and 33 knots
inclusive. Expect maximum gusts to be near 46 knots.

Gale warning:

Warning for 10-minute average wind speeds between 34 and 47 knots
inclusive. Expect maximum gusts to be near 66 knots.

Storm warning:

Warning for 10-minute average wind speeds of 48 knots or greater
(maximum winds of more than 65 knots).

Hurricane warning
Warning for 10-minute average wind speeds of 64 knots or greater
(tropical cyclones only): (gusting more than 88 knots).

Other types of warnings
Severe thunderstorm
warning:

Warning of a severe thunderstorm likely to produce one or more of the
following phenomena: hail of 2 cm or greater diameter, wind squalls
of 48 knots or greater, tornadoes, or very heavy rain. This warning is
only available near capital cities.

Tropical cyclone category system
Category 1
Sea craft may drag moorings. Strongest winds are gales, gusts to 70 knots, Beaufort 8 and 9 –
gales and strong gales.

Category 2
Small craft may break moorings. Very high waves with long overhanging crests. Strongest
winds are destructive with gusts of 70–190 knots.
Beaufort 10 and 11 – storm and violent storm.

Category 3
Sea completely white with driving spray; visibility very seriously affected. Strongest winds are
very destructive with gusts of 90–120 knots.
Beaufort 12 – hurricane.

Category 4
Sea completely white with driving sprays; visibility very seriously affected. Strongest winds are
very destructive with gusts of 120–150 knots.
Beaufort 12 – hurricane.

Category 5
Phenomenal seas – very rarely experienced. Strongest winds are very destructive with gusts of
more than 150 knots.
Beaufort 12 – hurricane.

11.3

APPENDIX 1 – WEATHER TERMINOLOGY

Examples of Marine Forecasts and Warnings
Note – UTC (Universal Time Coordinate): Time references in forecasts and warnings for high
seas are given in UTC. Australian Eastern Standard Time is UTC + 10 hrs. Western Standard
Time is UTC + 8 hrs. Daylight Saving: add one hour.
Routine coastal waters forecasts: are for areas within 60 nautical miles (nm) of the coast.
They are issued by Regional Forecasting Centres in each capital city several times daily and
monitored for changes that may occur.
North coastal waters forecast for Queensland
Issued at 11.22 am on Wednesday the 24th of November 1999
Valid until midnight Thursday
PENINSULA WATERS
TORRES STRAIT TO COOKTOWN
SE WINDS 15/20 KNOTS FRESHENING TO 20/25 KNOTS THURSDAY.
SEAS TO 1.8 METRES INCREASING TO 2.2 METRES OUTSIDE THE REEF
AND THROUGH TORRES STRAIT. SEAS TO 1.2 METRES INSIDE THE
REEF. SHOWERS AND ISOLATED THUNDERSTORMS.
OUTLOOK FOR FRIDAY SE TO E WINDS 20/25 KNOTS.
Routine High Seas Forecasts: are issued twice daily by the Regional Forecasting Centres in
Perth, Darwin, Brisbane and Melbourne for the areas beyond the coastal waters surrounding
Australia.
HIGH SEAS FORECAST FOR MET AREA 10
SOUTH-EASTERN AREA 28S/50S, 129E/170E
ISSUED BY THE AUSTRALIAN BUREAU OF METEOROLOGY,
MELBOURNE
FOR 24 HOURS COMMENCING 2300 UTC 23 NOVEMBER 1999
Part 1 Warnings
NIL.
Part 2 Situation at 1800 UTC
HIGH 1025HPA NEAR 38S130E EXTENDS RIDGE WEST TO 38S110E AND
EAST FROM HIGH TO 33S160E. ANOTHER RIDGE FORMING FROM HIGH
TO 45S160E AFTER 1200 UTC. SYSTEM MOVING EAST AT 10/15 KNOTS.
FRONT 28E160E/45S170E MOVING EAST 10 KNOTS. SECOND FRONT
WELL TO SOUTHWEST EXPECTED NEAR 42S120E/50S 132E AT 1700 UTC.
42S128E/50S139E AT 2300 UTC
Part 3 Forecast
WITHIN 120NM of RIDGES/180NM OF HIGHS.
VARIABLE WIND TO 10 KNOTS. SLIGHT SEAS. LOW/MODERATE
SWELL.
REST EAST OF TASMAN FRONT: NORTHERLY WIND 15/25 KNOTS.
MODERATE SEA/SWELL. RAIN AREAS REDUCING VISIBILITY BELOW 3
NM.
REST EAST OF SECOND FRONT:
SOUTHWESTERLY WIND TENDING WEST/NORTHWESTERLY WEST OF
DEVELOPING RIDGE. WINDSTRENGTH 10/15 KNOTS NEAR HIGH/
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RIDGES GRADING 15/25KNOTS SOUTHWARDS AND TOWARDS FRONT
AND REACHING 25/30 KNOTS IN FAR SOUTH AND TOWARDS SECOND
FRONT POSSIBLY STRONGER AFTER 1200 UTC. MODERATE SEA RISING
TO ROUGH IN SOUTH AND TOWARDS FRONT. MAINLY MODERATE
SWELL.
REMAINDER WEST OF SECOND FRONT.
WEST/SOUTHWESTERLY WIND 20/30KNOTS SOUTHWARDS WITH
MODERATE/ROUGH SEAS. MODERATE SWELL.
WEATHER MELBOURNE
Warning for coastal waters: are issued whenever strong winds, gales, storm or hurricane-force
winds are expected. The initial warning attempts to achieve a 12 to 24 hour lead-time and
warnings are renewed every 6 hours.
BUREAU OF METEOROLOGY
TASMANIA AND ANTARCTICA REGIONAL OFFICE HOBART
WARNING
COASTAL WIND WARNING
Issued at 10.22am on Wednesday 24 November 1999
Renewal of Strong Wind Warning
For south-western Tasmanian coastal waters between South East Cape and Low
Rocky Point.
A high passing north of Tasmania and a broad area of low pressure to the south
will cause north-west winds of 15 to 25 knots to reach 30 knots at times. A front to
approach tomorrow night is likely to strengthen winds further, later Thursday.
Warnings to shipping on the high seas: are issued whenever gale, storm or hurricane (in the
case of tropical cyclones) winds are expected. The initial warning attempts to achieve a 12 to
24–hour lead-time and warnings are renewed every 6 hours.
HIGH SEAS WEATHER WARNING FOR MET AREA 10
ISSUED BY THE AUSTRALIAN BUREAU OF METEORLOGY, PERTH
AT 2139UTC 25 NOVEMBER 1999
GALE WARNING FOR THE WESTERN AREA
SITUATION AT 2100UTC
Cold front 34S 090E 40S097E 50S104E moving SE 35 knots
AREA AFFECTED
South of line 48S080E to front south of 47S to 50S118E.
FORECAST
W/SW winds 25/35 knots, shifting N/NW 30/40 knots, very rough seas, heavy swell.
Winds expected to ease below gale force strength within the next 6/12 hours.
Weather Perth
NOTE: Australian International practice refers to weather system position for marine use in
degrees and tenths of a degree. For example 25.4 south is the latitude of twenty-five decimal
four degrees south, not twenty-five degrees four minutes south. To convert the decimals to
minutes, multiply by 60 ie. 0.4 degrees = 24 minutes.
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Sources of real-time weather information
HF and VHF Marine Radio
The Bureau of Meteorology operates HF radio transmitters at both Charleville (Queensland) and
Wiluna (Western Australia). They broadcast marine (Coastal and High Seas) forecasts and
warnings at scheduled times on a number of frequencies.
VHF broadcasts of weather forecasts and warnings are operated by State/Territory maritime
agencies.
Check the Bureau’s website (www.bom.gov.au/marine) for details.
When a weather warning is issued it will be broadcast when first received, and then at scheduled
broadcast times.

Public Broadcast Radio/TV stations
The Bureau distributes coastal waters forecasts and warnings to the ABC and commercial
networks (both city and country stations). Broadcasting of these varies between stations.

Weather via the Internet
A comprehensive range of weather products is available through the Bureau’s website on the
internet. Free services are available at the web addresses below, with additional information
available on a fee-for-service basis through the Bureau’s registered user services pages.
Bureau of Meteorology home page

http://www.bom.gov.au

Marine products

http://www.bom.gov.au/marine

Recorded telephone services
The Bureau operates a number of recorded services for coastal waters forecasts and warnings.
Check your local telephone directory. Services are:
•

Local waters forecasts: Supplied for capital city boating.

•

Severe Weather Warning Service: Marine and land-based warnings.

•

Marine forecasts: Full coastal waters forecasts and latest actual reports.

Tropical cyclone warnings and information (local call cost):
Queensland
1300 659 212
Western Australia

1300 659 210

Northern Territory

1300 659 211

1900x call costs 75c/minute (higher from mobile/public phones)
Marine Directory
1900 155 346
New South Wales coastal waters

1900 926 101

Northern Territory full service

1900 155 367

Queensland coastal waters

1900 969 923

South Australian coastal waters

1900 969 975

Tasmanian coastal waters

1900 969 940

Victorian coastal waters

1900 969 966

Western Australian coastal waters

1900 926 150
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Weather by Fax – fax-based polling service
Comprehensive real-time weather information is available via a poll fax.
1902x call costs 66c/minute (higher from mobile phones)
Main directory

1902 935 850

Australian Region MSL Analysis Chart

1902 935 210

Australian 36 hr Forecast Chart

1902 935 211

Australian 2–3 Day Forecast Charts

1902 935 728

Australian 4–5 Day Forecast Charts

1902 935 003

Latest Satellite Pictures (Australia)

1902 935 201

Forecast winds +12hr, +24 hr, +36 hr

1902 935 475

Australian Region Total Wave

1902 935 030

Australian Region Swell

1902 935 266

Radio and satellite broadcasts (including HF Weatherfax)
Refer to the Bureau’s website for further information.
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Appendix 2
Weather around the Australian coastline
WINTER AND SPRING WEATHER PATTERNS
Sailing during winter, summer, autumn or spring can be either a pleasure or a pain depending
upon where you are sailing. It all comes down to where you are in relation to the sub-tropical
ridge.
The Australian continent lies in the path of mobile high-pressure systems (sub-tropical ridge)
which move eastwards at mean latitude, varying with the season. The ridge reaches its most
northern position in winter and most southern in summer. The ridge crosses the West Coast of
Australia at about 25º south and the East Coast at about 29º south during winter and spring. In
summer it is located around 40º south.
These high-pressure systems move with variable speeds and are separated by troughs of low
pressure. To the south of the ridge cold fronts are swept along in the westerly airflow. To the
north, easterly flow dominates. In the middle of the high there are generally very light winds,
with local wind flows such as the sea and land-breeze tending to dominate within the coastal
zone.

High

STR

High

Low

Axis

STR

High

Axis

Low

Fig. App. 2.1 Typical surface weather map for winter. (In Offshore Yachting. Aug/Sept 1994, p21)

The key to successfully forecasting the winds for your race day is to keep a very close eye on
the position of the sub-tropical ridge and the resulting general wind flow, in conjunction with
your knowledge of local winds. This should be commenced at least a week before your race
day, utilising either surface weather maps from your local newspaper, TV weather presentations
or better still, by using the Bureau of Meteorology Weather By Fax Service. The internet can be
used as well.
Now, for a closer look at the typical wind patterns that can affect the Australian states during
the winter and spring period:

New South Wales
Winter
If the highs are moving through to the north of the state a westerly wind regime will exist over
most of the state. These can be quite strong at times, especially if cold fronts are moving
through to the south.
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If the high is over the state the weather is generally fine and the winds quite light. Weak seabreezes can develop but generally die out during the late afternoon. These are the days that
many yachts do not finish races.
Cold, strong south-west winds can develop with the passage of a cold front and associated lowpressure systems at NSW latitudes. Brief, heavy snow can fall on the tablelands as a result of
this situation: a better time for skiing than for sailing.
Spring
If low pressure systems are passing through to the south of the state with associated cold fronts
moving rapidly eastwards across NSW then strong westerlies will persist for several days.
Mountain or lee waves are often observed. These can at times locally enhance surface wind
speeds.
Strong south-westerly flow can develop when an intense low-pressure system is situated in the
central Tasman Sea. Strong winds or gales can often develop in coastal and ocean waters and
may last for several days.
Very warm to hot north to north-westerly winds can develop on occasions ahead of an eastwardmoving cold front, which extends northwards from an intense low pressure system situated in
the Southern Ocean to the south-west of Tasmania.
Some problems are:
An unusual, but very dangerous situation that may develop during this time of year is the
east-coast-low. It is common for low-pressure development to occur in the central Tasman
Sea during late winter and spring. Occasionally, however, small intense lows can develop
close to the NSW/Qld coasts and cause strong to gale force winds to develop over a
relatively short period of time. These are also known as cut-off-lows, meteorological
bombs, or explosive cyclogenesis.
As we move into late spring the possibility of a severe thunderstorm occurring over coastal
NSW increases. Large hail and very strong short-period wind gusts are possible with these.
Funnelling, and hence stronger-than-normal winds which can be coupled with a change of
direction due to valley orientation, will occur with river valleys, the best examples being the
Shoalhaven and the Hunter.

Queensland
The sub-tropical ridge can be situated over southern Qld at this time of the year. This means that
light winds will prevail within the high of the larger scale, with local winds operating within the
coastal zone.
To the north of the high-pressure centre a ridge will extend along the coast and this will ensure a
broad easterly onshore flow. However, local winds can still operate.
If the high-pressure centre is situated to the south of the state and in the Tasman Sea, a southeast to east flow will be observed over the coastal strip.
West to south-west changes are most common during the winter and spring months over Qld.
These changes are basically associated with cold fronts, but these fronts are modified by the
long passage across the Australian continent. The best development occurs over southern Qld
but occasionally extends well into the tropical north. Strong north winds may develop about the
southern Qld coast well ahead of the cold front. A low-pressure system to south of the state will
usually reinforce this situation.
Some problems:
East-coast-lows can be a problem over south-east Qld at this time.
South-east winds through Torres Strait are often much stronger than expected during the
morning.
Sea fog can occur along most of the coast south from about Cardwell. The most common
occurrence is during the winter months between the Whitsunday Islands and St Lawrence.
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Following the passage of a cold front, south-west to south winds of the Curtis coast across
Hervey Bay are stronger during the morning hours than indicated by surface pressure
gradients (isobar spacing).
When strong south-west to west winds are observed over south-east Qld, surface winds
along the Gold Coast are often light and variable due to the turbulence and mountain wave
effects induced by the mountain ranges to the west.
A south-west land-breeze usually develops at night (after midnight) along the Qld south
coast and northern NSW coast. This will oppose prevailing south-east winds to form a zone
0.5 to 1 mile across, with some showers and light winds and a few miles offshore. To
seawards of this zone south-east flow will prevail. This situation will break up over the
morning and by mid-day a south-east flow will predominate.
Fresh to strong north to north-east winds can persist well into the evening and early
morning along the central and south coasts, especially south of Fraser Island.
The odd thunderstorm could pose problems during spring.

Western Australia
Yes, you guessed it. The position of the sub-tropical ridge (STR) does influence the weather
along the Western Australian (WA) coast. During winter/early spring the position of the STR is
around 25º to 30º south, its northern-most position on average for the year. In this position, cold
fronts and strong westerly winds affect areas south of the ridge; dry, light to moderate easterly
winds prevail.
As we move into late spring the sun begins to march south; as a result there is an increase in the
amount of incoming solar radiation, and the continent starts to heat up. The STR tends to
migrate southwards in response to this heating and the belt of westerlies move slowly to a
position south of the Great Australian Bight.
The heating of the continent is also conducive to the formation of the west-coast trough. This
trough generally forms near the West Coast and is periodically forced to move east by the
approach of a Southern Ocean cold front. The presence of the trough normally has the effect of
weakening this cold front and could enhance some thunderstorm activity.
Another marked feature of the springtime weather pattern is the emergence of the sea-breeze
regime. The sharp thermal contrast between the warming continent and the air offshore allows
optimum conditions for the development of the sea-breeze. This effect, however, is greatly
influenced by the basic weather pattern. The strength of the sea-breeze on any given day tends
to be modulated by the relative position and intensity of the weather map features, particularly
the west-coast trough and the position of high pressure. The presence of a significant highpressure area to the south-west of the continent will produce strong, at times, gale-force seabreezes along the West Coast.
Perth weather forecasters have developed two rules of thumb for the winter/early spring months.
They are as follows:
1.

If the sea level atmospheric pressure falls to 1014hPa in Perth, rain and gusty winds in
nearby coastal waters can confidently be expected.

2.

When the sea level pressure rises to 1025hPa in Perth, and remains above this pressure for
24 hours or more, then three days of fine weather and light winds can be expected.

South Australia
During the winter/spring period the STR is normally situated well over the northern part of the
state, sometimes over Central Australia. This allows cold fronts associated with intense southern
low-pressure systems to regularly cross southern South Australia (SA), producing strong westerly
winds, rain bands with the fronts and shower activity in the colder post-cold frontal airstream.
A typical winter/spring weather sequence is as follows:
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The north-west air stream ahead of the cold front will usually produce drier continental air,
resulting in fine weather over all the state, except the south-east coast, where isolated showers
could be possible due to an onshore airstream; as the front approaches, winds strengthen
(sometimes to gale force if the front is intense; a quick guide to eyeballing frontal intensity is to
check the isobaric spacing just behind the front – the closer together the isobars are the more
intense the front is, and vice-versa), and high and middle level cloud increase. A band of rain
that sometimes contains thunderstorms and severe wind squalls accompanies the frontal
passage. Behind the front there is a rapid change in wind direction to the south or south-west
and the scattered low-level cloud containing variable quantities of shower activity will be
present. South-west airstreams are often relatively dry with shower activity rapidly becoming
quite isolated. Post-frontal wind speeds are similar to those ahead of the front, but there will be
times when they will be much stronger. After a day or so the whole pattern repeats itself.
Some unusual situations are as follows:
Severe thunderstorms and their associated problems (large hail, very strong wind gusts etc,)
can commence at anytime, but generally during late spring and continue over the warmer
months.
The geography of the SA Gulfs make their eastern shores susceptible to storm surges or
storm tides in winter westerly gales.
Cold outbreaks can occur with the passage of a winter cold front. This situation occurs
generally as a result of deep high-pressure ridging further to the west. When accompanied
by strong winds, hail and some snowfalls might result.
A weak sea-breeze can result on warm afternoons under slack pressure gradients.

Victoria
The weather sequence described above under SA for winter/spring is typical of Victoria as well.
Some unusual situations are as follows:
Weather situations with strong surface pressure gradients (close isobaric spacing) bring
wind speeds of 40 knots or more to Bass Strait and exposed coastal stations and
occasionally 30 knots or more to stations away from the coast. The more persistent of these
winds is the winter/spring westerly, with one or more low-pressure system passing
Tasmania and their associated cold fronts passing over Victorian latitudes. Other situations
of importance are the east coast of east Bass Strait lows, which can bring strong to gales
force southerly winds, and the northerlies that can occur between a stationary high pressure
system in the Tasman Sea and a series of low-pressure troughs approaching from the west.
Strong to gale force west to south-west winds can frequently occur off Gippsland with the
passage of a cold front, either through Bass Strait or to the south.
Wind squalls can occur on strong cold fronts, particularly in spring and summer in southern
Victoria.
In strong northerly wind flow the mountains to the north-east of Gippsland block the flow
and light winds result at the surface in Gippsland. If, however, the flow is around 40 knots
or more at the mountain top level, then areas of strong to gale force winds can result at the
surface due to mountain wave activity.
A weak sea-breeze can develop during warm afternoons under a slack pressure gradient.
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Tasmania
Prevailing winds over most of Tasmania during this time of the year (as with other times of the
year) are north-west to south-west and these are strongest and most persistent during
winter/spring. However, there are periods of broad easterly flow, which may last several days.
On winter/early spring mornings, surface winds tend to follow river valleys towards the coast.
Being in the roaring forties, Tasmania is frequently visited by cold fronts. The frequency of
frontal passages is related to the strength of the westerly flow – a quick handle on the strength
may be obtained by looking at the orientation, and the closer the spacing of the isobars, the
greater the strength of the westerly flow.
Westerly gales are probably more frequent in Tasmania than elsewhere in Australia and the
persistent interaction of westerly flow with orography (land) leads to significant variations in
the distribution of wind and rainfall. A small shift in the direction of the prevailing airstream, or
even a small change in wind speed, can lead to significant changes at places around the
Tasmanian coastline.
Some problems are:
Cyclonic weather, the deep southern low, which can pass just to the south of the State, can
bring widespread north-west to south-west gales in coastal and ocean waters. The eastcoast-low is even a problem down this way. The feature can come about very quickly due
to either development occurring on a cold front passing through or from a low that has
moved down from the north. As with their northern cousins, prediction can be very
difficult.
Cold outbreaks can occur at this time (or any time) of the year. Gale force winds are
generally always associated with these events.
The lee trough effect can form on leeward coastlines. Generally, this is observed more so
with westerly flow, where a trough of low pressure (sometimes a closed low-pressure area)
forms over the eastern part of the state and light to moderate winds result along the East
Coast. Meanwhile on the western, northern and southern coasts, strong to gale force winds
can be present.

Northern Territory
The August/September period marks the end of the dry season and the beginning of the
transition period in the Northern Territory (NT).
A typical dry season (June to August inclusive) pattern is where the STR is located over SA and
is directing a dry south-east trade wind flow across the NT. Dry south-east surges (significant
increases in surface wind speeds) which result from the mobile STR can occur about every 10
days on average with about eight or nine surges on average per dry season. The strength and
length of time of these surges mostly vary in relation to the strength of the STR and its speed of
movement. A fresh to strong surge, on average, lasts for about five to six days, but sometimes as
short as one to two days and as long as 11 days.
Some problems are:
Usually westerly flow caused by the passage of a deep low-pressure system across the
Great Australian Bite and SA.
Strong south-east flow across the Top End which eventuates when the pressure gradient
tightens very quickly during the passage of a high-pressure system into the Tasman Sea to
the south. Within 24 hours of pressure rises (ridge) along the Qld coast, winds of the order
of 25 knots may develop over the Gulf of Carpenteria and southern Arafura Sea, where the
prevailing gradient is rather slack. The forecasting problem is that not all strengthening Qld
ridges generate these strong winds.
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The pre-monsoon transition period (September to December) is generally known as the build-up
because of the gradual build-up of cumuliform cloud and the tendency towards some shower
and/or thunderstorm activity. The most important surface weather map changes are associated
with the development of the heat trough (due to heating of the tropical north by the sun, which
is moving south at this time of the year) to the south of Darwin. This trough separates a moist,
unstable air mass to the north from a dry, and generally stable, air mass to the south.
Winds during this period are generally light easterlies in the morning, followed by afternoon
light to moderate coastal sea-breezes.
Some problems are:
Unusual strong westerly flow across the Top End due to a displaced WA heat low (trough).
Sea-breeze convergence over the Top End and about the Gulf can help produce
thunderstorms and their associated squalls.
The localised wind patterns over tropical coasts are heavily driven by the sea/land-breeze
regime. It pays to take time to study these in depth by coupling your reading with practical
experience.

SUMMER/AUTUMN WINTER PATTERNS

Fig. App. 2.2 Typical mean sea level chart for summer showing mean path of summer highs.
Arrows indicate direction of travel. (Bureau of Meteorology, 1999, Perth Office)

New South Wales
During the warmer months the (STR) is generally to the south of NSW (on average around 40º
south) with high-pressure centres in the Tasman Sea and the Great Australian Bight. Lower
pressure is generally situated over the continent, especially over the tropical north in the form of
heat lows/troughs.
The predominant winds are humid north-east or south-east, originating from the Tasman Sea or
the Coral Sea. Cold fronts are typically less intense than their winter counterparts and hence,
often shallow, giving rise to what is commonly known as the summer-time cool change over the
east coastal fringe. Winds turn south-west to south-east across the state as a high pressure
system moves eastward from the Great Australian Bight, then veer to the north-east as the high
establishes itself in the Tasman Sea.
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The summertime cool change develops when a high in the Tasman Sea weakens and is replaced
by a high, moving through Bass Strait. A shallow front develops between the two highs. As this
front moves up the NSW coast, warm northerlies back in direction to become cooler southerlies
(sometimes a southerly buster) along the coast, then back further to become south-east and
eventually around to the north-east as the high re-establishes itself in the Tasman Sea. Because
these fronts are generally shallow, they do not extend that high into the troposphere and are
affected more by orography. This means that the front will generally move very quickly
northwards along the coastal fringe and out to sea, but over the mountain ranges it will undergo
frictional retardation. This means that at a particular time, the front can be through Sydney, but
not through Canberra.
Thunderstorms often occur with or ahead of the front and low cloud can develop in the
southerly stream along the coast, leading to showers or drizzle if the stream is deep enough.
If the front is deeper and stronger than usual, hot north-west winds are generated, giving the
coastal strip higher than average temperatures before the change.
Summers can be cooler than average when the highs keep well to the south of the state, with
south-east winds providing a showery onshore influence along the coast and the adjacent inland.
At times, a trough of low pressure may be generated in coastal waters roughly parallel to the
coast, and this in turn enhances the shower activity as well as the wind speed. In fact, this trough
can veer the wind direction more into the south over waters between the trough and the coast.
Warmer-than-average summers can result from the situation where the highs ridge north into the
north Tasman Sea, thus giving rise to relatively warmer, humid north to north-east winds over
the whole state. Thunderstorms, especially during the afternoon and evening, can occur along
the coast and ranges.
The sea-breeze is a very regular occurrence at this time of the year and can be strong and gusty
at times. It generally commences during the late morning/early afternoon following very light
winds.
The most common sea-breeze direction along the NSW coast is from the north-east, but this can
be modified by the orientation of the coastline. The breeze penetrates inland during the day and
evening, reaching as far as Canberra and the Blue Mountains at times. Some of the strongest
sea-breezes along the NSW coast occur on the south coast and at times on the central coast,
ahead of an advancing cold front or low-pressure system. More about sea-breezes later.
Some problems:
The East-coast-low can be a problem, especially a tropical cyclone that has moved south
from Qld waters, but the probability is low during the warmer months. Pseudo lows can be
a problem when a low-pressure system winds up on a cold frontal surface as the front
moves eastward through south-eastern Australia. The 1993 and 1998 Sydney to Hobart
Yacht Races were excellent examples of this particular situation.
The southerly buster can be a more frequent problem than the east-coast-lows, but again the
frequency of occurrence is fairly low. The most spectacular cases occur at the end of a hot
summer day. The wind turns suddenly from the north to the south and blows with some
force. Gusts to 50 knots and an average speed of around 30 knots persist for several hours,
with a change in the air temperature of 10º or more. A horizontal roll cloud near the leading
edge of the buster is sometimes observed; otherwise there is not a great deal of cloud
associated with the initial onset. Low cloud often develops in the southerly air behind the
buster, and may become extensive along the coast.
Severe thunderstorms, with their attendant problems, are common at this time of the year.
The problems can be associated with damaging winds, damaging hail, very heavy rain and
from time to time, waterspouts over the water and tornadoes over the land. Keep your eyes
open to the west for development along the mountain ranges as thunderstorms are steered
by the winds at around a height of 4 to 5k above ground, which on average over coastal
NSW are from the west.
This means that storms develop along the ranges and move towards the coast, killing the
sea-breeze that has been blowing for most of the afternoon. The sea- breeze is replaced for a
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short period of time by strong to very strong winds, which may cause a lot of damage to
watercraft. Be aware that even a non-severe thunderstorm can create problems, especially
from a wind point of view. The moral of the story is do not trust any thunderstorm cloud.
The movement of cold fronts during the warmer months is often very fickle due to their
shallow nature, particularly along the coast and over the ranges.
With a fairly straight coastline and few offshore points it is often assumed that coastal
stations are representative of conditions at sea, which may be far from the case. Wind
speeds may be 25 to 50 per cent stronger than over the land. The extent of sea-breezes
seaward is not known. The strength of sea-breezes, particularly on the south coast when
pressures are falling, often surprises everyone.
The East Australian Current (EAC) which brings warm water from the Coral Sea into the
cooler Tasman Sea can run with speeds up to 4 knots around the continental shelf and can
spawn a number of eddies to the south of the main current. It is generally felt further south
of Sydney at this time of the year.
The NSW coast is largely exposed to deep ocean conditions, and swell forecasting poses a
major problem. Even when the local weather pattern is unfavourable for swell generation, a
tropical or extra-tropical system sometimes thousands of kilometres offshore has the
potential to produce a moderate or heavy swell along the NSW coast with little warning. A
deep low located in the Tasman Sea will usually generate a south to south-east swell
(sometimes east) along the NSW coast. The sea wave is produced by the local wind
blowing at the time so its height is a function of both wind speed and water depth.

Queensland
With the STR located on average through the Tasmanian latitudes at this time of the year, the
Equatorial Trough (ET) or the Inter-Tropical Convergence Zone (ITCZ) assumes a position over
the tropical north of Australia. This implies that the tropical north of the continent is dominated
by low-pressure, and a semi-permanent trough of low pressure will be present over inland Qld.
Generally speaking, south-east to east flow dominates the Qld coast and is less in strength than
during the cooler months. The monsoon trough can also be a feature of the summer months, and
marks the zone between westerly flow to the north and easterly wind flow to the south. It
migrates south with the sun but only rarely further than about latitude 15º south. The trough can
at times become highly active, generating areas of widespread rain and thunderstorms.
South-east changes are most common during summer. Like westerly changes during the cooler
months, these originate as mid-latitude cold fronts. The continental section of the front will
often merge with the semi-permanent trough over inland Qld and eventually lose identity. The
near coastal section of the front is modified and turned north by the prominent coast and
mountain orography over south eastern Australia, and arrives on the Qld coast as a northward
propagating south-east (sometimes southerly) change.
Problems associated with south-east changes
Timing the arrival of the change in south-eastern Qld as this is often critical to the development
of thunderstorms or strong winds.
Strong northerly winds will often develop about the south coast well ahead of the front, usually
due to a developing pre-frontal trough. A low to the south of the state reinforces this
development. Large corrected (for diurnal variation) pressure falls about the coast are a signal.
Northerly winds are also reinforced by a strong diurnal sea-breeze component, particularly
along the Moreton Coast.
Determining the northern limit of south-east changes, and how long shower or thunderstorm
activity will persist in the area where the front has apparently decayed.
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The coastal pressure gradient (spacing of isobars) and winds normally peak in the 6 to 12 hours
immediately following the passage of a south-east change. Vigorous changes often require a
strong wind warning for coastal waters. Occasionally, pressures will build up on the NSW coast
well behind a weaker south-east change, and this will manifest itself as a pressure surge
advancing rapidly along the Qld south coast with resulting strong winds. Pressure changes and
wind strengths must be closely monitored along the NSW coast.
Other problems:
Thunderstorms, as in NSW above.
Tropical cyclones can be a problem at this time of the year and any vessel sailing in tropical
waters over this period must be aware of the tell-tale signs, and especially the Bureau of
Meteorology’s warning system. The Bureau’s regional office in Brisbane (GPO Box 413,
Brisbane, Qld 4001) should be consulted for further information on the tropical cyclone and
the warning system.
Surface to gradient level south-west winds through Torres Strait are often much stronger
than expected during the morning. Gradient winds regularly exceed 25 knots and at times
can reach 40 knots. A similar effect is sometimes observed in summer with a welldeveloped north-west monsoon.
The many islands at the southern end of Moreton Bay protect these waters from strong
south or south-east winds.
When northerly winds are present along the central and/or south coast in summer, the wind
will normally veer to stronger north or north-east during the afternoon and evening due to
the sea-breeze component.
Sea waves and swell
Most Qld coastal waters are at least partly protected from deep ocean waves and swell. These
waters include shallow semi-enclosed basins such as the Gulf of Carpenteria, Hervey Bay, and
Morton Bay, and the great expanse inside the Barrier Reef stretching some 2000k between the
latitudes of Torres Strait and Gladstone. Outside the Barrier Reef lie the deep ocean waters of
the Coral Sea where waves and swell can develop to maximum height. Inside the Reef lie the
shallow waters of the continental shelf, where the limited fetch is further interrupted by many
lesser reefs and islands. The Reef barely lies more than 60k offshore between about Cape
Grenville and Hinchinbrook Island, and coastal waters forecasts, which include this section
make reference to sea and swell conditions both inside and outside the Reef.
Other parts of the Reef lie near or outside the seaward limit of coastal waters forecast zone (60
nm). The prevailing south-east or east winds blow offshore over the Qld section of the Gulf of
Carpenteria, and fetch is somewhat restricted as a result. A significant swell is a rare occurrence
in the Eastern Gulf. However, a well-developed north-west monsoon will often generate a
moderate or heavy swell in the North East Gulf during summer.
The south Qld coast is largely exposed to deep ocean conditions and swell poses a major
problem in this section. Even when the local synoptic (weather) pattern is unfavourable for
swell generation, a tropical or extra-tropical system sometimes thousands of kilometres offshore
has the potential to produce a moderate or heavy swell along the Qld south coast with little
warning. A deep low located over the Tasman Sea will usually generate a southerly swell,
which is partially refracted around the projecting coast near Cape Byron. In this case the major
swell is generally confined offshore from the south Qld coast.

Northern Territory
The summer period over the Top End is generally known as the Wet Season as this is the time of
the year when monsoonal flow is evident.
A common monsoonal pattern is when the monsoonal trough is located across the Top End. A
fresh to occasionally strong west to north-westerly wind flow usually prevails to the north of the
trough with a relatively dry south-east flow to the south.
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The presence of the monsoon trough will not always guarantee good monsoon rains, as the
monsoon has active and inactive periods, which are dependent on the larger scale flow.
An active period in Darwin occurs on an average of 2 to 3 times each wet season between late
November and early April. These active periods, or bursts, usually occur some 30 to 50 days
apart, with the average onset of the first burst at Darwin in late December. This results in a
considerable increase in rainfall near and north of the monsoon trough. Widespread rain and
embedded thunderstorms are associated with an active monsoon burst. Extensive areas of low
cloud can occur and persist throughout the day.
An inactive period is characterised by the lack of deep north-west flow and a return to coastal
sea-breezes. An inactive period in which a wind reversal to easterlies occurs is often referred to
as a break period. Rainfall during inactive periods usually results from isolated diurnal
thunderstorms and line squalls.
In all, not a really good time of the year for sailing.
Some problems:
Anomalously strong west to south-west winds can develop over the Top End when a
tropical cyclone is near the North Qld coast or over the Gulf of Carpenteria.
Thunderstorms and their associated wind squalls can be a problem.
Sea-breeze convergence about the Top End coasts and Gulf Country may help trigger
thunderstorm activity.
Last but not least the tropical cyclone and, as for Qld above, vessels moving around
northern waters should be well aware of the tell-tale signs and the warning system. It is
strongly recommended that you seek information from the Bureau’s Darwin office (Bureau
of Meteorology, PO Box 40050, Darwin NT 0801) before you set sail.

Western Australia
By mid-summer, the STR has moved to its southern-most position, with its axis south of the
continent. Easterly winds then extend over about three-quarters of the state. In the tropics,
however, solar heating causes the development of a low-pressure area, and westerlies prevail
over coastal areas – a general feature of the north-west monsoon. Thus, in both the north and the
south of the state, the wind directions become the reverse of those prevailing six months earlier.
During the summer months, high pressure cells move almost continuously into the Great
Australian Bight, although occasionally Southern Ocean cold fronts and the deepening of the
heat trough near the west coast may intrude into this pattern of the ridging.
As the high cells move into the Bight, an easterly airflow becomes established over the southern
half of the state. Air, made hot and dry from its trajectory over the heated continent, causes
temperatures along the West Coast to rise. Progressive heating will cause the formation and
development of the West Coast trough.
The movement of the trough inland allows cool moist air to replace the hot dry conditions,
which are then transported east ahead of the trough, and along the usually mild southern coastal
fringe.
With the southward movement of the STR, the equatorial trough approaches with the north-west
of the State. Flows of maritime westerlies in conjunction with the general low-pressure
circulations result in periods of rain and thunderstorms. Occasionally, tropical cyclones from the
Indian Ocean affect coastal areas, before decaying into extensive rain-bearing depressions on
moving inland.
A regular feature along the WA coast during the summer months is the sea-breeze. This local
wind is greatly influenced by the general weather situation. The strength of the sea-breeze on
any given day tends to be modulated by the relative position and intensity of the weather map
features, particularly the West Coast trough and the high pressure cells.
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In particular, the presence of a significant high cell to the south-west of the continent will
produce strong, sometimes gale force, sea-breezes along the west coast – termed super seabreezes, by local weather forecasters.
As with other areas of the Australian Coastline, the sea-breeze direction and strength is affected
by surface friction, the shape and orientation of the coastline and the Coriolis force (the force
due to the rotation of the earth). Along the West Coast of WA these effects combine to produce
a general south-west sea-breeze. Pronounced local effects such as coastline shape will tend to
alter both the direction and speed of the sea-breeze, especially inshore. This is where local
knowledge is very important.
On the Swan River, the sea-breeze may arrive between half an hour and two hours later than at
the coast. With strong easterly winds, it may not penetrate beyond one or two kilometres inland.
Western Australian weather forecasters have produced some guidelines for Perth, which apply
during the months from December to January to aid in the estimation of the arrival time of the
sea-breeze and the inland movement of the trough of low pressure, which can bring a cool
change.
We know already that during the summer months, the major weather influences on Perth’s
coastal waters are the sea-breeze and the development of the low-pressure trough off the West
Coast. The sea-breeze is fairly consistent. However, the general easterly gradient level wind
flow greatly influences the arrival time of the sea-breeze. The trough will remain stationary for a
few days before moving inland, bringing a cool change and gusty south-west winds to the coast.
Guideline 1: The strength of the opposing east winds can be measured by subtracting the
pressure at Geraldton from that at Cape Naturaliste (in this case, the pressure at Geraldton must
be lower than at Cape Naturaliste). When the difference is small, say 2–3hPa, the sea-breeze can
be expected on the coast at about 10.00 a.m. When the difference is large, say 6–7hPa, the seabreeze will not arrive on the coast until about 2.00 p.m. The newspaper map can be used to
eyeball this pressure difference (the closer together the isobars the greater the pressure
difference, and vice-versa).
Guideline 2: The low-pressure trough will move inland and bring a cool change to the coastal
areas when a cold front is located at about latitude 40º south, longitude 110º east (approx.
500nm south-west of Perth).
Some problems:
The thunderstorm and its attendant problems, especially wind squalls.
The tropical cyclone can be a problem. As mentioned under Qld and the NT headings,
please be aware of the telltale signs and the warning system. The Bureau of Meteorology’s
Regional Office in Perth should be consulted for information and advice (PO Box 1370,
West Perth WA 6872).
Even though generally weaker in summer than in winter, the Leeuwin Current should be a
factor worth considering by the yacht-racing person.
This current flows southwards from near North West Cape to Cape Leeuwin and then
eastwards towards the Great Australian Bight.

Victoria
With the good old STR, on average, just to the south of Victoria during summer, we can divide
the typical summer weather situations into essentially five different types. They are as follows:
Type 1. Highs to the west. When a high-pressure system remains over the Great Australian
Bight or over northern Victoria, a west to south-westerly, sometimes southerly, airstream is
maintained over the state. If a cold front moves over the state in this broad westerly stream then
the surface winds will back from the west to the south-west with the passage of the system.
Gale force winds can occur to the east of Wilson’s Promontory due to funnelling between
Victoria and Tasmania.
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A sea-breeze may reinforce any southerly flow in the above situation over the coast. This is
more noticeable over northern Port Phillip Bay, where a light southerly is reinforced by a fresh
sea-breeze in the afternoon and evening to produce choppy to rough conditions on the Bay.
Type 2. Highs to the south of Victoria. After the passage of a cold front a high-pressure system
may quickly move eastwards and strengthen (not always) to the south of Tasmania. Under this
regime a fresh east to south-easterly stream can be established over Bass Strait. The north-west
ranges of Victoria may also deflect the airstream to produce strong winds off the Gippsland
coast.
Port Phillip Bay winds can be complex during this situation, depending on the strength of the
east to south-east stream. During the morning, light to moderate winds are common over the
northern end of the Bay, while fresh to strong easterlies prevail in the south due to funnelling
through the Latrobe Valley. As the day progresses the winds over the northern end freshen as a
result of the sea-breeze component reinforcing the south-easterly wind.
Type 3. Highs to the east of Victoria. When a high-pressure system is located between
Tasmania and New Zealand (very common during the summer months), they can become a
dominant influence over the state. A moist north-easterly airstream develops over the state,
which produces humid conditions with possible sea fog over Bass Strait. Winds are generally
light to moderate north-easterlies, except over eastern Bass Strait, where funnelling can produce
strong north-easterlies. If the position of the high is north of Bass Strait these strong winds do
not occur. Sea-breezes would develop off the Gippsland coast.
Type 4. Highs over Bass Strait. This situation will produce generally light winds over Victorian
waters except where sea-breezes reinforce the prevailing wind to produce a moderate to fresh
wind about the East Coast.
Type 5. Passage of a single cold front. The approach of a single cold front between highs is
usually associated with a low to the south of Tasmania. Gale force winds may be associated
with the passage of the front but these are only short-lived.
The sea-breeze regime on Port Phillip Bay is a complex one, to say the least!
Two main features influence the development of the sea-breeze. As it is an extensive, almost
land-locked, body of water, local heating initially creates sea-breezes all around its edges,
blowing from the water to the land. This means that they blow in different directions,
depending on where you are.
The second feature is Bass Strait. This produces a stronger, longer-lasting sea-breeze, which
takes more time to develop than the localised Bay breezes. The Bass Strait sea-breeze interacts
with, and finally dominates, the Bay breezes in the early afternoon through to early evening.
Some problems may be:
Weather situations with strong surface pressure gradients (close isobars) bring winds of 40
knots or more to Bass Strait and exposed coastal areas. Since Bass Strait is very shallow a
fully risen sea can develop very quickly.
Squalls can occur on intense cold fronts.
In northerly flow, the mountains in the north-east of the state can markedly affect the local
wind flow along the Gippsland coast.
Gale force, easterly winds can occur overnight on the Mornington Peninsula, extending
north to Melbourne's southern suburbs, when a high-pressure system passes to the south
over Tasmania. In this situation there may be gales in Bass Strait, but the strength of the
wind on the Peninsula may be due to a broad-scale gully wind effect.
Thunderstorms can be a problem.
An east-coast-low, although rare at this time of the year, may create havoc over eastern Bass
Strait, as well as the Gippsland and southern NSW coasts.
The maximum tidal current experienced in Victoria is about 8 knots, measured at both Port
Phillip Heads and the inlet to Lakes Entrance.
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Tasmania
During the summer months the typical weather patterns that affect Victoria also affect Tasmania,
but with some variations. We can split the typical weather patterns into five types as follows:
Type 1. Highs (Sub-Tropical Ridge) in the Great Australian Bight (known as the Bight). This is
the only high-pressure situation in which winds over Tasmania can reach any significant
strength. As the high maintains a slow eastward track from the Bight, a continuing south-west to
westerly airstream can be expected. The more south-west the airstream is, the better the chances
of colder temperatures being experienced over the state. Although winds will strengthen with
such a change, it would be rare for winds to reach gale force.
Type 2. Highs to the south of Tasmania. This situation forms after a south to south-easterly
airstream develops following the passage of a cold front. Sometimes a small low may form over
Bass Strait, which could result in locally strong easterly or south easterly winds in north-eastern
Tasmania. However, winds are usually fairly light. A south-east to north-east airstream is likely
to continue for a number of days.
Type 3. Highs to the east of Tasmania. When highs are positioned far enough south, between
Tasmania and the south island of New Zealand, they can become a dominating influence over
the state. This is a very common summer situation with moist north-easterlies providing humid
conditions, and possible sea fog occurring over Bass Strait and north-eastern waters. This
situation can last for a number of days until either a north-westerly change occurs or a low
moves in from the north-west or north.
Type 4. Highs over Tasmania. During the warmer months it is more common for highs to move
either across Tasmania or through Bass Strait. Sometimes the development will be such that a
new high-pressure cell will form in the east, and the old high to the west will gradually
disappear. When it is possible to track the high directly across the state the movement is usually
fairly rapid. Winds will be very light, except in the far south.
Type 5. Passage of a single cold front. The passage of a single cold front between high-pressure
cells is usually associated with a low-pressure system already close to Tasmanian latitudes. The
low may move just to the south of the state, and the cold frontal change usually appears as a
well-defined cloud band on a satellite photo. Gale force winds may be associated with the
passage of the front. Another example in this category occurs with the deepening of a small low
centre (usually less than 996 hPa central pressure) as it is swept from the Bight to the south-east
of Tasmania. Pressure falls of 3 hPa or more, every 3 hours are usually noted over south-east
Australia in this type of situation. Sea and land-breezes are much influenced by topography and
vary considerably from one part of the coast to another. In Tasmania the actual sea-breeze has
an average speed of about 10 to 15 knots from November to February. The sea-breeze usually
extends 50k inland, especially along elongated river valleys such as the Tamar. The seaward
extent of the sea-breeze is much less. Some problems could be as follows:
The east-coast low. This may be a low that has moved south from regions to the north. A
typical movement is down the East Coast of Tasmania. Strong to gale force north-easterly
winds may occur while the low is still in the north, later veering south easterly as the low
moves to the south.
The occasional thunderstorm could cause some problems.
A local scale heat low can form due to land heating up during the daytime just inland of the
East Coast. Occasionally these can form over the Central Plateau as well as over south-west
Tasmania. Where the influence of a heat low circulation extends to coastal regions it may
have an interesting effect on the local winds in the area. For example, the circulation
associated with a heat low near the central east coast would tend to assist the development
of the south-east sea-breeze on the Derwent estuary, while that from a heat low over southwest Tasmania could induce a north-easterly surface wind. In fresh to strong westerly flow
a low-pressure circulation or trough is often formed to leeward of the main mountain
barrier. This situation can result in areas of relatively light winds on the East Coast although
a strong westerly airstream may be prevailing elsewhere.
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South Australia
With the average position of the STR being just to the south of Adelaide during the summer
months, the typical airstreams over SA turn through south-east and north-east. The north-east
and northerly wind directions normally bring hot, dry weather from the interior until a new high
cell moves in from the west and produces a cool change with a wind direction from the south to
south-east. Temperatures near the coast are tempered due to sea-breezes. Cold fronts are
normally located too far south to produce any precipitation, although isolated light stream
showers can occur in south-west to south-east airstreams, mainly on southern coasts and ranges.
Sometimes moist tropical intrusions can produce rain and thunderstorms, but normally
conditions are dry.
A typical summer weather sequence would be as follows:
A high-pressure system migrating from west to east to the south of the continent. Often the
entire sequence would be cloud free, except for some low cloud around southern coasts and
ranges in the south to south-east airstreams.
A trough of low-pressure approaches and the resulting northerly winds will generally be fresh to
strong and hot. As the trough passes over, winds turn more southerly and remain fresh to strong
and temperatures drop, especially in coastal regions. Occasionally, upper level north-westerly
flow, when tropical regions are active, will bring rain into the state from the north-west, despite
the relative innocuous-looking surface weather pattern. Thunderstorms often result and will
sometimes be severe.
Then we commence the sequence all over again.
Sea-breezes occur along the SA coastline most days in the summer months and these help to
ameliorate temperatures in coastal regions. They are usually strongest with isobars between a
southerly and easterly direction, are usually weak with north-easterly flow and are prevented
from forming at all by freshening northerlies.
Along the coast immediately adjacent to the ocean, sea-breeze strength is frequently in the 20 to
25 knot ranges, and sometimes exceeds 25 knots. However, in the Gulf Regions their strength is
much more variable. For instance, in the Adelaide area while the sea-breeze is occasionally
strong on the water, it only penetrates a small distance inland and its strength decreases.
Some problems:
Thunderstorms, sometimes severe, can be a problem, especially wind squalls.
With a high pressure system to the south of Adelaide, and surface wind directions from the
south east to east, Adelaide and the slopes in the lee of the Mt Lofty Ranges experience
strong winds at night, known locally as gully winds. These winds often produce only a
welcome cooling effect overnight, but occasionally can reach gale force in coastal waters
adjacent to the southern suburbs as well as the Fleurieu Peninsula.
Frontal timing and the extent of inland penetration of the front can be difficult to forecast at
times.
Again, experience (local knowledge) will help you come to grips with the typical weather
over a particular area.
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Appendix 3
Some useful weather websites
http://www.bom.gov.au/

Australian Bureau of Meteorology

http://www.dmr.csiro.au/

CSIRO Division of Marine Research

http://www.met.co.NZ/

New Zealand MetService

http://www.csu.edu.au/weather/

Charles Stuart University Weather Links

http://www.meto.gov.uk/

U.K. Met Service

http://www.eso.org/observing/weather/

Images from around the World

http://weather.noaa.gov/index.html

US NOAA site where you can download
weather conditions from around the world

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

Home page for US National Hurricane
Centre with lots of useful links

http://www.meteo.fr/meteonet/

French Weather Service

http://152.80.49.210/PUBLIC/WXMAP/GLOBAL/ NOGAPs, MRF and AVN (USA)
computer model output
http://polar.wwb.noaa.gov/waves/
waves.html#paci.wind

Computer model wind and wave forecasts
for the world

http://www.ecmwf.int/

ECMWF (European Centre for MediumRange Weater Forecasts) forecast charts

http://weather.unisys.com/hurricane/index.html

Historical analysis of tropical storms from
around the world

http://www.ems.psu.edu/wx/radsearch.html

Real-time ocean observations from
around the world

http://www.sat.dundee.ac.uk/pdus.html

Satellite images from a number of
different weather satellite systems,
especially the South Pacific and Europe

http://www.setsail.com

Steve and Linda Dashew’s great site
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Appendix 4
Glossary
Advection fog

Fog caused by warm air flowing over a cold surface

Air

The envelope of gases surrounding the Earth and known as the
atmosphere.

Aneroid barometer

A Clockface barometer operating on the compression and expansion
of a corrugated metal box partially exhausted of air.

Anemometer

An instrument for measuring wind speed.

Apparent wind

The apparent speed and direction of the wind as recorded by an
anemometer in a vessel under-way. Can be converted to true wind by
correcting for ship's course and speed.

Atmosphere

Refer to air

Barometer

An instrument used to measure atmospheric pressure.

Barograph

An instrument used to measure atmospheric pressure on a revolving
drum to give a 7-day record.

Backing (wind)

A change in the direction of the wind in an anti-clockwise direction.
The same term is used in both hemispheres. (Ref. Significance in
relation to movement of T.R.S.)

Beaufort scale

A scale of wind force related to sea conditions. It is a way of
estimating the wind speed by observation.

Buys Ballot's Law

A way of determining the approximate positions of the vortex (or
centre) of a low-pressure system. It is particularly applicable to a
T.R.S.
It states ... (For the Southern Hemisphere) Stand facing the wind and
the centre of the Low-Pressure system will be between 90° and 135°
on your left hand.

Breeze

A wind of between 2 and 6 knots. Registered as Force 1 – 2 on the
Beaufort Scale.

Calm

An absence of appreciable wind. Force 0 on Beaufort Scale.

Celsius scale

The metric scale of temperature measurement based on the boiling
point of fresh water (100°) and the freezing point (0°).

Cirrus

Cloud type.

Coriolis force

The effect of the Earth's rotation on the surface movement of the
Earth's winds and ocean currents.

Clapotic waves

The wave formations resulting from sea or swell being reflected from
vertical surfaces (cliffs, break-waters, etc.) and meeting up with the
oncoming wave train.

Cloudy

Lengthy periods with substantial cloud cover.

Col

The region between two ridges of high pressure and two lows.
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Convection

A thermally-produced process involving upward movement of the
atmosphere.

Cumulus

Cloud type

Cumulo nimbus

Thunderstorm cloud.

Cyclone

(1) The term used to describe the circular movement of air in a lowpressure system (clock-wise in the Southern Hemisphere, anticlockwise in the North).
(2) Term used for a Tropical Revolving Storm (T.R.S.) in the Indian
Ocean and South-west Pacific (Chapter 10). It is more correctly called
a Tropical Cyclone.

Dew point

The state of the atmosphere when it is holding (or has absorbed) the
maximum amount of moisture of which it is capable, compatible with
its temperature. Further cooling or absorption must result in
precipitation in the form of rain, snow, fog or dew.

Depression

A low-pressure system in the middle and high latitudes. A tropical
depression is often the forerunner to a tropical revolving storm. A
rain depression occurs when the T.R.S. makes landfall and weakens.

Drizzle

Very small drops of rain, which blow or drift in the wind. Will wet
the decks without causing run-off. Can affect visibility significantly.

Dull

An overcast sky sufficiently thick or dense to reduce daylight.

Elements (of weather)

The factors that affect weather.

Evaporation

The conversion of water to vapour by a heat process. The water cycle.
Evaporation fog.

Extrapolate

To determine from known values, making the assumption that what
applies to those known values will continue at a constant rate into the
future.

Facsimile receiver

An instrument for receiving print-outs of weather maps and satellite
photographs transmitted from a meteorological centre ashore or afloat.

Families of lows

Low-pressure systems tend to form and move in groups or families.

Fetch

The distance of open ocean over which a wind is blowing.

Fine

Absence of rain. Has no relevance to cloud cover or wind.

Front

The narrow zone marking the boundary between two different air
masses.

Frontal trough

A trough that forms from a low with associated fronts.

Gradient

The rate at which the barometric pressure is rising or falling in a
weather system. Steep = rapidly. Shallow = slowly.

Gale

Wind of 34 to 47 knots (force 81a) on the Beaufort Scale.

Gale warning

Issued when average wind speeds are expected between 34 and 47
knots.

Gyre

Referring to ocean currents the circular movement of ocean currents
created by the Coriolis effect of the earth's rotation.
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Heave to

The operation of bringing the vessel head to (or nearly head to) sea to
allow it to safely handle excessive sea conditions.

Heavy (rain)

An expected fall of more than 25mm (1 inch). The term heavy can
also be applied to sea and swell.

High-pressure system

A weather system with high barometric pressure at the centre and with
pressure falling towards the perimeter.

Hygrometer

An instrument that measures the relative humidity of the atmosphere.

Hygrothermograph

An instrument which simultaneously measures air temperature and
relative humidity and plots them on a revolving drum graph.

Humidity

The measure of water vapour in the air.

Hurricane wind
warning

Issued in tropics when average wind speeds are expected to exceed 63
knots.

Inter tropical
convergence zone

Often shortened to I.T.C.Z. The belt around the Equatorial regions
receiving the greatest heating effect from the sun. It moves North and
South with the seasonal declination of the sun and is further affected
by the geographical placement of the sea and land masses.

Isobars

Lines on a synoptic chart joining locations of equal barometric
pressure. They are spaced at 2mb intervals to comparison of gradients
throughout the chart.

Isolated (Showers)

Used by forecasters when less than 10% of an area is expected to be
affected by rain.

Knot

Measurement of speed meaning one nautical mile per hour. Maritime
weather reports give wind speeds in knots. Civilian reports are
usually in kilometres per hour (km/h).

Low pressure system

A weather system, usually a circular shape, with low atmospheric
pressures at the centre and rising towards the perimeter.

Light (wind)

Speed below 6 knots. Force 1 to 2 on the Beaufort Scale.

Line squall

A violent squall occasioned by a fast moving cold front meeting an
area of warm, moist air.

Millibars

A unit of measurement of atmospheric pressure. It is equal to 1000
dynes per square centimetre of mercury. (a dyne is that force which,
when applied to a mass of one gram, will produce an acceleration. of
1cm per sec per sec). 1016 millibars is the equivalent of 30 inches of
mercury in the Imperial scale.

Moderate (wind)

A wind speed of 11 to 16 knots. Force 4 on the Beaufort Scale.

Monsoon

Term used to describe the weather conditions during the tropical
summer season when Trade winds from the adjoining hemisphere
cross the equator and are deflected to the East by the opposing
Coriolis effect. Known as "the wet" in Northern Australia.

Nimbus

Cloud type.

Occlusion

The term used to describe what has occurred when a front overtakes a
slower moving front ahead of it. There can be warm occlusions and
cold occlusions.

Orographic

Pertaining to mountains. Orographic clouds. Orographic fog.
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Persistance (rule of)

A method of forecasting consisting of extrapolating into the future the
characteristics of a weather system that it has shown in the recent past
... assuming it will continue to do in the next 24 hours what it has done
in the past 24 hours.

Polar continental

Describes air from either Pole, which has been passing over land ...
cold, dry air.

Polar maritime

Describes air from either Pole which has passed over the sea ... cold
and moist.

Radiation

(In the meteorological sense.) To lose heat by the emission of energy
(heat) into the atmosphere. Radiation Fog.

Rain

When used in forecasting, indicates prolonged periods of precipitation
commencing and finishing gradually and changing slowly in intensity.
(Compare with definition of "showers".)

Relative humidity

The amount of water vapour in the air expressed as a percentage of its
total capacity.

Ridge

A wedge of high pressure extending between two areas of low
pressure. It can also be the extended centre of a large high pressure
system.

Saturated air

Air which contains its maximum (100%) capacity of water vapour.
See "Dew point".

Sea

The wave motion created by localised winds.

Showers

Rain which commences and finishes abruptly with sunshine and blue
sky in between.

Slight (seas)

Waves from .5 to 1.25 metres in height. The sea to expect with a
Force 2 – 3 wind on the Beaufort Scale.

Strong wind warning

Issued when average winds are expected between 25 and 35 knots.

Storm wind warning

Issued when average winds are expected to exceed 47 knots.

Sunny

Lengthy periods of clear sky.

Station model

Plotting symbol on a synoptic chart showing all the relevant
meteorological information at the location.

Synchronisation (of
waves and roll period)

When the roll period of the ship exactly coincides with the frequency
of the wave train creating a capsizing situation.

Synoptic chart

A weather analysis in chart form at a given moment in time.

Swell

Wave motion from distant winds or strong local winds, which have
since eased or ceased altogther.

Temperature

The number of "heat units" present. Refer air temperature and sea
temperature.

Temperature inversion

When the air layer close to the surface is colder than the air above it.

Thermometer

Heat measuring instrument.

Trade winds

The prevailing winds of the world wind system, which blow from the
temperate zones towards the I.T.C.Z. Named for their reliability for
trading vessels in the days of sail.
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Tropical continental

Warm tropical air, which blows across land. (Warm and dry.)

Tropical maritime

Warm tropical air blowing across the sea. (Warm and moist.)

Trough

A wedge of low pressure forcing itself between two highs or indenting
itself into a high.

T.R.S

"Tropical Revolving Storm" (common abbreviation). Refers to
Hurricanes, Typhoons, Cyclones.

Tsunami

The giant waves often referred to (incorrectly) as "Tidal waves".
Caused by sub-sea volcano and earthquake.

Veering

A change in the direction of the wind in a clockwise direction. Same
term used in both hemispheres.

Visibility

The maximum distance at which an object can be seen. Expressed in
nautical miles.

Water cycle

The process by which water is transformed from a solid (ice) to a gas
(water vapour) and vice versa.

Waves

A forward moving pattern on the surface of the sea.

Wave train

A regular procession of equally spaced and fairly consistent waves.

Weather routeing

A voyage plan based on present and expected weather and sea
conditions.
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Appendix 5
Final Self-Test
1.

In some parts of the troposphere there may be a shallow layer in which temperature may
increase with height. This is called:
(a)
(b)
(c)
(d)

2.

The diurnal variation of atmospheric pressure is most noticeable in tropical latitudes.
Maximum values occur at:
(a)
(b)
(c)
(d)

3.

Veer in the northern hemisphere
Back in the northern hemisphere
Veer regardless of hemisphere
Back regardless of hemisphere

Angles of in-draft of the wind over the sea and over the land are, respectively:
(a)
(b)
(c)
(d)

7.

The rotation of the earth
The Coriolis Force
Differences in air pressure
Differences in gravitational force

When the wind direction changes in an anti-clockwise direction, it is said to:
(a)
(b)
(c)
(d)

6.

Surface convergence and upper level divergence
Surface divergence and upper level convergence
Warm and cold fronts
Tropical revolving storms

Wind is defined as air in motion. The initial cause of this motion is:
(a)
(b)
(c)
(d)

5.

0400 & 1600
0600 & 1800
0800 & 2000
1000 & 2200

High pressure systems (anti cyclones) are associated with:
(a)
(b)
(c)
(d)

4.

A isothermal layer
A temperature discontinuity layer
A stratopause layer
An inversion layer

30 and 10 degrees
10 and 30 degrees
15 and 30 degrees
30 and 20 degrees

The angle of indraft of the wind is caused by:
(a)
(b)
(c)
(d)

Pressure differences
Coriolis Force
Friction
Centrifugal force
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8.

Waves generated by a wind not in the same locality are called:
(a)
(b)
(c)
(d)

9.

Significant wave height means:
(a)
(b)
(c)
(d)

10.

Doldrums towards the Horse Latitudes
STR towards the Poles
STR towards the ITCZ
The Polar Front towards the Equator

The following are classed as high-level clouds:
(a)
(b)
(c)
(d)

16.

Orographic cloud
Frontal cloud
Turbulence cloud
Lenticular cloud

The Trade Winds blow from the:
(a)
(b)
(c)
(d)

15.

Calm conditions and a high relative humidity
Moist air blowing over a cold sea surface
High dew point, clear skies, and light wind
Cold air blowing over a warm sea surface

A cloud which forms above the peak of a mountain, is called:
(a)
(b)
(c)
(d)

14.

Stratus and nimbostratus
Stratocumulus and stratus
Cumulonimbus and stratocumulus
Altostratus and nimbostratus

The formation of sea smoke is favoured by:
(a)
(b)
(c)
(d)

13.

Sea breeze
Anabatic wind
Katabatic wind
Land breeze

Drizzle is associated with two types of cloud:
(a)
(b)
(c)
(d)

12.

The average maximum height of the waves
The average height of the highest one third of the waves
The wave height after the wind has been blowing for a significant period
The average height of the waves

An onshore wind which is produced by a temperature difference between the land and the
sea by day is called a:
(a)
(b)
(c)
(d)

11.

Storm waves
Wind waves
Swell waves
Sea waves

Cirrus, cirrostratus, cirrocumulus
Stratus, stratocumulus, cumulonimbus
Altostratus, altocumulus, nimbostratus
Cumulus, nimbostratus, altocumulus

The Equatorial Trough and its associated weather:
(a)
(b)
(c)
(d).

Lies in approximately the same position throughout the year
Moves north in the northern winter
Moves south in the southern winter
Moves north in the northern summer
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17.

At a cold frontal zone, the clouds which form are usually:
(a)
(b)
(c)
(d)

18.

The Equatorial currents set:
(a)
(b)
(c)
(d)

19.

(b)
(c)
(d)

(d)

Can be experienced off cape agulhas
Can be caused by wind against the sea
Risk can be minimised by sailing inside the 200 metre contour or over 30 miles
outside the continental shelf
All of the above

The height of sea waves is determined by:
(a)
(b)
(c)
(d)

24.

The time interval between passage of successive crests relative to a stationary
observer
The time interval between passage of successive crests relative to a moving
observer
The same as the frequency of the wave
The same as its amplitude

Abnormal waves off South Africa:
(a)
(b)
(c)

23.

Starboard bow
Starboard quarter
Port bow
Port quarter

The period of a wave is:
(a)

22.

Tropical depression
Tropical storm
Severe tropical storm
Hurricane

A vessel in the dangerous quadrant of a tropical revolving storm in the southern
hemisphere should, if possible, manoeuvre to put the wind on:
(a)
(b)
(c)
(d)

21.

Eastward
Westward
Northward
Southward

A low pressure system in the West Indies when the wind reaches force 12 or above is
called a:
(a)
(b)
(c)
(d)

20.

Stratiform type
Cumuliform type
Cirriform type
Either stratiform or cumuliform types

Wind speed
Length of time the wind has been blowing
Fetch
All of the above

The following current is associated with upwelling:
(a)
(b)
(c)
(d)

Peru current
Agulhas current
El Nino
Oya Shio
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25.

A low pressure system is often associated with:
(a)
(b)
(c)
(d)

Cold fronts
Settled fine weather
Surface divergence
Surface winds blowing out of the low

26.

What weather would be experienced by a vessel in the southern hemisphere as a cold
front passes over? You should mention barometric pressure, wind, cloud and weather.

27.

Explain the conditions for the formation of advection fog and name two areas where it is
likely to be encountered.

28.

What is the ITCZ?

29.

Define the following:
Vortex
Recurvature
Ey
Cloud shield
Dangerous semi circle
Navigable semi circle
Dangerous quadrant
Storm tide
Storm surge
What weather would you expect in the eye?

30.

Describe with the aid of a diagram the rules used to avoid a tropical revolving storm.
What information is essential if you wish to use this method of avoidance?

(Map courtesy of Bureau of Meteorology)
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31.

32.

The map above depicts an MSL isobaric chart in the southern hemisphere.
(i)

Identify on the chart the following features:
•
High
•
Low
•
Cold front
•
Col
•
Ridge
•
Tropical low
•
Position of the sub-tropical ridge

(ii)

What gradient wind direction would you anticipate at the following locations?
Brisbane
Hobart
Sydney
Perth
Adelaide
40S 120E
Darwin

(iii)

Which of the two locations, Perth or Melbourne, would experience the stronger
wind force?

(iv)

What weather would you expect at the following locations?
Perth
Brisbane
Melbourne
Darwin
Adelaide
40S 100E

Thunderstorms produce the strongest gusts on the surface:
(a)
(b)
(c)
(d)

33.

When temperature and dew point have the same value:
(a)
(b)
(c)
(d)

34.

The atmosphere is stable
The amosphere is unstable
Dew cannot form
The relative humidity is 100%

Cloud may form when:
(a)
(b)
(c)
(d)

35.

During the formation stage
During the mature stage
During the dissipating stage
At any time

Air dew point equals relative humidity
Relative humidity overtakes the dew point
Relative humidity falls below the dew point
Air reaches its dew point temperature

Frontal cloud forms because of:
(a)
(b)
(c)
(d)

A moist air stream meeting a mountain range
Upsliding and uplifting effects
Subsidence
The fohn effect
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36.

The following are classed as low clouds:
(a)
(b)
(c)
(d)

37.

Thermal convection currents forming cumulus clouds are formed by:
(a)
(b)
(c)

38.

Radiation fog
Sea smoke
Frontal fog
Advection fog

A Southerly Buster is:
(a)
(b)
(c)
(d)

42.

Stratocumulus
Cirrocumulus
Altocumulus
Cumulus

The fog most commonly experienced in the open sea is:
(a)
(b)
(c)
(d)

41.

Stratiform type
Cumuliform type
Cirriform type
Either stratiform or cumuliform types

Showers are associated with:
(a)
(b)
(c)
(d)

40.

Turbulence over a wooded area
Air moving over undulating country
The heating of the surface on a sunny day

At a warm frontal zone the clouds which usually form are:
(a)
(b)
(c)
(d)

39.

Cirrus, cirrostratus, cirrocumulus
Stratus, stratocumulus, cumulonimbus
Altostratus, altocumulus, cumulus
Cumulus, nimbostratus, altocumulus

A phenomenon that occurs in NSW during the warmer months
Associated with a cold front
May bring a rapid change in wind direction, temperature fall, and rain
All of the above

Compared to the movement of Lows, Highs move:
(a)
(b)
(c)
(d)

Faster than the Low
At the same speed as the Low
Slower than the Low
Movement is not related to the movement of the Low

43.

A wave due to an undersea seismic disturbance is known as a:

44.

Radiation fog may form at night under the following conditions:
(a)
(b)
(c)
(d)

No wind and high humidity
Cold air blowing over a warmer sea surface
Clear skies, high humidity, and light wind
Warm air blowing over a cold sea surface
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45.

A cold front is:
(a)
(b)
(c)
(d)

A stationary cold air mass overridden by moving warm air
A circulation of cold air in an eddy
The chilled boundary of a warm air mass
A wedge of cold air moving under a warm air mass
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Appendix 6
Answers to self-test questions (Model answers are in BOLD)
Chapter 1
1.

2.

The primary cause of global scale weather is:
(a)

The temperature difference between the ocean and land masses

(b)

The temperature difference between the equatorial and polar regions

(c)

The inclination of the earth’s axis

(d)

The movement of the polar front

List the important properties of the Coriolis force.
It deflects wind to the left in SH.
It is a maximum at the poles and decreases to zero at the equator.
It increases with an increase in wind speed and vice versa.

3.

Which weather elements are we interested in logging? Why do you think that the logging
of weather elements is important?
Temperature

Humidity

Pressure

Sea and swell

Wind

Clouds

The logging of weather elements is important because it enables the user to
look for trends in the elements. This is the basis of weather forecasting.
4.

Low-pressure systems are usually associated with cloud and rain. True or False?
True

5.

6.

The Coriolis effect in the southern hemisphere acts:
(a)

From high to low pressure

(b)

From low to high pressure

(c)

At right angles to the wind, deflecting it to the left

(d)

At right angles to the wind, deflecting it to the right

Log the important weather elements on a daily basis for at least a month. Compare the
logged data to the surface weather map each day. Can you draw any conclusions relating,
say, cloud type(s) to weather system type(s)? What happens to the atmospheric pressure
before and after a cold front? A high-pressure system?
Photocopy page (viii) of Introduction and use (or amend to suit yourself) as a
log.
Conclusions would be as follows:
16.1

APPENDIX 6 − ANSWERS TO SELF-TEST QUESTIONS

Cloud types would be high level, some 20-30 hours before the arrival of the
cold front. This would be followed by middle level cloud some 6-12 hours
before and then low cloud will mark the leading edge of the cold front (see
page 7.11 of notes).
Pressure would fall ahead of and rise behind the cold front.
Pressure would rise ahead of the high and fall behind.
7.

List briefly how weather comes about (or weather in a nutshell).
See pages 1.4 and 1.5 of notes.

8.

Does air pressure normally decrease with height? True or False?
True

9.

What is the value of the rate of change of pressure with height?
Decrease of 1hPa per 10 metres

10.

Cold air can hold more water vapour than warm air. Is this statement True or False?
False

Chapter 2
1.

Which of the following instruments would you use to measure the relative humidity of
the air?
(a) Hydrometer
(b) Barometer
(c) Hygrometer
(d) Anemometer

2.

As a weather forecaster, why do you think that the barometer is a valuable instrument?
It is very useful to calculate the rate of change of pressure (how fast the
pressure is rising or falling). A second reason would be for the measurement
of the absolute value of pressure.

3.

Why would a barograph be a useful instrument at sea?
One can obtain a visual plot of pressure against time and hence the rate of
change of pressure as well as the absolute value.

4.

In the absence of an anemometer, what method would you adopt for the estimation of the
wind speed at sea?
Beaufort Scale
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5.

Suggest a practical but accurate method to measure the air temperature at sea on a sailing
vessel.
Sling psychrometer

6.

On a moving vessel, which wind direction and speed would be measured by a masthead
wind sensor?
(a) True
(b) Apparent
(c) Ground wind

7.

How can the measurement of the Dewpoint temperature be useful to you at sea?
Fog forecasting

8.

By what other name can an aneroid barometer be referred to?
“The Glass”

9.

Which organisation could you contact for information to help you set your barometer and
obtain other information on weather?
Bureau of Meteorology

10.

What is the unit of pressure?
Hectopascal (hPa)

Chapter 3
1.

Describe the basic differences between a tropical and polar air mass.
See pages 3.1, 3.2 and 3.3 of notes

2.

What is a cold front?
See page 3.3 of notes

3.

Cold fronts are always associated with which type of weather system?
(a) High
(b) Low
(c) Col
(d) Ridge
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4.

Describe the changes in weather elements (pressure, temperature, wind, cloud, weather)
that you would experience with the passing (passage) of a cold front over southern parts
of Australia.
See page 3.5 of notes

5.

Briefly describe the occluded front.
See pages 3.8 and 3.9 of notes

6.

How does the warm front differ from the cold front?
Slope is less with warm front. Cloud type tends to be more stratiform with
warm and cumuloform with cold front. Cold air lies to the west of the cold
front and to the east of the warm front. Cold front moves generally faster than
the warm. Warm front is rarely experienced over the Australian region
whereas cold front is very common.

7.

Which way do winds circulate around the following southern hemisphere weather
systems: (a) High, (b) Low, (c) Trough, (d) Ridge.
High/ridge: Anticlockwise, Low/trough: clockwise

8.

What are the general weather conditions associated with a:
•

High-pressure system?
Relative cloud minimal, generally clear weather and light winds

•

Low-pressure system?
Relative cloud maximal, precipitation and stronger winds

9.

Weather systems in the Southern Hemisphere normally migrate from:
(a) East to west
(b) West to east
(c) North to south
(d) South to north

10.

Name two types of troughs.
Frontal and pre-frontal trough

11.

What weather conditions are normally associated with a ridge of high pressure?
Similar to high-pressure system

12.

Define a Col.
An area between two highs and two lows

13.

What weather and wind conditions would you expect in a Col?
Light and variable winds. Weather is dependent upon dominant air mass.

14.

What is the significance of a family of lows?
See pages 3.16 and 3.17 of notes.
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Chapter 4
1.

Draw the chart symbols for the following.
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)

2.

High:
Low:
Trough:
Ridge:
Cold front:
Stationary front:
Col:
Warm front:
Occluded front:
Wind blowing from the west at 25 knots:
Wind blowing from the north at 100 knots:

H
L
See page 4.4
See page 4.4
See page 4.4
See page 4.4
See page 4.4
See page 4.4
See page 4.2
See page 4.2

What do close isobars on a weather map indicate?
Stronger winds

3.

(i)

On the weather map below, what is the surface wind direction at the
following locations?
(a) Perth

West

(b)

Darwin

East

(c) Brisbane Southeast

(d)

Sydney

Northeast

(e) 500nm West of Tasmania

Northwest

(Map courtesy of Bureau of Meteorology)

16.5

APPENDIX 6 − ANSWERS TO SELF-TEST QUESTIONS

(ii)

Also on the map above please indicate the following features:
High, Low, Cold Front, Ridge, Trough, Col, and the position of the subtropical ridge

4.

List the weather elements that you should observe and log at sea to aid you in
weather forecasting:
Wind, cloud, pressure, sea and swell

5.

6.

Over southern Australia, what is the average speed of movement of the following
weather systems?
(a)

Cold front:

25 knots

(b)

High pressure system:

15 knots

Describe briefly the Rule of Persistence as used in weather forecasting.
See page 4.7 of notes.

7.

What would a rate of pressure fall of 9hPa in 3 hours be telling you?
Gale to storm force winds within 3 hours or so

8.

How are satellites useful in weather forecasting?
See pages 4.10 and 4.11 of notes.

9.

10.

(i)

What are the two major weather satellite systems used by the Bureau of
Meteorology in Australia?
GMS and NOAA

(ii)

How can you access information from these systems?
Internet, Poll Fax and TV

What is a prognostic chart and how would you use it?
A prognostic chart is a forecast chart. It is used to assist a weather
forecaster to forecast future weather.

Chapter 5
1.

List the various sources by which you can obtain weather information, especially at sea.
Radio (VHF, HF, AM/FM), Internet, Poll fax, TV, Newspaper, Telephone, HF
Weatherfax and books

2.

Your vessel is on a passage from Melbourne (Aus) to Auckland (NZ).
(i)
What radio source(s) would you monitor for high seas weather forecasts and warnings?
VMC (Charleville), NZ Radio sources
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(ii)

3.

4.

Which high seas weather forecast would you be listening for?
Bass Strait forecast then SE High Seas and respective NZ High seas and
coastal waters forecasts

You are on a coastal passage from Darwin to Perth.
(i)

Which station would you choose?

VMW (Wiluna)

(ii)

Which weather forecast would you be primarily listening for?
(a) Coastal
(b) High seas
(c) Both of the above

Which marine wind warnings are available to Bureau of Meteorology forecasters for:
(a)

Coastal waters?

Strong, Gale and Storm (plus Hurricane in Tropics)

(b)

High seas?

Gale and Storm (plus Hurricane in Tropics)

5.

List the average wind speed ranges for the warnings that you have listed above in
Question 5.
Strong:
25-33 knots
Gale:
34 to 47 knots
Storm:
48 knots plus (Hurricane: greater than 63 knots)

6.

What information is available to aid the mariner wanting to plan a voyage from say,
Sydney to San Francisco?
See pages 5.6 and 5.7.

7.

Which publication would you consult for details on where you could obtain broadcast
weather forecast information for your voyage mentioned above in Question 6?
Admiralty List of Radio Signals

8.

How could an HF weather fax be of use to you?
To receive surface weather analysis and prognostic charts whilst at sea

9.

Check out the Bureau’s website and list the products that would be of interest to you.

10.

Check out Penta Comstat’s website to see what is available to the mariner. If you don’t
have access to a computer, send Derek Barnard a letter requesting information!

Chapter 6
1.

What is meant by the following terms?
(i)

Average wind direction and speed See pages 6.1 and 6.12.
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2.

(ii)

Wind gust

See pages 6.1 and 6.12.

(iii)

Wind squall

See page 6.3.

(iv)

Wind lull

See page 6.1.

What is the gust factor?
See page 6.1.

3.

Briefly describe the concept of the force of the wind?
See page 6.2.

4.

Describe the problems that can be associated with wind squalls?
See page 6.3.

5.

What are the Trade Winds? How are they different in each hemisphere?
See pages 6.3, 6.4 and 6.5.

6.

What is the name of the broad area that separates the trade winds of each hemisphere?
(i)
Horse Latitudes
(ii) Polar low
(iii) ITCZ (Doldrums)
(iv) Sub-tropical ridge (STR)

7.

What controls the seasonal movement of surface pressure systems?

8.

9.

(i)

Revolution of the earth around the sun

(ii)

Revolution of the earth around the moon

(iii)

The temperature gradient between the equator and the poles

(iv)

The Pluto Effect

Briefly explain the result of the seasonal movement of surface pressure systems on the
general wind and weather experienced over the Australian region in:
(i)

Summer?

See page 6.7.

(ii)

Winter?

See page 6.7.

Describe the basic differences between a land and sea breeze.
See pages 6.8 to 6.10.

10.

Which of the following upper return flows would generally assist the generation of a sea
breeze?
(i)

Onshore

(ii)

Offshore
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11.

What are the main differences between a “pure” and a “reinforced” or super sea breeze?
See pages 6.8 and 6.10.

12.

List the signs that may indicate to you that the sea breeze is about to falter.
See page 6.10.

13.

How would the Beaufort Scale be useful to you?
See page 6.12.

14.

What is the name of the instrument that is used to measure the wind speed?
(i)
Hygrometer
(ii) Thermometer
(iii) Anemometer
(iv) Barometer

15.

List some of the problems that can be associated with the instrumental measurement of
the wind at sea?
See pages 6.12 and 6.13.

16.

Calculate the true wind speed and direction given the following:
Ship’s course: 060 deg; Ship’s speed: 12 knots; Apparent wind: 60 deg. on
starboard bow at 18 knots
Answer: 161 deg True at 22 knots

Chapter 7
1.

What is the main characteristic of a cloud with “cumulus” or “cumulo” in its name?
Heaped-like cloud, for example, cumulus and cumulonimbus

2.

What does “stratus” infer in a cloud description?
Layer-like cloud, for example, stratus and stratocumulus

3.

What weather outlook would you forecast from the following clouds?
(i)
Strongly defined “cirrus” clouds. You are at latitude 33 deg. south and the clouds
are in long lines from the south west with their blown ends in the north east.
Cold front to the west of you
(ii)

Well defined cirrus emanating from a definite direction and observed from a vessel
in the Gulf of Carpentaria during the month of February.
Tropical Revolving Storm at a distance

(iii)

At latitude 40 deg. south, massive cumulonimbus:
(a)
To the west of your position
Cold front to the west of you
(b)
To the east of your position
Cold front to the east of you
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(iv)

In the Tasman Sea with a mass of nimbostratus to the west of you.
Low pressure system (east coast low) to the west of you

(v)

Small puffy cumulus cloud over the coast at around noon.
Sea breeze front at the coast

4.

List the 10 basic clouds types, their international abbreviation and their corresponding
precipitation type if any?
See pages 7.5 to 7.11.

5.

What problems could a cumulonimbus cloud pose to the mariner?
See page 7.6 to 7.11.

6.

Describe the typical cloud sequence associated with the passage of a cold front in the
middle to high latitudes.
See page 7.10.

7.

Drizzle is associated with two types of cloud:
(a) Stratus and nimbostratus
(b) Stratocumulus and stratus
(c) Cumulonimbus and stratocumulus
(d) Altostratus and nimbostratus

8.

The following are classed as high level clouds:
a)
Cirrus, cirrostratus, cirrocumulus
b)
Stratus, stratocumulus, cumulonimbus
c)
Altostratus, altocumulus, nimbostratus
d)
Cumulus, nimbostratus, altocumulus

9.

Cloud may form when:
a)
Air dew point equals relative humidity
b)
Relative humidity overtakes the dew point
c)
Relative humidity falls below the dew point
d)
Air reaches its dew point temperature

10.

Check out the self-test cloud section on the Bureau of Meteorology’s web-site
www.bom.gov.au under the listing of weather education.

Chapter 8
1.

Define the following terms (use a diagram where possible):
(a)

Wave length

See pages 8.1, 8.2 and 8.3.

(b)

Wave height

See pages 8.1, 8.2 and 8.3.

(c)

Crest

See pages 8.1, 8.2 and 8.3.
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2.

(d)

Trough

See pages 8.1, 8.2 and 8.3.

(e)

Wave period

See pages 8.1, 8.2 and 8.3.

(f)

Wave speed

See pages 8.1, 8.2 and 8.3.

(g)

Fetch

See pages 8.1, 8.2 and 8.3.

Visualise an entrance to a river, which is approached across a bar, and can be safely
negotiated when conditions are right, by picking a course where the seas are not breaking.
You are in an 8-metre motor-sailer which does 8 knots under power.
The tide ebbs at 3 knots and floods at 2 knots.
(i)

Pick the best combination from column 1, 2, 3 and 4 below to enter the harbour?
1: (c)
2: (e)
3: (c)
4: (c)

1.

TIDE
(a) Low water slack
(b) Half flood
(c) High water slack
(d) Half ebb

2.
(a)
(b)
(c)
(d)
(e)

WIND
Light onshore
Strong onshore
Strong onshore
Strong onshore
Calm

3.

LOW SWELL
(a) Onshore
(b) Cross-shore
(c) Nil

4.
(a)
(b)
(c)

SUN
Low altitude inshore
Overhead
Low altitude offshore (behind you)

(ii)

What do you visualise as being the most dangerous combination?
1: (b)

3.

2: (b)

3: (b)

4: (a)

Briefly define the following:
(a) Freak waves
(b) Clapotic waves
(c) Tsunami
(d) Episodic waves

See pages 8.4 and 8.5.
See page 8.4.
See page 8.6.
See page 8.1.

4.

What is sychronisation?

See page 8.8.

5.

Which wave height is referred to in Bureau of Meteorology forecasts, warnings and
observations?
Significant wave height

6.

What is the difference between a sea wave and swell wave?
See page 8.1.
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7.

Suggest some methods that could assist your vessel’s safety in big seas?
Depending on the type of vessel the following may be applicable: Running
before (with/without trailing warps), Heaving to, Lying a hull (generally not a
good method with modern light displacement boats) and Fore-reaching, to
name a few. See a good book(s) on Seamanship for further elaboration.

Chapter 9
1.

Define the following terms relating to tropical cyclones:
(a) Vortex
See page 9.10.
(b) Track
See page 9.10.
(c) Recurvature
See page 9.10.
(d) Dangerous semi-circle
See page 9.10.
(e) Dangerous quadrant
See page 9.10.

2.

What is the significance of the diurnal variation of pressure in tropical cyclone
prediction?
See page 9.5.

3.

If the wind from a southern hemisphere tropical cyclone is backing, what semi-circle are
you in?
Dangerous semi-circle

4.

If you discover that you are in the path of a southern hemisphere tropical cyclone, what
avoidance technique would you adopt?
Place the wind on your port quarter, altering your course gradually to
starboard as the wind veers.

5.

Briefly explain the Tropical Cyclone name Warning Service in Australia.
See page 9.5.

6.

What is a “Meteorological Bomb”?
Another name for explosive cyclogenesis

7.

Where do the strongest winds tend to occur in a “Bomb”?
On southern flank in Southern Hemisphere

8.

Which weather elements would you monitor to assist you in the forecasting of a “Bomb”?
Pressure, wind, cloud, sea and swell

16.12

MARINE METEOROLOGY − SUPPLEMENTARY NOTES

9.

Briefly describe the 3 types of “Bombs”.
See page 9.12.

10.

What is a cold front?
A zone separating warm air (to the east) from cold air (to the west).

11.

What are some of the major characteristics of the summer-time cool change (cold front)
over south-east Australia?
See page 9.15.

12.

Is every southerly change along the NSW coast during summer a “Southerly Buster”?
No, only the more southerly intense changes are

13.

List some of the visual signs that may help you to forecast the arrival of a cool-change.
See page 9.17.

14.

List the dangers associated with a severe thunderstorm at sea.
See page 9.19.

15.

Which winds steer thunderstorms?
The average wind between cloud base and top steer thunderstorm cells. This
average wind is known as the Steering Wind or the Pressure Weighted Mean
Wind.

16.

What is a “microburst”? What dangers can they pose to mariners?
See page 9.19.

17.

Suggest some lightning protection tips that you can adopt whilst at sea.
See page 9.22.

18.

What is the other name for Advection Fog?
Sea Fog

19.

How does Advection Fog form?
Warm, moist air blowing over a cooler surface

20.

Suggest a method for forecasting the onset of Advection Fog.
See pages 9.25 and 9.26.
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Chapter 10
1.

Which meteorological element is strongly correlated to the direction of flow of major
ocean current gyres?
(a)

Wind

(b)

Pressure

(c)

Humidity

(d)

Dewpoint

2.

The direction of the wind is assigned as that “from which the wind blows”. Does this
same convention apply to the direction of ocean currents?
No, the current sets toward the direction

3.

What assigns a current as being either cold or warm?
A warm current has its origins in tropical regions. A cold current originates
from polar regions

4.

On a world map draw the major ocean current gyres
See page 10.2

5.

Which document(s) would you consult in order to find information on currents around the
Australian region?
Climatic Atlas and Australia Pilot books
How about for the rest of the world?
Climatic Atlas, Routeing charts and Pilot books

6.

What effect can strong tidal streams have on ocean currents?
See page 10.3

Final Self-Test Answers (Appendix E)
Qn

A

Qn

Answer

Qn

Answer

1
4
7
10
13
16
19
22
25
28

(d)
(c)
(c)
(a)
(a)
(d)
(d)
(d)
(a)

2
5
8
11
14
17
20
23
26
29

(d)
(d)
(c)
(b)
(c)
(b)
(c)
(d)

3
6
9
12
15
18
21
24
27
30

(b)
(c)
(b)
(d)
(a)
(b)
(a)
(a)

See pages 6.4 to 6.6

See pages 3.4 & 3.5
See pages 9.10 & 9.11
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31

(i)

(ii)
(iii)
(iv)

32
35
38
41

(b)
(b)
(a)
(d)

44

(c)

Brisbane: SE, Hobart: W, Sydney: SE, Perth: NW, Adelaide: NNW, 40S 120E: NW,
Darwin: E
Perth
Perth: Cloudy with rain and strong to gale-force NW winds; Brisbane: Cloudy with the
chance of a shower, fresh SE winds; Melbourne: Dry with light winds, good chance of
afternoon sea breeze; Darwin: Dry with moderate to fresh E winds; Adelaide: Dry,
warm with light to moderate NNW winds; 40S 100E: Very cold, with showers and
thunderstorms and gale-force SW winds.
(d)
33
(d)
34
(c)
36
(b)
37
39
42

(d)

(c)

40
43

(d)
Tsunami

45

(d)

--

--
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