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EXTRACTS FROM BOOKS PRODUCED BY KENN BATT AT CORONER’S
COURT, WEDNESDAY 15/3/2000

1. Weather for Sailing by Ray Sanderson (Stanford Marine).

)

High Performance Sailing by Frank Bethwaite (Waterline).

3. Heavy Weather Sailing by K. Adiard Coles and Peter Bruce (McGraw Hill).
4. Deep Sea Sailing by Erroll Bruce (Stanley Paul).

5. Wind Waves Weather (NSW Waters) by Bureau of Meteorology (AGPS).
6.  Offshore Yachting magazine Dé‘c/Jan 1998 by CYCA (Jamieson Publishihg).
7. Oceanography and Seamanship by William G. Van Dorn (Doss, Mead).

8.  RORC Manual of Weather at Sea by Dag Pike (David and Charles).

9. The Users Guide to the Australian Coast by Greg Laughlin.

Further Relevant'Pub[icatiOn

10.  Extract from “Australian Sailing”, January 1997.

11.  Extract from-*‘Australian Sailing”, November 1997.
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ARRIVES AT SURFALE —
AS GOST QiviNGE LIRT
ON PORT TALK

23 Wind shifts caused by gusts. The wind veers in gusts in the
Northern Hemisphere, and backs in the Southern.

also much more when the air is unstable, i.e. convection is
uninhibited and cumulus clouds develop, than when it is stable

. with little or no vertical motion from the surface. Diagram 22 shows
a wind trace (anemogram) typical of conditions over the sea. It can

. be seen that even in the ‘steady’ conditions shown, the wind
. direction frequently swings 159, or so either side of the mean, and
! that the wind speed also varies, often by about 159 and less
; frequently by about 40° from the mean. The gusts (peaks) tend o
coincide with short-term veering and the lulls with backing.
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e mes of ine sails onve, in Dresze. Al areas of sait anve

. 2 and 5 xmoIs IDCE! BSSUMer Si3LGnaT
waches D@tween 5 ang § kSIS [CCE! Bssumes sialcnany) (Dol A55UMed 31 1650 ARG Sin NG $eSIE]

53nd § knots Fig .2 Tnange of 3ait 1orce wilh wind speacd

"‘l.anga of dynamigs between 3

o of wind, the change from one 10 the other is aDer it s gasyv 1o sense and feel. and the boal nzeds

vdi=d quite differsntly in highr air comparsd with a breez

e shape of the breezx
shows the speed iraces of six luke brezzes of spe::x & 5. 100 12,515 and 20 knots. Nowe that zuch
srisad by susts and iulls imarked "G and "LY I you Toek ai them, Torsshomzned. by iihiing the
v from vou and looking at tham upwards from IH hotiom of the page. vou can see how each race

e nalf zust. half jull and very hitle tn berweszn, -
iote paricularly that, in additon io the obvieus—usts and lulls, all the traces show | continuously.

S=ond and much faster freguency, This is the fluctuation freguency. The notes below the truces of Fia, 5.

o

% Sbulare the vital data about gusis and flestuaions ai the six wind sp‘:sds. B
g~ 1ot gusi-lull seguence lhesg brezzzs normalty swezeps 3 range of about 35:20% of the avernge —
S “windspesd. This is the di.r':' encs betwsean the averzoe spead of the gust and the average speed of the jull,
The periedic sxiremes are muzh greaiars In Fig 3.3 00 v obvioygs that the exireme gusts are thres o four

#9 tmes as sirong as the extreme lulis. The avernee Hie of cach gust is about 30 secands. and the averag
of 2ach lull i s:mnarl\,r about 30 seconds, But, wsa giunee w Fios 5.3 will maks clear, gesis and iulls do not
Srepeal rzguiariv at any of the wind speadx.

Each trags o:' Fio. 3.3 shows, in addition to the more "mussive’ gusts and bulis, 8 second. continuous,
smali=r, fasies and more recular freguency, These typicaily sweep o speed rungs about one third of thal of the
gusi-lull ranga. and they repzai upoul {ive timax fawier, These are ‘»h" fluciuzations. The combinztion of gusis
and fuctuations Ipeathar consutuls the “panest’ of every turbulent breeze. They fittogether in o sperial way,
tagrams which nelp in visu psbsing this patizm arz qivern in Fiox 5410 5, ‘3

Fio B2 ghows, first, ow the averzge ou \.-Iul paitern chunges as the seconds tick wway. 5.5 shows
I

Fig.
23,

now the fluctuation padtern changss, Fig. 5.6, whicd is 4 combinanon of Figs 5.4 and 3.3, shows the

o
gverage, continuous and everpresent wind .\'p::d pattzrn of every turbulent bresze, Note perticulariy it
15 very normal wing is in reafity iwe separate winds, one 2 litile sironzer. and one & Huie Highier, which
alternate continuously. It zimest never blows af its mean spe=d at ull. Furthar. the change from any spesd (o
any other spzed always occurs abruptly. This 15 why wind spesd traces always look “spiky’

. Figs 3.4, 25 and 2.6 show only the spesd_of the wind. Fies 5.7 and 5.8 show the dirsction as well.




et TR AU

HEAVY WEATHEIR SAILING

t

nole in the

sorars was as empty as the chart amalvst thought [f thers had been z fee
Of vachts m the 2rea at the ume. wouid they possibly have recorded a form of ‘cvcle
pool’ such as was idenunied curing the Fasmer race? It is the sheer lack of den,
observational nenwork over the sea thar musc miss many odd nasues as thev form ove.
deep sea arzas. ‘

In both the case of the Fasinet vacht racs and of the Margues, we have cerair
conditiens wWilich appear to be necessary for the local snhancement of the wingd and th,
sea. which could appiv to manyv other survival situanions at sea. Other related researcs
snows that very large capsizing waves are generated bv intense depressions which have
cold upper troughs associated with them. T

The ceoléness alort 15 a necessary condider

ror the deveiopment of strong convection currents. but it does not seem that the

SaC

necessaniy should have to produce thunder. No obvious signs mav Appear 10 the
manner that such condinions acteally exist. However. it is more likelv that thev would
OCTUT In SUMEIer OF OVer WArm seas than over cold seas in winter. Nevertheless veny

cold cutilows rom the polar regions could produce the same effects in winter, whick

"
v

thev have besn shown to do i both the North Adandc and Norch Pacific,

The sumival condinons apprar o occur on the southern flank of the nsaren

H

- +

depression: in the cases of the 1963 Channel Race aale and the 1979 Fastner wale th

(el

C

hurmcane-force winds cccurred ome 200 miles 1o the couth-vast of the low ceners. |

pu |

-1
(38

ct the weather maps for these two sunviial sicuations bear an UnCanny resemolance
Each has a mmor arca of sor particularly decp low pressure some hundreds of miles
ahead of the low centre. the signs of a mass of relanvely cold air alort over and o the
north of the depression centre, and she alreadv-mentioned immensely strong winds 200
miles to the south-cast of the centre. | am envisaging that the cvclonic poals were abie
to draw in o chemselves winds of 10=20 knots. or maore in some cases. U such winds

are added to the general windfield of sav 40—25 knots then sustained cormdors of wind

with speeds of 30-70 knots could be produced in some places on the windward sides

I

of the poals. On the leeward sides the inflow would br opposing cthe general wind and

se—here wind speeds 25 low as 23 knows might be reported ~ which indeed thev wert
dunng the height of the Fastnert siorm, iz

These condinons mav be much mors prevalent at sea chan previously :houg?ﬂi
leading 1o locally enhanced wind speeds and atrendant seas.  For when winds ars

normal gale force or below then the fnctonal drag of the wind on the sea is such a5 ©©

iy

. \ . - . . e -y [
make the seas build up only over a period of ume, which mav be consideradles

ik

However, when winds get to nesr hurmicane force, the frctonal coupling berwesh

A

gre E
once. These waves have very stzep faces. The speed of thir crests exceeds that of i
wave as 2 whole and so,
and break.

wind and sea sumace 15 50 srong that great breaking waves are generated almost 2§

H

sl

ust Bike shoreside brezkers. they must curl over ar the o

Wind at sea and at coastal stzrions

As 1s well known, the wind increases with heighe in the extrome conditions discu
£ I

above, so not only the position but the height of any anemometer readings mus!
X . \ X R - o . e P S et
_taken into account. The standard height tor wind observations is 33 fr (10 meHs

316
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Fig 31.18. GEOSTAT globai mean signijicant wave height for January to March 1987 contoured in
metres,

average height. In fact, the most likely highest individual wave in three hours will be
approximately 1.8 dmes H in height, so if Hy = 10 m, you are likely to encounter an
18 m wave during a three hour peried.

It is imporant to remember that it was stated earher that significant wave height is
close to visually essimared mesn wave height. Tt can be seen that it really s the high
waves in the sea which heavily influence one's estimate, and that there 15 a large
proportion of lower waves present, rogether with the higher waves which are relaavely
cwer in number.

Long-term wave statistics

Wave conditions are conunually changing.  As-an--illustragion, =

measurements of significant wave height aken once every three hours fom nwvo
1

¥  parocularly stormy months (Janvary and February 1974), togsther with August 1979
and November 1986, at Seven Stones Light Vessel off Land’s End, the south-western
s tip of the UK. The passing of severe storms can be seen in the rising 2nd falling of the
'-— sea state; the avéfage significant wave height over the whole of sach month 15 4.4 m
;3 (January 1974), 34 m (February 1974), 1.8 m {August 1979) and 4.1 m (November
® © 1986), with individual measurements of signincant wave height varying berwesn about

one and gleven m.

As weil as varving within months with the passing of weather systems, the sea state
varies from month 1o month throughout the vear, from winter storms to relatively
calm summers, with intermediate transivonal condinions during spring and aurumn.
Fig 31.16, again from Seven Stones LV data, shows this annual cvcle using the over
average value of significant wave height for zach calendar month: the January vaiue
(month 1} is the average of all January values from all years, erc.

__ This tmescale of climate vazation is caused in the North Atlantic by i) the poleward
sumnmer migration of the mid-latitude atmospheric front berween warm tropical 40d
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changed, but the turbulence is greater. In the open ocean a heavy sea
will increase the turbulence of the air; this is partculasly notceable in
tne Guif Stream whose current, sometimes running locally at 3 kmots,
often causes a confused sea; vet as soon as a yacht crosses out of the fast
runping waters of the Stream, not only coes the sea at once become

It is an utter fallacy to belicve that open waters always enjoy steacdy

winds.

Meosurement of wind.

Wind strepgth is measured by the Beaufort scale, in which the

st 1P L e )

scale, although two gusts exceeded 160 knots.

P D

varous Xorces sepresent wean wind velocity at a heighi of 33 fect above
the sea. 1he correct Beaniort scale number does not show the force of
-the strongest gvsi, winch will be an amount greater than the mean
depending on the turbulence. In the typhoon raeniicued in the last
page the anemometer recording, during the height of the storm, showed
that the mean wind. spced was 110 knots, or Force 17 on the Beaufort

As a very general guide, in cyclonic winds above gale force the
Bercest gusts will be about 40 per cent higher than the mean wind force,

" Conversely 2 yachtsman notng an actual wind velocity of 50 knots by
the anemorneter at his masthead should not record the wind as Foree 10,
which is 2 whole gale; it may well be only Force 7, which 15 not 2 gale
at all, Very close to the surfce of the sea the wind sirength will be
far less than the mean vclocity of 33 feet, so the reading of a hand
ancmometer held by 2 man in the cockpit will give no true com-
parison with the Beaufort figure; on one occasion with 2 moderate wind
in the open sca, sails were lowersd and 2 hand anemometer held
16 fect up the mast recorded 84 per ceat higher then another identical

e e A e L




Clese 2auled 128 dorrmes :
1 = » ad

qonine 3 ‘o I - - =i | Laamh I P
Ruzzning at 3 oot f to wind) ar 4.3 knors = | =g L Sped
' i
Seconds i Sezonds Seconds T2 ‘ Koo
g i 2.2 4 32 f 12
8.2 L7 2 125 ! 13
3.5 3.1 ] 134§ 18
9.3 Too mough 7 250 IJ 21
16.4 i 8 , 370 2t
1.3 g 413 27
12.0 10 310 30
13.0 | 11 817 33
L0 | 12 734 | 3°

Table XIIla, Appareat and acrual wave characreristies

Table XII15 shows the mean waves that might be expectad in the
‘€1 ocean after varous winds have been blowing for ceriain times,

rung from a calm sea. Nature ridicules averages, and the seaman -

concerned with the extreme sea that may endanger his vessel; in
actice it is likely that the highust wave will be fnrty per cent greater
i the mcan, or higher stil when such Factiors as currents aect
: movement of the water, With the stronge: winds the wave height
L usually be limited by fetch in the open sez; thus a Force 8 gale
lonly raise 17 feat high mean waves in twenty-four hours if the wind

>lowing over the sea for 500 rmiles to windward; a Force § strong
*tz¢ nezds a fewch of 200 miles to reach 8.5 feet in the same time.

gk seq,

In a strong wind waves of different lengths, and therefore velocites,
'd up to form a rough sea. The fastest waves will move at the speed
he wind forming ther, and possibly even faster, but these waves
low and have only a small influence on the sea. The predominans
€5, which are the highest; will probably wor k up to about two-thirds
1e wind spezd, but the varying velocites of different wave systems
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Wind is the movement of air. Wind speed is directly related to the
pressure gradient. Hence when you see the isobars close iogether on a
wegther map., you can expect strong winds in that area. Near the surface
of the earth wind blows ct a slight angle acress the isobars towards the
lower pressure. This angle is greater over land than over water due to
the greater friction over land.

In Australia, wind chservations are averaged over ten minutes and
units are either in knots (kn) for maritime and aviation purpeoses, or in
kilometres per hour (kmn/h) for other purpcses. One knot is equal to 1.85
km/h. Wind needs to be averaged over a short time interval because it
consists of gusts of differing strengths and directions. Wind direction is
the direction from which the wind blows, and is usually described in
terms of the eight compass points N, NE E. SE, S, SW, W, NW. Hence, a
wind described as SW 15 knots is a wind blowing from the southwest

~ with a ten-minute mecn speed of 15 knots.

A wind gust is a sudden increcse in the wind strength of very short
duration {less than .20 seconds). The gustiness of the wind is increased
by rough terrain (including buildings etc.), hence the wind flow over the
land, or waterways close to land, will be gustier than over the smoother
OCedn. _ :

A squall consists of a sudden increase in the wind speed that lasts fer
several minutes before returning to near its former value. A squall may
contain many gusts. The wind direction ofien changes ina scquall.

High pressure sysiewns (sumetimes referred to as anticyclones) are
regions where the air pressure is higher than the surrourndings. They are
denoted by the letter H on ‘he wecther wacap and have closed isobars
around the centre. The ssobars have progressively lower values away

from the centre. Wind gpirals in an

o essure anticlockwise diieciion out of .highs -in the

| southern hemisphere (clockwise in the
) ' northern hemisphere). _

The air in a high is glso gently
descending and generally we tind settled
(or fine) weather with lighter winds. Near
the coast this is not necessarily the case cs
the high may be directing moist onshore
Wind direction winds towards the coast with associated

cloud and rain, and at other times local
conditions can generate streng sea-breezes.

Low pressure systems (also known as depressions or cyclones) are
regions where the air pressure is lower than the surroundings. The
centre is usually denoted by the letter Y- on the weather map and is

" encircled by pumber.of closed isobars. These isobars have

progressively higher values away from the centre.

....,.,-.n_._—,—(.r_-uf. —r ST — T - e T
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Significant wave height is the average height of the highest cne-
third of the waves. It is about equal to the average height of the waves
as estimated by an experienced cbserver.

Wind duration is the time over which the wind has been blowing.

Wind fetch is the distance upstream from the point of observation over
which the wind blows with constant speed and direction.

Wind waves (local seas)

Wind waves are produced by the local prevailing wind. They travel in
the direction of the prevailing wind, i.e. a northerly wind will produce
southerly moving waves.

The height of wind waves depends on :

*the strength of the wind v

*the time the wind has been blowing

*the fetch.

The higher the wind speed, and the longer the duration and fetch, the -
higher the wave and the longer the period. Wind waves are steeper
than swell waves, with shorter periods and wavelengths. The seq
appears mora confused than for swell waves clone.

The tables ot right show the significant wave height for various wind
speeds, durations and fetches. For example, with a fetch of 40 nautical
miles, a wind of 25 knots and a duration of about 6 hours, a significant
wave height of 1.8 metras js expected. For longer fetches, a 40 knot wind
blowing for 6 hovrs will give waves averaging 3.8 metres.

It is important to note that waves higher and lower than the average
can occur. Generally, in open water, a wave of 1.86 times the significant
wave height can be expected in every thousand waves. If the
significant wave height is 3.8 metres; with a period of 7.7 seconds, then a
wave of 7 metres can be expected every twe hours or so.

B
-

Swell waves B _

Swell waves are wind-generated waves that have moved away from
their area of formation. They may criginate in the heavy seas created by
a deep low pressure system offshore. As they move away, they becoeme
more rounded and reguler in height and period and are often detected
thousands of kilormelres from their source areq. As the swell travels, its
height decreases and its period and waveleugth increcse, because short
waves have too little energy to enable them to travel long distances
against the action of friction. Swell waves are long waves in compdrison
with the wind waves and may have wavelengths from 30 to 500 times
- -— their wave height. :

k. —
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Weather prediction is
quite complex at the best
of times as there are
rnany variables to be
taken into account.

sea than compared to the land when

one considers the relatve 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 (write it
dowr, our memory often forgets?)the
folowing: -~

- wind directipn and speed

- doud type, |

- temperature (au' and sea)

- barometric tendency and

- sea and swell conditions

By iogging the above variables and
noting any trends in conjunction with
regular forecasts, you should be able to
build up a picture of what is going on
a2round you and in particular it is the
observation of cloud, followed by the
barometric tendency that will give you
an indication of any impending signifi-
cant d‘langes
J It is these changes with wh_tch you

are particularly concerned because you
k-now what the weather is at the current
fime, and presumably comfortable
with, but changses in both wind direc-
Hon and speed for example, may affect

your future strategy.

' .\‘Uﬁ_"s}iould become very familiar
With at least the 10 main cloud types,

It is made even more complicated at

Weather Watch

To be or not to be... |

A guide to weather prediction at sea with a Hobart race bias

namely, cirrus,drrostratus, drrocumu-
lus {high-level clouds), altocumulus,
altostratus (middle-level clouds), nim-
bostratus, stratocumulus, stratus,
curnuius and cumulonimbus Jow-level
deouds). A very good knowledge of
what we call accessory clouds in the
trade is alsc recommended. Some
examnples of accessory clouds are as fol-
lows, arcus clouds which are more com-
monly known as roll and shelf douds,
mamuraius, lenticularis, and pileus just
o name a few.

Thereare many good weather books
and cloud charts around for you to buy

. orborrow that will help you here (check

out Boat Books). 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 end that is very important for fore-
casting., An example of a “must know”
doud trend (outside of the tropms_) is
that assocdiated with the passage of a
cold front.

It goes like this, 20 to-36 hours before
the arrival of the cold front, we will gen-
erally observe high-level clouds, 6 to 12
hours before-hand middle-level doud
will be observed and marking the lead-
ing edge of the front at the surface will
be our low-level clouds. Please remem-
ber that from the point of view of cloud
and weather, each cold front will be dif-
ferent, and that some fronts are cloud-
free.

The aneroid barometer is your main
instrument at sea to sense significant
changes. It is the tendency, rise or fali
ovér a Sme inferval, of the pressure that
we are interested in and not the instan-

December » January 1598

_ tions and speeds mentioned in offigctist

taneous vaiue. For example, a pressure
rise or fall of say 6 hectopascals (6 mil-
libars) or more over a 3 hour period will
tell us that either we have at least strong
winds or greater now or they are just
around the cormer!! 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.

For example, a yacht planing at 20 -
kts in an easterly direction while an
active cold front is moving in the same
direction at 25kts. In this case the baro—
metric tendency on the yacht may show
only a small rate of pressure-fail- -where-
as a nearby island may show a large fall,
thus indicating a vigorous system. In
this case the yacht's barometric tenden-
cy may be providing slightly mislead-
ing information. The equivalent pres-
sure tendency for a stationary point :
equal to the following: (pressure te>
dency on yacht) - (yacht's velodty :
pressure gradient)

We will now just concentrate c:
wind forecasting for a while. The bas
weather forecast obtained via rad::
(write it down or better sgll record ix
will give both wind speed and directic
and essentially there is little cause i
argue with what the forecaster is su
gesting. Please note that wmd dire:

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 men-
noned at.all-in forecasts!! So be awarel. .-
~.But we also need to know when 2

©»



aver us. You can obtain this information
from the forecast but this will need 1o be
the Zve Ball Mack 1
Method, neting the cloud changes (as
well as pressu:; changes) which herald
the advanee af the coid front and even-
tually its passage { as discussed above).
Bur it has 10 be said that by the tme you
see the signs of the Tont the changss are
probably immirent. Gererally the
_;,tronger the front the worse the
wind/weather accompanving it A
weak front may 2ass through your area
without any significant impact apart
rom a shift in the winds and a small
drop in temperature) .

Frontal forecasting is difficuit espa-
cally during the warmer months as
fronts can accelerate, siow down or dis-
appear completely whilst making their
passage along the NSW south coast
The mountains to the west can retard
the passage of the front northward, par-
ticalarly over and close to the moun-
tains. Meansvhile, closer to the coas:
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, al least during the day, is
to look to the south of vour position and
note the effect of the change on other

oV

fine-tuned

_ "D 10 Iack of phserysiions]
fdaid, experience SUGGESIT that
OVET i0 Speans; lierm iy
bands or arses »7 fpaly
sirnpger ard Fgbisrvings
actar whici Jio aesen vy
roasial waters inppegatc’s

boats. We can aiso hope that some low
cloud is accompanying the change-and
note your barometric téndency (fallizig:
anead, rising behidd). - 7 -~
*With a sutface (Gr,MSL = medn sea
level) weather map (or:ainaiys'is oranal},
“obtained from an'onboard weatherfax, =

¥ou are much more in congol of the sif.-..

uation. The odentaiion and spacing of
the isobars will give vou a quick, broad
picture of the wind simation as well as
the position of the major weather fea-

Detemdar 0 Jary

iy

cold frent, for 2xample, will be zassing

{0 lgnpre &t fimas:

Gueensiand yacht Axicorp Long Distance Challenger battling south sacn atter the siart of the 1205

Telstra Sydney to Hobart Raca, {Pic - lan Mainsbridge)

ture(s). By comparing the current chax
“with the previous chart, vou can esti-
mate the approximate speed of the Font
(or any other weather svstern) and
hence have a good idea of when the
front, and hence a wind change, will
artive in your area {persistence forecast-
ing).

A quick method to help you 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 betunid Ue froni. This does uniortu-
nately take some practice!! The average
cpeed of a cold front and its assodiated
low pressure system is approx-
imately 25 knots over southern,

-

tem moves with an average
'speed of around 15 knots,

One of the best tcols avail-
able via onbbard weatherfax is
boai- “the surface prognosis (prog).
. This chart indicates either the

heman's or the compuier's
<

g7 - -thoughts on where weather

3 svstems will be positoned ata -
particular time in the future,
This product when used in con-
junction with the methods outlined
above, will help you mOze 50, for exam-
- Ple, estabiish the time of arrval of the
“cold front and hence the wind change
OVer your area. Please remember that
these charts are a gocd guide and not
gospelll - | -

Having a weather chart as well as the
ransmutted weather forecast ean give
You a great deal of confidence in your
ability to predict wind changes ar sex.
Cne problem howeverts the cost of a

Australia. A high pressure syse

decent weatherfax, One solution is that
most boats do not have a fax because o
the costs involved. Don't despair
Coastal Waters and High Seas forecasts
prepared by the Bureau of Meteérolog}'
are generally an excellent guide and aj)
we need is the barometer, vour weather
knowledge and the Eve Ball Mark 1
Method to fine-tune the forecast. Good
local knowledge gives you a big edgel!
After you predict the general wind-
flow;, the job does nat stop there! One
has to then take into account all the
local variations which can affect vour
forecast,
These local variations are more likehr
to oceur close to the coast (within 10
nm). However even in Dcean waters
{greaterthan 10 nm from El;coast)\-arl-
ations can stil occur. Due to lack of
obsefvational 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 Hmes. .
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 swhen we have a
fight pressure gradient (isobars close
together on a weather chart), the wind
arranges itself in corridors of swonger
wind interspersed with areas of lighter
winds and 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 where we talk about average wave
heights, but nonetheless there can be
some waves at least bwice that height
** So in Tving to predict or Zne-tune

~




Web site at: http.!lwww.rsmas miam
aussiecurgacd .7

Durmg the raw, !lstnn to the spec:al race forecasts (Radio
relay vessel at sked times ) and to any ‘other weather (VIS, ViM,
AM/FM commercra] and ABC 5;3“0”5 down;the track and for

- srtés can be markedly affected by focal eﬁects “Such as the topogra-
1= phy around me srte and the elevahon of the stte and mast of the fime

"'i .-*",_-

b_etwéen 2200 :and 0700 hr on most occasions,’

As far as basrc race strategy is concemed, you cannot go pas1
! .z“jmat offered by Tony Shaw in the ORCA Newsletter of Novermnber
. 1993 Thzs exce]lent strategy ‘was reproduced in ias: years race

Good safe racmg

A P

down af after 2200 hr. Sa be prepared for some realfy hght wmd work

At :he end of the day, it is a tesi (an emo!ronal mvolvement) for
the wind which no amount of weather forecasts and charts can gen-
- erate, which will 2llow you to predicl its behaviour and will take away
some of the nasty surprises which seem fo catch out yacht sklppers
- wha fail 1o realise the changes taking place

UPDATEB JNFORMATION ON""
CQMPONENT REPLACEMENT

RN If.yuu have. a~rr|,anua£ matic mﬂatable hfe

t mamtenance pleasewnt%n-ypur ;

hfe jacketrnanuchturer ‘-

L 42 2

Detember & Jouvary 1998

Anstralia’s best
(arifyime museuwm is
also Auxistralia’s best
maritime book_ stere.

The Australian National Maritime Museum
-book store. 100s of titles covering:

> 'I"echmcal sailing and navigational techniques
> Historical ships, boats and sailors

> Sailing pictorials

> Narratives from world famous sailors

When you visit the Museum in Sydnev, please drop in and
browse. We also have a superb range of nautical gifis in store.

Customers are welcome to use the convenience of mail order.

For all information and

N AT l O N AL enquin'esr o
4'-\ contact Matt Lee. -
& ’< 1| Pnone (02)92121885 .
Fax (02) 9212 1806,
MARITIME Mail Museum Store”
R Australian National
f\/l' USEUM - Maritime Museum
- F: PO Box 300cC,
= Pyrmont NSW 2008

|
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e tne wind direction and speed from a

ferit weather forecast, or a weather map or
petter stll. both, you should always
- Lear in mind that the wind could be
tronger or lighter than the forecast sug-
gests. . .
We also find that the wind is gener-
’él]y stronger over warm water and less
in speed over colder water. If we have
‘warm air over cold water, we have what
is calied a stable air-sea interface {sail-
ing layer) and henice a marked wind
shear situation.

This generally means more twist on
port tack and less fwist on starboard.
‘With cold air over warm water, we have
an uristable air-sea interface and hence a
weak wind shear situation. This gener-
ally implies straighter leeches. This is
one of the reasons why air and sea tem-
peratures should be logged. Sea water
temperature should be menitored from
a current point-of-view along with GPS
or t-aditional navigation procedures.
GPS derived set and drift data should
be averaged over a 30 minute period to
be of any use.

Inshore the situation can be different
_again. Here not only can the fun-

nelling/channeliing effects _around
headlands, up and down nver valleys
and through straits have a significant
effect on the strength of the wind, it can
also have a marked effect on sea condi-
tions, especially when wind
opposes tide or current {remem-
ber the 1993 race).

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/moun-
tain. Another rule is that offshore
winds increase in speed and
back (go left)in direction as they blow
out over the water, onshore winds
dectease in speed as they approach the
land hnd the direction will veer (go
right} a little.

If condiions allow, a sea breeze will
setup and will be strongest within say, 5

.nun of the coast and will be at its

strongest during the mid to late after-
noor. Same of the strongest seabreezes
occur on the south coast of NSW. Sea
breezes along the east Tasmanian Coast
are northeasters and become southeast-

ers along the south coast and in the Der-
renit (if you get there during daylight
hours!
Under broad westerly flow, a big lee
vortex is generally evident along the

“If conditions allow, a sea
breeze will setup and will be
strongest within say, 5 nm of
the coast and will be at its
sirongest during the mid to
late afternoon”

east Tasmanian coast. This means that
light SE to NE winds will prevail from
the coast {apart from sea breezes being
strongest within 5 nm of the coast) out
to approximately 50 nm. The upshot of
all this is that a compromise will have to
be struck regarding your position off
the coast. A tricky one indeed?? /A

Reference: The RORC Manual of Weather at Sea
by Dag Pike (David & Charles 1994)

Kenn Batt is coaiiable for meteorological adoice
and can be contacted on (02) 39180749 (after-
hours) and (62)82961622 (work hours).

Decertber « Janvary 1998 €59
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WEATHER
INSTRUMENTATION

The basic weather measurements for shipboard forecasting are wind speed and
direction, pressure, (emperaturs, and humidity. Instrumentatien is standard, and
is described in most books on seamanship and navigation, but there are a few
options worth discussing here, as well as some pointers on their employment and
interpretation. Any of them may be obtained either as indicating or recording
s mstruments. The former are much cheaper, and suffice for most ordinary purposes.
But there is a certain advantage in being able to review ar a giance the past few
hours of a record to determine slow, average rates of change, which can be accom-
plished only with considerable effort and uncertainty by use of indicating instm-\
ments. As a frst choice, most yachtsmen would elect a recording barograph, and
secondly, a recording anemometer, but there is no particular necessity for
recording temperature or humidity. Both of the latter can be obtained with a
simple sling psychrometer, which can be whirled as often as desired. _

The standard reference height for anemometers is 10 meters (33 feer) above
the waterline. For a standard lapse rate, wind speed increases logarithmically with
height above the sez, and any other mounting height can be corrected to siandard
height by using the curve of Fig. 28. In rough seas, a mast-mounted cup anemome-
ter will read high by the amount of the average cross-wind velocity of the mast
as a ship rolls or pitches. This error increases with mounting height, but on sailing
craft a masthead mounting is still preferable to spreader mounting, where a larger
ervor is introduced through distortion of the wind field by the sails. Masthead
mounting also prevents possible fouling by flepping halyards, etc., and provides
a bester estimaze of the average wind in heavy weather, when high seas significantly

_perturb the wind flow.

Gustiness is another Tactor that affects the determination of slew changes in
the mean wind. Gustiness increases with increasing wind and sea state, and can
amount o instantaneous readings that differ by as much 2s 50 per cent in speed
and 10-15° in direction from the mean values, averaged over several minutes.
Studies show that five-minute averages suffice to eliminate most gust effects under
moderate weather conditions, but in heavy weather twenty-minute averages may
be required. Indicating ancmometers are not ordinarily capable of much lenger
than one-minute averages, but this period can sgmetimes be extended by special
order from the manufacturer. Time-averaging with recording anemometers Is
readily accomplished by eye.

Mercury barometers are fast approaching extinction on shipboard, owing to
their cost, fragility, and the number of corrections necessary to give 2 proper
reading. Therefore these remarks concern only anercid (bellows-actuated) pressure
instruments, which are temperature-compensated and require no gravity correc-
tion. Recording barographs have no special mounting requirements, except to
avoid exposure to extreme temperature changes and shock. These are best mini-
mized by rubber-mounting in a central (midship) location, away from direct
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waves are further exaggerated by unequal growth rates. Hence, for all wind speeds
above six knots—if not before—we can no longer follow the growth of repre-
senrative, nearly identical waves, but must adjust our sights to deal with a statistical
ensemble (directional spectrum) of waves, moving within, roughly, 50° of the wind
direction: The ensemble contains waves of all heights and periods from a lower
limit dictated by capillary dissipation to serme upper limit determined by a balance
berween the rates at which energy is supplied by the wind and removed by
dissipative processes—principally breaking. .

GROWTH AND DECAY
OF A WAVE SPECTRUM

.

In most standard references, vou will find it stated that the growth of a wave-

spectrum is governed by three factors: the wind speed (assumed uniform in space;;
its duration (assumed uniform in time); and the distance ( fetch) over which it blows
(assumed to be finite). It should be recognized that these factors are only ideal-
izations that are rarely realized in nature and still harder to appraise. Still, our
present—and reasonably successful—techniques for describing and forecasting the
state of the sea depend upon assigning numbers to them, and using statistical
hydrodynamic models for speciral growth under the assumed conditions.

Wave Statistics: In a statistical model, we temporarily forget about individual
waves, wave groups, and the fact that any wave system can be considered as the
simple superimposition of a number of ideal, periodic wave trains, although we
shall later recover these concepts in considering ocean swell after it leaves the area
of wave generation. Instead, we think of sea state as a spectrum of wave energy
that is constant, or slowly changing;within a given region. In any such region,
we attempt to specify, on the average, the present and future probability that
certain numbers of waves of any particular height, wavelength, period, and direc-
tion of motion will be present. _

The statistical sea surface is represented as a quasi-random and ever-changing
pattern of bumps and hollows that never repeats itself. Thus our previous wave
properties require redefinition, since it is manifest that the distance (wavelength)
or time interval (period) between any two adjacent bumps passing a fixed-paint
of observation are unlikely to be the same as those between preceding or succeeding
bumps. Yet it is bumps and hollows that we actually see, and any realistic model
must be expressed in terms of guantities that we can observe and measure.

For our new definitions, consider a statistically long {20-minute) record of
sea surface elevation at a fixed location in deep water (Fig. 72), where the wind
speed, direction, duration, and fetch are presumed known,.or can be estimated
from meteorological reports. We first divide the record into N equal parts at
intervals of, say %, second. In a 20-minute record, we will have N = 2,400 intervals.
Next, for each interval we tabulate the vertical distance (surface elevation) berween
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FIGURE 72 Deep-water wave-record sample, showing construction tor siatistical analysis,

the cqulhbrlum {(no wave) level and the wave profile, and tabel them A4,
Ao ... Ay We now define a number £ as twice the average of the sum of the
squares of the individual wave amplitudes:

2

E=-=(4

Hig

+ A2 4+ ADR?

i

The number £* can be thought of as a measure of the average wave energy per
unit surface zrez of the composite sea state during the time covered by our record.
Anazlysis of many such records has shown thar, within the generating arez, wave
heights are rzandomly distributed in space and time, and that if we can forecast
E, we can esiimare the probability of encountering waves of any height in a slowly
changing sea state,

Certain properties of random waves let us say several things about their height
distribution. The curve in Fig. 73 gives the percentage probability that all waves
in a given sea state £ will be higher than the heights (in feer) obtained by multi-
plying the appropriate numbers zlong the vertical scale by the square root of £
For example, the dashed lines indicate that 30 per cent of all waves will be hwhc‘
than 2.2+/E ft. This figure also lists four common height indices: -

H, = 1.41+/E = the most frequent probable wave height
H, = 1.77\/E = the average height of all waves present . —
Hy =283 +/E = the average of the highest one-third of all waves
Hi = 3.601/E = the average of the highest one-tenth of all waves
The height index Hy is often called the significant wave height, on the premise

that mariners are chiefly interested in the larger waves present. From the dlStI‘lDu-
tion curve, the probability of encountering a significant wave is 13 per cent, roughly

=For the purposss of this book, we shall often usc 2 more convenient wave parameter, £ (ft.), which,
for want of a berter mame, 1 shall refer 10 2s the sea sigle index, OT Just sez sigle.
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FIGURE 73 Wave-height distribution as a2 function of probability of cczurrence in a
random sea. Dashed example shows that, in a iong record, 30 per cent of all waves
will have heights greater than 2.2/E.

" in accord with the common saying, “Every seventh wave is highest.” But, we are
only dealing with statistics; one is as apt to encounter two such waves in succession
as one in cvery thirty, etc. One must flip a coin an infinite number of times to
have as many heads as tails. '

The shape of the distribution curve is such that very high—or very low—
waves are increasingly unlikely events, but both are of special interest. In heavy
seas, a group of low waves may give you time to bring a ship about, sherten sail,
or take an opportune navigation sight. A group of high waves may contain a giant,
breaking, “rogue” wave that can poop a vessel, or pitch-pole her end for end.
Because low waves are not dangerous, and because the probability of a succession
of them cannot be calculated without specifying their number and size, we will
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say nothing more than that the chance is best following z succession of abnormally
high waves. However, 2 single rogue wave can spell disaster, and its probability
is easily estimated. Figure 74 gives the chance of encountering abnormally high
waves, as a function of relative height and the total number (N) of waves encoun-
tered. At any sea siate, E, the example (dashed lines) indicates that within any
200-wave sample there s a 5 per cent chance that one wave will excesd
o = 5.8+/E, an equal chance that it will be lower than A = 4.1+/E, and a
most probable value of about 4.8 \/E All three curves slope upward to the right,

FIGURE 74 Extreme wave probability increases with the number N of waves encouniered.
Zxample shows that there is a 5 per cent chance that the highest of 200 successive
waveswill exceed H = 5.8+/E. the same chance that it will be lower than H = 4.1 VE,
and a 90 per cent probability of its being in batween.
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"indicating that one runs the same percentage risk of encountering progressively
higher waves, the more that have passed by. The length of time required to
establish these probabilities depends upon the average wave period for any partic-
ular sea state, as defined below.*

Whereas the wave heights in a growing sea are randomly distributed, their
perieds and wavelengths are not. In Fig. 72 (p. 191), the tme intervals between
successive wave crests passing our recording station are labeled 77, T3, T3, etc.
In general, these intervals are all different, and bear no simple relation to the
periods of the component ideal, periodic waves that happen to combine to produce
the observed wave record. Yet, the theory of forecasting is based upon the statistics
of observed waves and their relation to local wind conditions. Moreover, the .

forecasting curves, described below, assign a value of £ to every ideal wave period
present in a predicted spectrum, which, in turn, can be interpreted as the joint
probability that waves of a certain height will occur at certain time intervals.
Accordingly, we introduce new definitidns for the observable wave “period” and

“wavelength™

T* = time interval between consecutive wave crests from an observed record
T = average of all of the above intervals from a given record
L* = the distance between two adjacent crests, measured perpendicular to

their direction of travel
= - =
- L% = the average of many consecutive measurernents of L

73

_ The ahove quantities are purely statistical. For the purposes of this book,
they are only used, in connection with the forecasting curves, to provide estimates
of sea state and ship behavior. 7" and L* do not obey the same relationship
L = CT = 5T? given in Part IV for pericdic progressive waves in deep water.
However, their respective averages obey a similar law: L = KTr2, where K is a
constant that depends on the stage of sea state development. For practical purpases,
K varies between the limits 2.6 <C K < 3.4 from an immature to a fully developed
sea. A mean value, K = 3.0, will be at most 12 per cent in error at any-sea state.

Since T7 is the average time interval between waves in a random sea, the
total time required for N waves to pass a fixed observation point will be N7 /3,600
hours. This relationship can be applied in using Fig. 74 to estimate the ume-
probability of extreme waves. Suppose that T, = 9 seconds, a2 number easily
obtained at sez by timing twenty tofifty waves. Then, for our previous example,
NTZ/3,600 = 200 X 9/3,800 = %, hour; e.g., we could expect the statistics cited
to apply to any half-hour sample—provided that average conditions do not change
over this interval. Fig. 74 applies best to slowly decaying swell, or to the short-term
expectancy of ship motions. It can provide ball park estimates in fully developed
or fetch-limired seas {see below), but will underestimate extreme-wave height in

a rapidly growing sea.
However, as we shall see in Part VI, the speed of 2 moving vessel relative

*There s also 2 physical upper limit, not well established, due to breaking.
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to the waves must be considered in determining the effective period of wave
encounter, 7,, which would be used instead of T in estimating time probability.
We will also show how similar probability estimates can be made of excessive—
even catastrophic—ship motions, using the ship iwself as an indicator of average

condirions.

Sea State under Steady Winds: Ignoring wave energy that might be leaking into
a given region from other sources, the wave spectrum described in Part IV provides
all the information necessary to determine the sea state as a function of local wind
conditions. Since wave energy is proportional to the square of wave amplitude
A2 (or height, H7), an energy spectrum can be defined as a continuous curve that
gives the appropriate yalue of A2 for every wave period 7 within the ensemble
of ideal, periodic waves that combine to form the sea state. As a hypothetical case,
consider that a wind of constant speed V > 6 knots springs up over an infinite
stretch of calm water bounded at its upwind end by a straight shoreline (Fig: 75a).*
As described above, waves will be generated and continue to increase in amplitude
and period until, locally, a steady state is atrained, the nature of which depends
upon the distance offshore (fetch), and whose time of establishment increases with
distance. Ulumately, after 2 (somewhat poorly defined) time 7, 2 condition defined
as a fully developed sea (FDS) will be achieved at all distances bevond some minimum
fetch £, and no further changes of sea state occur. Everywhere upwind of F_,
the average wave amplitude and range of periods present increase with fetch, from
zero at the shoreline to their constant FDS values at—and beyond—F,.

These changes with distance are qualitatively illustrated (Fig. 75b) by the
spectral curves 8§, S, . . . §, cofresponding 1o successive offshore distances (fetches)
F,, Fy .. . F,. The curves all arise from a common origin at the left, and inidally
follow the heavy curve for the fully developed spectrum S, but consecutively
branch to the right, passing through successively higher energy maxima arsucces-
sively longer periods 7, 75 . . . T, after which they turn sharply downward and
cut off along the period axis. The areas under the spectral energy curves give the
total wave energy present in the local sea state at the respective fetches. Since
the average energy density £ of the actual sea state is, by definition, the same
as that for the ideal wave spectrum, we can label these areas £,, E, . . . £, . The
total energy increases with offshore distance, burt the fact that all the spectral curves
are congruent toward the left shows that this energy increase is manifesied by the
progressive appearance of longer and higher waves. The rather abrupt cutoff of
each spectrum near some maximum period indicates that there are few waves of
longer period present at that particular fetch. The cutoff phenomencn is an
observational {act of nature to which the forecastiing theory has been adzpred and,
for fetches less than F,, is attributed to the faster growth of small waves. The
cutoff T, at the minimum FDS fetch 5 —and the further observation that all

"The shoreline is not impartant; the upwind end of a fetch could as well be defined as the placc where
the wind starts 1o biow.
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FIGURE 75 {a) Growth of wave amplitude as a function of fetch, F, and time, , uncer
a steady wind. An FDS state cccurs leyond £, after a time, 1.
(b) Growth of a wave spectrum at curresgonding fetches and times.

spectra are constant beyond F, —is artributed to the fact that waves of this period
travel zs fast as the wind, and their subsequent growth is thereby arrested. How-
ever, careful studies indicate that there actually are some longer (but lower) waves
present in the spectrum of a fully developed sea, burt their contribution to the
total wave energy present is negligible for all practical purposes.

Should the wind cease at any time ¢ < {_, or the available ferch be less than
F_ (as, say, restricted by a les shore), the equilibrium sea state is said to be
duration-limited or fetch-limited, respectively, Waves will develop and grow offshore
as before, but their growth will be arrested at some distance or time governed
by whichever factor is limiting. If fetch-limited, the effect is merely to chop off
the FDS wave spectrum at a period appropriate to the available ferch, beyond
which a steady state will obtain. If duration-limited, the spectrum will be chopped
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oF in the same way—but not necessarily at the same distance—at the moment
the wind dies, and will begin to shrink again as the waves pass out of the area
of generation, or are dissipated by viscosity or breaking.

To a reasonable approximation, the spectral curves of Fig. 75b can also be
construed as giving the time history of sea state development at a fixed position.
That is, curve §; is the spectrum for the equilibrium sea state prevailing at tme
t, at all points downwind of £}, etc. Thus, with a steady wind of duration t > 1,
sea state growth at any distance F > F, will be defined by successive spectra Sy,
.5'2 . §,, at corresponding times £, 4, . . . 4, 25 indicated. This important concept
is the ba.szs for our later discussion of sea state growth {see p. 206).

1)

Properties of a Fully Developed Sea: Because it defines the upper limit of wave
growth and the maximum range of wave periods to be expected in a steady wind
field, the FDS spectrum §,, provides a convenient estimate of maximum sea
conditions wherever the fetch is unlimited and the average wind can be forecast
(as, for example, in the trade wind belts). This is because its relevant parameters
are all simple functions of wind speed, ¥ (knots):

VE, = 0.0068¥* feet = maximum sea state at fetches greater than F,

F, = 3.65V*2 miles = minimum fetch to establish an FDS*
t. = 6.43V%3 hours = minimum wind duration to establish an FDS
- T, = (.38 seconds = period associated with highest waves in spectrum
77 = 0.29¥ seconds = average observable wave period
LY== 34T;% = 0.28}7 feet = average wavelength in FDS spectrum.

While the theoretical FDS spectrum contains all ideal periods from zero to infinity,
the waves near its ends are so small that, for practical purposes, only periods within
the range ¢ < T < T, seconds need be considered.

The reader need not be concerned about evaluating the fractional powers
of ¥ in these equations; all of them (except L}, which would not fit nicely on
the same graph) are plotted for convenient reference in Fig. 76. For example, with
a steady wind of 30 knots, the small arrows indicate the respective FDS values:
VE_ = 6.0 feer, F, = 340 miles, t, = 20 hours, 7, = 11.2 seconds, and T, = 8.4
seconds. o

If the wind persisted for at least 20 hours, and the availzble fetch were at
least 340 miles, we could use Figs. 73 and 74 to make the following maximal sea

state forecast:

H = 1.41 x 6.0 = 8.5 feet = most frequent (most probable) wave height
Hu = 1.77 X 6.0 = 11 feet = average height of all waves

Hy =283 X 6.0 =17 feet = significant wave height

H,, = 3.60 X 6.0 = 22 feet = average height of the highest 10 per cent of

all waves

‘Ifa background sea exists before the wind starts 1o blow, f may be considerably shorer (see p. 217).
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From Fig. 73, we can also determine, say, that:

10 per cent of all waves will be higher than 3 x 6.0 = 18 feer
10 per cent will be lower than about 0.6 X 6.0 = 3.6 feet
90 per cent will be between 3.6 and 18 feet high

From Fig. 74, and with T = 8.4 sec., there will be a 5 per cent chance of
encoeuntering 2 single wave higher than 3.8 x 6.0 = 35 feet armnong every 200 waves
that pass during an average interval of 200 x 8.4/3,600 = 0.47 hr. Conversely,
within five hours, about 3 X 3,600/8.4 = 2,600 waves will pass, among which there
will be a 5 per cent expectancy of 2 single wave higher than 6.6 x 6.0 = 40 feer,

or nearly four times the average wave height! Thus we see that there is a small—buz.

real--chance of encountering a really big wave every few hours, even in a moderate
sea. :

Figure 76 indicates how rapidly the various FDS wave parameters increase

with wind speed. Given enough time and sea room, any wave height index (A,
Hyp, etc.) increases as F2; fe., they will all be 36 times higher at ¥V = 60 knorts
than at 10 knots. But total wave crergy increases as the fourth power of wind
speed, and will be 7,300 times higher at 60 knots than at 10 knors! Comparative
values for other parameters are given in Table 3, from which we can see that the
minirnum duration ¢ to reach FDS conditions increases by only 80 per cent, while

the minimum fetch required is about 11 times larger.

TABLE 3 Comparative EDS wave parameters at 10 and 8C knots

V (knots) t, (hrs) £ (mi.) T, (sec.) T* {sec.) Ly ()
10 14 80 az 2.9 28
50 25 870 22 17 1.000

The spectacular growth of the FDS spectrum, even between wind speeds of 20
and 40 knots, is illustrated in Fig. 77. The spectrum for 10 knots would be invisible
at this scale, and that for 50 knots 44 per cent larger than for 40 knots.

At this point, we digress from statistics for the moment to consider the physical
appearance of the sea surface at various stages of development Probably the most
familiar description of sea state at successively higher wind speeds is given by the
misnamed* Beaufort Scale of Wind Force (Table 4). The Beaufort Scale is con-
cerned mainly with apparent wave height, and the reldtive prevalence of breakers,
whitecaps, spray, and foam streaks. The test of its reliability is how consistently
these features correlate with wind speed alone. Although we still have no quanti-
tative data on the incidence of wave breaking in random storm seas, 1t should
be evident from our previous discussion thar only FDS conditions are reproducible
functions of wind speed. With a limited fetch and high winds, the waves can be
Just as high (or higher) than in an FDS state at much lower wind speeds. But

"The Beaufort Scale inersases roughly as F2/1 Wind force, however measured, incroases as the square
of wind spced, as do all FDS wave height indices.
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isobars strive 10 &V creating

hands of increased pressad.
Ir is not easy 1o fna evidence of hese phenomena because they can oty
be derermined by closely spaced comparatdve Measuremesnts which are net
available over sea areas and which may not necessarily prove reliable when
taken over land areas where the varying effects of friction and land shape
can give a false impression. However experience at sea in open sea
conditons away from the land does suggest that there can be considerable
local vadadons in wind strengrh wiuch generally occur ia, or at least are
particularly noticeable in, more exireme wind conditions, This suggests
that there is a greater instability in the pattern of isobars in these
condirions than the general weather maps mighr suggest and thart these
variations are often more than just gusts of wind. These gusts are a snort-
lived counterpart of the wide variations of wind strength and, [o some
exrznt, direcdon which cah be expected in more exXmreme conditicns.

Gusts are a fearurs of most strong wind situarions and reflect the
general instability of the wind, instability generared by the rurbulence of
the wind in conract with the sea. Everyorie with a sailboar will be aware of
these gusts which are generally short-lived, usually lastng for only = few
minures bur often increasing the wind strength by up [0 [WO numbers on
the Beaufort Scale. Squalls are a somewhat similar phenomenon but tznd
to be related more to temperature differences in the air and so to be more
prolonged and generally more visible. Squalls are often associated with
rain, and it can be the condensing of the water vapour contained in clouds
which releasss heat, which in turn provides the thermal energy which
helps to generate tas squall. Whilst nor =asily predictable in terms of
location, squalis can be predictable in a more general way as a result of the
prevailing meteorotogical conditions. We wiil lock at them in more derail

‘, Wind speed ~ | Factorfor Factor for factor for

| range maximum mean assessing yacht

! | gust speed gust speed mean speed
Dayume }
Farce 3-4 20 1.6 1.8
Force 5-b 1.8 1.5 1.25 !
Force 7-8 1.6 1.5 1.25
Night-time —
Force 3-4 118 1.3 1.3
Farce 3-8 1.8 1.3 15 .
Force 7-8 1.7 15 5 .

This table provides a means of caiculating the maximum winds which czn be expected
hased an forecast values. The forecast vaiue doesn't aliow for gusts, whereas the iabie
shows the wind speed can be double the forecast sirength. Gusts tend to be less vialent
at night, hence the reduced correction factors.
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crossing. There could be three or four, in which case trving to forscast
wave height and conditons can become very difficult.

Significant Wave Height
From this you might think it was almost impossible to forecast wave
heieht. However, there is almost invariably one predominant wave train
which sets the pattern, and this is usually what the forecasters are talking
aboul in their forscast of wave height — bur even then, if vou lock at the
recordings of wave condidons from wave racorders mounted on buoys or
ships you will see a considerable variation of wave heights within 2
particular wave train. The forecasters try to make the expehted sea
conditions mors comprehensible by using what they call the significant
wave height as the basis of

ety 0 =

their forecast.

Significant wave beight, as
we mentioned briefly In
Chapter 3, is defined as the
average of the highest one-
third of the waves passing a
particular point. This height
has been selecred because it
rends to agres reasonably well
with the wave heights
reported by experienced
y observers on board ships
when they zre uying to
estimare the average height of
the highest of the waves in 2

MINUTES >

Typical trace irom g wave recorder which shows - particular wave patrern.
how much larger waves can be founcin a Forecasters use the significant
gensrally moderate wave train. wave height because it will

- , conjure up & particular

picture in the minds of
experienced mariners and they will know whart the forecaster has in mund.
What the significant wave height does nor tell you 1s the rmavimum height
of waves which might be found in a wave pattern; yet it is this height
which often exercises the minds of vachtsmen and thers s _considerable
concern about the occurrence of “freak’ waves which are partof the
folklore of going to sea. The term ‘freak’ tends 10 suggest that these more
extreme waves zre totally unexpected and unprediciable, but this is not
quite wue. One has only to look at the sraristics from wave recorders [0
recognise that these higher than normal waves do exdst and that they are

definable.

Very Large Waves
There are various figures which relate to these so called ‘ez’ waves, and
one commonly quoted value forecasts the highest wave which may pass &
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‘rough’ lake surroundead by hills (@ > 0.3}, and the
- region has an annuzl average wind speed of
16 knorts, we can expect the smooth lake o exper-
ience, annually, 15 gusts to 20 knots, 12 gusts o
40 knors, 4 gusts to 60 knots and 1 gust ©© 80
knots. In sharp contrast, at the rough lake we can
expect 1400 gusts to 20 knots, 1100 gusts to 40
knots, 400 gusts o 60 knots, 60 gusts to 80 knots
and 5 gusts to 100 knots. These figures are based
on probability equauons and should be used with
great caution (think of the probability when play-
ing Two-up or when trying to toss 3 heads in 2

row). But the numbers show a very sharp increase
in the gustiness of the wind for a relarively modest
increase in surface roughness. Although lakes are
used in this example, the principle holds true for
near off-shore winds in much the same way. '

To take an exarple over a much shorter period
— say, 5 minutes: if the wind speed at 100 metres
above the surface is 40 knots, then one can expect
the peak 1-3 second gust to be 56 knots. Closer to
the ground, at 30 merres, the peak gust could be 60
knots and at 2 merres 70 knoms. Of course, the
rougher the ground, the greater this effect.

WIND AND BARRIERS

The- behaviour of wind blowing around (and

over) three-dimensional objecrs such as islands,
headlands, ridges and even mounain ranges is
important for users of the Australian coast,
particularly those who either ‘harness’ the wind
for motive power (for example, hang-gliders and
sailors) or those who can be directly influenced by
it (powerboaters and surfers}.

As a rule, the stronger the wind, the stronget
the effect of topography on it. Many sailors will
have experienced fluky and gusty airflows close
downwind of steep islands or near cliffs inan off-
chore wind. In landlocked estuaries or where
mounrains come close to the shore, the steady
wind that blows out at sea may be translatedsoan
unpredictable horroz, with strong and seemingly
random shifts in direction and strength. This
makes it important to know about the kind of
local wind and turbulence effects you may
encounter and the reasons behind them. As the
patterns of wind flow zround 2 topographic
teature 100 metres high by 1 kilometre long are
quite different from those around one of the same
shape but ten times bigger, the subject is best dealt
with by referring to small scale effects and large

scale effects.

Effects at small scales

‘Small scale’ means landscape features no bigger
than tens of metres in height and up to some hun-
dreds of metres across. Together with the wind
strength, this scale determines what wind parterns
to expect. In the main, the winds described in the
following scenarios are fresh breezes or, if the
winds are light, it is daynime. -

The small 1sler

Imagine sailing downwind rowards a small steep
islet thar is roughly circular. Its height is h and
diameter d. The islet is guirte steep, SO we Can
expect to see all the possible wind patterns
demonstrared, especially separation or reversal of
wind direction behind the isler — a phenomenon
that occurs behind steep obstacles only. The
breeze is fresh, around 20 knots and pot 100 gusty-
As we approach and round the isler we encounter
three areas with quite different wind regimes.
These are shown in Figure 3.6, wihere the wind's
streamnlines close to the warer are shown s blue,
those about halfway up the isler as green and
those a small distance above the islet as yellow.
The grey ‘clond’, particularly noticeable down-
wind of the isler, 1s the area where most wind
disturbance occurs.

Immediately upscream of the islet, in what we
might cail region A, the average—wind speed
reduces and rurbulence or gustiness increases. The
winds start to swerve to the right or left of the

isler. Region A does not extend very far upwind-

{the upper limit is about equal ro the height of the
islez, h) — its extent being shown by where the
three sers of screamlines start to become dissorted
upwind of the islet: this is well upwind of the grey
region of maximum disturbance.

As we round the islet to the right or left {region
B}, the average wind speeds up and the rurbulence
levels, both in absolute rerms and relative to the
average wind, decrease. This effect also extends
barely one islet height our from the shoreline and is
most pronounced close in — the extent is shown
by where the three sets of streamlines are no longer




General factors €ontruee..-
wave height

The main factors affecting wave height are:

« wind speed — the higher the wind speed, the
larger the waves

« wind duration — the longer the wind has been
blowing, the higher the waves will become

o ferch — the longer the distance for which the
wind has been acting {over warer), the larger
the waves will become

e water depth — the deeper the warer, the larger
the waves (excluding cases where desp water
abruptly becomes shallow)

o the presence of ocean currents — an opposing
current tends to reduce wavelength and t
increase wave height; a current cravelling m the
same direction as the waves rends o increase
wavelength and decrease wave height.

‘Rogue’, 'freak’ or 'king' waves

The phenomenon of significant wave height (Hs]
can help ro explain whatwe call ‘rogue’, *freak’ ot
‘king’ waves. On averags, approximately 1 in
1000 waves reaches 1.85 smes the significant
wave height. Given thar, at seg, & rypical wave
period might be 1070 11 seconds |and correspond
to an average wavelength of abour 200 merres),
then a_‘rogue’ wave will occur on average once
every 3 hours {that is, 1000 waves with period
10 to 11 seconds will pass the observer in about
3 hours). All boaters should consider rhis careful-
ly: if the waves are averaging 2 metres and the
boat is handling them with lile trouble, don't
become complacent — sooner Of later {usually in
less than 3 hours!) a wave of 4 meures or larger
will pass, The ‘one-in-a-thousand’ concepe is use-
ful not oaly for those at sea; experienced rock
fishers will always tell you never to Turn your back

on the ocean. Unexpectedly large waves have’

washed many of their fellow anglers off the rocks.

It is not a matter of whethera large wave
will occur, but when! Frequently — and all
too frequently in the media — one hears
reparts of ‘rogue’ or “freak’ waves. Such
reports actually contribute to a belief that
these large waves cannot be predicted and
therefore accidents and fatalities are an act
of God. Large waves will occur; what we are
less sure of is precisely when.

e ——

.y wseful, it is important © peal
- 1 to 1000 relaton is a stadistical
generalisation, much the same 2as expecting an
equal number of heads and rails in coin tossing
{which wiil certainly happen in the long term, as
ail gamblers know).
All wave height graphics in this section refer
to significant wave height, as do most forecass
and wave height reportngs.

Wave heights in open water
Seas and swell

Most people who use coastal, sea and oceanic
warers (that is, non-inland waters) use two terms

to describe the state of the wateratany given time.-

These are the seas and the swell.

Seas (or sea waves) are waves generated more
or less locally by wind and sull under the influence
of this wind. Sea waves usually do not move very
far away from the area In which they were
generared.

Swell (or sweil waves) are Jerived from sea
waves that have travelled well away from the area
where they were generated — which may be hun-
dreds, if not thousands, of kilomerres cut to sea.
They arrive as regular, organised ‘sets’. The dis-
rance berween successive swell waves is usually
longer (that s, swells have longer wavelengths
than seas) and have a smooth, rounded appear-
ance. They can be Tormed by ndes, coastal land-
slides, storms ar sea, undersea earthquakes, and
so on: but most commonly they are caused by
wind suscained over a long period of time and
over a long ferch (recalling that ferch is the
distance the wind has rravelled over warer).

Secause seas are still under the influence of
the wind that caused them, they gencrally
travel in the same direction as the prevailing
wind. Sea waves tend ta be more irreg ular
(choppy, disorganised) than sweil waves.

[ —

As wind is always gusty, it 15 0Ot hard to
understand that it will push down harder on some
parts of the water than others, causing distoruions
or ripples. These rapidly grow ©© the point where
they are big enough to affect the flow of the wind.
Once this happens, the wind will exert a stronger
force on the windward side than the leeward side
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of the chop, causing it to grow rapidly in size {and
produce what are called ‘newly formed seas’).
Provided thar the wind continues to blow, waves
will conrinue to grow so long as they receive more
energy from the wind than they dissipare (usually
by breaking). As will be shown in more derail
later, wave height depends on sea surface rough-
ness (the rougher the surface, the more ‘grip’ the
wind has), wind spesd (the scronger the wind, the
larger the waves), wind duration (the longer the
wind blows, the larger the waves will become)
and ferch (the loager the ferch, the bigger the
waves). )

Newly formed seas are very chaotic and disor-
ganised. The largest waves are formed by storms
— ofcen a series of storms — ar sea. As the waves
continue to grow, the windward wave surface
becomes steeper and steeper until the wave height
approaches about one-seventh of the wavelength.
Once the steepness reaches 1:7, the wave usually
breaks, forming whitecaps and spray. Waves
merge, overtake each othes, cancel each other out

- and generally interact randomly until, after a cer-
tain amount of time, the energy received approxi-
mately equals thar lost; this is called a ‘fully
developed sea’. Both the time taken and the fech
required for a fully developed sea increases with
increasing wind.

Sea waves (seas) generally move more slowly
than the wind that generated them due to
'slippage’ between the wind and the waves

it causes.

As the waves conrinue to develop they tend to
famr out from the storm areay-gradually forming
jower, longer and more rounded swell waves.
Since the waves have fanned ourt {this is called
‘angular dispersion”) their energy is dissipated

over a greater area, hence the wave height is’

reduced. Swell waves lose little energy as they
move and can thus rravel vast distances.

Swelt waves (swell) generally move faster
than the wind that generated them due to
complex interactions {for example,
‘leapfrogging’) which take place over several
days and hundreds to thousands of
kilometres of oczan.

gy
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Figure 4.6 shows a model of the development
of seas znd swell in open ocean under the influ-
ence of a storm. This is shown in rerms of both
fetch (distance) and time, since waves take a finite
time to ravel such distances.

The tansition of seas mro swell does not
happen over short distances or in short periods of
time. We have already seen thar seas tend to be
higher and steeper than swell, but by how much?
And how fast do seas and swell travel in relarion
to the wind that formed them? In order to answer
these questions clearly, we need to look more
closely at wave behaviour

Initially, the wind starts to blow on calm
warer, forming ripples that quickly become chop.
Chop tends to be fairly steep (5 per cent, or 1:20)
and moves much more slowly than the wind
causing it; a rule of thumb is that chop moves at
about 20 per cent of the wind speed.

However, as the wind conrtinues, the waves
become not only bigger, but stecper as well; in
a fully developed sea, where energy lost equals
energy gained, the waves are very steep (10 per
cent, or 1:10) and move at abour 50 per cent of
the wind speed. The wave height will depend on
wind spesd.

As the waves move well away from where
they were generated, they become very much flat-
ter {2 per cent, or 1:50) and may end up wravelling
as fast as, or faster than, the wind that generared
them. When fully marure, swell wave velocity is
proporrional to wavelength. Despite the theoren-
cal distincrion berween seas and swell, it is unlike- -
lv, after fifty or so hours of constant wind —
particularly if it’s strong, that there will be any
real difference berween a well-developed sea and
a swell: some waves could have travelied 500
kilometres away from where they first formed.

Relationships berween swell-wave velociry,
wavelength and wave period

In mid-latitude warers, the following simple rela-
tionships apply to swell-wave velocity, periodicity
and wavelength (where velocity is in merres per
second, wavelength in merres, and periodicity, T,
in seconds).

swell wave velocity = 1.25+ wavelength

swell wave velocity =1.56 x wavep eriod -

wavelength =1.56T*

These equarions are pracrical and useful for

—CWAVE ESSENTIALS
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changing wind puffs and the frequency of those changes,
walching the approaching clouds and the information that
they convey, observing the changing sea state as it approach-
es the boat: all of this information will hc‘p to tell vou when
a sai] change is imminenr.
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Whether walching for boarts gewming knocked down in front
of you or watchmc for more subtle weather signs, keen
observation wiii give you forewarming for your next sail
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" Darwin:  Tel: 08 8982 2800

Sea state is the combination of wmd
waves and swell.
The forecasts of wave and swcli ncxgm

are meant to represent the average of the

highest one-third of the waves. Hence sorme * -
waves will be higher and some lower than . |
. I=lephone directory or poll Weather By Fax on

the forecast wave height.
King waves occur when wind waves
and/or a combination of swell waves join to

form a very high wave. The shape and -

depth of the seabed is also important.
UTC (Uriversal Time Coordinate)! l‘:mc

eferences in warnings for high seas are

given in U'I‘C‘_

Foreccsfs and warnings

Coastal Marioe Radio. Telstza operates |
marine radio trapsmitters around the’
Australian ccastline with marine (Cosastal’

and High Seas) forecasts and warnings .
broadczst at scheduled times on the follow—
ing fr:qncncm..
2201, 4426, 6507, 8176, 1.36:kHz,and
VIIF Channel 67.
Centact Townsvilie (VIT), Brisbane (VEB)
Melbourne (VIM), Perth (VIP) and Darwin -
Radie (VID) for a hist of their scheduled’

tmes. When =z -weather warning is 1.ssucd1t :

will be broadcast -when first rcccwcd., and
then at rowtiee scheduled broadcast times, 2=
Public broadcast radio/TV. The Bureau
distributes coast] waters “forecasts and wWart-
‘ings 1o the .ABC.and commcma.l n:rwotks

(both. cxtj(and aounny stancms) Bmadx:asun,g

‘ Tclsu'a opcra.m 2 fumber of Dial-it services
_with a *I17 prefix. Check your local 1ele-
" phone directory or poll Weathier By Fax on
-'019 725 254 fora kst of your local mumbers.

@ Severs weather warming service carries
coastal waters warnings. Check your local

016 725 254 for:a Tist of your locsl pumbers.
O (055 Marine Forecasis: This service

~carries the coastal waters forecasts and latest
o reports. Check vour Jocal telephone directory,

dial 0055 26113 or poll Weather By Fax on

“019 725 254 for 2 list of your local numbers.

" Weather By Fax. The Bureau of

. "Meteorology uses the Telswra polling fax sys-
-tem (Infofax) and provides more than 120 fax

products, including weather charrs (updated
‘three-hourdy}, sarellite photss (updated hourly)
and the larest warnings and the routine coastal
“waters foresasts. Reports of engent-wind and
sea conditions ars-also availabje,

‘Set your fax machine in “Poli Receive”
mode and dial 1800 630 100 for a free main
-directory. This sysiem can also be accessed

’ throuvh 2 personal computer or lap-top

“unsing = modem. Access is also zvailable via
Swaphonc and Tnmarsat.

AXM/AMI HF Radio Fax. This system
is gperated. by the Royal Australian Navy of
‘behalf of the Burean of Meteorology using
two HF radio transmitters at Canberma and
‘Darwin. Reception Tequires a marine fax unit
attached 10 your HF radio or 2 personal com-
putet ceonected through 2 HF dermodulator.

thartsand warning Summary - on 2 24-hour

‘range of cducanonal pages.

) fHFRadio'sztxzmﬂ arange of weather -

.s:b.d_inkwhlch ie available via Weather By

Fax; 0197725 046 or'by phommg tne of the -
“ | necessary.
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Br:sbane: Tel: 07 3864 8400
Svdney: Tel: 02 9296 1335
Melbsurne: Tel: 03 9669 4915
Hobart: Tel: 03 6221 2000
Adelaide: Tzl 08 8366 2600
Perth: Tel: 09 263 2222

Satellite communications. Telstra's B
Satcom services and Inmarsat can be used to
access faxed marine weather forecass and
warnings through the Infofax system. Optus
MobileSat currently can only be used to,
access recorded voice products. As part of the |
(Global Marine Distress and Safety System -
{GMDSS) Telsta transmit via Satcom-C= :a_
complet= range of marine safery infonmation;, |
ncluding w:anhcr warnings. fmc of charge. &

available on the Intemet viathe Wodd Wids
Web. The access address on the Internef is:
http:/fwww.bom.gov.au. Included on fhe
Web menn: is the lawest satelfite photo, weah-
er maps, marine forecasts and wanungs and a

Wind, Waves, peey
Weather Booklet .+

A more detziled explanation of meteorologi-

cal systems and local weather effects is

available for a number of sactions of the
Aunstralian coastline in 2 Burean of
Meteorology Boanng weather series bocklet
entitied Wind, ‘Waves, Weather. Contact the
Bureau office in your capital ciry {or dctaﬂs
on availabifity. 4

1. Know the iocal tactors that influ-
1 ence sea conditions and know
i where to reach shelter quickly.
1 2. Learn how 1o rend the weather
1‘ map {pamphiet available).
i 3. Be aware that the weather map in
i the maming newspaper was drawn
i the day before.
4. Always check the latest forecost
and warnings before going io sec
and know what conditions exceed -
your safety iimits. -
5. Beware of rapidiy darkening and
iowering cloud — squaits may be
imminent.
é. When af seq, listen to the weather
reports on public or Telstta maiine
radio.
7. Be fiexible — change your plans if

fm ]
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ASS STRAIT is 1 place

that cne can loathe ane day

2nd lave the ncet! [t s the
shallow stretch of water
betwezn Tasminia and main-
land Auxtralia connecting the
Tasmun S=a with the Grea:
Ausiralian Righ,

It is about &80m deep in the
centre and hos sills slightly
Jdezper than SOm on either side.
Itis the shallowness, coupled
with the complicaied 1idul
Tews, that can make 1 ooe of
the worst hell-holes on carth
sitce 4 Yully-risea seu can <et-
up very quickly alter a strong
wind has becn blowing for u
refutively thort perind of time.
The subject of this anticie is pri-
marily the weathzr byt ths
vceanagraphy of 1he arca is
very unteresiing and will be cov-
ered in deisif in a future amicle.

Wind

During the winier and spring
monts, farly inense low pres.
sure syswemson the westarkies
nccur in the Bass Sirait area o
four o five veeusions, Ths great
mnjority of these have their cen-
Les passing south of Tesmania
But stronp wesierly winds aifect
Basy Sirair. including the coast
tine  =zast  of  Wilson's
Promontory.

lems tznd (0 have 3 favoured
track through Buss Strait elter
having avproacied its wesiern
sntrance from a north-west or
South-west divseticn. The fre-
quency ol these vysiemy is
40out twa o three per meuth in
the winter half ol tas vear, arcund ane
per moenth in autmn, with few in sum-
mer — but remnember the 1983 and the
1993 Sydney 1o Hobart races!

The most frequent interruption w the
settict weather of the sub-iropicsl ridge
of high pressure is provided by the pas-
sage of cold fronts with wind ghanges
frurm the naith and north-west 0 west
and south-west. Thes is a repulas phe-
nomenon in the winter hat! of the year,
in which case lew cenrres pasy well (o
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EASTERN BASS STRAIT
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Wave lrequancy 1ose lor aaitern Bass Shoy.

tre sowh nver 15e Seuthern: Occen ang
Ower Tanmania.

The succession af highs 2nd fronts o
nor DY wny means regular and slrong
winds botween north.wes and south.
wesl are sometimes mainiainsd with had
weuther lor weeks ut g time.

The strongest windg uszally bigw
from somewnere berwesn the nurth west
und the south wesl, Howeyer suh-enal
gales can affect the eastern pur of the
Stezit at infrequent imervals, purtizuiagly

E NOVEMBER 4 USTHA LIAN s i1 puit, jwne?

in dutwno. Dunng these evens, Bmx-
mum wind spesds may esceed 50 knois,

Guale-force winds blow mainiy fram
direcrions between north znd soulh-west
(through tinc west) and are zssacinted
with very deep lows with steep pressure
gradiznts (isoburs very close (oyzthers,

Oeeasionaily in suminer the com-
bined fluence of un intense ex-tropiea!
fow uver NSW tatitudes and a high pres-
sufe system over Tasmania can produce
easiordy gules over the Strait as well o
the exposed Victatian consiline,

With the lows in the “westerlies”, the
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Prenabiity perceriages for expenancing Im

Averuge durgtion af the sirongest winds
15 urnund one 0 two diys: in slower-
ML EL ImAre intense fows. pencraily
cenoedt souts of Tasmania, tiree w foue
duys and the south-casieriy gales four or
LINU ERYS.

The big waves

Wive heights cxezeding 14 netres iave
begy cncenntercd in Bass Sirain, The
complicsted tidal sireams through thrs
aren in general, coupied with the wingd
patern, increase the likelihood of an

cncoanter with the dregded sitpation of

wind Gpposed 10 ihe current, with shon,
:u_cﬁ wuves the resuli. Banks
Strait,which lies betwesn Flinders islamd
and the Tasmanian muintand in the aus,
I3 particular'y had for this sitwation,

Bass Strait, neing land-lucked o i
Aurihern and southern boundyrics.
behaves 1z vimilar way 1w that of 5
wind rennel. Broad wesierly wind Tow
is channelied such that in narrower parts
of casiern Busy Sirail. wing speeds cun
nearly double thoss in the open aceun.

Banks Sirifi can ulsa Jocaily enhanca
the wind flow and conseguentty has o
had repuiaton amenust the scifarmy
(ummumt)’. X

The key ta estimating the speed of the
wind through the Struit in geacral i the
A pressure ditference uver the Strmit, In
eS8EnCe, the greater the presscre differ-
“Bee ine strenger the winds! Sa ane
shouid check the pressare resdings af

or highar waves (Trom A User’s Buice 1o ihe Austialian coqQst),

bath Flinders and King [slands. of
Mulbourne and Laurcesion, #4ch time
they are piven out by
Pentiremetan, other cuestal radia sia-
bons anu Weather by Dax, the poll-fax
siIvige brought 3 vou Ry the Bureau of
Mzwarlogy and el :
Eustern Bass St cun, (rom time o
lime. e the place where an egst coast
low will satensy after movirg down rhe
NSW const, o 2evelop i sity. Bota can
rapidly produce south ensterly gaies,

Telstra

Sea/Swell

Seas are penerally ranghest in Huss
St in waner and spring 95 the jows in
the “westeriies™ and iheir assacrated
wold [rants are an thet northern ot
it Figure is 2 wane finquency ross
far 2astern Buas St The dmninancs
al wavey greater than twe metres Fom
vhe west sAmu gy 1o south west, genera-
cd by thase westerlics. o mmediaeiy
Ippareni.

However at tmines i witrer, specss-
sive fighy miny Toliow tracks wel) south
ol normal. with o tendeney 10 stagnare
around Tusmaia [n these situations it ia
posaibie 10 crpenenve quiel wenther
wunths of ysady starmy conditiony.

Conversaly, prolmiped sough condi-
Hans may accu, in winier or spring
when the high pressures stall over suoth-
o WAL wit cohld [ronts and associnged
lows maintaining westerly gajes in g
Sleep pressure gradient ol woesi/epst -

enteu aabals e the
Nteent Tor weeks an
whd.

The  satellie
derved imags of fig-
ure l: shows the
probaibly of eaperi-
cnuing faage waves
w— preater Gan Jin —
in e viciniy of Haxs
Strait The yearaoung
profumliry i)
cncoamicrng threg
Mmeife o Migner
waves 1soareund 39
per coeat al the seal-
orn o entrance fo the
Strzit, vampared (o
wround 1S por cent a
e narrh st

Tres s juat ane
sample o the superb
Arnnzes lrans (e heek
A User'™s Gaide 1o the
Awvtradum Coadi. by
Lr Greg Laupntin, dug 1o he releused
VL‘r)' s,

The vear-ruusd aveiape wave beiph
1 ear 23m al the weatern end of the
Strait, decressing to [0 the east,

Howcever, it should be neved tha
Hothe event ol an cust coast
low, sigaificemt wuvss from rhe
SCUth eust, 1 2aiess of 5ix metres, are
lthely. Waves in exeess of 15 maires
have beer repurted ia the sirorgest
SHIFITES.
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