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STUDY OF A TORNADO SITUATION IN SOUTH-WEST AUSTRALIA

'by R.L.Southern
D1v1s1ona1 Office; Bureau of. Meteorology, Adelaide

(Manuscrlpt recelved July 1960)

Abstract: “Synoptlc features leadlng'to the development of the
most severe tornado recorded in recent times in southwest
Australia are dlscussed In accord with previous experience

the salient causative. factor in the occurrence of non-summer
c¢yclonic-type tornadoes in this region is shown to be the simul-
taneous advection of warm moist air from the Indian Ocean in the
lower levels and cold, dry," southerly air of polar origin at a
higher level. The critical relation of these conditions to the
vertex of a trailing V-shaped front at the boundary of interaction
is emphasized and, in retrospect, it is shown how modification of
the previous sounding in the light of the anticipated changes in
air masses may lead to a quantltatlve assessment of tornadic
development. : »

1.” " INTRODUCTION

A tornado, which must rank as one of the most severe to be
recorded in Western Australia, swept through dense jarrah forest near
Collie, the State's major coal mining centre, 100 miles south of Perth,
between 0400 hr and 0500 hr on 6 April 1960. The damage was described
by a senior forestry officer as easily the most extensive he had seen in
thirty years of constant surveillance of the State's vast timber pre—
serves. . The tornado cut a swathe averaglng 12 chains wide along a
continuous path of 20 miles. -

The aerial photographs, plates 1, 2¢ and :3i. give a graphic
illustration of the extent to which the jarrah forest comprising trees
up to ninety feet high was thrust aside by the tornado. Forestry
officers, who arranged for utilisation of the timber within fourteen days
_of the storm, estimated that the volume of timber useful for milling
would approxlmate 10,000 loads of mill logs, 3,000 poles. and 18,000
lengths of mine tlmber, enough to provide a year's work at a local mill.

The co-operation of-State Forestry Officers, who supplied a
large-scale chart of the swathe compiled from ground and aerial observa-
tions and completed a questionaire on relevant meteorological aspects,
has greatly assisted in the compilation of this case history.
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Aerial photographs showing the swathe cut by the tornado
near Collie on 6th April, 1960.  Pictures reproduced from
color transparancies taken through perspex window of Cessna
aircraft, flying at 100" m.p.h. at altitude 900 ft. and looking
South over track. | Photographer D. Moore
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Plate . =~ General view of rhiddle_séttion_ of swathe about 10
A - -miles from origin.” Strétch shown here measures

,approxmately three- quarters ofa mile in Iength and
12 chains in"width.: L



Plate 2 Path of the tornado across the road to Mummbalup.

A large number of trees in- foreground were also
blown over.

Plate 3 Section eight miles from origin showing swathe at
widest point. Bulldozers were used to clear .debris
‘along 400 yards of this road to Preston.
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2.' FEATURES OF THE TRACK

A plan of the tornado s path was . establlshed hy a ground check
in a mumber of places,and corrected and substantiated by a. check from the
air at an altitude of 900 feet using the Forestry Department's recently
acquired Cessna aircraft.

The path was oriented on a bearlng whlch varied from 110 to
130 -and the swathe varied in width from a mlnlmum of 13 chains to 20 -
¢hains, averaging 12 ‘chains. 0dd trees were uprooted up to a distance
of 10 chains on either side of the swathe: which was continuous for 20
miles. Evidence of damage extended another. five miles. Near its :
origin the tornado traversed an aprreciable water surface and was there-
fore almost certainly responsible for the productlon of an inland water-
spout. The intensity of damage usually decreased: whenever the tornado
worked down~hill and increased on the up~hill side.  The damage was
classified into four categories by the Forestry Department.

(a) Uprooted trees-up to four feet in diameter plus some
large old stags w1thout crowns.o;“ :

(v) Trees snapped off-five to ten feet from the ground
(e) Almost complete removal of crowns “from standlng trees. -

(d) Hldden damage, quantlty not ascertalned, but- con51st1ng _
6f severe bending and tw1st1ng, causlng wood stakes and
separation around the growth rangs : ,

- A close exa.m1nat10n of the sta.nd.w.ng and fa.llen trees showed
that much of the surface bark was removed leaving residual bark surface
a pink colour impregnated with dirt and fine sticks, some of which were
embedded into thé sapwood. Trees of about eight inch in diameter were
most proné to breakage at five to ten feet above ground level. Damage
close to the ground was almost negligible. The trees fell generally
across the line of motion of the tornado directed towards the centre of
the swathe, i.e. to the SSE on the northern side and to:the NNE on the
southern fringe. .

‘3. SYNOPTIC SITUATIGN

Durlng the several days prlor to the tornado, an 1ntense
depression (990 mb) on a polar front moved southeast from latitude 40°S,
longitude 1009E on 4 April to latitude 489S, longitude 114°E on 5 Aprll.
This front was preceded eastward by a deepening low pressure trough,
asgociated with a warm mozst air mass characterlsed by dry buldb 67 F,
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dew p01nt 65 F and sea temperéfﬁié'kgbf ﬁé:éu;éaeﬁts a£ Iétltude 30 S
The cold, dry air followingothe front was characteri%ed by readings og
dry buldb 55 F dew point 45 F and sea temperature 58°F at latitude 41 S
and preceded a new antlcyclone (1033 mb at Amsterdam Island)

By 0900 hr, 5 Aprllf a c1rcu1at1on had formed at latitude 32° S
longitude 104 E, at the vertex of a trailing (or1g1nally cold) front: ‘
lying V-shaped andoembraclng the warm air {dry bulb 71°F, dew point 64° F
sea temperature 70 F). Meanwhile cold air (dry bulb 48°F, dew point
39 F, sea temperaturse 53°F at latitude 42°S) was advanclng eastward, pre-
ceded by numerous reports of sferic act1v1ty south of Wbstern Australla

At 0000 hr, 6 April, the V—low (998 mb) was located at latitude
33 S, longitude 114°E, and “thundeérstorms from anvil cumulo-nimbus were |
reported from Cape Naturaliste. _ The situation:at 0300 hr is shown in
Fig.1. This -shows the low mov1ng eastward in Geographe Bay, closely
followed by the first southern front. - Betwéen 0C00 hr and 0300 hr, the:
wind at Cape Naturaliste backed from NNE farce 6 to SW force 5 with a
temperature and dew.point fall.of 7 °F and 5 Op respectrvely. "By 0600 hr
the wind at Cape Naturaliste had backed southeast, and a similar change
at 0200 hr was reported later from the nearby ship, Port Wyndham. The
occurrence of the tornado at Collie was fixed at between 0400 hr and
0500 hr. A second southern front crossed the southwest coast during the
afternoon and by next morning the new anticyclone was established over
Western Australia.  Widespread thunderstorms occurred in the warm humid
air as it spread over the southern part of the State ahead of the cold
air. The subsequent movement of the small low is difficult to detect ',
but it appears to have very rapidly oeccluded from the surface.

I

As the storm occurred at night no evidence of the existence !
of a pendant cloud was obtainable but thick heavy black cloud was ’
observed passing over Collle at 0300 hr.

4. CAUSATIVE SYNOPTIC FACTGRS . =~ . = :

The synoptic factors which contribute to the occurrence of
tornadoes, with particular reference to the Australian region, have
been reviewed by the writer (1960). Briefly, the essential condition
needed is the existence of a deep layer of convectively unstable air
provided by moisture advection in the lower levels and cold dry air
advection at a higher level. ~ When the moist air is lifted by frontal
or thermal action or by convergence it becomes easily saturated and :
unstable, and provides an almost -spontaneous:release-of-energy leading:
to the rapid development of cumulo-nimbus clouds, one or more of which
may be associated with a vortex in contact with the ground. Tornadoes
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‘may be claselfled into two types, cyclonic and convectlve. ' Cyclonic
types such as the one under dlscu331on, occur in troughs associated with
intense depressions and usually in winter. Convective types occur in
less intense pressure dlstrlbutlons, when the lifting mechanism may. owe
much to thermal action and theé accumulation of moisture néar the ground
may be due to a more localised contribution. = -In the article referred to
above it is pointed out that the advent of ‘polar: a1r across Australia
following warm humid spells should be watched as a potential generator
of tornadoes, that such outbreaks can provide both the lifting mechanism
and the over-riding cold dry air, and that the identification of the

' warm sector at the base of a trailing cold front 1ying V—shaped ina
deepening trough is of impcrtance,'

A1l these condltions were fulfilled in the formation of the
~tornado at Collie, the contrast between the. warm ‘moist air and the cold
‘dny air being most notlcea'ble° :

Changes in Stablllty

. In retrospect, it .is 1mportant to examine what changes in
atmospheric stability are likely to.occur through the modlflcatlon of
the most recent regional radiosonde soundlng as a consequence ‘of the
synoptic changes which are antlclpated,-,

Fig. 2 shows three- soundlngs The ascent of. 0700 hr 5 April
at Porth indicates convective 1nstabllity already. exlst1ng above 800 mb
) (convect1ve instability exists ‘through & layer when the wet bulb lapse

rate exceeds the S.A.L.R.) and a Showalter Stability Index value of +2.
. This information comstitutes an alert for possible thunderstorm develop-
- ment. Synoptic developments during the afternoon of 5 April clearly
indicated the imminent advection of warm moist air in the lower levels.
‘Let it therefore be assumed that the air near the ground over parts of
- the southwest would become nearly saturated to a depth of at least
850 mb and that in so doing the temperature at that level would have
cooled no lower than 11 °C, the normal temperature for 850 mb in April.
Again, estimations of the 700 . mb and 500 mb temperatures, characteristic
of the approachlng polar air and modified for the latitudinal region
30 % to 35 S, are e3311y obtained. Assumlng a:slapse rate mid-way
between the D.A.L.R. and the S.A.L.R. from the surface to T00 mb and
the S.A.L.R. above 700 mb, temperatures of ~3. C and - —20°C are arrived
at for the 700 mb and 500 mb surfaces respectxvely. ~ This degree of
* cooling, although marked, is about what one might reasonably expect
near; Perth .in .a-polar streaii;and constitutes :a~departureé; from normal
of’ rather less -than twice. the“sfandanq deviation. quoted 1nf§ullet1n
No.42°(1953). " THs” moisthre distribution,’ agreedfés fidar saturation
below 850 mb, is already quite dry abcve the levelﬂﬂbutimayf%e assumed






