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ABSTRACT

New examinations of the occurrence of tornadoes in
Australia reveal that the phenomenon exhibits many of
the classic characteristics of American tornadoes, may
occur as frequently as in some parts of the United
States of America, and may be relatively more intense
than previously thought. Photographs of recent tornado
events from widely separated parts of the country
reveal wall clouds, cyclonic geometry, and interesting
multicore vortex structures with as many as five
concentric 'shells'. Occurrence rates of tornado—-like
storms normalised according to population density
suggest that the central highlands of Queensland and
southwestern Western Australia may experience these
with a frequency approaching that of tornadoes in some
parts of the United States. Finally, the authors note
that perceptions of tornado intensities in Australia
relative to US tornado intensities may have been
influenced by early American literature, which tended
to overestimate wind speeds. Hence, the intensity of
Australian tornadoes may be more similar to that of US
tornadoes than previously thought.

INTRODUCTION

Historically, tornadoes in Australia have been more of a curiosity than a
concern in this land of sparse population and weather extremes. Two
factors are changing this perception, at least where meteoroclogists and
engineers are concerned. First, several relatively recent tornado events,
including a few for which there is remarkable documentation, are providing
evidence that Australian tornadoes are very similar to their American
cousins and may lend additional opportunities for study. Secondly, the
continuing development of the country brings forth a need for Australian
engineers to consider the tornado in facility designs where structural
integrity and public safety are paramount. 1Included in this paper are
summaries of characteristics of tornadoes occurring on the Australian
continent. In addition, several historical events are reviewed, including
some recent occurrences of significance.
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AUSTRALIAN TORNADOES

The tornado is a misunderstood phenomemon in Australia. Often it is
dismissed as a 'willy-willy' (or dust devil) or erroneously referred to as
a 'cockeyed bob' or a hurricane (Baker 1945). While there are no
terminology conflicts among meteorologists and their literature,
contemporary writings and the public press reflect these misunderstandings,
making research into historical records and events difficult.

Literature review

The most recent work on the Australian tornado is a technical paper by
Clarke (1962). Writing on severe local wind storms, he deals with well-
documented tornadoes and with many other storms that could well have been
classified as tornadoes but for lack of adequate detail. Clarke recognises
the effects that population sparseness, terminology differences, and
limited record keeping have had in influencing the perception of the
tornado. He attempts to correct for these effects in his work and advances
the conclusion that 'on the whole [Australian tornado-like storms] are
about as frequent as, but much less intense than, North American
tornadoes'. These 1962 observations are examined in the present report.

Other than the work by Clarke, there has been no systematic effort to
assemble tornado occurrence and effects statistics for the Australian
continent as a whole. Evesson (1969) provided a summary of tornado
occurrences in New South Wales and offers conclusions that tend to support
those of Clarke with regard to frequency of tornado occurrence. Beyond
these summary reports are individual reports of events of significance
(Table 1). The series of records on individual events contain excellent
data on storm meteorology, damage,and windspeed estimates - all of which
can be very valuable to engineering-oriented investigations.

Occurrence rates

In reviewing tornadoes around the world, Fujita (1973) reports the
frequency of tornado occurrence in Australia as 14.6 per year. While this
number represents the average frequency of reported tornado-like storms per
year in the decade 1948-1957 as recorded by Clarke (1962), this value
probably falls short of their actual occurrence rate on the Australian
continent.

Clarke recognised the effect that population sparseness has on
reporting rates. In rural areas of Australia population densities of less
than one person per square kilometre are common. Further, he recognised
that population densities far larger than this are necessary to ensure that
all severe storms will be reported. Hence, he feels justified in
normalising reporting rates in rural areas according to population
(occurrences per 10" persons) as shown in Table 2. Clarke realises that it
would be unwise to make specific conclusions from these figures, but points
out that they do suggest that the occurrence of Australian tornado type
storms in specific areas could be as high as those classified as tornadoes
in the midwestern United States.
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Table 1 BAustralian tornado events with literature documentations
Date Location Reference
17 Jun 1842 Bunbury, WA Southern, R.L. Aust. Met. Mag.,
29, 57, 1960
23 Feb 1891 Gwydir District, Q14 Russell, H.C. J. Roy. Soc. NSW,
25, 58-60, 1891
27 sep 1911 Marong, Vic Taylor, G. Australian Meteorology,
205-6, 1920
2 Feb 1918 Brighton, Vic Ibid. 205-8
16 Jun 1954 Dwellingup, WA Vollprecht, R. Aust. Met. Mag.,
9, 61-6, 1955
20 Feb 1956 North Richmond, NSW Dunstan, R.R. Aust. Met. Mag.,
13, 46-9, 1956
13 Mar 1957 The Riverina, NSW Clarke, R.H. CSIRO Div. Met. Phys.,
Tech. Paper 13, 22-3, 1962
9 Jul 1957 Warriewood, NSW Clarke, R.H. ibid, 32
17 Jul 1958 Adelaide, SA Clarke, R.H. ibid, 36~8
17 Jul 1958 Mulgundawah, SA Clarke, R.H. 1ibid, 37
9 Oct 1958 Alice Springs, NT Clarke, R.H. ibid, 38-40
1 Jan 1960 Byford, WA Southern, R.L. Aust. Met, Mag.,
29, 49-~67, 1960
6 Apr 1960 Collie, WA Southern, R.L. Aust. Met. Mag.,
31, 1-12, 1960
24 Sep 1960 Numurkah, Vic Clarke, R.H. 1loc. cit, 40
9 Jul 1962 Port Macquarie, NSW Zillman, J.W. Aust. Met. Mag.,
39, 28-48, 1962
15 Jun 1964 Mandurah, WA Brook, R.R. Aust. Met. Mag.,
50, 26-34, 1965
10 Aug 1964 Numurkah, Vic Phillips, E.F. Aust. Met. Mag.,
48, 37-45, 1965
24 Aug 1964 Smithtown, NSW Carr, P.E. Aust. Met. Mag., 48,
23-36, 1965
27 Sep 1964 Tarnagulla, Vic Linforth, D.J. Aust. Met. Mag.,
49, 40-7, 1965
13 May 1965 Adelaide, SA Seaman, R.S. Aust. Met. Mag.,
14, 24-34, 1966
27 Apr 1966 Bronte, NSW Evesson, D.T. Bur. Met. Australia,
Working Paper 122, 2-11, 49, 1970
21 Aug 1966 Beauty Point, Tas Hutchinson, H.A. Bur. Met. Australia,

Working Paper 40/1793, 1968
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Table 1 Australian tornado events with literature documentations (contd)

Date Location Reference
5 Dec 1966 Erina-Terrigal, NSW Evesson, D.T. loc. cit, 11-19, 49-50
31 Dec 1966 Port Macquarie, NSW Evesson, D.T. ibid, 19-27, 50
28 Jan 1967 Finley~Cobram, NSW Linforth, D.J. Bur. Met. Australia,
Working Paper 65/1793, 1967
7 Feb 1968 Mangrove Mountain, Evesson, D.T. 1loc. cit, 27-37, 50-51
NSW
8 Jun 1968 Naval Base, WA Brewster,A.K. Bur. Met. Australia,
Met. Note 43, 1970
22 Nov 1968 Killarney, Qld Dexter, P.E. Bur. Met. Australia,
Working Paper 118, 1969
15 Apr 1969 Sydney suburbs, NSW Evesson, D.T. Bur. Met. RAustralia,
Met. Note 32, 1969
11 Dec 1969 Melbourne suburbs, Finocchiaro, N.J. Bur. Met. Australia,
Vic Met. Note. 46, 1971
21 Aug 1971 Sydney, NSW Son, H.J. CSIRO Div. Met. Phys.
Australia, No. 25, 1975
27 Jan 1973 Winninowie, SA Vecchio, G. Bur. Met. Australia, Met.
Note 74, 1974
19 Feb 1973 Meander, Tas Pescod, N.R. Bur. Met. Australia,
Met Note 69, 1974
4 Nov 1973 Brisbane, Qld Holcombe, G. and Moynihan, G. Bur. Met.
Australia, Met Note 97, 1978
Reardon, G.F. CSIRO Div. Bldg Res.
Rep 33, 1975
17 Dec 1975 South Hedland, WA Mauger, R.S. and Ball, M.R. Bur. Met.
Australia (Perxth), unpublished, 1975
2 Nov 1976 Mortlake, Vic Stern, H. Bur. Met. Australia
(Melbourne), unpublished, 1977
13 Nov 1976 Sandon, Vic Plukss, A.K. Bur. Met. Australia,

Met. Note 101, 1979
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Table 2 Comparison of tornado occurrence rates based on population density

Geographic Occurrences Population Occurrences
Area * per 104 sq km + per sq km Z per 10" persons
Queensland, 1.2 0.3 4.0
Highlands

Western Australia, 0.65 0.27 2.4

Agricultural Belt
and Goldfields

Victoria, Western 5.6 5.6 1.0
Highlands

New South Wales, 1.1 1.3 0.9
Slopes

Kansas 29.0 8.5 3.4
Oklahoma 22.0 11.2 2.0
Nebraska 9.6 5.4 1.8
Texas 6.9 10.4 0.7

* See Fig. 1.

For time periods of approximately 35 years: Australia 1922-1957;
USA 1916-1950.

For 1947 (Australia), 1950 (USA).

flas1

While questions may be raised regarding some of Clarke's assumptions,
the basic observation seems justified. In recent work by McDonald-et al.
(1975), population densities varying between 40 and 100 persons per square
kilometre were found to be the threshold above which reasonable assurance
can be gained that all tornadoes would be reported. Hence, it is logical
to conclude that more tornado-like storms occur than are reported in the
rural areas of Australia where population densities are small. Whether the
occurrence rate can be adjusted in direct proportion to population density
may be questioned,although such an adjustment may be justified for very
small population densities in selected areas. Regions of high incidence in
Australia as defined by Clarke (1962) and Evesson (1969) are shown in Fig.
1.

Tornado intensity

Clarke's conclusion that Australian tornadoes are 'much less intense than
North American tornadoes' seems justified in view of comparisons of

wind speed analysis made by Australian meteorologists with the best
estimate of American meteorologists at the same time. However, two
observations by the authors suggest that this conclusion should be re-
examined. First, it is American experience that only a few (less than 1
per cent) of all tornadoes cause damage sufficient to warrant
classification as an extreme event, and these events are almost invariably
associated with direct hits
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Fig. 1 Areas with tomado-like occursence rates comparable with the United States of America.
Comparisons are normalised to population density.

on cities or towns. The chances of a severe tornado interacting with an
Australian commnity are very much less; hence, the chances of experiencing
such an extreme rating in Australia are much less. Secondly, examination
of Australian tornado events for which wind speed estimates were made
reveals that Australian meteorologists were more objective in their
analysis than their American counterparts, who seemed to be more
subjective. At the time of Clarke's report (1962), the subjectively
achieved consensus among American meteorologists was that tornadic

wind speeds exceed 233 m/s and, in the opinion of some, approached sonic
velocity. BAustralian estimates were based more often on calculations that
tended to yield lower values. These two observations are discussed in
greater detail below. .

Historical events

Clarke identifies at least one historical tornado event that could have
possessed windspeeds approaching 89 m/s, thus placing it on a par with
extreme American events. A storm in Western Australia on 6 April 1960 was
documented by Southern (1960), who reported it to rank as one of the most
severe to be recorded in Western Australia. A 240 m wide swathe of almost
complete damage through dense jarrah forest near Collie, WA, 160 km south
of Perth, extended in a continuous path for 32 km. Clarke's estimate of 62
m/s windspeeds in this storm is based, in part, on analysis of tree fall
patterns after the work of Letzmann (1928). Use of Fujita's wind speed v.
tree damage chart (1978) indicates possible wind speeds of 67 to 89 m/s.
In any event, the Collie storm is the most extreme of 62 calculated

wind speeds from Australian local wind storms reported by Clarke; hence,
it may be analogous to the approximately 1 per cent extreme event found to
be present in United States tornado intensity statistics.
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Since Clarke published his work in 1962, there have been additional
severe windstorm events in Australia. A tornado passed through the western
and southern suburbs of Brisbane (Queensland) on 4 November 1973 causing
damage estimated at $A3.25 million. A published report on the storm by
Holcombe and Moynihan (1978) contains estimates of wind speeds up to 70 m/s
based on Fujita Scale rating F2. While this rating seems reasonable to the
authors, photographs of damage from this storm reflect the type of damage
found to be common in United States tornadoes that have been assigned
Fujita rankings of F3 or higher.

Wind speed calculations

The consensus of American meteorologists in the 1960s regarding tornadic
wind speeds is reflected in a book by Flora (1954) and in a summary of
maximum estimates in tornadoes advanced by Davies-Jones and Kessler (1974).
As noted in Table 3, estimates were often made using indirect means (ground
marks, funnel shape, extrapolations, judgments) and these produced higher
estimates than methods using direct means (damage related calculations,
movie analyses, anemometers). Statements in Flora's book such as
'estimates ... have often ranged from 450 to 500 miles per hour' (210 to
233 m/s) and 'considerable evidence has accumulated which indicates that in
parts of the vortexes of some tornadoes wind speeds have approached, if not
exceeded, the speed of sound' must have done much to advance a greatly
distorted view of the American tornado to persons overseas. Evidence
published recently discounts this perspective and other scientists share
this view (Minor et al. 1972, Mehta et al. 1976, Mehta 1976, Minor et al.
1977, Kessler 1376, Golden 1976). '

Most Australian estimates of wind speeds in tornadoes were developed
using direct means. Several of the analyses and their results are
summarised in Table 3. On the whole, these analyses seem reasonable. 1In
comparing these results with American literature, Clarke (1962) cites
wind speed estimates from Van Tassel (Sydney, Neb. storm, 1955) Hoecker
(Dallas, Tex. tornado, 1957) and Fujita (Fargo, North Dakota tornado, 1957)
(see Table 3). The extreme wind speed values reported in these American
studies have since been discounted (Davies-Jones and Kessler 1974, Mehta
1976).

Hence, it cannot be concluded that Australian tornadoes are less
severe than their American counterparts. While it is possible that their
intensities are comparable, still such conclusions cannot be drawn without
additional studies of damage, photogrammetric records, and other physical
evidence.

RECENT TORNADO EVENTS

Three widely separated tornado events reflect the classic character of
Australian tornadoes, and suggest that fruitful investigations of tornado
morphology may be undertaken on the Australian continent (Fig. 2).

Sandon, Victoria, toxrmado of 13 November 1976

A tornado event near Sandon, 110 km northwest of Melbourne in Victoria, was
recorded in a sequence of twelve exposures on 135 black and white f£ilm by
Ms Ineke Kuiper of Werribee. The event was investigated by Plukss (1979)
of the Victorian Regional Office, Bureau of Meteorology. The tornado
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Fig. 2 Locations of recent documented tormado events. Excellent photographic sequences are
available for these events.

cyclone, which killed two in a car and caused damage estimated at
$A300 000, was one of three tornadoes observed in Victoria on the same
day.

The thunderstorms that produced the tornadoes had tops to 16 km.
These cells were progressing slowly eastward. A layer of cloud with its
base at about the same level as that of the thunderstorm base extended
northeastward. A small layer of cloud north of the main mass and with a
much lower cloud base moved rapidly across and fused with it. Upward
circulatory motion was observed and a tornado was seen to develop beneath.
A map of the tornado path with the location of the photographer is
presented as Fig. 3.

The classic character of the tornado is described by eyewitnesses and
Ms Kuiper's photographs. A wall cloud is clearly discernible and has a
cyclonic (clockwise) configuration (Fig. 4). Rotation of the main cloud,
the wall cloud, and the tornado were all established as cyclonic
(clockwise). Lightning was observed within the main cloud layer and
eyewitnesses near the tornado reported a roaring noise. The protuberance
to the left was rotating. After the tornado dissipated, the protuberance
continued to rotate while becoming more pronounced, but did not reach the
ground (Fig. 5). Wind speed estimates by Plukss (1979) were deduced from
damage to sheets of corrugated iron as compared with calculations made by
Carr (1965). Plukss's assessment is that the lower bound for maximum
wind speeds is at least 46 m/s for this event.

Northam, Western Australia, tornado of 21 December 1977

A tornado was photographed near the Northam Research Station by Messrs P.J.
May and C.J. Crane of Northam, Western Australia. A series of eighteen
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