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TORNADO- AT MANDURAH, 15th JUNE 1964
By R.R. Brook

Western Australian Regional Office,
Bureau of Meteorology, Perth

(Manuscript received April 1965)

ABSTRACT

At about noon on 15 June 1964 a tornado struck the
township of Mandurah, which is about 40 miles south
of Perth. This report examines the tornado and
associated meteorological information.

Several common characteristics of tornadoes were
present in this case, including convective instability,
dry air above a moist layer, warm advection in the
low levels, surface convergence and high level
divergence.

1. INTRODUCTION

Tornadoes are not an infrequent occurrence in Australia, and an estimated 140 a year
are active in this country (Brooks 1951). Due to sparsity of population in areas susceptible to
tornadoes, their identification or even reports of possible tornadoes are not recorded unless
severe damage is caused by them, or unless the observer has some interest in the weather or
meteorology. As a result only a small number of tornadoes are investigated to any extent,

Southern (1960) describes two tornadoes in the south-western part of
Western Australia, one in summer (1st January 1960) and one in mid-autumn (6th April 1960),
The tornado discussed here is a winter type,

Clarke (1962) discussed severe local winds over Australia including the distribution
by time of the day and month., His Table 8 shows that over the southern half of Australia
65 percent of severe local winds occur between 1000 and 2000 hours local time, illustrating the
effect of diurnal heating. His Table 9 shows that for the same region severe local winds are
more frequent in November, December and January than in other months but that a secondary
maximum occurs in June,

For tornado development the primary condition is that for development of
cumulo-nimbus clouds, namely, marked atmospheric instability to approximately 10, 000 feet,
particularly in the lower levels, together with moist air beneath dry air, A starting mechanism
is also required; and in 90 percent of cases studied in America where this was a front, it was
found that moist tropical maritime air was being replaced by maritime polar or modified polar
continental air. In the case under consideration this condition does not apply, although there
is evidence that there was weak frontal activity in the area. The position and intensity of jet
streams may have an effect upon the development of these storms, but such conditions are
usually reflected on the surface charts by the development of a front, or trough, or some form
of depression in the vicinity,

The tornado studied here struck the township of Mandurah, about 40 miles south of
Perth (see Fig. 1), about noon on 15 June 1964.

The investigation was somewhat limited by lack of data, particularly on the synoptic
scale, in areas to the west and south of Mandurah. In the case of a local phenomenon of this
type much information may be obtained from local reports, and several eyewitnesses were
interviéwed and an on-the-spot evaluation was made at Mandurah some days after the event.
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2. EXAMINATION OF STORM TRACK, ITS DAMAGE AND IMPLICATIONS

The tornado was first observed as a waterspout at sea; it crossed the coast at
approximately right angles and proceeded in a straight line through the northeastern part of
Mandurah town site, in a southeasterly direction.

Due to uneven distribution of vegetation in the area, a quantitative estimation of
storm strength along the track is not possible, but evidence is ava1lab1e to show that the funnel
appeared to jump. :

The most striking example of this is shown as the tornado crossed the coast. Two
lines of low sand hills had to be crossed, one between Ormsay Terrace and the beach, and the
other just to the northwest of the Fremantle Road. On Fig. 1, at point 1 the only obvious damage
was a few lifted tiles where the storm passed over a line of beach houses. No further damage
was observed until at point 2, where extensive damage was caused to two houses, including
the roof being lifted from one. These houses were situated in the valley between the two sand
hills. Point 3 is at the top of the second line of sand hills and only minor damage was visible.
Point 4 is an open area and little could be gained from examining this. At points 5, large
Tuart trees were either uprooted or stripped of their branches and extensive damage was
caused to nearby houses.

From here to the point at which the tracking of the tornado became impracticable
(point 9) severe structural damage was caused to buildings in its path, and heavy toll was taken
of vegetation. It was impossible to determine relative strength of the tornado along the track
but degeneration probably began at point 8, and by the time it reached point 9 it had lost most
of its strength and caused only minor damage in thick scrub beyond point 9.

Some idea of the strength of the storm may be obtained from the photographs
reproduced as Figures 2 and 3.

Figure 2 shows the damage to Tuart trees in Allnut Street at point 5. These trees
were up to 2 feet in diameter at the trunk, and stood about 70 feet high.

Figure 3 is a photograph of a shop at point 6, which was almost in the centre of the
pa.th and had its roof lifted completely off and deposited behind the shop up51de down.

On the plan of the tornado path, at the point in Service Street,the arrow indicates
the position of a large boat which was moved from a trailer. The centre of the storm was
clearly defined by a large Tuart tree, also marked on Fig. 1. This tree was stripped of all
branches, which were scattered symmetrically about its base. This, in con_]unctlon ‘with the
movement of the boat, clearly indicated a cyclonic rotation of the tornado.

Probably the most striking feature of the tornado was the fact that its path was
almost a straight line, and little departure from this was evident. The width of major damage,
and hence what is assumed to be the actual core of the tornado, was about 30 yards wide,
although at times it reached about 50 yards.

Sheets of roofing iron were scattered along the whole path, and in surrounding
areas some sheets were lodged in trees, 40-50 feet off the ground.

A farm, five miles to the southeast of the storm track, reported that sheets of
roofing iron lifted from the houses in the path of the storm were carried to it. It seems that
either the sheets were lifted into the storm cloud and carried with it to the area, or else lifted
into the storm and thrown out at a higher level to be carried to the farm on the wind. The
distance the sheets were carried indicate the strength of the updrafts associated with the cloud.

Eyewitnesses confirm the spiralling action of the tornado, but it seems that its dark
appearance, due to water in the funnel, was not apparent after the tornado had moved inland.
Thunder, lightning and heavy rain accompanied the tornado, and a witness in a house at
point 6 said the storm passage lasted about half a minute.
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Fig. 3 Photograph of shop, at point 6 in Fig.1, which had its roof lifted completely off.
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Fig. 4 Synoptic mean sea level chart for 1200 WST on 15 June 1964,
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Another eyewitness at the bowling club (to the northeast of the track) said that the
cloud base at the time was 200 to 300 feet and from there the funnel appeared to move very
slowly. He estimated the speed as 10 mph and from other reports this seems to be a fair
estimate. In this area the winds seemed to be fairly light, indicating that the area of the
cumulo-nimbus did not extend far to the north of the track.

Unfortunately, an on-the-spot study of the storm damage was not possible until a
week after its occurrence. This to a large extent prevented a complete survey, but fortunately
a large amount of its devastation was still untouched, allowing a fair survey to be made.

3. THE SYNOPTIC SITUATION
(a) Surface Chart

The surface analysis (Fig. 4) indicates thatat 1200 WST (0400 GMT) a depression
was centred approximately 120 nautical miles southwest of Perth with a weak cold front
roughly parallel to the coast. A weak DISCON was reported at Perth Airport (Guildford) at
1430 WST (0630 GMT), and it seems that this was associated with a weak trough. As the
trough would have passed through Mandurah at approximately the same time as it did through
Guildford, the tornado probably occurred ahead of the trough. The surface convergence ahead
of the trough probably provided the trigger for the thunderstorm development.

This is supported by Guildford's upper winds showing a weak trough at that time
(Fig. 5).

(b) The Aerological Sounding

The nearest sounding to Mandurah was at Guildford, about 45 miles north. The
synoptic situation shows that Guildford sounding may be taken as representative of conditions
at Mandurah.

The sounding at 2300 GMT on the 14th (0700 WST on the 15th) is the most
appropriate (Fig. 6). This shows convective instability from the surface to 730 mb and
from 650 to 600 mb.

Below the inversion at 730 mb the air is quite moist while the air above is markedly
drier.

The trace shows all the accepted characteristics of a tornado situation
(Southern 1960, Zillman 1962, Kirk & Dean 1960, and others).

(c) The Upper Air Charts

The surface low was associated with a cut-off low extending above 500 mb, and with
a northwesterly jet stream at 370 mb. The time section through Guildford (Fig. 5) shows
the 370 mb jet and indicates there was possibly a maximum, exceeding 60 knots around
700 mb, between 0500 and 2300 GMT.

As Mandurah lies beneath the right exit region of the 200 mb jet (see Fig. 7) it is
below a region of upper divergence. This, in association with the surface convergence
discussed in Section 3(a) (surface chart), would cause conditions favourable for vertical motion
over the region.

The low level air flow, especially at the time of the tornado occurrence, indicates
an increase in warm air advection into the region, causing a decrease of stability over the
area. .

The southeasterly movement of the storm corresponds closely with the direction of
the upper winds. However, the strength of the winds suggests a faster storm speed than was
estimated by eyewitnesses.
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AEROLOGICAL DIAGRAM

COMMONWEALTH BUREAU OF METEOROLOGY

Fig.6 Aerological sounding, Guildford, 2300 GMT 14 June 1964 (0700 WST on 15 June).
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