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A TORNADO AT BYFORD,WESTERN AUSTRALIA - JANUARY 1960
by R.L. Southern
Divisional Office, Bureau of Meteorology, Pérth

(Manuscript received March 1960)

Abstract: Synoptic factors associasted with the development
of a tornado at Byford, 20 miles south of Perth, on

1lst January 1960 are discusesed and features of the track
examined in detail.

. A method of classification of tornadoes into
cyclonic and convective categories is suggested and a plea
is made for the establishment of a comprehensive case history
file to facilitate development of criteria to permit a more -
objective approach to the forecastlng of tornadoes in the

Australian region.

1. INTRODUCTION

~ Perth citizens, who by tradition enjoy a fine, rather hot New
Year®s Day, experienced a violent introduction to 1960. A tornadic
storm associated with rapidly building cumulo-nimbus clouds moved in a.
southerly direction over the metropolitan area in mid-afternoon accom-
panied by a narrow belt of hail and heavy rain. Severe local flooding
occurred in several suburbs and, although only on the fringe of the
storm, the 45 points of rain recorded at the Weather Bureau in twenty -
minutes represented twice the quantity of rain registered on New Year's
Day during the previous eighty years. In particular, one cumulo-nimbus
tuba cloud was observed on nearing the Darling Range foothills to have
developed a pendant type cloud extending towards the ground. Shortly
afterwards a tornado devastated a narrow, four-mile stretch of lightly-
timbered dairying country at Byford, about 20 miles south of Perth,
deroofing a house and barn, causing minor structural damage and
uprooting numerous large redgum trees.

Accompanied by Mr. P. Harrison, a duty technician at the
P.M.G's radio station at Byford who closely observed the behaviour of
the cloud during the storm, the writer inspected the path of the
tornado and interrcgated a number of eye-witnesses.

)
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2. THE METEOROLOGICAL SITUATION

During the period 22-24 December, a series of intense
depressions south-west of Australia, at about latitude 55°S, generated
an outbreak of unusually cold air into the south Indian Ocean. This
outbreak manifested itself over south-west Australia in the last days
of 1959, and by 4~5 January brought a cool change to central and
eastern Australia, then experiencing one of the most prolonged heat
waves of the century. On 31 December a wave formed on a major cold
front about 50 miles south of Perth (see Fig. 1) and was accompanied
by the development of a cut-off low aloft. Widespread rain fell over
the lower west coastal and southern agricultural areas of W.A. The
front associated with the wave rotated about the system through the
northern agricultural districts and was located at 1500W on 1 January,
probably partly occluded, as indicated in Fig. 2. The advection of
drier and unusually cold air up to the 300 mb level followed the passage
of this front (note the change in the soundings illustrated in Fig. 7).
The location of the western sector of the second cold front was con-
firmed in the early afterncon of January 1 by three "first class"
sferic responses orientated to the north-west of Perth. A squall line
in the unstable air was probably associated with this front, crew
members of the French ship "Godavery" having reported a very rough zone
out from Fremantle on arrival in port.

The instability of the atmosphere on 1 January is indicated
by the 0700W sounding at Perth Airport (seedFig° 7 The mean tempera-
ture tables of Phillpot and Reid (1953) indicats that the free air
temperatures at 700 mb, 500 mb and 300 mb are respectively 10, 9 and
79C below normal and approximate probable extreme low values likely to
be experienced. A jet flow with maximum velocity 300 deg. 100-110
knots operated at 30-45,000 feet altitude during the development of the
wave on 31 December, but had decreased to 30-50 knots on 1 January.

3.  PRELIMINARY SIGNS

, During the morning of 1 January, easterly winds in the low
levels conveyed a stream of cumulus and strato-cumulus cloud (base

3500 feet) towards the coast. Drizzle had fallen over the city for
most of the night. Although cloudy,the sky was not overcast. By
noon the surface temperature had reached 72°F and cloud commenced
building above the mild stable layer bslow the 800 mb level. A maxi-
mum surface temperature of 75.3° occurred at 1300W. At this stage it
was evident from a number of large cumulus ¢louds continuing to grow to
the north of the city that the inversion near 700 mb was in process of
destruction in this area. .
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oo ... At 1415W the staff at the Weather Bureau clearly observed a
tuba structure extending vertically downward about 500 to 1000 feet .
from the base of a cumulo-nimbus cloud north of Perth. The surface
wind at the time was 240°/08 knots having backed through north from
1409/08 knots at 1230W., The lower cloud fragments moved from the west,
the main base retained an easterly component, while the cloud mass
itself moved in a southerly direction. '

Just prior to the movement over the city of this Cb cloud at
about 1500W, numerous reports of exceptionally heavy hail and rain
accompanied by severe thunder and lightning were received from western
suburbs. Although less than half an inch of rain and no hail fell at
the Bureau on the eastern fringe of the Cb belt, a private gauge at
Nedlands, three miles south-west of the Bureau, registered 260 points
and heavy street flooding occurred at Wembley and Hollywood. A
meteorologist at Wembley reported the hail as the largest he had seen
in any Western Australia locality in twenty year's service. At the
home of a second meteorologist at Claremont empty standard jam tins
were nearly filled in less than an hour and sand was washed away from
the roots of a grass lawn. A Subiaco resident measured four and a
half inches in a household bucket. Meanwhile at Perth Airport, seven
miles east of the city, only 5 points fell and no thunder was heard or
lightning observed. The rain belt was confined to the western
section of the metropolitan area and its maximum intensity estimated
at between four and five inches an hour. The hail appeared to fall
only in a restricted area of several square miles along a north-east/
south-west path several miles west of the city proper, possibly from
a single cloud.

At 1600W a resident of Mount Pleasant, a suburb six miles
south-south-west of the city, reported he had photographed a pencil-
like cloud extending from the base of a cumulo-nimbus. An illustra-
tion reproduced from a small area of a colour transparency which was
taken shortly after the pencil had appeared lower and more vertical
is shown in Fig. 3. The cloud at this time was estimated to be
about three miles east of the observer and about twelve miles north-
west of Byford, where the tornado struck at 1635W.

Further confirmation of the developing pendant cloud came
from the report of a meteorologist at Cockburn Sound, 16 miles south-
south-west of Perth. At 1615W the cloud was observed to the north-
east with a pencil extending towards the right (i.e. to the south or
possibly east) of the main base and at times contacting the ground, and
with the funnel-like cloud base itself ascending and descending. :
Probably due to lack of settlement in the estimated position, no later
report of ground damage was received corresponding to this time of
observation.
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cloud and developing “pencil”. Observed 10 miles from Perth at 1600 W.S.T.
1st January 1960.

4. EYE-WITNESS ACCOUNTS

Mr. Harrison, the technician on duty at the Byford radio
station, observed the approach and behaviour of the tornadic cloud as
it approached Byford from the north. He confirmed the. easterly
projection of the pencil towards the ground on first observation just
prior to 1630W.

"Fortunately for the P.M.G's Department with its extensive
network of radio masts at Byford, at 1630W the pencil swung towards
the west when two miles north of the station. During this change of
direction a continuous vortex was discernible from the ground to the
parent cloud, the lower half of which comprised "what seemed to be a
lot of birds whirling about" but which were in reality sheets of iron
end debris, and in the central section dust and haze. During this
period, measured by Mr. Harrison as not exceeding 12 minutes, the
tornado tore through four miles of flat and mainly lightly-timbered
dairying country, narrowly missing several homesteads, but unroofing
a house and barn and flattening a windmill, besides uprooting numerous
large redgum trees.

Witnesses described the noise as "like a diesel train
approaching® or "very high pitched, like strong wind through telephone
wires".  (Showing the presence of mind of the trained monitor,



54
Mr. Harrison attempted to.record on tape the noise of the approachlng
‘storm, which was appreciable even from a distance of two miles, but

unfortunately the lead from the microphone to the recorder was of
insufficient length to extend outside the building ) '

Five witnesses in the immediate path of the tornado confirmed
the cyclonic motion of the vortex at ground level and above the surface,
and several described the "whitish streak" of the pencil as it
approached. At the point where the cloud appeared to have lifted and
where a barn was deroofed without disturbing the baled hay within, the
owner described the cloud as "like a giant mushroom". This farmer
said the iron roof, "went up more or less straight for about 150 feet".

5. FEATURES OF THE TRACK

Fig. 4 shows the path of the tornado.  .The first evidence of
substantial damage occurred near a clay pit where a large redgum tree,
60 feet in length, 10 feet around the girth and. with-a main rooting
system 18 feet in diameter, was uprooted and lay in a south-west
direction. The tornado then crossed a large paddock of pasture,.its
track noticeable only by damaged limbs. of an isolated tree or two,
before forecing a path about 80 yards wide through a swamp thickly
timbered with scrub 10 to 12 feet high and casuarina trees some 15 to
20 feet in height. The secrub was blown over at ground level or near
the base and the casuarina trees snapped off in an apparent twisting
break about four to six feet from the ground. At least 90 percent of
the scrub lay facing to the right of the direction of motion of the
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After it left the scrub belt, the tornado narrowly missed a
homestead, and uprooted a group of eight redgums, all of which fell 'at
angles ranging between 45 and 90 degrees to the right of the path.

(The ease with which these large trees were blown over gives ample
authentication to the Australian bushmen's adV1ce, "never pitch your
tent under a redgum".)

The tornado on the second section of its path zig-zagged in
a due westerly direction. A homestead was unroofed and windmill
blown over. Only one large tree was observed to have fallen in a
direction to the left of motion of the tornado. In fact the last
tree blown over, apparently at the point where the vortex lifted, fell
facing the north despite possessing what a farmer described as a
strong natural lean to the south.

Witnesses, without exception, indicated that the surface
wind continued to blow from the east or south-east throughout the
afternoon. In common with other tornadoes which have been observed,
the greatest damage occurred in a direction assisted by the surface
wind component.

The friction effect appeared to have con31derably lessened
damage within about six feet of the surface. This was also found to
be the case in the tornado at Dwelllngup on June 16, 1954, described
by Vollprecht (1955). There is evidence that in some tornadoes the
wind speed very close to the ground is not great. In describing the
tornado at Williams, 80 miles south of Perth, on August 2, 1959, a
farmer observed that the vortex passed directly through a flock of
sheep without apparently worrying them. With this Byford tornado it
is inconceivable that a large proportion of the scrub blown over and
lylng quite loosely facing the north would not have been blown back
in the reverse direction as the vortex passed if the wind at the
surface had been at all strong. It is apparent that the full force
of the wind was applied at a height greater than eight feet above
the surface. 1Inspection of grass and small bushes did not reveal
much evidence of damage.

On a second visit to.the area a close inspection of
wooded country surrounding the path of damage was made, but no
evidence of "skipping" was observed.

The path of the tornadic cloud appears to have been
dictated by the movement of an intense cell at the tip of the wave in
the trough. Although there was no barometric proof of this available,
the observaticnal evidence concerning the areas of maximum cloud i
development, the rain and hail pattern, and the persistent backing of
the surface wind at the Bureau from south~-east through north and west
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to south-east again, supports this view. Although the wind in the city
was only light to moderate, apart from a single maximum gust of 32 m.p.h,
conditions on the river at Nedlands close to where the cell was esti-
mated to have passed were very rough and a large number of yachts
capsized. The movement of the cell appears to have been influenced by
the southward movement of the trough while deepening, followed by
eastward movement of the trough and the wave along the front. The
deflection of the easterly stream down the Darling Scarp to the coastal
plain caused the tornado to swing to the west. From approximate fixes
given by observers the cloud appeared to travel at about 15 to 20 knots.

6. CLASSIFICATION OF TORNADOES

The theory of tornado generation as far as it is understood,
together with the characteristics of tornadoes occurring in the U.S.,
is fully treated by Brooks (1951). Tornadoes are described as rare,
except in Australia and the U.S. where their respective frequencies are
given as 140 and 145 per year.

By definition, a tornado is an intense spiral motion around a
vertical or inclined axis with its lower part characterised by a narrow
" pendant cloud extending from the base of a cumulo-nimbus cloud towards
the ground. Observation of this pendant cloud by a reliable observer
or detection of a narrow path of damage caused by the vortex provide the
‘only reliable factors in differentiating tornadoes from other less
severe but often very damaging local storms.

Tornadoes may be conveniently classified as belonging to tw
major synoptic typea: -

(1) Cyclonic. These are associated with deep extra-tropical
depressions, located south of the continent or near the southern
Australian coast and with a trough extending north or north-east over
.the mainland. (In the U.S. it is found that 80 percent of tornadoes
in that country occur during the intensification of an extra-tropical
depression and usually in the trough between 100 and 600 miles from the
depression centre.) This is the more frequent winter type.

(ii) Convective. These are associéted with weak parent lows, low
pressure troughs, or even a high pressure area. This is the more
frequent summer type.

Frontal or non-frontal conditions may be associated with both .
types. In frontal cases the trough contains an upper cold front or a
surface cold front where polar air displaces a warm, often tropical,
air mass. Sometimes the trough may contain an occluded or warm front,






