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INTRODUCTION

A familiar feature of weather changes in the southern part of Western
Australia, as indeed in most of southern Australasia, is the occurrence of cycles
of length about a week. Gentilli (1968) describes a typical weather sequence at
Perth associated with one of these cycles. This characteristic of the weather has |
even found a place in the local folklore, for example: "If it rains on the first 1
Saturday of the football season (April), it will rain on every subsequent Saturday''.

This cyclic behaviour is usually described as being due to the progression
of anticyclones and intervening troughs over the region. However on many occasions
a steady progression of this nature is not observed, owing to the presence of a
quasi-persistent ""background' pattern. For example, a common mean situation is
for a strong anticyclone to be located over the Indian Ocean, with a southerly flow
over southern Western Australia; at such time the cycle is manifested not as a
steady eastward movement of anticyclonic centres, but as a repeated 'budding off"
of new anticyclones from the eastern flank of the Indian Ocean High. The process
is probably best regarded as a smooth progression of '"pressure waves' from west
to east.

Studies of daily synoptic charts confirm that five to eight days is a common
period for a complete pressure wave to cross the region. Often, however, it will be
found that an individual anticyclonic cell takes only three to four days to pass;
nevertheless when this happens it is usual for the break between the first and second
highs to exhibit only a small fall of pressure with little or no significant weather
change. These shorter waves will be ignored in the present study.

To the best of the author's knowledge, a detailed study of the Quasi-Weekly
Wave (QWW) in the Southern Hemisphere has not been made since Kidson (1925)
analysed the movement of anticyclonic centres across southern Australia. In the
present study, some properties of the pressure wave are investigated by means of
analyses of daily pressures at three Western Australian stations (Fig 1). Results
are mainly qualitative, but they should provide a foundation for a more extensive
quantitative study.

FILTERING ANALYSIS

The graph of daily pressures at Esperance in 1958 (Fig 2) indicates that
cycles of periods six to nine days accounted for a large proportion of the pressure
variation. At some times minor cycles with periods three to five days occurred,
but as already suspected these were usually of small amplitude,

, . , L,



120°

e Ao oo OFaTOReedy
) oCamegne

HYPSOMETR[C TINTS

0—500 FEET }W A

500—1000 ., |~
£
1000—2000 ,, o e
2000—3000 ,, erton
OVER 3000
o5 a5 WIS
ﬁ“ L ( oMenz»es\\ %(
30° ﬁ\iMﬁerooo Dqﬁi‘"“" I:, o Mt. Jackson 12 30°
A v o Wialki o~ \
-=-. oBencubbin o Kalgooriie :\J

23" oSouthern Cross @
o

& cu’rii‘BE“RmN : ((/
Norsen

r \
.......... (37 339‘(5 -\w‘l)ﬂt’z Q/E)
: ( : Ofsemaﬂ

o

o Salmon
Gums

Bunbury

Cape Naturaliste 2\
d

Cape Leeuwin|

35° |—

SCALE IN MILES

1C0 0 100 200 300 400

s 120°

o e e 190 0 4 e et =

Fig. 1 Stations analysed.
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Fig. 2 Daily station-level pressures at Esperance at 0100 GMT for March to December 1958.
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In order to study the QWW, the series of daily pressures were filtered.
A filter was required which would pass oscillations in the range five to fifteen days,
while suppressing those with periods outside this range. It was discovered that
application of the 11-term filter 0.010, -0.025,-0.059, 0.065, 0.299, 0.420, 0.299,
0. 065,
ll-term filter 0.010, -0.084, -0.218, -0.106, 0.208, 0.380,
-0.084, 0.010 had the required effect; the process is equivalent to applying a single
2l:term filter, whose magnification function is shown in Fig 3. (These filters are
linear combinations of the ''unitary filters of order 5'" (Craddock, 1968, page 200).

-0 059,-0.025, 0.010 followed by application to the filtered series of a second
0.208 0.106, -0.218,
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Fig. 3 Magnification function of Combined Filter

The effect of the filtering process can be observed by comparing Fig 2
with the graph for Esperance 1958 in Fig 4. :

RESULTS

The filters were applied to the daily pressures for Esperance for the
years 1957-67 (part of 1960 was missing), to Cunderdin for 1957-68 and to
Geraldton for 1952-68. Results for each station for March 1957 to February 1959

are shown in Fig 4. = The following conclusions can be deduced from Fig 4 assuming
these years were typical:

(a) The quasi-weekly wave occurs throughout most of the year.

(b) The wave affects all three stations in winter but in summer it sometimes
becomes ill-defined, especially at Geraldton.



Fig. 4 Filtered pressure series for March 1957 to February 1959.
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(c) There is a phase difference of about one to two days from Geraldton to
Esperance, with Cunderdin being intermediate.

(d) The amplitude is consistently greatest at Esperance and least at Geraldton.

(e) Nearly all cycles were of period five to nine days, with mean period about

seven days. (Fig 2 indicates that this property is real and not due to the
nature of the filter.) :

(£) Amplitudes are greater in winter than in summer.

These conclusions can be interpreted as follows. There is a continuous
progression of pressure waves which move with quasi-uniform speed and quasi-
constant amplitude from west to east. They average seven days apart, and their
amplitude decreases from south to north. Amplitudes are less in summer when
Geraldton is on the fringe of the area influenced.

A few examples of exceptional béhaviour, such as occurred in early
October 1958, may be explainable as being due to adjustments in wave spacing, when
one wave develops at the expense of another located at an unfavourable distance
downstream. Another exception was the single large-amplitude fluctuation at
Esperance in June 1957; this was caused by a deep low whose centre was situated
close to Esperance on 9 to 10 June. Results suggest that this was the only such
occurrence in the period studied.

Much of the behaviour of the wave can be summarised in the three
quantities: speed of movement, wavelength, amplitude. The three stations studied
are too close togetheréor assessing variations in the speed of movement. Geraldton
and Esperance about 8. longitude apart and the phase difference is about | to 11 days,
so that the mean speed of the waves is of the order of 6° longitude per day.
However, this conclusion would be invalidated if the trough axes are tilted with
respect to the meridians, owing to the difference in latitude of the stations.

The mean length (in time) of each cycle and the mean amplitude were
calculated for each year for the two seasons 1 May to 29 July (early winter) and
30 July to 27 October (late winter).

The mean cycle length is a rather unstable parameter beciuse a minor
change at one point may add an additional cycle. An improvement is obtained by
using the minimum of the two numbers: number of cycles at Cunderdin, number of
cycles at Esperance. The mean cycle length thus obtained ranged from 6.1 to 7.4
days in early winter, and from 6.5 to 8.0 days in late winter. No obvious
correlation was found between the mean cycle lengths in the two seasons, nor between
the cycle length and either mean pressure or rainfall. Thus variations in mean
cycle length appear to have little meteorological significance, and may be treated
as being random.

A convenient parameter to represent the amplitude of the wave in a
given season is the mean of the standard deviations for the three 30-day periods.
(This parameter might have been unsatisfactory if the frequency distributions of the
cycle lengths had differed greatly from year to year, because of the variable
response of the filter to different cycle lengths. )
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The standard deviations for early winter and late winter for each station
are shown in Fig 5(a) and (b), together with the mean pressure for Geraldton. In
early winter the year-to-year variations are seen to be closely correlated at all
three stations, the only exception being in 1957 when the Esperance value was
magnified due to the deep depression in June. The amplitude also shows a good
inverse correlation with the mean pressure, apartfrom 1963 and 1964 when the
pressure was relatively much too low. In particular, a good biennial oscillation,
with odd years showing low amplitude, during 1955-62 coincided with a biennial
oscillation in the mean pressure during the same period. In late winter (Fig 5 (b))
the correlation between the three stations is less good, as is the correlation with
the mean pressure. However, the mean pressure differed little from year to year.
There was no evidence of a biennial oscillation during any period. The mean
amplitudes in the two seasons were about the same in general, but correlation
between the two seasons was not very marked.

VARIATIONS OF MAXIMUM TEMPERATURE

The dates of pressure minima at Cunderdin, given in Table 1, were
obtained from the filtered series, with one or two minor ripples ignored. These
dates will be found useful in investigating the variations of other elements within
the cycle, not only at Cunderdin but also at any station in the southern half
of Western Australia (since the list of dates that would have been obtained for any
such station would be almost identical, although subject to a systematic shift of up
to a day). As an example, the variations in maximum temperature at Cunderdin
are analysed.

The daily maximum temperatures at Cunderdin for the period 1957-68
were taken, and for each date of the year the mean of the temperatures over the
12 years was found. It was found after the re sulting series was harmonically
analysed, that the first and second order terms were sufficient to give a smooth
fit. The original data were then expressed as anomalies relative to the value of
the harmonically smoothed curve for the corresponding date. These anomalies
were then analysed by the "method of superposed epochs'’, as follows.

All the dates (D) in Table 1 which lie within the 30-day period 1 May to
30 May were taken. The mean and standard deviation of the temperature anomalies
on dates D were calculated. The same quantities were calculated for dates D+l,
D+2, D+3, D-1, D-2 and D-3 and the results plotted in Fig 6(a). This shows
that in May the maximum temperature is on average 5. 4°F (3. OOC) higher on the
day before the pressure minimum than it is two days after the minimum, and that
the variability of temperatures during the warmer days of the cycle is greater
than during the cooler days.

This procedure was then repeated for the other five 30-day periods
comprising the winter half-year, and the results shown in Fig 6(b) to (f). Itis
apparent that the temperature change associated with the passage of a trough is less
than 2°F (1.1°C) in July, but more than 7°F (3.9°C) in September and October.

The variability is generally least on the days following the passage of the trough;
this is probably because the airstream on such days is usually polar maritime with
relatively constant characteristics, whereas before the trough the temperature may
depend on the length of the land track (or whether the air has come from the north)
as well as the amount of sunshine on the day concerned.
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