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Anticyclonicity variations for the 29-year period (1965-1993) for each season and
year are presented for the area centred on eastern Australasia. Maps of those
regions, which display long-term variations and quintile patterns for extreme
seasons (years) in the study period, are shown and discussed, and related to
commensurate variations in rainfall across the Australian continent. Through the
presentation of time-series of the anticyclonicity at selected points where significant
variations have been observed, the interannual and low-frequency variability of the
anticyclonicity across the Australian-New Zealand region is highlighted.

Introduction

The anticyclonicity database for the Australasian
region has been extended to 1993 and covers the
29-year period from 1965-1993. This time period
was considered long enough to diagnose some
significant variations (trends) in anticyclonicity
totals over a region. This paper highlights the
areas across eastern Australia, the Tasman Sea,
New Zealand and the Southern Ocean where such
variations (trends) in seasonal and annual anticy-
clonicity have occurred and illustrates how some
anomalous seasonal and annual anticyclonicity
patterns can relate to rainfall distribution across
Australia.

The term ‘anticyclonicity’ (‘cyclonicity’) is
defined as the time in hours during which anticy-
clone (cyclone) centres occupy a given five-degree
latitude-longitude ‘square’ in a given period. Anti-
cyclonicity (cyclonicity) is computed from the

locations of anticyclone (cyclone) centres in the

Australian Bureau of Meteorology National
Meteorological Centre’s 0000 and 1200 UTC sea-
level pressure analyses, assuming a uniform speed
of movement for systems that can be tracked.
Single centres which are not part of a track are
assigned a lifetime of six hours,
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Immobility of an anticyclone (cyclone) centre is
defined as the time taken by the anticyclone
(cyclone) centre to traverse a five-degree square.
The average immobility of anticyclone (cyclone)
centres across a five-degree square is calculated by
dividing the anticyclonicity (cyclonicity) of a five-
degree square by the number of anticyclone (cyc-
lone) centres which have occupied that square
during the same period.

The representation of the surface circulation in
the Australian region (including New Zealand) for
long periods (months or seasons), by means of
charts of anticyclonicity and cyclonicity, was
developed during 1951-53 in connection with the .
problem of extended-range forecasting in Aus-
tralia. Charts of seven-year averages (1946-1952)
of monthly and seasonal anticyclonicity and cyc-
lonicity were presented and discussed by Karelsky
(1954). Updated charts for the 15 years 1946-60
were later published (Karelsky 1961).

Since 1960, satellite imagery has substantially
enhanced the database available to analysts in the
National Meteorological Centre. Leighton and
Deslandes (1991a) published monthly charts of
anticyclonicity and cyclonicity for the 23 years
1965-87 for the Australian region including the
eastern Indian Ocean. Synoptic discussions of the
averages for this later period were also presented
(Leighton and Deslandes 1991b).
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A paper illustrating how (anti)cyclonicity
anomalies can relate to significant prolonged-
weather events in the Australian region was
published by Leighton (1994).

Data and methodology

The monthly cyclone-anticyclone hours database
(MCAHD) for the Australasian region covers the
29-year period 1965-1993. The anticyclonicity
database for the eastern Australasian region
(130°E-180°E, 25°S-55°S) was extracted from
MCAHD and monthly totals were summed to
give seasonal and annual totals.

All seasonal and annual anticyclonicity values
were correlated with the year to examine linear
trends. This follows the method adopted by
Nicholls and Lavery (1992) and Nicholls and
Kariko (1993). From the correlation coefficients
obtained, isopleths of +0.37 and —0.37 were
drawn for each season and year (a correlation co-
efficient of +0.37 is significant at the five per cent
level for the sample size of 29). Areas within the
+0.37 isopleth are described as showing an
increase in" anticyclonicity and areas within the
—0.37 isopleth are described as displaying a
decrease in anticyclonicity.

The authors acknowledge that the number of
degrees of freedom allowed in the significance
tests may be less than 27 due to temporal auto-
correlations in the anticyclonicity values and the
large number of anticyclonicity squares under
examination. However, lag 1 and lag 2 serial cor-
relations were statistically significant for the
seasonal and annual anticyclonicity values in only
a small number of squares.

The sum across the eastern Australasian region
of the modulus of the deviation in anticyclonicity
from the mean was calculated for each season and
year. The seasons (year) which had the highest
values were deemed to be the most anomalous
seasons (year) and anticyclonicity quintiles for
those seasons (year) are presented.

The rainfall data referred to in this paper were
the ‘district average’ monthly rainfall totals
obtained from the National Climate Centre
(NCC), Australian Bureau of Meteorology, for the
period 1965-1993. The rainfall totals in the 107
districts were summed to give seasonal and
annual values. All seasonal and annual rainfall
values were ranked with the highest 30 per cent
being defined as above average, the lowest 30 per
cent as below average and the middle 40 per cent
as average.

Discussion

Winter
Regions where notable changes in anticyclonicity
have occurred during the 1965-1993 period are

shown in Fig. 1(a). Across central New South
Wales, where the winter anticyclonicity value is
the highest for the Australian region, the decrease
is shown in Fig. 1(b). Over the Nullarbor Plain
and New Zealand, anticyclonicity totals during
the late 1960s and early 1970s were substantially
higher than in the remaining years of the period.
The increases in anticyclonicity near the border of
South Australia, New South Wales and Queens-
land have been more evident since the early
1970s. '

Fig.1(a) Winter anticyclonicity trends significant at the
five per cent level, from 1965-1993.
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Fig. 1(b) Winter anticyclonicity time series for central
New South Wales.
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Fig. 2 Winter anticyclonicity quintiles for 1981.

Fig. 3 Winter anticyclonicity quintiles for 1982.
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The winter anticyclonicity patterns for the
three years (1981, 1982, 1983) were among the
most anomalous for the 29-year period (1981 was
the most anomalous) and charts of anticyclonicity
quintiles for these years are shown in Figs 2, 3
and 5.

For winter 1981 the percentage area of Aus-
tralia which received below average rainfall was
very small. This area was mainly coastal New
South Wales. With anticyclones centred far to the
south, many depressions moved eastwards across
the Australian region between 35°S and 40°S.
The westerly airstream associated with these
depressions was dry on reaching eastern New
South Wales resulting in low rainfall in that

region.

During June and July 1982, anticyclones were
highly immobile across-the southern Tasman Sea
and in August anticyclones stagnated over the
western Tasman Sea and near Lord Howe Island.
The anticyclonicity anomaly pattern for August
1982 had a record-breaking value of +122 hours
near Lord Howe Island (Fig. 4). Rainfall totals for
the winter of 1982 were below average across
much of Australia and no region of Australia
reported above average rainfall.

For winter 1983 the percentage area of Aus-
tralia which received above average rainfall was
very small. This area included the southwest of
Western Australia, parts of northern and central
Victoria, western New South Wales and southern
Queensland. During this period with anticyclones
immobile in the western Tasman Sea, many
depressions were directed southeastwards from
south of Western Australia to south of Tasmania.
However, three cut-off lows during July and
August moved northeastwards from south of
Adelaide into western New South Wales.

Spring
Figure 6(a) shows areas where notable changes in
spring anticyclonicity have occurred. Near Tas-
mania, anticyclonicity totals have been mainly
below average since the mid 1970s, and across
New Zealand anticyclonicity values have been
generally below average since the early 1970s. The
increase in anticyclonicity across western New
South Wales is most noticeable during the late
1980s and early 1990s (Fig. 6(b)) and across
waters near Norfolk Island anticyclonicity totals
have increased since the mid 1970s.
Anticyclonicity quintiles for 1976 and 1992
(the most anomalous years) are shown in Figs 7
and 8. During 1976 the percentage area of Aus-
tralia which received below average rainfall was
very small. This area covered the Kimberley dis-
trict of Western Australia, the Victoria River dis-
trict of the Northern Territory, and western and
central Tasmania. Up to twelve anticyclones of
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Fig. 4 Anticyclonicity anomalies for August 1982.

Fig. 5 Winter anticyclonicity quintiles for 1983.
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varying immobility meandered across waters to
the south of 45°S and there were a limited number
of centres located in the Tasman Sea.

In 1992 the spring anticyclonicity total across
Tasmania and parts of the southwestern Tasman
Sea were the highest on record. During October
1992 the anticyclonicity anomaly was 93 hours

Fig.6(a) Spring anticyclonicity trends significant at the
five per cent level, from 1965-1993.
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Fig. 6(b) Spring anticyclonicity time series for western
New South Wales.
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in the southeastern Tasman Sea (Fig. 9) when four
highly immobile anticyclones were located in the
region. Rainfall registrations for the spring of
1992 were below average over a small area of Aus-
tralia. This area included the Gascoyne, Gold-
fields and interior areas of Western Australia, the
Victoria River district and Gulf country of the
Northern Territory and Queensland, and small
areas along the coasts of Queensland and New
South Wales.
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Fig. 7 Spring anticyclonicity quintiles for 1976.
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Fig. 8 Spring anticyclonicity quintiles for 1992.

) HIGHEST ON RECORD
=—] LOWEST ON RECORD

Summer

During the summer months a notable decrease in

anticyclonicity has occurred near Tasmania and

to the southeast of New Zealand (Fig. 10(a)).
The anticyclonicity values to the west of Tas-

mania during the late 1960s were quite substantial

Fig. 9 Anticyclonicity anomalies for October 1992.

(Fig. 10(b) — the year in the figure relates to the
December of the summer, i.e., the summer of
1965-1966 appears as year 65 in the histogram).
Since then only in 1973 and 1976 have the yearly
totals reached those of the 1960s. To the southeast
of New Zealand, anticyclonicity totals had a peak
in the late 1960s and early 1970s.

The summer of 1973-1974 was the most anom-
alous for the 1965-1993 period. Anticyclonicity
totals were the highest recorded in a small area of
the southern Tasman Sea (Fig. 11) and totals were
the lowest on record over parts of the northeastern
Tasman Sea. Eleven anticyclones moved across
the southern Tasman Sea during the summer,
some being extremely immobile in the south-
western Tasman Sea. During February no anticy-
clones were located in the northeastern Tasman
Sea, resulting in a record anomaly of —56 hours
(Fig. 12). For the summer of 1973-1974 the per-
centage area of Australia which received below
average rainfall was very small. The area was
restricted to the southwest of Western Australia
and the far southeast of Victoria and Tasmania.

Autumn .

Figure 13(a) highlights regions where notable
variations in anticyclonicity have occurred.
Across the western Tasman Sea, increased anticy-
clonicity totals are evident in the 1990s
(Fig. 13(b)). Across central New South Wales and
to the south of the Tasman Sea, anticyclonicity
totals have decreased through the period. North of
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Fig. 10(a) Summer anticyclonicity trends significant at
the five per cent level, from 1965-1993.
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Fig. 10(b) Summer anticyclonicity time series for the
region to west of Tasmania.

the Nullarbor Plain, anticyclonicity has notably
decreased since 1980, and east of New Zealand
totals have been mostly below average since the
late 1970s.

For the 1965-1993 period, the year which had
the most anomalous anticyclonicity pattern is
1974 (Fig. 14). Twelve anticyclones tracked east-
wards across the Southern Ocean during the
season and two highly immobile centres were
located south of the Tasman Sea in April, leading
to an anomaly of +60 hours for that month (Fig.
15). Above average rainfall covered much of Aus-

Fig. 11 Summer anticyclonicity quintiles for 1973-74.
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Fig. 12 Anticyclenicity anomalies for February 1974,

tralia for the autumn of 1974. The only regions
which had below average rainfall were the Pilbara
region of Western Australia and western and cen-
tral Tasmania.

Annual
Annual anticyclonicity totals show some interest-
ing variations across the eastern Australasian
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Fig. 13(a) Autumn anticyclonicity trends significant at
the five per cent level, from 1965-1993.
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Fig. 13(b) Autumn anticyclonicity time series for the
western Tasman Sea.
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region (Fig. 16). Annual totals have shown an
increase across parts of eastern South Australia,
western New South Wales and southwestern
Queensland. These increases have occurred
mainly in the winter and spring totals. The
increase over waters to the east of Norfolk Island
has been more uniform throughout the year.
Decreases in annual totals across central New
South Wales and western Victoria have occurred
mainly in winter and annual decreases over
waters to the west of Tasmania have occurred
mostly in spring and summer. The annual anticy-

Fig. 14 Autumn anticyclonicity quintiles for 1974.
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Fig. 15 Anticyclonicity anomalies for April 1974.

clonicity decreases over the New Zealand region
have been predominantly in winter and spring
and the decreases over the northern Nullarbor
Plain have been in autumn and winter: There has
been a noted decrease in totals in a small area near
Macquarie Island.

The annual anticyclonicity pattern for 1974 was
the most anomalous for the 1965-1993 period
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Fig. 16 Annual anticyclonicity trends significant at the
five per cent level, from 1965-1993.
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Fig. 17 Annual anticyclonicity quintiles for 1974.
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(Fig. 17). Anticyclonicity totals were the highest
on record across water south of Australia and the
Tasman Sea and the lowest on record along the
New South Wales coast and across the northeast-
ern Tasman Sea. Anticyclones spent much time
moving eastwards across waters to the south of the
Tasman Sea, particularly during the summer and

Fig. 18 Annual anticyclonicity anomalies for 1974.

autumn months, causing anticyclonicity anom-
alies up to +200 hours across the region (Fig. 18).
Rainfall for 1974 was below average only across a
very small percentage of Australia which included
an area of northern New South Wales and parts of
the Cape York Peninsula.

Reliability of variation in
anticyclonicity totals

From 1965, cloud satellite photographs were
available for the Australasian region, which
greatly increased the database for synoptic analy-
ses. Changes in satellite imagery, especially the
introduction of GMS satellites from 1982,
improved the database and additional data have
been supplied by drifting buoys deployed at vari-
ous times since 1978 at differing locations in the
oceans around the southern hemisphere. The
authors believe that the ability of experienced
analysts to identify centres of anticyclones from
cloud photos could affect the accuracy of synoptic
analyses. On many occasions there is no obvious
cloud structure related to anticyclone centres and
positioning of centres often relies on surface
pressure and wind observations. Across ocean
areas when no surface or satellite wind obser-
vations are available, differing interpretations
could lead to some inaccuracies in the location of
centres on occasions. Across Australia, position-
ing of anticyclone centres is more reliable because
of the network of surface observation stations.






