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Mean anticyclonicity for the 29-year period (1965-1993) for each
season and year is presented for the area centred on eastern
Australasia. It is evident that mean anticyclonicity for winter is
markedly different compared to other seasons. Maps showing cor-
relations of annual and seasonal anticyclonicity with the Southern
Oscillation Index are presented and discussed. These show there
are seasonal variations in the relationship between anticyclonicity
and the Southern Oscillation with winter showing the greatest
variation compared to other seasons. Relationships between
Australian rainfall and anticyclonicity across three areas at
Australian longitudes are also presented and discussed. Although
anticyclonicity across these areas is not independent of the
Southern Oscillation, in general for the same season anticyclonici-
ty from different areas has well-defined relationships with rainfall
across different parts of Australia.

Introduction

This study examines the relationship between the
Southern Oscillation Index (SOI) and anticyclonicity
across the east Australasian region and how variations in
anticyclonicity in some parts of east Australasia relate to
Australian rainfall.

The Southern Oscillation is an atmospheric pressure
oscillation across the Indo-Pacific region first described
by Walker (1924). Values of the SOI are calculated from
the normalised difference in monthly mean surface pres-
sure between Darwin and Tahiti.

Anticyclonicity is defined as the time in hours during
which anticyclone centres occupy a given area in a given
period. The given area is usually a five degree latitude-
longitude ‘square’. Anticyclonicity is calculated from
the locations of anticyclone centres in the Australian
Bureau of Meteorology National Meteorological
Centre's (NMC) 0000 and 1200 UTC surface pressure
analyses, assuming a uniform speed of movement. The
methodology is discussed by Karelsky (1954).
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The concept of anticyclonicity was developed in the
early 1950s in connection with extended-range forecast-
ing in the Australian region. Anticyclonicity charts were
presented and discussed by Karelsky (1954, 1961) and
Leighton and Deslandes (1991a, 1991b).

Intuitively one would expect the relationship
between mean seasonal or annual anticyclonicity and
surface pressure at the same location to be strong and
consequently that correlations of anticyclonicity with
the SOI and mean surface pressure with the SOI to be
similar. However, across the Australian region correla-
tions of anticyclonicity and mean surface pressure at the
same location can vary from strongly positive to nega-
tive. Therefore the authors anticipated that anticyclonic-
ity-SOI correlations would be quite different to mean
surface pressure correlations and that by examining anti-
cyclonicity-SOI correlations it may be possible to estab-
lish well-defined relationships between variations in the
position of anticyclones and variations in the SOI, rela-
tionships that cannot be established by examining mean
surface pressure-SOI correlations. In a more general
sense, most studies of synoptic systems use convention-
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al climatologies and general circulation statistics to
define the locations of anticyclones across an area. The
use of anticyclonicity, with its direct relationship to the
position of high pressure centres, is more accurate in its
definition of anticyclone locations and sometimes
reveals that indirect methods are incorrect.

The second part of this study aims to explore how
variations in anticyclonicity to the north of, south of and
across the anticyclonicity maximum axis at Australian
longitudes relate to variations in Australian rainfall.
Leighton and Nowak (1995) showed that large areas of
Australia receive extreme rainfall totals in years and sea-
sons when anticyclonicity patterns were highly anom-
alous, so the authors expected to find well-defined rela-
tionships between rainfall and anticyclonicity for anti-
cyclonicity across the three selected areas. Although
these relationships of anticyclonicity and rainfall may
not be independent of the influence of the Southern
Oscillation (for Southern Oscillation-rainfall relation-
ships see Priestley 1962; Pittock 1975; McBride and
Nicholls 1983; Ropelewski and Halpert 1987,
Drosdowsky and Williams 1991), the authors anticipat-
ed that in any one season variations in anticyclonicity
across the different areas should relate to variations in
rainfall across different parts of Australia because the
anticyclonicity variations across each area were associ-
ated with three distinct types of broadscale pattern.

Data and methodology

Values of the SOI were obtained from the National
Climate Centre (NCC) of the Australian Bureau of
Meteorology.

Monthly anticyclonicity values used were for 60
non-overlapping 5° latitude-longitude squares in the
east Australasian region (see Fig. 1) for the period 1965-
1993. Anticyclonicity in overlapping squares was used
on occasions to improve the reliability of analysed rela-
tionships. The east Australasian area was chosen
because anticyclonicity values in this area were the first
to be assessed using the quality-control procedures
described later.

The Australian rainfall data used are the District
Average' monthly rainfall totals (107 Districts) obtained
from NCC.

The monthly rainfall totals, anticyclonicity and SOI
values were summed to produce annual values (calendar
years) and three-month values for the seasons autumn
(March, April, May), winter (June, July, August ), spring
(September, October, November) and summer
(December, January, February).

Simultaneous correlations were calculated between
each of the annual and seasonal Australian rainfall val-
ues, anticyclonicity and SOI values.

Fig. 1 Location of names used in the text. Also an out-
line of the sixty anticyclonicity squares (double
lines) and areas A, B and C (thick lines) used in

this study.
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Unless otherwise stated, correlations described as
'significant’ were statistically significant at the five per
cent level for two normally distributed variables. For
sample sizes of 29 (with 27 degrees of freedom) corre-
lations of +0.37 are significant at the five per cent level
in a two-sided test.

Normal quantile plots showed all annual and most
seasonal anticyclonicity values appeared to be normally
distributed. The few squares with apparently non-normal
distributions occurred when anticyclonicity values were
very low. Lag 1 serial correlation of annual and season-
al anticyclonicity showed about five per cent of squares
were significant at the five per cent level. Lag 1 serial
correlation is found by correlating 1 to n-1 values in a
series with 2 to n values. No adjustment to the degrees of
freedom in the significance test was made for:

(a) the non-normality of anticyclonicity in a small num-
ber of squares;

(b)the significant serial correlation in a small number of
squares; and

(c) the spatial dependence of district rainfall and of anti-
cyclonicity totals.

The authors believe, however, that this lack of adjust-

ment has minimal effect on the conclusions drawn in the

study.

Quality control of the anticyclonicity
database

The reliability of the anticyclonicity database was main-
ly affected by the accuracy of the placement of anticy-
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clones on surface pressure analyses and the accuracy of
the manual calculation of anticyclonicity. Changes in
instrumentation and the quality of satellite imagery as
well as the introduction of drifting buoys in the late
1970s affected the accurate placement of anticyclones.
The following measures were applied to the anticy-
clonicity database in an attempt to remove calculation
errors and to evaluate the effects on surface pressure
analyses of the changes mentioned above:

1. Location of discontinuities in seasonal anticyclonici-
ty time series (SATS). Two methods were used to locate
discontinuities, these being, statistically significant dif-
ferences in the means in SATS and changes in the slope
of cumulative sums of the normalised monthly anticy-
clonicity time series.

2. Location of trends in SATS. Trends occurred when
correlations of SATS and the year were statistically sig-
nificant (see Leighton and Nowak 1995).

3. Location of extreme values of SATS that were outliers
on frequency distributions.

4. Location of discrepancies between neighbouring anti-
cyclonicity squares. Discrepancies occurred when scat-
ter plots of SATS between neighbouring squares showed
that low correlations were due to an outlier.

Surface pressure analyses were examined in detail
for each discontinuity, discrepancy and outlier extreme
found by the above measures. In the case of trends, sur-
face pressure analyses near the start and end of a trend
were examined.

There is little doubt that improvements in satellite
imagery and improvements in the interpretation of satel-
lite imagery as well as the use of drifting buoy data have
improved the accuracy of anticyclone placement on sur-
face pressure analyses over ocean areas. However, no
discontinuities, discrepancies or trends in SATS could
be obviously attributed to changes in the information
used to produce surface pressure analyses. Overall the
authors are reasonably confident that most of the varia-
tions in SATS are climatic in nature.

Mean anticyclonicity

Figures 2(a) to (e) show the mean annual and seasonal
anticyclonicity across the east Australasian region based
on the 29-year period 1965-1993. It is evident from the
figures that like the subtropical ridge axis the anticy-
clonicity maximum axis is located furthest north in win-
ter and furthest south in summer. However, the anticy-
clonicity maximum and the subtropical ridge axes are
not always located at the same latitude (see Leighton
1994).

Mean anticyclonicity patterns in autumn and spring
are very similar while the pattern in summer, although
not dissimilar to the pattern in autumn and spring, has

Fig. 2(a) Mean annual anticyclonicity (hours) across the
east Australasian region calculated over the peri-
od 1965-1993,
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Fig. 2(b) Mean autumn anticyclonicity (hours) across the
east Australasian region calculated over the peri-
od 1965-1993.
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Fig. 2(c) Mean winter anticyclonicity (hours) across the
east Australasian region calculated over the peri-
od 1965-1993.
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Fig. 2(d) Mean spring anticyclonicity (hours) across the
east Australasian region calculated over the peri-
od 1965-1993.
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Fig. 2(e) Mean summer anticyclonicity (hours) across the
east Australasian region calculated over the peri-
od 1965-1993.
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relatively more intense anticyclonicity maxima over the
eastern half of the Tasman and South Australian basins.
The mean anticyclonicity pattern in winter, however, is
markedly different to the other seasons. This difference
mainly arises because only during winter are mean sur-
face temperatures over southern Australia lower than
mean sea-surface temperatures at similar latitudes and
anticyclones tend to favour regions of lower mean tem-
perature. This surface temperature effect results in an
anticyclonicity maximum centred over southeastern
Australia in winter (see Fig. 2(c)). Another feature
which distinguishes the mean anticyclonicity pattern for
winter from other seasons is the lack of definition of an
anticyclonicity maximum axis across the Tasman Basin.

SOI-anticyclonicity relationships

Figures 3(a) to (e) show the correlation of annual and
seasonal anticyclonicity with the SOI across the east
Australasian region based on the 29-year period 1965-
1993. The simple pattern of significant correlations of
annual SOI and anticyclonicity (see Fig. 3(a)) is not
replicated exactly at seasonal times (see Figs 3(b) to
(e)). However, there are similarities between annual and
all seasonal SOl-anticyclonicity correlation patterns.
For example:
(a) most anticyclonicity squares located between 30°S
and 40°S have negative correlations;
(b)except in summer south of Australia most squares
located south of 45°S have positive correlations; and
(c)most squares located over Australia north of 30°S
have positive correlations.
The pattern of correlations in autumn and spring are
similar while the pattern in winter across the Tasman
basin lacks any strong correlations and winter is the only
season to have significant negative correlations west of
Tasmania. In all other seasons there are significant pos-
itive correlations west or southwest of Tasmania.

Except for winter, significant negative correlations are
coincident with the anticyclonicity maximum axis across
the South Australian basin and occur to the north of the
anticyclonicity maximum axis across the Tasman basin.

It is tempting to assume that in years and seasons of
anomalously high (low) SOI values, anticyclones tend to
move along the bands with significant positive (nega-
tive) anticyclonicity-SOI correlations shown in Figs 3(a)
to (e). Detailed examination of mean surface pressure
charts over the period 1965-1993 reveal, however, that
this is not often the case. In periods of anomalous SOI
values, anticyclonicity values can become anomalous
due to a combination of variations in anticyclone num-
bers, the speed of movement of anticyclones and anticy-
clone formation and decay. The relationship between the
SOI and anticyclone paths appears to be quite complex.

A comparison of the SOl-anticyclonicity and SOI-
mean surface pressure correlations (see Gordon 1985)
shows there is little similarity between the two correla-
tion patterns at seasonal or annual times.

An interesting area for comparison between these
correlation patterns is the area over Australia north of
30°S where SOI-mean surface pressure and SOI-anticy-
clonicity correlations have opposite signs. SOI-mean
surface pressure correlations are strongly negative in all
seasons in this area because of the close proximity of
Darwin and the use of Darwin's pressure in the calcula-
tion of the SOI SOl-anticyclonicity correlations are
positive in this area. This indicates that when the SOI is
anomalously low (high), mean surface pressure across
the area tends to be anomalously high (low) and mean
anticyclonicity tends to be anomalously low (high). This
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Fig. 3(a) Simultaneous correlations of annual anticy-
clonicity and the SOI across the east Australasian
region in the period 1965-1993. Correlations sig-
nificant at 5% level are highlighted.
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Fig. 3(b) Simultaneous correlations of autumn anticy-
clonicity and the SOI across the east Australasian
region in the period 1965-1993. Correlations sig-
nificant at 5% level are highlighted.
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Fig. 3(c) Simultaneous correlations of winter anticyclonic-
ity and the SOI across the east Australasian
region in the period 1965-1993. Correlations sig-
nificant at 5% level are highlighted.

Fig. 3(d) Simultaneous correlations of spring anticyclonic-
ity and the SOI across the east Australasian
region in the period 1965-1993. Correlations sig-
nificant at 5% level are highlighted.
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Fig. 3(e) Simultaneous -correlations of summer anticy-
clonicity and the SOI across the east Australasian
region in the period 1965-1993. Correlations sig-
nificant at 5% level are highlighted.
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occurs because in years and seasons with low SOI val-
ues, anticyclones at the longitudes of the South
Australian basin have above average central pressure
(see Gordon 1986; Jones 1994; Van Loon and Shea
1985) and these more intense anticyclones tend not to
favour inland Australia and tend to favour the South
Australian basin. This is also the reason for the signifi-
cant and negative SOl-anticyclonicity correlations
across the South Australian basin at all seasonal and
annual times (see Figs 3(a) to (e)).

Anticyclonicity-Australian rainfall
relationships

" In this study the authors examined in detail the relation-

ship between anticyclonicity and Australian rainfall for
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anticyclonicity across each of the areas A, B and C (see
Fig. 1) in all seasons. The reasons for choosing anticy-
clonicity across these areas are as follows:
1. In all seasons areas A, B and C lie to the north, the
south and at the latitude of the anticyclonicity maximum
axis respectively and variations of anticyclonicity across
each area are often related to variations of three types of
long wave patterns (see Lorenz 1967) across each area. In
general, positive anomalies of anticyclonicity across area
A occur in periods of increased long wave trough activi-
ty at eastern Australian longitudes while positive anom-
alies of anticyclonicity across area C occur in periods of
increased long wave ridge activity at central Australian
longitudes. For area B, increases in anticyclonicity in
general occur during periods when blocking is prevalent
at eastern Australian longitudes. Blocking occurs when
anticyclones become slow-moving at latitudes normally
dominated by westerly flow and split flow is evident at
middle levels of the troposphere immediately upstream
(to the west) of these anticyclonés. North of these anticy-
clones there is usually some cyclonic activity, known as
the cyclonic portion of the block.
2. Variations of anticyclonicity in one area showed only
weak relationships with variations of anticyclonicity in
the other two areas so there was little dependence
between anticyclonicity from different areas. The excep-
tions were areas A and C in winter and areas B and C in
autumn when correlations of anticyclonicity were nega-
tive at significant levels.
3. In the same season anticyclonicity in any 5° squares
within an area had similar anticyclonicity-rainfall corre-
lation patterns across Australia to anticyclonicity in all
other squares within that same area.
4. Having all areas reasonably close to the Australian
continent allowed for an easier explanation of the anti-
cyclonicity-rainfall relationships in terms of surface
pressure patterns.

Details of the three areas are as follows:
Area A - bounded by latitudes 25°S and 30°S and lon-
gitudes 130°E and 150°E. This area over Australia lies
north of the anticyclonicity maximum axis and has rela-
tively low mean anticyclonicity in each 5° square with-
in the area. Anticyclonicity in this area correlates posi-
tively with the SOI in all seasons but at significant lev-
els only in winter.
Area B — bounded by latitudes 45°S and 55°S and lon-
gitudes 130°E and 150°E. This area is south of the anti-
cyclonicity maximum axis and has relatively low mean
anticyclonicity in each 5° square within the area.
Aanticyclonicity in this area correlates positively with the
SOI in all seasons except summer and has significant
correlations in autumn and spring.
Area C - bounded by latitudes 30°S and 40°S and lon-
gitudes 130°E and 140°E. This area contains the anticy-
clonicity maximum axis and has relative high mean anti-

cyclonicity in each 5° square within the area.
Anticyclonicity in this area correlates negatively with
the SOI in all seasons with significant correlations in
autumn and summer.

Figures 4(a) to (c) show the correlation of anticy-
clonicity in area A with Australian rainfall for the sea-
sons of autumn, winter and spring. Summer is not
shown because anticyclonicity across area A is extreme-
ly low with several years having zero anticyclonicity
and normal quantile plots show anticyclonicity does not
appear to be normally distributed. In all three seasons
the main areas of significant correlations are located
along coastal parts of southern Australia. In periods of
anomalously high anticyclonicity in area A there tends
to be long periods of moist west to southwesterly
airstreams across southern Australia with long wave
troughs often located at eastern Australian longitudes.

Fig. 4(a) Simultaneous correlation of autumn rainfall and
anticyclonicity across area A in the period 1965-
1993. Correlations significant at 5% level are
highlighted.
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Fig. 4(b) Simultaneous correlation of winter rainfall and
anticyclonicity across area A in the period
1965-1993. Correlations significant at 5% level

are highlighted.
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Fig. 4(c) Simultaneous correlation of spring rainfall and
anticyclonicity across area A in the period 1965-
1993. Correlations significant at 5% level are
highlighted.

Figures 5(a) to (d) show the correlation of anticy-
clonicity in area B with Australian rainfall in all four
seasons. All seasons have significant positive correla-
tions along coastal regions of southeastern Australia;
this may be partly due to the occurrence of moist surface
onshore airstreams in these regions when anticyclones
are centred in area B.

During autumn and winter (Figs 5(a) and (b)) there
are significant correlations across southern and north-
western Australia respectively and these can sometimes
be related to the shearing of rain-bearing systems that
occurs when anticyclones are centred south of latitude
45°S.

During spring (see Fig. 5(c)) there are significant
correlations with most of eastern Australia. An exami-
nation of those years when anticyclonicity in spring is
anomalously high shows the cyclonic portion of block-
ing tends to be active over eastern Australia. Cloudbands
across eastern Australia and low-level flow suggest
moisture to this area is sourced from the north and
northeast of the continent. This contrasts with high anti-
cyclonicity in area B in autumn and early winter when
the cyclonic portion of blocking tends to be active fur-
ther west than in spring and there is often an increase in
northwest cloudband activity mainly affecting the west
of Australia. However, this increase in northwest cloud-
band activity in autumn and early winter does not
always occur at the same time in the season when anti-
cyclones are found in area B. The source of moisture to
rainfall areas showing significant correlations in autumn
and winter appears to be from the west and northwest.

Fig. 5(a) Simultaneous correlation of autumn rainfall and
anticyclonicity across area B in the period 1965-
1993. Correlations significant at 5% level are
highlighted.
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Fig. 5(b) Simultaneous correlation of winter rainfall and
anticyclonicity across area B in the period 1965-
1993. Correlations significant at 5% level are
highlighted.
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Fig. 5(c) Simultaneous correlation of spring rainfall and
anticyclonicity across area B in the period 1965-
1993. Correlations significant at 5% level are
highlighted.
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