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Circulation comtrasts im the
southern hemisphere wimters of
1972 and 1973
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(Manuscript received October 1982; revised March 1983)

Characteristics of the broadscale southern hemisphere circulation are examined for
the winters of 1972 and-1973 when markedly diverse patterns of rainfail occurred
over the southern continents. The principal significant contrasts occur in the latitude
of the subtropical high pressure belt in particular regions and the longitudes of its
pressure maxima, in the strength of the mid-latitude westerlies primarily at Pacific
longitudes and in the sign and pattern of change of the Southern Oscillation Index.
Lesser though distinct variation is evident in the characteristics of the Antarctic trough
and the gross pattern of cyclonic distribution. The limited available data indicate
contrasting sea surface temperature anomalies in the Australian sector. Sea ice data
show only small variability between the two seasons but with contrasting late season
anomalies in the Ross and Weddell sectors.

Introduction

The extent to which the world’s food production and
national economies are becoming more sensitive to
widespread anomalies in seasonal weather has led to
increasing interest in such abnormal periods and to
attempts to adequately describe, model and
understand their nature. In particular, the year 1972
has been the subject of a series of investigations
because of its extensive and important anomalies (see
e.g. World Meteorological Organization 1973;
Krueger and Winston 1975).

Over much of the southern hemisphere the winters
of 1972 and 1973 display substantial and interesting
contrasts in seasonal climate. In most geographical
regions the rainfall anomaly is probably the best
single index as an integrator of climate, as well as
being of practical economic significance; it is used
in this investigation as the prime descriptor of the
seasonal contrasts. In what follows, the southern
winter is defined as the months June to September
inclusive, following the practice in a number of
previous studies (e.g. Taljaard 1967; Streten 1977).

The marked difference in the rainfall pattern
between the two winters is shown for the continental
regions of best data availability in Fig. 1. For South
Africa and the South American countries this
analysis is of data at each selected individual station
in comparison with its long-terrn average as
published by the national meteorological services and
is fully adequate to broadly map the rainfall
anomalies. Over Australia, however, the district
averages for 107 districts of differing size have been
used in comparison with their long-term means
dating from 1911, and the anomaly is shown as
applying to the entire district. Because of this
method, the patterns over Australia tend to be rather
more enhanced (particularly for the large interior
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districts) and cannot be exactly compared with those
over the other continents. However, the general
character of the anomaly patterns over the
hemisphere is quite evident for the contrasting
winters, and interest will be concentrated on the
region south of about 20°S. The widespread
differences between the two seasons in terms of the

long period record is further shown by the decile

analysis of Fig. 2 which also extends to the island
stations with long-term records.

In general, the winter of 1972 is characterised by
extremely low rainfall over eastern Australia and
over the whole of South Africa particularly the
eastern region; by contrast the eastern region of
South America south of 15°S experienced well
above normal rainfall. In the winter of 1973 a
substantially opposite situation existed with excessive
rainfall over much of Australia and South Africa and
somewhat drier conditions in eastern South America
south of 30° S; high rainfall also occurred over many
of the lower latitude islands of the central and
western South Pacific (see Fig. 2).

Indices of the atmospheric circulation of the
hemisphere and its surface characteristics will now
be used in an endeavour to give as full a description
as possible of the contrasts occurring in the two
winters. Such information is believed to be valuable
not only for its intrinsic interest but also as a guide
to planning possible numerical simulations of
anomalous seasons.

Characteristics of the winter circulation
of 1972 and 1973

The atmospheric circulation at sea level is examined
here largely in terms of the synoptic indices described
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elsewhere (Streten 1980), and compared with the
means for the five-year period 1972-1977. The indices
are derived from mean monthly pressure charts
which are obtained by summation of the Australian
numerically produced daily hemispheric charts for
0000 GMT. A five-year period is very short for such
a comparison but represents the first circulation
statistics from this consistent chart series. In all cases,
the winter means are derived from the means of the
four individual months.

Fig. 1 Rainfall anomaly in the winters (June-September
inclusive) of 1972 and 1973 for Australia, South
Africa and southern South America. Stippled —
more than 50% below normal; hatched — 1%
to 50% below normal; cross hatched — 1 to 50%
above normal; black — more than 50% above
normal. The data are calculated for district
averages in Australia and for individual stations
elsewhere (see text).
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Fig. 2 Rainfall anomaly for the winters of 1972 and
1973 in terms of a decile analysis of district
averages in Australia and station observations
elsewhere. The legend shows continental and
island rainfall categories in terms of decile 1-2,

decile 3-8 and decile 9-10.
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Indices of the subtropical high pressure region

Figure 3 shows the comparative data for the two

winters and the five-year mean for the indices

a, — the latitude of the axis of subtropical
high pressure; and

a;—a, — an index of the width of the
subtropical high pressure belt (actually
the difference in degrees of latitude
between the poleward and equatorward
1015 mb isobar).

The dry winter of 1972 over Australia is associated

with the displacement of the axis of high pressure

to lower than normal latitudes over the continent and

the western South Pacific (e.g. at 180° the axis is

at 27.0° S); by contrast in the wet winter of 1973 over

Australia and the central and southwest Pacific the

seasonal axis of high pressure lies much further south

Fig. 3 Indices of:
a; — latitude of the high pressure belt
a,—a, — width of the high pressure belt (see
text) :

for winters of 1972, 1973 and the 5-year mean

(M); bracketed figures show zonal averages.

Notes: (i) the data are not calculated over

) continental South America where
surface pressures are unrepresenta-
tive.

(i) the two plots for 1972 in the lower
panel are alternative averages for the
season where in some months the
a,—a, index becomes zero at these
longitudes.
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than in the mean (e.g. at 180° it is at 32.5° S).
Similarly, during the dry South African winter of
1972 the axis of high pressure between 15° E and
35°E is further north than normal and averages
27.1° S, while during the wet winter of 1973 the
corresponding average was 28.3° S. It is notable that
in 1972 when the axis was. further north at African
longitudes it was located further south in the central
Indian Ocean. In the South American sector the
wetter season of 1972 is associated with a
considerable southward displacement of the high
pressure axis over the western Atlantic, though in
the somewhat drier winter of 1973 it lies close to the
five-year mean. This situation is generally in
agreement with the pattern pointed out by Pittock
(1975) for Australia, and with synoptic experience;
i.e. that wet winters on the subtropical east coasts
of the southern continents are generally associated
with the subtropical high pressure areas to the east
lying at higher than normal latitudes, while dry years
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are generally associated with an equatorward
migration of the axis.

The a, —a, index indicates in general that in the
dry winter the belt of high pressure is somewhat
wider than that in the wet winter for the continental
longitudes in which the rainfall anomalies occur (or,

in the case of the South American region, in the areas -

at the continental margins). This feature is, however,
least evident at Australian longitudes. The largest
contrast between the two winters is at the longitudes
of the western South Pacific where the high pressure
belt is considerably narrower in 1972 than in 1973.

Similar patterns are reflected in the anomaly charts
of mean sea level pressure and 500 mb geopotential
(Figs 4 and 5). These represent summations of the
monthly anomaly charts for the four ‘individual
months of each witner using the Taljaard et al. (1969)
climatology as the base. The principal feature of
these charts is the predominantly zonal anomaly
pattern in the 1972 winter compared with the more
meridional structure of 1973 which exhibits a
particularly strong positive anomaly extending from
low to high latitudes in the central Pacific.

In the 1972 winter lower pressure is evident across
most of the hemisphere north of 60° S, with higher
pressures to the south and with the greatest contrasts
occurring at eastern Pacific longitudes in the form
of a mean pattern analogous to that of ‘blocking’
on a synoptic chart but of broadscale extent. At low

latitudes, higher pressure is evident over Australia
Fig. 4 Anomaly of mean sea level pressure (mb) for the
winters of 1972 and 1973. The data shown are
the cumulated anomalies of the 4 months of each
winter,
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and the eastern Indian Ocean with low pressure over
most of the South Pacific.

In the 1973 winter the dominant pressure anomaly
is at mid-latitudes with a marked trough-ridge
pattern over the Australasian region exhibiting a
large positive pressure anomaly centred between the
Ross Sea and New Zealand, and low pressure to the
southwest of Australia extending equatorwards. At
low latitudes the pressure anomaly pattern of winter
1973 is in general the reverse of that in the previous
year with pressures now higher over the eastern South
Pacific and lower over northwestern Australia and
the Indian Ocean. This represents, of course, a
reversal of the Southern Oscillation. Figure 6 shows
this reversal in terms of a Southern Oscillation Index
(SOI) due to A. J. Troup* for the period from
mid-1971 to mid-1974. The index is based on the
pressure difference Tahiti minus Darwin with

. departures normalised to the 1932 to 1977 mean. The
low value lasting through 1972 is apparent, as is the
change developing in the autumn of 1972 and
reversing in the autumn of 1973. These indices will
be examined further when comparing 1972-73
observations to those of other years.

The longitudes of mean monthly high pressure
centres over the hemisphere (a, index) are shown in
the upper panel of Fig. 7 together with the median
position for the winters of 1972 and 1973 and the
five-year mean. The data indicate:

*Personal communcation.
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Fig. 6 Time section of Troup’s monthly Southern
Oscillation Index (SOI) (see text). Stippled areas
show the winters. of 1972 and 1973.
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Fig. 7  Indices of:

a, — longitudes of the subtropical high pressure
centres,

¢, — longitudes of the pressure minima on the
Antarctic trough,

¢; — longitudes of the relative pressure maxima
on the Antarctic trough,

for the winters of 1972 and 1973 and 5-year mean

(M). Smaller figures along the axes show

locations in individual months (1-June; 2-July;

3-August; 4-September). ‘Cross’ symbols show

the seasonal median longitudes and larger figures

on the dashed lines joining these indicate their

separation in degrees of longitude.
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e Little difference from the mean in the south
Atlantic and eastern South Pacific in both 1972 and
1973.

e A splitting of the Indian Ocean high in June and

August of 1972 with one centre located over South
Africa in these months and the second persisting
throughout the winter near 75° E or, on the
average, some 10° of longitude further east than
normal. Thus the distance between the Indian
Ocean and the Australian centre decreased by
about ten per cent of the longer-term mean.

® An castward displacement of the Australian high
cell in the winter of 1973 and a simultaneous
slightly westward displacement of the Indian Ocean
high. Thus the distance between the two cells
increased by about ten per cent of the longer-term
mean.

Indices of the westerlies and higher latitude
circulation

Figure 8 shows the comparative indices describing
the strength of the Southern Ocean westerlies and
the location of the Antarctic trough:

b, — the difference between the sea level pressure

at 40° S and 60° S; and

¢, — the latitude of the axis of the Antarctic trough.
The principal difference in the strength of the winter
westerly current occurs at the longitudes of the
Pacific and Atlantic where there is a considerable
reduction in 1972 and an increase in 1973. However,
the westerly current is generally less than the mean
in the winter of 1972, and greater than the mean in

Fig. 8 Indices of:
b, — the strength of the surface westerly current
(pressure difference between 40°S and
60°8),
¢; — the latitude of the Antarctic trough,
for the winters of 1972 and 1973 and the S-year
mean (M). Bracketed figures show zonal

averages.
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the winter of 1973 at almost all longitudes. The
related index c,, also exhibits a clear.change between
the two winter periods. In 1972, the axis was
displaced northward to average 66.5° S while in 1973
it was depressed southward to 68.9° S.

Further indices describe the relative pressure
minima and maxima at the latitude of the Antarctic
trough:

c: — longitudes of low pressure centres on the
trough; and

¢; — longitudes at which pressures are relatively
high, or where ridges from lower or higher
latitudes impinge on the trough and weaken it.

These indices are shown in the lower panels of Fig. 7.

As has been discussed elsewhere (Streten 195U;
Streten and Pike 1981) the analysis reliability in high
latitudes makes these data always somewhat
doubtful, and this is probably more marked in the
Weddell Sea area due to difficulties in the
interpretation of some wind observations by the
analysis system. However, with these reservations the
principal points appear to be:
® The mean low (c;) in South American longitudes

is not clearly apparent in 1973, and is replaced by

a ridge structure (c,) in the winter charts for that

year.
¢ The mean low (c;) in the South American sector

is located west of the Antarctic Peninsula in 1972.

The ridges (c;) are somewhat further west in the

South Atlantic and eastern South Pacific and by

comparison with 1973 are separated by a more

distinct low pressure centre.

Elsewhere the ¢, ¢, pattern is not apparently
significantly different from the long-term mean in
either winter of 1972 or 1973.

Frequency of anticyclones and cyclones

The overall frequency distributions of anticyclonic
and cyclonic centres as analysed on the Australian
0000 GMT daily numerical hemispheric charts for
the winter seasons of the two years are shown in Figs
9 and 10 respectively. The data are reduced to a
standard area at 45°S following previous studies
(Taljaard 1967; Streten 1969).

The 1972 winter is characterised by high
frequencies of anticyclonic centres over southeastern
Australia and eastern South Africa (Fig. 9) reflecting
the mean pattern of high pressure centres (Fig. 7).
Comparison of the anticyclonic frequency pattern
in the two winters suggests in general a rather
uniform eastward displacement of the maxima at all
longitudes in 1972 as compared with 1973, and
locally higher frequencies in the south Atlantic and
over the two continental regions of low rainfall. The
median longitudes of prominent ridges identified on
the daily charts are also shown in Fig. 9. The
principal difference between the two seasons is the
more pronounced ridging in the south Atlantic in
1972.

The cyclonic frequencies (Fig. 10) may be com-
~ pared with those shown by Taljaard (1967) for the

Frequency of anticyclonic centres on daily 000
GMT analyses for the winters of 1972 and 1973
per unit area at 45°S (see text). Broken lines
indicate the median location of ridges extending
into the westerlies from lower latitudes.

LI . 1972

Fig. 9

winter period of the International Geophysical Year
(IGY) which have been found by Carleton (1979) to
be similar to the mean data for five winters
1973-1977. In general, the 1973 pattern is very similar
to that of the IGY. In 1972 the principal difference
appears to be the less pronounced cyclonic frequency
in the Tasman Sea region. The data are, however,
quite difficult to relate specifically to the seasonal
rainfall abnormalities-or to other circulation features.

Ocean temperatures

Since 1972 the Australian Bureau of Meteorology has
prepared mean monthly charts of sea surface






