
Introduction
Atmospheric indicators, associated with the weak
Pacific cold (La Niña) event (Trewin 1999) were
trending toward near-neutral.  The evolution of low-
level wind anomalies through the central and eastern
equatorial Pacific during autumn, was indicative of a
decrease in the strength of the enhanced Walker cir-
culation. This was consistent with increasing convec-
tive activity, as indicated by the downward trend in
outgoing long wave radiation, in the lower latitudes 

near the date-line.  In addition, only weak negative
(positive) anomalies were evident in the eastern
(western) tropical Pacific by the end of autumn.

A belt of strongly positive mean sea-level pressure
anomalies and a zonal three-wave pattern was
observed in the higher latitudes of the southern hemi-
sphere. 

The main sources of information were the Climate
Monitoring Bulletin – Australia (Bureau of
Meteorology, Australia), and the Climate Diagnostics
Bulletin (Climate Prediction Center [CPC],
Washington). Data sources are given in the Appendix.
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Southern hemisphere circulation patterns and anomalies for
autumn 1999 (March – May) are reviewed, with emphasis given
to the tropical Pacific and the Australian region.  The subsur-
face ocean structure through the equatorial Pacific, as shown
by the depth of the 20°C isotherm, indicated that the weak
Pacific cool event was over.  The sea-surface temperature pat-
tern tended toward neutral conditions during autumn, and
atmospheric indicators, although somewhat lagging the subsur-
face and surface ocean indicators, were consistent in showing a
trend toward normal conditions.

Widespread heavy rainfall and record surface wind
speeds in western areas of Australia were associated with trop-
ical cyclone activity in early to mid-autumn.  An active mon-
soonal trough in March and April brought above average rain-
fall to northern Australia.  Daytime temperatures were gener-
ally lower over parts of western and eastern areas and higher
through central Australia. 

51

Text :Text   2/6/09  12:01 PM  Page 51



Pacific basin climate indices
The Troup Southern Oscillation Index (SOI)*
The SOI dropped sharply in the last month of autumn
1999 (Fig. 1). This drop, from 18.5 to 1.3, came after
an eleven-month series of moderate to strong positive
values.  The mean value of the SOI for autumn was
9.6, with monthly values for March, April and May of
+8.9, +18.5 and +1.3 respectively. 

The sudden drop in the SOI in May was due to a
significant increase in mean sea-level pressure
(MSLP) anomaly at Darwin.  The monthly departures
from average at Darwin were –1.3 hPa, -0.9 hPa and
+1.1 hPa.  In contrast, MSLP anomalies at Tahiti
remained positive, with monthly values of +0.3 hPa,
+1.3 hPa and +1.3 hPa.   

Outgoing long wave radiation (OLR)
Figure 2 shows a monthly time-series of standardised
outgoing long wave radiation (OLR) anomalies from
January 1995 to mid-1999.  These data are compiled
by the CPC in Washington, and are an indication of
the amount of long wave radiation emitted from an
equatorial region centred about the date-line.
Tropical convection in this region is particularly sen-
sitive to changes in the phase of the Southern
Oscillation: during warm (El Niño) events convection
is generally more prevalent resulting in a reduction in
the intensity of the OLR due to the lower effective
black-body temperature, and the reverse applies in
cold (La Niña) events.

OLR anomalies have remained positive since the
middle of 1998 (Collins 1999; Beard 1999).  The
anomalies, which peaked in January 1999 – and were
among the highest recorded values in the last 20 years
(Trewin 1999) – progressively weakened since the
beginning of the year.  This downward trend in posi-
tive OLR anomaly suggests that cloudiness in the
central equatorial Pacific, although below average,
was gradually tending towards near-normal.

Wind anomalies
The standardised zonal wind anomaly index in the lat-
itude belt 5°N to 5°S (not shown) from the Climate
Prediction Center (Climate Prediction Center 1999)
shows a weakening of low-level (850 hPa) easterly
wind anomalies in the western and central Pacific
Ocean west of 140°W, and weak westerly anomalies
in the region 135°W to 120°W.  The downward trend
of the low-level easterly anomalies in the western and
central Pacific during autumn are indicative of a

decrease in the strength of the enhanced Walker cir-
culation which was observed in spring 1998 (Beard
1999) and summer 1998/99 (Trewin 1999). 

The weakening in the strength of the (enhanced)
Walker circulation was also reflected in the upper-
level (200 hPa) zonal wind anomaly index, which
showed a return to near-neutral values in the central-
eastern Pacific (165°W to 110°W) during autumn.  

Oceanic patterns
Sea-surface temperatures (SSTs). The monthly
SST anomaly maps during autumn (not shown)
showed a progressive weakening of negative anom-
alies in the central and western equatorial Pacific

* The Troup SOI is ten times the monthly anomaly of the difference
in mean sea level pressure between Tahiti and Darwin, divided by the
standard deviation of that difference for the relevant month, based on
the period 1933-1992.

Fig. 1 Southern Oscillation Index, January 1995 to
June 1999 inclusive.  Means and standard
deviations based on the period 1933-1992.

Fig. 2 Standardised anomaly of monthly outgoing
long wave radiation averaged over 5°N-5°S
and 160°E-160°W, from January 1995 to June
1999.  Negative (positive) anomalies indicate
enhanced (reduced) convection and rainfall.
Anomalies are based on a 1979-95 base period
mean.  After CPC (1999).
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associated with a weak Pacific cold event.  By the end
of autumn, SST anomalies in the tropical Pacific were
tending toward a near-neutral pattern.  This weaken-
ing of La Niña conditions is reflected in the autumn
1999 SST anomaly pattern (Fig. 3) which shows that
there was no organised region of negative anomalies
evident in the eastern equatorial Pacific. 

Other significant features of the autumn SST
anomaly pattern were the positive anomalies in the
northwest Pacific, which contracted somewhat during
the autumn months, and the large contiguous area of
cool anomalies (generally up to -2°C) north of the
equator between about 160°E and 130°W.  This latter
feature has been associated with an asymmetrical
anomaly pattern which has persisted since spring 1998
(Beard 1999); with cooler water to the north of the
equator and warmer water southward of the equator.

In the Australian region, the notable features were
the positive anomalies in the Tasman Sea west of New
Zealand, the warmer water to the north of Australia
and the area of positive anomalies (up to 2°C) off the
coast of Western Australia.  The positive anomalies in
the Tasman Sea were strongest in early autumn, but
began to dissipate during April and May.  There was
some reduction in the warming to the north of
Australia during the autumn months, however the
strength and extent of positive anomalies off the
Western Australian coast generally persisted through-
out the season.  The strength and westward extent of

the latter feature, which is part of the Indian Ocean
dipole (Nicholls 1989), during winter has implica-
tions for spring and summer rainfall over western and
northeastern areas of Australia (Drosdowsky and
Chambers 1998). 

Subsurface patterns. Figure 4 shows the anomaly in
metres of the depth of the 20°C isotherm along the
equatorial Pacific between January 1995 and May
1999.  This isotherm is generally situated very close
to the equatorial ocean thermocline, the region of
greatest temperature gradient with depth, or the
boundary between the upper ocean warm water and
the deep ocean cold water.  An abnormally shallow
thermocline (indicated by strongly negative depth
anomalies) in the eastern to central Pacific Ocean is a
characteristic of La Niña events.

The depth anomaly pattern shows an evolution
toward normal conditions.  In autumn, the 20 degree
isotherm remained deeper than 30 m throughout the
central and eastern equatorial Pacific. In the west-
ern Pacific, between 140°E and the date-line, the
depth of the thermocline decreased significantly
during the autumn months.  By the end of autumn,
only a small area near 150°E showed a depth greater
than 30 m.  In general, conditions continued to mod-
erate since winter 1998 and, based on subsurface
patterns, the Pacific cool event appeared to be over
by the end of autumn.
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Fig. 3 Autumn 1999 (March, April, May) sea-surface temperature anomaly (°C).
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Atmospheric patterns
Surface analyses
Figures 5 and 6 show the mean and anomalous
autumn 1999 MSLP patterns respectively.  Anomalies
are deviations from an eleven-year (1979-1989) glob-
al climatology from the European Centre for
Medium-range Weather Forecasts (ECMWF).  

The major feature of the autumn MSLP anomaly
pattern, which was also dominant through the indi-
vidual autumn months (Climate Prediction Center
1999), was the belt of positive anomalies around the
southern hemisphere between about 30°S and 60°S.
These anomalies effectively formed a circumpolar
belt of positive anomalies – with negative anomalies
further southward.  Weaker positive anomalies, cen-
tred over southeastern Australia, extended over most
of the country.  However, the individual monthly
analyses show negative anomalies over northwestern
Australia in March. These negative anomalies were
associated with tropical cyclone activity and wide-
spread heavy rainfall over large areas of Western
Australia.

500 hPa analyses
Figures 7 and 8 show the mean and anomalous
autumn 1999 500 hPa patterns respectively.  The cir-
cumpolar belt of positive anomalies, evident in the
MSLP anomaly chart (Fig. 6), is reflected in Fig. 8.
Diffluent flow at mid-latitudes east of the date-line
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Fig. 4 Time-longitude section of monthly anomalous
depth of 20°C isotherm at the equator from
January 1995 to June 1999.  Contour interval
is 10 m.

Fig. 5 Autumn 1999 (March, April, May) mean sea-
level pressure (hPa).

Fig. 6 Autumn 1999 (March, April, May) mean sea-
level pressure anomaly (hPa).
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(Fig. 7) was associated with the strong anticyclonic
anomaly (Fig. 8) located in the south central Pacific.
In addition, a wavenumber-three pattern was clearly
structured in the southern hemisphere; with high-lati-
tude troughs in the eastern Pacific, and to the south of
the African and South American continents. 

Blocking
Figure 9 is a time-longitude section of the daily south-
ern hemisphere Blocking Index (BI)* for autumn
1999.  The horizontal axis of Fig. 9 shows degrees of
longitude east of the Greenwich Meridian.  BI is a
measure of the strength of the 500 hPa flow at mid-
latitudes relative to that at subtropical and high lati-
tudes.  Regions of blocking, generally associated with
a split in the mid-latitude westerly flow, are indicated
by positive BI values. 

Blocking, associated with the strong anticyclonic
anomaly east of New Zealand (Figs 6 and 8), occurred
near and to the east of the date-line during early and
mid-autumn.  A series of blocking episodes also
occurred in middle and late autumn between about
90°W and 30°W.  In contrast, blocking activity tend-
ed to be suppressed through the Indian Ocean during
the first half of autumn. This is consistent with the
500 hPa chart (Fig. 7), which shows a more zonal pat-
tern (enhanced mid-latitude westerlies) over most of
the Indian Ocean. 

Winds
Low-level (850 hPa) and upper-level (200 hPa) wind
anomalies for autumn 1999 are shown in Figs 10 and
11 respectively.  The more salient features of the trop-
ical Pacific have already been discussed.  However, it
is worth noting the enhanced trade-winds in the trop-
ical Pacific west of about 140°W and the near-neutral
anomalies further eastward.  In the monthly analyses
(not shown) there was a significant reduction in the
strength of the easterlies through the central and west-
ern tropical Pacific from March to May.    

Other marked features of the low-level wind
anomalies were the anomalous cyclonic circulation
centred to the northwest of Australia and the strong
anomalous anticyclonic pattern in the south central
Pacific Ocean.  The former was associated with trop-
ical cyclones Elaine and Vance, and the latter with
strong positive MSLP anomalies (Fig. 6) and atten-
dant blocking in that region (Fig. 9).

In the upper level (Fig. 11), strong easterly anom-
alies extended through the lower latitudes of the
Indian Ocean.  The meridional nature of the flow is
apparent in the mid-latitudes of the western and cen-
tral Pacific and, to a lesser extent, the South Atlantic
Ocean.  In Australian longitudes, weak to moderate
east to northeast anomalies affected most of eastern
Australia and a moderate to strong anomalous anticy-
clonic circulation, associated with upper-level diver-
gence, extended over western areas of the country. 
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*   BI = 0.5(U25 + U30 + U55 + U60 – U40 – U50 – 2 U45) where
Uxx is the westerly component of the 500 hPa wind at latitude xx. 

Fig. 7 Autumn 1999 (March, April, May) 500 hPa
mean geopotential height (m).

Fig. 8 Autumn 1999 (March, April, May) 500 hPa
mean  geopotential height anomaly (m).
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Australian region
Circulation and rainfall
The national distribution of autumn rainfall totals is
shown in Fig. 12, and the distribution of autumn rain-
fall decile ranges is shown in Fig. 13.  The wet condi-
tions in Western Australia resulted from the cumula-
tive contributions of heavy rainfall from tropical
cyclone activity in March and April, and slow-moving
low pressure systems with associated northwest
cloudbands (Wright 1997) in May.  As a consequence
of the intense rainfall, areas of southern Western
Australia experienced their wettest autumn on record.
In addition, on 22 March when tropical cyclone Vance
crossed the coast, Learmonth recorded a wind speed
of 267 km/h; the highest ever recorded on mainland
Australia.   

Above average rainfall in the far north of the coun-
try was associated with the  monsoonal trough, which
remained active during March and April. Conditions
were drier than average through central Australia,
however a series of low pressure troughs resulted in
cloudband activity and associated rainfall through
inland areas of eastern Australia. 

A moist southeasterly airstream, associated with
anomalous high pressure through southern Australia
(Fig. 6), resulted in unstable conditions and subse-
quent heavy rainfall through coastal and near-coastal
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Fig. 9 Autumn 1999 (March, April, May)  daily
Blocking Index: time-longitude section. Day 1
is 1 March.

Fig. 10 Autumn 1999 (March, April, May) 850 hPa vector wind anomalies (m s–1).
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areas of eastern Australia.  Associated with these
unstable conditions was the devastating hailstorm
which struck Sydney on 14 April.  This was the result
of forced uplift of a warm autumn day’s heavily mois-
ture-laden air into the colder upper air by the western
edge of a cold front from the Tasman sea.  

Temperatures
Mean maximum and minimum temperature anom-
alies for autumn 1999 are shown in Figs 14 and 15
respectively.  These were calculated with respect to
15-year reference period from 1983 to 1997.  The
maximum temperature anomaly pattern is similar to
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Fig. 11 Autumn 1999 (March, April, May) 200 hPa vector wind anomalies (m s–1).

Fig. 12 Autumn 1999 (March, April, May) rainfall
totals (mm) in Australia.

Fig. 13 Autumn 1999 (March, April, May) rainfall in
Australia: decile range values based on grid-
point values over the period 1900 to 1999.
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the autumn rainfall decile pattern (Fig. 13).
Anomalously cool conditions which extended
through a swathe of Western Australia, the ‘top end’
and inland eastern Australia, can be attributed to

increased cloudiness associated with above average
rainfall.  In contrast, positive anomalies of up to +3°C
through central Australia can be attributed to
decreased cloudiness, associated with drier condi-
tions, in that area. 

Minimum temperatures were lower than average
through a considerable part of northern Australia and
over a large area of the southeast of the country.  In
both regions, negative anomalies of up to -2°C were
recorded. Anomalously warm minimum temperatures
were recorded in a band from southwestern Australia
northeastward to Queensland, over eastern Tasmania
and coastal and adjoining areas of eastern Australia. 
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Appendix
Data sources used for this review were:
National Climate Centre, Climate Monitoring
Bulletin - Australia (obtainable from the National
Climate Centre, Bureau of Meteorology, GPO Box
1289K, Melbourne Vic.  3001, Australia) and Climate
Prediction Center (CPC), Climate Diagnostics
Bulletin (obtainable from the Climate Prediction
Center (CPC), National Weather Service, Washington
D.C., 20233, USA).
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Fig. 14 Autumn 1999 (March, April, May) maximum
temperature anomalies (°C) for Australia
based on a 1983-1997 mean.

Fig. 15 Autumn 1999 (March, April, May) minimum
temperature anomalies (°C) for Australia
based on a 1983-1997 mean.
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