
Introduction
This summary reviews southern hemisphere circulation
patterns and associated climatic anomalies for the austral
autumn (March-May) 2007. Particular attention is given
to the Australasian and Pacific regions. The main sources
of information for this summary are analyses prepared by
the Australian Bureau of Meteorology’s National Climate
Centre, the Bureau of Meteorology Research Centre and
the Climate Prediction Center (CPC), Washington. Data
sources are provided in the Appendix.

ENSO and Pacific Basin climate
indices
Autumn is traditionally the transitional period for
moving into and out of El Niño-Southern Oscillation 

(ENSO) events in the equatorial Pacific. March to June
is also known as a period where computer model skill in
forecasting ENSO conditions is at its lowest. In statisti-
cal terms alone, the chance of a La Niña event develop-
ing in 2007 was thought to be higher than the long-term
average (which is about one in five or 20 per cent) since
La Niña conditions have a tendency to follow El Niño
events (National Climate Centre 2007). In terms of
ENSO indices, a number of indicators in autumn 2007
confirmed the return to neutral ENSO conditions and
suggested the possible development of a La Niña event
later in the year. This followed from the rapid demise of
El Niño conditions in the summer of 2006/2007, includ-
ing a weakening of the strongly negative Southern
Oscillation Index (SOI) and cooling of central and east-
ern Pacific sea-surface temperatures (SST), reported by
Fawcett (2007).

The Troup Southern Oscillation Index
The Troup Southern Oscillation Index (SOI) for the
three months March-May (autumn) 2007 is shown in
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Darling Basin. Warmer than average temperatures occurred
throughout the eastern half of the continent.
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Fig.1. The El Niño event of 2006 reached its peak in
the SOI in October (−15.3), before weakening from
November to May. The mean seasonal SOI for
autumn was −2.4. There was no substantial response
in equatorial winds to the weakening SOI in autumn.
There was a slight strengthening of equatorial easter-
lies in April followed by a slight weakening at the end
of May 2007. La Niña events are typically charac-
terised by stronger than normal trade winds.

Outgoing long-wave radiation
Outgoing long-wave radiation (OLR) for autumn over
the equatorial Pacific (5°S to 5°N and 160°E to 160°W)
is shown in Fig. 2. The spatial pattern of OLR for the
Australasian equatorial region for the same period is
shown in Fig. 3. Figure 2 is adapted from the Climate
Prediction Center (CPC), Washington, and shows a
standardised monthly anomaly of OLR for autumn
2007. OLR over the equatorial Pacific is a good mea-
sure of tropical deep convection, with increases in OLR
indicating decreases in convection and vice versa.
Convection in the equatorial region centred about the
date-line is sensitive to changes in the Walker circula-
tion, and hence provides a tangible measure of the
atmospheric response to the changes in the SOI. During
El Niño events, convection is generally more prevalent
in this region, resulting in a reduction in OLR.

Fawcett (2007) reported that the OLR response to
the 2006-07 El Niño was much weaker than that dur-
ing the previous event in 2002-03 (see also Fig. 2).
The January 2007 value of −1.2 (standardised) was
the strongest value observed during the El Niño event,

and thereafter the values of the index returned toward
more neutral conditions. From February to May 2007,
very weak positive OLR anomalies were recorded. As
with the SOI, this result indicated the demise of the El
Niño event that peaked in 2006. However there was
no sign of clear, apparent increases in convection.

Equatorial Pacific subsurface ocean temperatures
Figure 4 shows the Hovmöller plot of the 20°C
isotherm depth anomaly (obtained from BMRC) across
the equator for autumn 2007. The 20°C isotherm is
generally situated close to the equatorial thermocline,
the region of greatest temperature gradient with depth
and the boundary between the warm near-surface and
cold deep-ocean waters. In this manner, the 20°C
isotherm is a proxy for the depth of the thermocline.
Positive anomalies correspond to the 20°C isotherm
being deeper than average, and negative anomalies to it
being shallower than average. Changes in the thermo-
cline depth may act as a precursor to subsequent
changes at the surface. A shallow thermocline depth
results in more cold water available for upwelling, and
hence potential cooling of surface temperatures. 

A reasonably strong upwelling Kelvin wave prop-
agated east-west during autumn 2007. This brought
the thermocline closer to the surface in the central and
eastern Pacific, east of the date-line. While weaker
than normal trade winds in the western Pacific were
associated with a downwelling Kelvin wave in the
last half of 2006, the shallower thermocline in autumn
2007 did not seem to be associated with enhanced
easterlies, which are not apparent in the equatorial
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Fig. 1 Monthly Southern Oscillation Index, from
January 2003 to May 2007. Means and stan-
dard deviations used in the computation of the
SOI are based on the period 1933-1992.

Fig. 2 Standardised anomaly of monthly OLR aver-
aged over the area 5°S to 5°N and 160°E to
160°W, from March 2007 to May 2007.
Negative (positive) anomalies indicate
enhanced (reduced) convection and rainfall in
the area. Anomalies are based on the 1979-
1995 base period. After Climate Prediction
Center (2007).



Pacific at this time. This fact reduced confidence that
a La Niña was imminent in 2007. Such confidence
would be increased by more apparent coupling of the
atmospheric and oceanic anomalies. 

Equatorial Pacific sea-surface temperatures
Pacific equatorial sea-surface temperatures (SST)
returned (cooled) to neutral or near-neutral conditions
over the three months March-May. In the eastern
Pacific, the NINO3 index was −0.36°C, while in the
central Pacific the NINO3.4 index was +0.05°C for
the week ending 27 May 2007. Based on autumn con-
ditions, a number of computer models predicted a fur-
ther cooling of SST in the Eastern Pacific in coming
months to values that exceed La Niña thresholds
(International Research Institute for Climate and
Society (IRI) 2007). However conditions in the equa-
torial Pacific failed to show signs of further develop-
ment toward La Niña conditions in autumn, and
remained by and large neutral.

Global oceanic surface patterns
Global SST anomalies for autumn 2007 are shown in
Fig. 5. These data are the National Oceanic and
Atmospheric Administration (NOAA) Optimum
Interpolation Analyses (Reynolds et al. 2002).
Positive anomalies are shown in red, while negative
anomalies are shown in blue.
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Fig. 3 Anomalies of OLR for autumn 2007 (W m−2). Base period 1979 to 1998.

Fig. 4 Time-longitude section of the monthly anom-
alous depth of the 20°C isotherm at the equa-
tor from March 2007 to May 2007. The con-
tour interval is 10 m.



The pattern of Pacific SST anomalies in autumn
started to display the spatial characteristics of a La
Niña. As discussed previously, the strength of NINO
region SSTs suggested a transitional phase. The trop-
ical Indian Ocean was slightly warmer than average,
apart from cool SST anomalies in the Bay of Bengal.
In the extratropical Indian Ocean, the SST pattern was
somewhat characteristic of a weak positive phase of
the Indian Ocean Dipole (IOD) (following Saji et al.
1999), although there was no strong cooling to the
northwest of Australia and through the Indonesian
Archipelago. Typically, a positive phase of the IOD
sustains cooler than average waters in this region
which impacts upon the strength of the Australasian
monsoon. A significant positive IOD occurred
through 2006 (Vyazilova 2007).

Global atmospheric patterns
Surface analyses
The southern hemisphere (SH) summer 2006-07
mean sea-level pressure (MSLP) pattern, computed
from the Bureau of Meteorology’s Global
Assimilation and Prediction (GASP) model, is
shown in Fig. 6, with the associated anomaly pattern
in Fig. 7. These anomalies are the difference from a
1979-2000 climatology obtained from the National
Centers for Environmental Prediction (NCEP) II
Reanalysis data (Kanamitsu et al. 2002). The MSLP
analysis has been computed using data from the
0000 UTC daily analyses of the GASP model. The
MSLP anomaly field is not shown over areas of ele-
vated topography (grey shading).

The SH extratropical circulation for autumn
2007 was extremely zonal, such that the typical
planetary wave pattern was not pronounced for this
period. In general, extratropical flow was consistent
with a mean, negative phase of the Southern
Annular Mode (SAM). SAM describes the periodic
(10 day) oscillation of atmospheric pressure
between polar and mid-latitude regions of the
southern hemisphere. Positive phases of SAM
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Fig. 5 Global anomalies of SST for autumn 2007 (°C). The contour interval is 0.5°C.

Fig. 6 Southern hemisphere autumn 2007 MSLP
(hPa). The contour interval is 5 hPa.



describe increased mass over the extratropics,
decreased mass over Antarctica and enhanced mid-
latitude westerly flow that is contracted poleward.
Conversely, negative phases of SAM describe
increased mass over Antarctica, reduced mass over
the extratropics and weakened meridional circula-
tion that is expanded equatorward. The CPC stan-
dardised monthly SAM index (Climate Prediction

Center 2007) trended negative throughout autumn
2007, from neutral conditions at the start of the
year. Figure 8 shows the three-month running mean
of SAM since 2005. The three-month mean SAM
value centred on May 2007 (−0.95) was the lowest
value since October 2002.  

Accordingly, negative pressure anomalies were
present over the Southern Ocean and Southern
Atlantic mid-latitudes, including the region directly
south of the Australian continent. The anomalously
lower pressures did not lead to significant increases in
rainfall or decreases in temperature for southern
Australian coastal regions, although slightly higher
than average autumn rainfall was recorded in northern
and western Tasmania, the coastal region of South
Australia (SA) and western Victoria and southern
coastal Western Australia (WA) (see Fig. 14). These
regions have been previously identified (B. Timbal,
personal communication) as areas for which rainfall
variability has a high correlation with SAM, such that
positive SAM phases are associated with decreased
rainfall and negative phases with increased rainfall.

Mid-tropospheric analyses
The 500 hPa geopotential height (an indicator of the
steering of surface synoptic systems) across the south-
ern hemisphere is shown in Fig. 9, with the associated
anomalies shown in Fig. 10. Comparison of Figs 9 and
6 shows highly barotropic pressure anomalies through-
out the SH. The ridge of anomalously high surface
pressure near Antarctica, and centred on 150°E,
extended further equatorward at the 500 hPa level.
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Fig. 7 Southern hemisphere autumn 2007 MSLP
anomalies (hPa). The contour interval is 2.5
hPa.

Fig. 8 Climate Prediction Center monthly, standardised Southern Annular Mode Index. 



Winds
Summer 2006-07 low-level (850 hPa) and upper-level
(200 hPa) wind anomalies (from the 22-year NCEP II
climatology) are shown in Figs 11 and 12 respective-
ly. Isotach contours are at 5 m s−1 intervals, and in
Fig. 11, regions where the surface rises above the 850

hPa level are shaded grey. The low-level wind anom-
alies generally reflected the mean sea-level pressure
anomalies (Fig. 6)

As mentioned previously, no lasting or significant
trade wind anomalies were observed in the equatorial
Pacific in autumn 2007. The anomalies were strongest
in the west, where a slight enhancement of the cross-
equatorial northeasterlies was apparent around the
date-line.

For the Australian region, the most obvious feature
of the near surface wind field was anomalous north-
westerly flow over much of the continent, and anom-
alous cyclonic circulation over the Great Australian
Bight. This pattern is consistent with surface pressure
anomalies and rainfall, with increased rainfall extend-
ing from the northwest through SA and lower than
average pressure to the south of the continent.
Increased northwesterly flow across Australia was a
reversal of the previous season’s pattern, where a
weaker than normal monsoon was evident (Fawcett
2007). The pattern is consistent with an end to El
Niño, with relieving rain through SA and parts of
eastern Australia.

Higher in the atmosphere, there was greater evi-
dence of increased equatorial easterlies over the
Eastern Pacific. Over Australia, we see weaker than
average westerlies through the mid-latitudes, includ-
ing anomalously easterly (or reduced westerly) flow
across the Tasman Sea through to New South Wales
(NSW). This pattern is consistent with weakened,
equatorward shifted flow through the extratropics that
is consistent with a negative phase of the SAM.

Australian region climate
Rainfall
Rainfall totals for the autumn are shown in Fig. 13,
while the rainfall anomalies are shown in Fig. 14 and
the rainfall deciles for the same period are shown in
Fig. 15. Rainfall anomalies are calculated with
respect to the 1961-1990 period, while the rainfall
deciles are calculated using all autumns from 1900 to
2007. Above average rainfall fell over large parts of
the continent in the northwest and inland WA and the
Top End, as well as in southern SA and inland NSW.
The coastal strip along the eastern seaboard received
below average rainfall, with local maxima in south-
eastern Queensland (QLD), the Northern Rivers
region of NSW and the wet tropics. Below average
rainfall also fell in southwestern WA from Carnarvon
to the Great Australian Bight, although the southern
coastal strip of WA received average or above average
falls. Most of NSW and Victoria received average
rainfall, except for parts of the Victorian coast east
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Fig. 9 Southern hemisphere autumn 2007 500 hPa
mean geopotential height (gpm). The contour
interval is 100 gpm.

Fig. 10 Southern hemisphere autumn 2007 500 hPa
mean geopotential height anomaly (gpm). The
contour interval is 30 gpm.



and south of the divide, which were dry. Table 1
shows seasonal rainfall ranks and extremes for
autumn on a national and State basis.

The autumn pattern of rainfall anomalies was
essentially a reversal of the pattern for February (not
shown). The seasonal outcome was dominated by
March rainfall in the west of the continent. Three
tropical cyclones developed in the Indian Ocean off
the Australian northwest coast and made landfall in

March. Tropical cyclone George made landfall as a
category four system on 8 March and continued
inland at categories three and two for 24 hours, and as
a tropical storm for another two days. Tropical
cyclone Jacob made landfall as a category one system
on 12 March and also continued inland for two days.
Tropical cyclone Kara was rated at category three on
27 and 28 March, before being downgraded to tropi-
cal storm status prior to landfall on 28 March. Total
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Fig. 11 Global autumn 2007 850 hPa vector wind anomalies (m s−1).

Fig. 12 Global autumn 2007 200 hPa vector wind anomalies (m s−1).



March rainfall in the northwest peaked at 800 mm
(400 mm above average) near the coast, with lesser
totals extending to the interior of the continent. By
contrast April saw very little rainfall across
Queensland, the NT and the far northwest of WA, and
very much below average rainfall in Tasmania. Dry
conditions returned to most of WA in May, while
Tasmania, Victoria and inland NSW received good
rainfall. The very high falls in the northwest of NSW
in May were associated with a single northwest
cloudband event.

Temperatures
Figure 16 shows maximum and minimum tempera-
ture anomalies for autumn. Temperature deciles are
shown in Fig. 17 (a), (b). Seasonal anomalies are cal-
culated with respect to the 1961-1990 period from the
National Climate Centre observational network
(entire network). The deciles are calculated using
monthly analyses from a high-quality subset of the
temperature network and with respect to all autumns
between 1950 and 2007.

Maximum temperature anomalies show that the
whole eastern half of the continent experienced very
warm conditions, being between 1 and 4°C above
average during autumn 2007 (see Table 2).
Temperatures in the northwest and inland WA were up
to 4°C cooler than average, consistent with increased
rainfall associated with tropical cyclone activity in
March. Seasonal warming was influenced by excep-
tionally dry conditions throughout Queensland and
northern NSW, as well as in Victoria on and south of
the Great Dividing Range and Tasmania.

Seasonal minimum temperatures were between 1
and 3°C above average for most of the continent
except Cape York Peninsula, which experienced
extremely cool minimum temperatures in April, and a
large region of WA from Perth to Exmouth and
extending inland to Giles. Night-time temperatures
were well above average for most of Queensland and
parts of NSW, SA and the NT during March. The
southeast of the continent experienced exceptionally
high minimum temperatures in May. 

Area-averaged mean temperatures (the average of
seasonal maximum and minimum temperatures) for
autumn 2007 were highest on record (i.e., highest in
the period 1950-2007) for Queensland, NSW, Victoria
and Tasmania, and second-highest for SA. Nationally
they were fifth highest.

Area-averaged maximum temperatures for autumn
2007 were highest on record for Queensland and
Victoria, third-highest on record for NSW and
Tasmania, and fifth-highest for SA. This was consis-
tent with Fig. 17(a), which shows seasonal maximum
temperatures above the 90th percentile across almost
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Fig. 13 Autumn 2007 rainfall totals (mm) for
Australia.

Fig. 14 Autumn 2007 rainfall anomalies (mm) for
Australia.

Fig. 15 Autumn 2007 rainfall for Australia: decile
ranges based on grid-point values over the
summers 1900 to 2007.



all of the eastern half of the country, and locally high-
est-on-record seasonal temperatures across much of
Queensland and Victoria.

Area-averaged minimum temperatures for autumn
2007 were highest on record for SA, second-highest

on record for Tasmania, fourth-highest for
Queensland and NSW, and fifth-highest for Victoria.
This was consistent with Fig. 17(b), which shows sea-
sonal minimum temperatures above the 90th per-
centile across much of the eastern half of the country,
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Table 1.  Seasonal rainfall ranks and extremes on a national and State basis for autumn 2007.

Highest seasonal Lowest seasonal Highest 24 hour Area-averaged Rank 
total (mm) total (mm) fall (mm) rainfall (AAR) of

(mm) AAR*

Australia 2569 at Bellenden Ker Zero at several locations 411 at Wudikapildiyerr 138.2 86
Top Station (QLD) (NT), 4 March

WA 733 at Drysdale River Station Zero at Billabalong and Challa 285 at Pardoo Station, 161.4 102
27 March

NT 1186 at Jabiru 27 at Manners Creek 411 at Wudikapildiyerr, 190.9 93
4 March

SA 362 at Ashton Marble Hill 14 at Muloorina Station 97 at Geralka, 29 April 77.1 92
Orchard

QLD 2569 at Bellenden Ker Zero at several locations 241 at Bellenden Ker 95.3 20
Top Station Top Station, 29 May

NSW 653 at Belmont 51 at Langwell Station 149 at Belmont, 25 April 131.4 72
VIC 639 at Rocky Valley 63 at Geelong Airport 119 at Rocky Valley, 154.2 69

30 May
TAS 1058 at Mt Read 53 at New Norfolk 86 at Tomahawk, 19 May 290.2 70

* The rank goes from 1 (lowest) to 108 (highest) and is calculated for the years 1900 to 2007 inclusive.

Table 2. Seasonal maximum temperature ranks and extremes on a national and State basis for autumn 2007.

Highest Lowest Highest Lowest Anomaly of Rank of
seasonal seasonal daily daily area-averaged AAM*

mean (°C) mean (°C) recording (°C) recording (°C) mean (AAM)
(°C)

Australia 35.8 at Century  9.6 at Mt Hotham 47.8 at Carnarvon –3.1 at Thredbo +1.08 53
Mine (QLD) (VIC) and Mt (WA), 6 March Top Station 

Wellington (TAS) (NSW), 30 May
WA 35.7 at Fitzroy 20.7 at Albany 47.8 at Carnarvon, 12.4 at Rocky Gully, +0.03 29

Crossing 6 March 27 May
NT 35.2 at Timber 28.9 at Kulgera 43.8 at Kulgera, 15.7 at Kulgera, +1.17 50

Creek 2 March, and 28 March
at Wulungurru,
3 and 4 March

SA 30.5 at Marree 16.7 at Mt Lofty 44.6 at Oodnadatta, 7.7 at Mt Lofty, +1.33 54
2 March 29 May

QLD 35.8 at Century 23.0 at 44.6 at Birdsville, 14.2 at Applethorpe, +2.02 58
Mine Applethorpe 4 March 28 April

NSW 30.3 at Mungindi 10.3 at Thredbo 44.7 at Ivanhoe, –3.1 at Thredbo Top +1.71 56
Top Station 3 March Station, 30 May

VIC 25.1 at Mildura 9.6 at Mt Hotham 40.2 at Echuca, –2.8 at Mt Hotham, +1.52 58
3 March 30 May

TAS 20.1 at Launceston 9.6 at Mt 33.4 at Flinders 2.3 at Mt Wellington, +1.21 56
Wellington Island Airport, 31 May

23 March

* The temperature ranks go from 1 (lowest) to 58 (highest) and are calculated for the years 1950 to 2007 inclusive.



with a large area of locally highest-on-record temper-
atures extending across central and northeast SA into
the adjacent states/territory.

Drought
Autumn saw no significant break in the prolonged
(decade or longer) dry period for southeast Australia,
southwest WA and southern QLD. For the six months
ending May 2007, southeast Queensland and south-
east Gippsland in Victoria continued to experience
severe rainfall deficiencies.

One way of assessing drought conditions
involves a consideration of the extent of areas with
accumulated rainfall in the lowest decile, for vary-
ing duration periods. Local temporal maxima in the
areal extent of rainfall deficiencies occur at periods

of 13 and 66 months for periods ending May 2007.
For the 13-month period ending in May (Fig. 18),
16.5% of Australia was in serious rainfall deficien-
cy (i.e., rainfall totals below the long-term 10th per-
centile). For this period serious to severe rainfall
deficiencies persisted through southwest WA from
Exmouth to Albany, southeast Queensland and
through the southeast of the continent including
alpine NSW and parts of Tasmania. Lowest on
record totals were scattered throughout these areas.
Figure 19 shows the extent of severe rainfall defi-
ciencies for the 66 months ending in May 2007, for
which 23.1% of the country was in the lowest rain-
fall decile. Much of the Murray-Darling Basin con-
tinued to suffer from severe drought on this longer
timescale. 

74 Australian Meteorological Magazine 57:1 March 2008

Fig. 16 Autumn 2007 temperature anomalies (°C) for
Australia: anomalies based on a 1961-1990
mean (a) maximum temperature anomalies
and (b) minimum temperature anomalies.

(a)

(b)

Fig. 17 Autumn 2007 temperature deciles for
Australia: decile ranges based on grid-point
values over the summers 1900 to 2007 (a) max-
imum temperature anomalies and (b) mini-
mum temperature anomalies.

(a)

(b)
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Appendix
The main sources for data used in this review were:
• the National Climate Centre’s analyses and charts,

available via www.bom.gov.au/climate
• Climate Prediction Center, Climate Diagnostics

Bulletin, obtainable from the Climate Prediction
Center, National Weather Service, Washington
D.C., USA, 20233.
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Fig. 18 Australian drought regions; areas where the
accumulated rainfall (for 13 months ending in
May 2007) falls within the lowest decile from
the 1900-2007 climatology.

Fig. 19 Australian long-term drought regions; areas
where accumulated rainfall (for 5½ years end-
ing in May 2007) falls within the lowest decile
from the 1900-2007 climatology.


