
Introduction
Rain was welcomed across most of the country during
spring 2005, with central and easternAustralia receiv-
ing average to very much above average amounts, in
stark contrast to the extremely dry conditions of the
first half of the year. Only parts of northern and cen-
tral Western Australia, western Victoria and far north
Queensland observed below average rainfall.
The equatorial Pacific remained in a neutral state,

with the Southern Oscillation Index (SOI) averaging
+4.0 for the season. Although the sea-surface temper-
atures across most of the equatorial Pacific were
slightly warm, the far-eastern Pacific was anomalous-
ly cool and the chances of an El Niño (or, in fact, La

Niña) event developing during the season were con-
sidered slim (SCO August 2005).
Anomalously warm temperatures occurred across

most of Australia during spring, following on from
the warmest autumn on record (with regard to both
mean and maximum temperature; Bettio 2006) and a
warmer than average winter (Wang and Watkins
2006). A large swath of land from far-northern
Western Australia to the southeast corner of
Queensland experienced highest recorded mean tem-
peratures, with much the same region also experienc-
ing highest recorded minimum temperatures. Very
much above average (decile 10) seasonal maximum
and minimum temperatures were widespread across
Queensland and the Northern Territory. Western
Australia was the only State to encounter cooler tem-
peratures than normal, consistent with the very cool
sea-surface temperatures in the subtropics of the
Indian Ocean.
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With November being the fourteenth successive
month of above average Australian mean tempera-
tures, there was much speculation that 2005 would
prove to be Australia’s warmest year on record, with
a coldest-on-record December being required to
avoid such an outcome. The previous warmest year
in Australia was 1998, when the presence of a
declining El Niño helped elevate the global mean
temperature. Without such an event appearing in
2005, the sustained warmth during the first 11
months of the year was clearly influenced by the
long-term trend of increased temperatures, both in
Australia and globally.

Data
The main sources of information used for this sum-
mary were the Climate Monitoring Bulletin –
Australia (Bureau of Meteorology, Melbourne,
Australia) and the Climate Diagnostics Bulletin
(Climate Prediction Center, Washington D.C., USA).

Pacific Basin climate indices
The Southern Oscillation Index (SOI)*
The neutral values of the Troup SOI of the austral
winter of 2005 (Wang and Watkins 2006) were main-
tained through the spring. The September, October
and November SOI values were +3.9, +10.9 and –2.7
respectively, resulting in a mean spring value of the
SOI of +4.0 (Fig. 1). Although the overall seasonal
value of the SOI was only weakly positive, the five-
month running weighted average was the highest it
had been since early 2001.
Mean sea-level pressure (MSLP) over Australia

during spring was generally within 1 to 2 hPa of cli-
matology. The moderately strong positive SOI value
in October was due to both anomalously low pres-
sures over Darwin (0.6 hPa below average) and posi-
tive departures over Tahiti (+1.2 hPa). Darwin pres-
sure was identical to climatology (1012.0 hPa) during
September and weakly negative during October
(1010.1; normal 1010.7) and November (1008.5, nor-
mal 1008.8). Pressure over Tahiti was positive in
September (1015.0; normal 1014.4) and October
(1014.8; normal 1013.6) and weakly negative in
November (1011.0; normal 1011.7).

The neutral state of the tropical atmosphere sug-
gested by the SOI was broadly supported by the val-
ues of the Climate Diagnostics Center Multivariate El
Niño Southern Oscillation (ENSO) Index (MEI)
(Wolter and Timlin 1993, 1998), a two-monthly index
derived from a number of atmospheric and oceanic
parameters typically associated with El Niño and La
Niña, with negative values indicating cooler condi-
tions and positive values indicating warmer condi-
tions. The two MEI values covering the season were
–0.246 (Sep/Oct) and –0.385 (Oct/Nov). The first of
these two values was ranked 23 out of 56 possible val-
ues (records begin in 1950), while the second was
ranked 19 out of 56. The authors of this index consid-
er ranks from 1 to 19 to denote strong to weak La
Niña conditions, while ranks 38 to 56 denote weak to
strong El Niño conditions. Hence, the September/
October value is clearly neutral while the
October/November value is situated at the weak edge
of the La Niña tercile.

Outgoing long wave radiation
The time series from January 2001 to November 2005
of monthly standardised outgoing long wave radiation
(OLR) anomalies for the region from latitude 5º north
to 5º south, longitude160º east to 160º west, is shown
in Fig. 2. These data were provided by the Climate
Prediction Center, Washington D.C. (CPC 2005) and
use a base period of 1979-1995. Negative (positive)
values of the OLR index suggest cooler (warmer)
black-body temperatures, which tend to be associated
with an increase (decrease) in high cloud amount
(which may in turn indicate increased (decreased)
rainfall). Studies have shown that during El Niño
events, OLR is generally reduced (i.e., convection is
generally enhanced) along the equator (as was the
case during the 2002/03 El Niño; see Fig. 2), particu-
larly near and east of the date-line. During La Niña
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*The SOI used here is ten times the monthly anomaly of the differ-
ence 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 1933-92.

Fig. 1 Southern Oscillation Index, January 2001 to
November 2005 inclusive. Means and standard
deviations based on the period 1933-1992.
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events, OLR is often increased (i.e., convection is
often suppressed) over the same region.
During the individual months of spring 2005, the

standardised OLR anomaly for this region rose steadi-
ly from September (standardised anomaly of +0.1) to
October (+0.3) with a sharp rise to over one standard
deviation in November (+1.1). The positive values in
each month indicate that convection was generally
suppressed (i.e., cloudiness reduced) in the central
equatorial Pacific during spring 2005, although it was
close to average throughout the early part of the sea-
son. The OLR values for spring 2005 were almost

identical to those of spring 2003 (Watkins 2004),
when the equatorial Pacific was also considered to be
in a neutral state.
Madden-Julian Oscillation (MJO) activity during

spring 2005 was generally weak. There was some
indication of convective activity beginning in the
Indian Ocean during early September and again in
early November, but both times the convection
petered out upon entering the Pacific basin.
Figure 3 shows the spatial pattern of OLR anom-

alies (relative to a 1979-1998 base period) observed
during the season. There were widespread positive
anomalies (suppressed convection) across the central
equatorial Pacific, and negative (enhanced convec-
tion) anomalies over the maritime continent during
Spring 2005. The area of suppressed convection
extended into the far eastern Pacific. These OLR pat-
terns resemble those of cool ENSO conditions, in
which the normal falling (eastern Pacific) and rising
(maritime continent) branches of the Walker
Circulation are reinforced. The OLR anomalies dur-
ing November 2005 (not shown) were the strongest
of the season and configured in a classical La Niña-
like pattern, with strongly reduced cloudiness in the
equatorial Pacific and a shift of the convection in the
South Pacific convergence zone to the southwest of
its climatological axis (Vincent 1994). However, as
shown earlier, the SOI and multivariate ENSO
indices give mixed messages regarding the state of
the atmosphere during this month, suggesting that
there was little coupling between the ocean and
atmosphere. Across Australia (not shown), OLR val-
ues were close to climatology.
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Fig. 2 Standardised anomaly of monthly outgoing
long wave radiation averaged over 5°N-5°S
and 160°E-160°W, for January 2001 to
November 2005. Negative (positive) anomalies
indicate enhanced (reduced) convection and
rainfall. Base period: 1979-1995. After CPC
(2005).

Fig. 3 Anomalies of outgoing long wave radiation for spring 2005 (Wm–2). Base period: 1979-1998.



Ocean patterns
Sea-surface temperature (SST) patterns
Spring 2005 SST anomalies obtained from the
NOAA Optimum Interpolation analyses (Reynolds
et al. 2002) are shown in Fig. 4. Positive (warm)
anomalies (using a base period of 1961-1990) are
shown in red shades, and negative (cool) anomalies
in blue shades. Weak warm anomalies were found
across the western and central equatorial Pacific,
consistent with the generally neutral state of the
equatorial atmosphere indicated by the weakly posi-
tive seasonal average of the SOI. East of about
150°W, the equatorial Pacific anomalies were cooler
than average, becoming strongly negative close to
the South American coast with anomalies below
–1°C. This pattern of warm anomalies in the central
and west and cool anomalies in the east had first
emerged towards the end of the summer (Beard
2005) and was present during autumn (Bettio 2006)
and winter (Wang and Watkins 2006). A consistent
equatorial Pacific pattern to that shown in Fig. 4 was
present during each month contributing to spring
2005, with the area of cool anomalies expanding fur-
ther into the central Pacific during November.
The various Niño indices (obtained from the

Bureau of Meteorology’s National Meteorological
and Oceanographic Centre’s analyses, using a base
period of 1961 to 1990) reflect both the weak
anomalies and the west-east negative gradient seen
in the SST patterns of Fig. 4. The Niño 3.4 index,
an area average of SSTs over a region in the cen-
tral equatorial Pacific, had a spring 2005 value of
+0.06°C, consistent with the neutral value of the
SOI and other indicators in reflecting neutral con-

ditions. The individual months were also close to
neutral in this region with values of +0.06°C,
+0.22°C and –0.09°C for September, October and
November, respectively. As noted earlier and seen
in Fig. 4, the far-eastern Pacific experienced cool
anomalies that gradually expanded west during the
season. The Niño 1 and 2 indices, which are locat-
ed close to the South American coast, were cooler
than average throughout the season, while the
Niño 4 index, in the western Pacific, stayed con-
sistently warm.
A notable feature of the SST pattern in Fig. 4 is

the region of cooler than average SSTs covering the
south Indian Ocean, extending from the west coast
of Australia to Madagascar and from around 15°S
to 45°S with anomalies of greater than –1°C. SSTs
around the maritime continent were warmer than
average. As will be discussed later, the cooling in
the south Indian Ocean, in combination with these
warm anomalies, has previously been shown to
have a strong positive correlation with rainfall
amounts over Australia.
Elsewhere anomalies can be seen in the high lati-

tudes of the southwestern Pacific, southern Indian and
southern Atlantic Ocean basins.
Sea-ice formation around Antarctica (not shown)

typically reaches its northernmost extent during
spring, reflecting the minimums in sea-surface tem-
peratures that occur in the Southern Ocean at that
time. During spring 2005, increased concentrations of
sea-ice were found in the high southern latitudes of
the Indian and Western Pacific Oceans and the
Weddell and Ross Seas. Only the Bellingshausen and
Amundsen Seas, in the longitudes of the southeastern
Pacific, recorded decreased sea-ice amounts.
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Fig. 4 Anomalies of sea-surface temperature for spring 2005 (°C). Base period: 1961-1990. Contour interval is 0.5°C.



Total ice-covered area and extents are calculated
from the SSM/I satellite instrument using the NASA
Team algorithm (Cavalieri et al. 1984; see
http://www.nsidc.org). Total sea-ice extent is defined
as the area within the 15 per cent concentration
boundary. A consistent time series is available from
1987-2005. In total, the Antarctic sea-ice area and
extent were both larger during spring 2005 than their
respective 1987-2005 means. The peak areal extent of
sea-ice for the year (based on monthly data) occurred
in September, with a value of 18.81 million km2. This
amount exceeds the previous maximum extent value
of 18.79 million km2, which was reached during
September 2000. October and November sea-ice
extents were also greater than normal, with values of
18.41 and 16.52 million km2, respectively.

Subsurface ocean patterns
The Hovmöller diagram for the 20°C isotherm depth
anomaly across the equator from January 2001 to
November 2005 is shown in Fig. 5, based on the
BMRC ocean analyses (Smith 1995). The 20°C
isotherm depth is generally situated close to the equa-
torial ocean thermocline, the region of greatest tem-
perature gradient with depth and the boundary
between the warm near surface and cold deep ocean
water. Changes in the thermocline depth may act as a
precursor to future changes at the surface.
There was very little Kelvin wave activity during

the spring season of 2005, consistent with the lack of
any strong MJO events noted earlier. The equatorial
ocean thermocline normally tilts down from east to
west, with the 20°C isotherm being at shallower
depths (~50 m) in the eastern Pacific and deeper
depths (~150 m) in the western Pacific warm pool.
During all three individual months the thermocline tilt
was somewhat steeper than its climatological state
with a shallowing of the equatorial ocean thermocline
in the eastern Pacific (indicated by negative anom-
alies of ~–20 m) and close to normal depths to a slight
deepening in the western Pacific warm pool (indicat-
ed by positive anomalies of +10 m).
The springtime expansion of cool anomalies into

the central Pacific, which was noted in the description
of SSTs, can also be seen in the equatorial Pacific
temperature anomaly profile in Fig. 6. Monthly equa-
torial ocean temperature anomalies (from a 1980-
1992 climatology) down to 400 metres are shown
from August to November 2005), with red shades
indicating warm anomalies and blue shades cool
anomalies. The general pattern during all months is of
a layer of negative anomalies centred on depths of
100-150 m, with these negative anomalies reaching
the surface layers in the eastern Pacific and encased
by positive anomalies above and below at longitudes
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Fig. 5 Time-longitude section of the monthly anom-
alous depth of the 20°C isotherm at the equa-
tor for January 2001 to November 2005. Base
period: 1980-1992. Contour interval is 10 m.

Fig. 6 Four-month August 2005 to November 2005
sequence of vertical temperature anomalies at
the equator. Base period: 1980-1992. Contour
interval is 0.5°C.



west of the date-line. This pattern was first estab-
lished in April 2005 (Wang and Watkins 2006) and
was maintained throughout the winter and spring. The
negative anomalies became somewhat weaker during
October but strengthened again in November, with
anomalies of up to –3°C at 140°W in that month.

Atmospheric patterns
Surface analyses
The southern hemisphere spring 2005 mean sea-level
pressure pattern, computed from the Australian
Bureau of Meteorology’s Global Assimilation and
Prediction (GASP) model, is shown in Fig. 7, with the
corresponding anomaly pattern shown in Fig. 8.
These anomalies are the difference from a 22-year
(1979-2000) climatology obtained from the National
Centers for Environmental Prediction (NCEP) II
Reanalyses (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 elevated
topography (grey shading).
The MSLP field for spring showed wave-three

characteristics around Antarctica, with troughs locat-
ed around 110°E, 130°W and 0°E. The central lows in
the polar trough itself were located at around 130°E,
135°W and 20°E. The MSLP anomaly pattern con-
firms to a certain extent this wave-three pattern, with
anomalous lows located at 105°E and 135°E. The
third branch of the pattern was much weaker, howev-
er, and the presence of two smaller positive anomalies
located almost diametrically opposite at around
155°E and 60°W complicates this view.
MSLPwas below average across most of the equa-

torial Pacific, with positive anomalies only present
west of about 165°E. In the Australian region, pres-
sures were above average across the northern two-
thirds of the country (anomalies to +2 hPa), and
below average across the rest.

Mid-tropospheric analyses and blocking
The 500 hPa geopotential height (an indicator of the
steering of surface synoptic systems) across the
southern hemisphere is shown in Fig. 9, with anom-
alies in the 500 hPa field shown in Fig. 10. The mid-
level height anomalies largely reflected the surface
patterns described above, although in the anomaly
pattern (Fig. 10) the relative magnitudes of the posi-
tive and negative anomalies around Antarctica were
more evenly matched than at the surface.
Mid-level heights were above average across most

of Australia (and indeed over most of the tropical
areas to Australia’s north), but negative across south-

ern South Australia and the southern half of Western
Australia.
The time-longitude section of the daily southern-

hemisphere blocking index (BI),

BI = [(u25+v30) – (u40+2u45+u50) + (u55+u60)]/2,

is shown in Fig. 11, with the start of the season at the
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Fig. 7 Mean sea-level pressure for spring 2005 (hPa).

Fig. 8 Anomalies of the mean sea level pressure from
the 1979-2000 National Centers for
Environmental Prediction reanalysis II clima-
tology, for spring 2005 (hPa).



top of the figure. Here, uλ indicates the 500 hPa level
zonal wind component at λ degrees of southern hemi-
spheric latitude, under the usual convention that pos-
itive (negative) values of uλ correspond to westerly
(easterly) winds. This index is a measure of the
strength of the mid-level mid-latitude zonal winds rel-
ative to those at higher and lower latitudes at the same
level. Positive values of the blocking index are gener-
ally associated with a split in the mid-latitude wester-
ly flow and mid-latitude blocking activity.

Blocking was relatively weak during the season,
with BI values exceeding +60 m s–1 only at around
longitude 150°W at the very start of the season and at
around 120°E at the start of November. This is con-
firmed in the seasonal mean BI (Fig. 12), which indi-
cates that blocking was either near average or below
average (30°E to 100°E and 170°W to 60°W).

Low-level and upper-level winds
Spring 2005 low-level (850 hPa) and upper-level (200
hPa) wind anomalies (from the 22-year 1979-2000
NCEP II climatology) are shown in Figs 13 and 14
respectively. Isotach contours are at 5 m s–1 intervals,
and regions where the surface rises above the 850 hPa
level are shaded grey in Fig. 13.
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Fig. 9 Mean 500 hPa geopotential heights for spring
2005 (gpm).

Fig. 10 Anomalies of the 500 hPa geopotential height
from the 1979-2000 National Centers for
Environmental Prediction reanalysis II clima-
tology, for spring 2005 (gpm).

Fig. 11 Spring 2005 daily blocking index: time-longi-
tude section (m s–1). Day 1 is 1 September.

Fig. 12 Mean southern hemisphere blocking index for
spring 2005 (bold line). The dashed line shows
the corresponding long-term average. The
horizontal axis shows the degrees east of the
Greenwich meridian. (m s–1).



Across the equatorial Pacific, the wind anomalies
were quite weak at both low and upper levels, consis-
tent with the neutral ENSO state previously
described. In the far eastern equatorial Pacific, above
the previously mentioned negative SST anomalies,
there was a clockwise cross-equatorial wind anomaly
pattern in the low levels, although in the upper levels,
this feature was shifted somewhat westward.
Across Australia, the low-level wind anomalies

were generally northerly in the north, tending north-
westerly in the central latitudes. Wind anomalies

across the southwest were consistent with the
cyclonic anomaly located to the southwest of the
country.
In the upper levels, an anticyclonic anomaly pat-

tern was evident to the west of the country, centred
above the Indian Ocean at around 20° south. This
resulted in westerly seasonal wind anomalies in
excess of 5 m s–1 (indicative of an enhanced jet
stream) across southwest Western Australia. Another
contributor to this outcome was the cyclonic anomaly
pattern to the southwest of the country.
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Fig. 13 Spring 850 hPa vector wind anomalies from the 1979-2000 National Centers for Environmental Prediction
reanalysis II climatology. Contours of vector magnitude are overlayed. The contour interval is 5 m s–1, with val-
ues above 5 m s–1 stippled.

Fig. 14 Spring 2005 200 hPa vector wind anomalies 1979-2000 National Centers for Environmental Prediction reanaly-
sis II climatology. Contours of vector magnitude are overlayed. The contour interval is 5 m s–1, with values
above 5 m s–1 stippled.



Ozone hole observations
The austral spring is typically the time of the maximum
extent of the Antarctic ozone hole, as well as the time
of lowest annual ozone levels. In the absence of sun-
light, the wintertime polar vortex in the lower strato-
sphere cools to below –78°C enabling polar stratos-
pheric ice clouds to form. Chlorine and bromine com-
pounds react in the ice clouds to produce chemical
species that, when combined with the incoming UV
radiation as the sunlight returns in spring, destroy
ozone (WMO 1998). As the stratosphere warms in
spring (and hence ice clouds can no longer form) this
process weakens. Ozone levels then return to near nor-
mal by early summer. The compounds that lead to the
ozone breakdown are largely anthropogenic, but now
appear to be in decline (WMO 1998).
Spring ozone totals are shown in Fig. 15. Unlike

previous years the values are taken from the Ozone
Monitoring Instrument (OMI), a new instrument
that effectively continues the ozone record of the
Total Ozone Mapping Spectrometer (TOMS)
instruments, which were recently retired. See
http://toms.gsfc.nasa.gov for more information.
Ozone values are given in Dobson Units and the
ozone hole is typically taken as the region where
values of total column ozone are less than 220
Dobson units.
The 2005 ozone hole was considered the third

largest on record, reaching a peak of 27 million (M)
km2 on 19 September (WMO 2006), much larger
than the previous year’s value of 20M km2 (Bettio
and Watkins 2005). Rapid formation of the ozone
hole began in early August and by mid-August the
total area was larger than any previous value record-
ed to that time of year, based on TOMS/OMI data
from 1990-2004. Similar early ozone hole forma-
tion occurred in 2003 and 2000, which were the sec-
ond largest and largest ozone holes on record,
respectively. From mid-August, daily ozone hole
areas followed a similar trajectory to 2003, contin-
uing to climb for another few weeks. During
September sustained values of ~24M km2 were
measured, somewhat lower than during the corre-
sponding period in 2003. A minimum total column
ozone value of 102 Dobson Units was recorded on
1 October 2005, after which the ozone hole began to
gradually contract. There was a small increase in
size during the first week of November, before the
ozone hole area rapidly declined. By mid-
November the ozone hole had almost completely
disappeared. The rapid growth, large size and rapid
decline of the ozone hole were the main features of
the 2005 season.
Consistent with the satellite results, Klekociuk

(2006) found lower than normal ozone amounts in

the ozonesonde measurements over Davis station,
Antarctica, during winter and spring 2005. This
was despite the fact that a large warming occurred
in the lower stratosphere over Davis during the
third week of August, inhibiting the ability of polar
stratospheric clouds to chemically process the
atmosphere and thus lead to ozone depletion there.
However, Klekociuk (2006) note that although this
warming pushed the polar vortex edge closer to
Davis than usual, the station was still located with-
in the vortex during September and thus still
observed the low ozone levels associated with the
ozone hole.
The large size of the 2005 ozone hole, on the back

of the small hole observed in 2004, was a return to the
pattern of oscillating years of small and large holes
observed from 1996-2001. This sequence of oscillat-
ing ozone hole size had broken down in 2002, when
the ozone hole split into two separate regions result-
ing in a small recorded area in that year, following on
from a relatively small hole in 2001. The oscillation
in ozone hole area has been attributed by some stud-
ies (see Baldwin et al. 2001) to the Quasi-Biennial
Oscillation, a regime that dominates the meteorologi-
cal variability of the equatorial stratosphere and has
some interaction with the extratropical and polar
regions. This underlines the inherent interannual vari-
ability of the meteorology effecting the formation and
destruction of ozone over Antarctica, compounding
efforts to predict the timing of the recovery of the
ozone hole.
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Fig. 15 Total column ozone values from the Ozone
Monitoring Instrument (OMI) for spring 2005
(Dobson Units).



Australian region
Rainfall
The distribution of Australian rainfall totals for spring
2005 is shown in Fig. 16, while Fig. 17 shows the
associated decile ranges based on gridded rainfall
data for all springs from 1900 to 2005. Table 1 sum-
marises the seasonal rainfall ranks and extremes on a
national and State basis.
The rainfall distribution (Fig. 16) across Australia

was quite typical for spring, with the highest rainfall
totals recorded in the eastern third of the country and
lower amounts registered in the central and western
regions. Rainfall totals above 300 mm occurred across
the coastal and mountainous regions of New South
Wales and southern Queensland, in theAustralianAlps
and over most of Tasmania. Mount Read in Tasmania
recorded the highest total for the season with 906 mm
(Table 1). Lowest rainfall totals for the season were
found in the northwest of Western Australia, a region
that is seasonally dry in spring.
As can be seen in Fig. 17, above average rainfall

fell over a significant portion of Australia during
spring, continuing to relieve the dry conditions that
dominated the first half of the year (Shein 2006).
Australian area-averaged rainfall for spring was 95
mm, 30 per cent above the 1961-1990 normal. Area-
averaged rainfall amounts were above average in all
States except for Western Australia, which was near
normal. Many regions in the Northern Territory,
South Australia, New South Wales and Tasmania had
very much above average (decile 10) rainfall with
some isolated regions recording their highest totals on
record for spring. It was especially wet in Central
Australia, with rainfall there being more than double
the average. In contrast, below average (deciles 2 to
3) to very much below average (decile 1) rainfall
occurred in central and northwestern Western
Australia. Far north Queensland and western Victoria
also recorded below average rainfall during spring
2005. Rainfall was near average (deciles 4 to 7) over
most of Queensland.
These rainfall decile patterns were quite stable

during the individual months of to the season (not
shown). October was especially wet in Central
Australia, giving the Northern Territory and South
Australia their fifth and seventh highest October
totals of the past 106 years, respectively. Southwest
Western Australia also had good rains in October,
with several towns there recording more than 50 mm
or more above their October averages. Good falls dur-
ing October gave southwestern Victoria some respite
from successive years of below average rainfall, but
November totals were again below average. Rainfall
has been extremely low by historical standards across

much of southern Victoria in the period since October
1996. The nine years to September 2005 has seen
lowest on record totals in southwest Victoria (extend-
ing into southeast South Australia) and an area imme-
diately to the east of Melbourne. Rainfall along the
Queensland coast was below average in September
and November and above average to very much
above average (decile 10) during October, while the
Queensland interior was close to average during all
three months. Tasmania and the eastern half of New
South Wales recorded consistently above average
rainfall throughout the spring, while the northwest of
Western Australia was consistently below average
with very much below average (decile 1) rainfall dur-
ing November.
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Fig. 16 Rainfall totals over Australia for spring 2005
(mm).

Fig. 17 Spring 2005 rainfall deciles for Australia:
decile range based on grid-point values over
the spring periods from 1900 to 2005.



Temperatures
The spring mean maximum and minimum tempera-
ture anomalies, calculated with respect to the 1961-
1990 reference period, are shown in Figs 18 and 19
respectively. These analyses use the entire tempera-
ture observation network. A high quality subset of
the network is used to calculate the spatial averages
and rankings shown in Tables 2 and 3, as well as the
temperature deciles referred to below. The area-
averaged temperature time series cover the period
1950 to 2005.
Averaged across Australia, spring 2005 was

ranked the third warmest spring since records began
in 1950. The all-Australian mean temperature anom-
aly for spring was +0.98°C (behind +1.13°C in 2002
and +1.00°C in 1980), with both overnight minimum
temperatures (+1.12°C) and daytime maximum tem-
peratures (+0.83°C) contributing to the overall
warmth. All States and territories experienced above
average maximum and minimum temperatures, with
Queensland, Tasmania and the Northern Territory all
experiencing their warmest springs on record.
Following on from the warmest autumn on record
(Bettio 2006) and an anomalously warm winter
(Wang and Watkins 2006), the continued warmth dur-
ing spring, without the presence of any significant
activity in the Pacific and with the usually cooling
effects of above average rainfall, puts these latest
results in quite a remarkable context. There was much
speculation during November with regards to the con-
sistent warmth throughout the year, with projections
that 2005 would prove to be Australia’s warmest year
on record unless a coldest on record December even-

tuated. With respect to area-averaged maximum tem-
peratures, Queensland, Tasmania and the Northern
Territory recorded their third warmest springs on
record, while with respect to area-averaged minimum
temperatures, the Northern Territory recorded its
warmest spring, Queensland and Tasmania their sec-
ond warmest spring, and New South Wales and South
Australia their third warmest spring.
As can be seen in Figs 18 and 19, positive temper-

ature anomalies covered most of the country during
spring. A large swath of the country from northwest-
ern Western Australia to southeast Queensland expe-
rienced very large maximum and minimum tempera-
ture anomalies in spring. Mean temperature anom-
alies were the highest on record in this region, with
minimum temperature anomalies also being highest
on record over much the same region. The region
overlaps to a considerable extent the area of very
much above average rainfall (decile 10) seen in Fig.
17, indicating that the warm night-time temperatures
were possibly associated with increased cloud cover
at night there; a situation which would act to trap the
outgoing long wave radiation. By the same argument
one might have expected maximum temperatures to
be cooler than average, with the rain-filled clouds
reflecting the incoming solar radiation and also
increasing surface latent heat fluxes, but Fig. 19 clear-
ly shows this not to be the case. This is consistent with
the results of Nicholls et al. (1996), who showed that
the relationship between maximum temperature and
rainfall has changed in recent years, with maximum
temperatures tending to be higher, relative to rainfall,
than was previously the case.
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Table 1. Summary of the seasonal rainfall ranks and extremes on a national and State basis.

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

(mm)

Australia 903 at Mount Read Zero at several WA 220 at German Town (TAS) 95 90
(TAS) locations on 22 October

WA 436 at Willowdale Zero at several 64 at Allan Rocks 40 70
locations on 17 October

NT 442 at Howard Springs 35 at Tobermorey 164 at Darwin River Dam 121 97
on 24 October

SA 519 at Piccadilly 20 at Moomba 118 at Uraidla on 8 November 96 100
QLD 541 at Caboolture 8 at Wyora 154 at Roundstone Creek 90 69

on 16 October
NSW 681 at Leigh 10 at Monolon 187 at Buckenbowra 180 91

on 31 October
VIC 640 at Rocky Valley 89 at Pella 91 at Cabbage Tree Creek 191 66

on 29 November
TAS 903 at Mount Read 164 at Clyde River 220 at German Town 402 98

on 22 October

* The rank goes from 1 (lowest) to 106 (highest) and is calculated on the years 1900 to 2005 inclusive.



In contrast to the rest of the country, the south-
western third of Western Australia recorded below
average (deciles 2 to 3) temperature anomalies in both
the maximum and minimum temperature fields.
Departures from normal were not as extreme in New
South Wales, but anomalously warm temperatures
were also recorded across most of that State.
Temperatures were also very much above average
(decile 10) in the southern regions of Victoria and
across Tasmania. Relatively few regions experienced
average (deciles 4 to 7) conditions, with the interior of
Western Australia, parts of western Victoria and New
South Wales and a small region in northern
Queensland being the exceptions.
For the individual months (not shown), largest

minimum temperature departures occurred in
September and October, with anomalies of +3°C
encompassing the southern three-quarters of the
Northern Territory and the Darling Downs area of
Queensland. The Northern Territory also recorded
similarly large maximum temperature anomalies in
September, with departures weakening to +2°C in
October. Most of Queensland was warmer than aver-
age by at least +2°C during October. Cool anomalies
of up to –3°C occurred in southwestern Western
Australia during October.
In area-averaged terms, Australian mean tempera-

tures during September, October and November were
all well above their 1961-1990 norms, with anomalies
of +1.13, +1.08, +0.72°C, respectively. A number of
highest on record minimum temperatures were set dur-
ing the individual months, with the Northern Territory
recording its highest September minimum temperature
(anomaly of +2.59°C; based on records since 1950),
and Queensland and Tasmania recording their highest

October minimum temperatures (anomalies of +2.37
and +1.75°C, respectively). Maximum temperature
anomalies were also strongly positive in all months, for
all States except WesternAustralia, which was the only
State during the season to record a negative maximum
temperature anomaly (during October). Mean tempera-
tures over New South Wales and Victoria were close to
average during September but became warm again dur-
ing October and November.
The west to east gradient in the spring tempera-

ture patterns over Australia, with cool anomalies in
the west and warm anomalies in the eastern two-
thirds, occurred in all three months that contributed
to the season, inferring a strong influence from a sta-
ble pattern of sea-surface temperatures. As noted
earlier, SSTs directly to the west of Western
Australia were anomalously cool, resulting in
onshore winds bringing cooler than normal air to the
west. Although a mixed signal was found in the
ENSO indices, the SSTs directly to the north of
Australia were anomalously warm for this time of
year. Drosdowsky (1993), following on from the
work of Nicholls (1989), showed that a pattern of
warm SSTs to the north of Australia in conjunction
with cool SSTs in the central Indian Ocean, was
highly correlated with anomalously wet conditions
over Australia. The climate patterns of spring 2005
are consistent with their results.
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Fig. 18 Spring 2005 maximum temperature anomalies
for Australia based on a 1961-90 mean (°C).

Fig. 19 Spring 2005 minimum temperature anomalies
for Australia based on a 1961-90 mean (°C).
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Table 2. Summary of the seasonal maximum temperature ranks and extremes on a national and State basis.

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

mean (°C) mean (°C) recording (°C) recording (°C) mean (°C) (aam)

Australia 40.5 at Fitzroy 7.3 at Mt Hotham 46.0 at Marble Bar –2.8 at Thredbo Top +0.83 48
Crossing (WA) (VIC) (WA) on Station (NSW) on

25 November 12 September
WA 40.5 at Fitzroy 17.1 at Shannon 46.0 at Marble Bar 9.7 at Mount Barker +0.12 29

Crossing on 25 November on 27 September
NT 38.4 at Rabbit Flat 30.7 at McCluer 43.5 at Rabbit Flat 18.0 at Kulgera +1.29 54

Island on 26 October on 11 September
SA 31.5 at Moomba 14.9 at Mount Lofty 44.0 at Moomba 5.3 at Mount Lofty +0.89 43

on 9 November on 11 September
QLD 38.0 at Julia Creek 23.0 at Applethorpe 45.5 at Birdsville 11.0 at Applethorpe +1.49 54

on 9 November on 17 September
NSW 30.4 at Wanaaring 7.9 at Thredbo Top 42.8 at Tibooburra –2.8 at Thredbo Top +0.78 43

Station on 9 November Station on 12 September
VIC 23.9 at Mildura 7.3 at Mt Hotham 35.9 at Mildura on –2.6 at Mt Hotham +0.75 45

25 November on 12 September
TAS 18.8 at Bushy Park 8.2 at Mount 30.3 at Scotts Peak –0.9 at Mount +0.82 52

Wellington Dam on 7 November Wellington on
12 September

* The temperature ranks go from 1 (lowest) to 56 (highest) and are calculated on the years 1950 to 2005 inclusive.

Table 3. Summary of the seasonal minimum temperature ranks and extremes on a national and State basis.

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

mean (°C) mean (°C) recording (°C) recording (°C) mean (°C) (aam)

Australia 27.1 at Troughton 0.5 at Thredbo Top 32.2 at Wittenoom –11.0 at Charlotte +1.12 55
Island (WA) Station (NSW) (WA) on 25 Pass (NSW) on

November 1 September
WA 27.1 at Troughton 5.7 at Wandering 32.2 at Wittenoom –3.2 at Southern Cross +0.38 39

Island on 25 November on 10 September
NT 26.3 at McCluer 15.9 at Yulara 29.7 at Ngukurr 2.8 at Yulara on +1.67 56

Island on 24 October and 16 September
at Rabbit Flat on
31 October

SA 16.6 at Moomba 6.6 at Munkora 28.4 at Moomba –1.2 at Yongala on +1.28 54
on 29 October 18 September

QLD 25.3 at Sweers 10.2 at Applethorpe 30.3 at Julia Creek –1.0 at Oakey +1.78 55
Island on 7 November on 18 September

NSW 17.4 at Byron Bay 0.5 at Thredbo Top 29.2 at Ivanhoe –11.0 at Charlotte Pass +1.06 54
Station on 3 November on 1 September

VIC 12.0 at Point Hicks 1.1 at Mt Hotham 24.7 at Avalon on –8.2 at Mt Hotham +0.60 51
3 November on 1 September

TAS 11.0 at Swan Island 1.5 at Liawenee 20.4 at Flinders –7.6 at Liawenee +1.09 55
Island on on 26 September
3 November

* The temperature ranks go from 1 (lowest) to 56 (highest) and are calculated on the years 1950 to 2005 inclusive.
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Appendix
The main sources for data used in this review were:
• National Climate Centre, Climate Monitoring

Bulletin - Australia. Obtainable from the National
Climate Centre, Bureau of Meteorology, GPO Box
1289, Melbourne, Vic. 3001, Australia.

• The Bureau of Meteorology’s Monthly Significant
Weather Summaries. Obtainable from
http://www.bom.gov.au/inside/services_policy/pu
blic/sigwxsum/sigwmenu.shtml

• Climate Prediction Center, Climate Diagnostics
Bulletin. Obtainable from the Climate Prediction
Center, National Weather Service, Washington
D.C., USA, 20233.
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