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Introduction

This summary reviews the southern hemisphere and equa-
torial climate patterns for winter 2008, with particular atten-
tion given to the Australasian and Pacific regions. The main 
sources of information for this report are analyses prepared 
by the Bureau of Meteorology’s National Climate Centre and 
the Centre for Australian Weather and Climate Research 
(CAWCR).

Pacific Basin climate indices

The Troup Southern Oscillation Index

The sequence of positive values of the Southern Oscillation 
Index1 (SOI) which began in August 2007 continued through 
to the end of winter 2008, interrupted by just one negative 
monthly value (−4.3 in May 2008). Autumn 2008 saw the 
end of one positive phase of the Southern Oscillation (Du-

ell 2009), with winter seeing the beginning of another one. 
Monthly values for the season were +5.0 (June), +2.2 (July) 
and +9.1 (August), resulting in a seasonal value of +5.4. Fig-
ure 1 shows the monthly SOI from January 2004 to August 
2008, together with a five-month weighted moving average.
 A composite monthly ENSO index, calculated as the 
standardised amplitude of the first principal component2 
of monthly Darwin and Tahiti MSLP3 and monthly NINO3, 
NINO3.4 and NINO4 sea surface temperatures (SSTs)4  (Kule-
shov et al. 2008) confirms the end of the 2007-08 La Niña (Fig. 
2). This index remained consistently negative from May 2007 
to June 2008, embarking on another sequence of consistent-
ly negative values in August. Monthly values of the index in 
the season were −0.51 (June), +0.03 (July) and −0.11 (August).
 The June-July and July-August values of the Climate 
Diagnostics Center (CDC) bi-monthly Multivariate El Niño-
Southern Oscillation (ENSO) Index (MEI; Wolter and Timlin 
1993, 1998) were +0.028 and −0.206 respectively. The MEI5  
was consistently negative from May-June 2007 to April-May 
2008, the June-July value being the second weakly positive 
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As with the SOI calculation, the Tahiti MSLP data are provided by Météo 
France interregional direction for French Polynesia.
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indices.
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html. The MEI is a standardised anomaly index.
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Fig. 1  Southern Oscillation Index, from January 2004 to 
August 2008, together with a five-month binomially 
weighted moving average. Means and standard de-
viations used in the computation of the SOI are based 
on the period 1933-1992.

value in succession. These values likewise confirm the end of 
the 2007-08 La Niña. A new sequence of consistently nega-
tive values began with the July-August value.

Outgoing long-wave radiation

The Climate Prediction Center, Washington, computes a 
standardised monthly anomaly6 of outgoing long-wave radi-
ation (OLR) for an equatorial region ranging from 5°S to 5°N 
and 160°E to 160°W (not shown). Tropical deep convection in 
this region is particularly sensitive to changes in the phase 
of the Southern Oscillation. During El Niño events, convec-

tion is generally more prevalent resulting in a reduction in 
OLR. This reduction is due to the lower effective black-body 
temperature and is associated with increased high cloud and 
deep convection. The reverse applies in La Niña events, with 
less convection in the vicinity of the date-line (and conse-
quently, positive anomalous OLR). Monthly values for the 
season were +0.4 (June), +0.9 (July) and +0.7 (August), well 
below the peak values of +2.5 (February) and +2.4 (March) 
associated with the peak intensity of the 2007-08 La Niña. 
Nevertheless, the winter monthly values of this index contin-
ued a sequence of consistently positive values which began 
in February 2007.
 Figure 3 shows the seasonal OLR anomalies for the Asia-
Pacific region between 40°N and 40°S. Positive anomalies 
were observed on the equator around and to the west of the 
date-line (which coincides with the right boundary of the 
map). While positive anomalies in this region are consistent 
with La Niña, the magnitude of the winter anomalies was 
considerably less than those observed in summer 2007-08 
(Wheeler 2008) and autumn 2008 (Duell 2009).  

Oceanic patterns

Sea-surface temperatures

Figure 4 shows winter 2008 sea-surface temperature (SST) 
anomalies in degrees Celsius (°C). These have been obtained 
from the National Oceanic and Atmospheric Administration 
(NOAA) Optimum Interpolation analyses (Reynolds et al. 
2002). The base period is 1961-1990. The seasonal pattern of 
SST anomalies in the tropical Pacific Ocean was character-
ised by a weak El Niño-like pattern in the east surrounded 
by a rotated “V” pattern of negative anomalies in the centre 
extending northeast (southeast) into the northern (southern) 
hemisphere. The negative anomalies in the central equato-
rial Pacific were considerably weaker than those of summer 
(Wheeler 2008) and autumn (Duell 2009). These negative 
anomalies were themselves surrounded by a pattern of posi-
tive anomalies, the southern branch of which covered much 
of the Coral Sea. The anomalous warmth of the Coral Sea 
may have contributed to above average rainfall in eastern 
Queensland (see below); an area of negative OLR anomalies 
(Fig. 3) near the eastern Queensland coast is consistent with 
this. 
 The SST anomaly indices7 for the NINO3 region were +0.23 
(June), +0.65 (July) and +0.77 (August), those for the NINO3.4 
region −0.36 (June), +0.12 (July) and +0.14 (August), and those 
for the NINO4 region −0.50 (June), −0.29 (July) and −0.21 (Au-
gust). These values are consistent with the equatorial pattern 

Fig. 2  Composite standardized monthly ENSO index from 
January 2004 to August 2008, together with a three-
month moving average. See text for details.

7As before, obtained from ftp://ftp.cpc.ncep.noaa.gov/wd52dg/data/indi-
ces/sstoi.indices. All anomaly values in °C and calculated with respect to 
the base period 1961-1990.6Obtained from http://www.cpc.ncep.noaa.gov/data/indices/olr.
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of the anomalies shown in Fig. 4.
 In the Australian region, SSTs were generally cooler than 
average around the northern coastline and waters immedi-
ately to Australia’s north, with warmer than average waters 
around the southern half of the country. Indian Ocean SSTs 
were warmer than average in a broad arc stretching from 
India down to Western Australia (WA). Cooler than average 
SSTs prevailed along the east coast of Africa and waters im-
mediately to the southwest of Sumatra, an area correspond-
ing closely to that used for the eastern pole in the construction 
of the monthly Indian Ocean Dipole (IOD) index8 of Saji et al. 
(1999), which was consistently positive during winter 2008, 
continuing a sequence of positive values starting in June 2006. 

In other words, winter 2008 was the third winter in succession 
characterised by a positive IOD mode. The winter seasonal 
average of this index is negatively correlated with winter rain-
fall across most of the southern half of Australia (coastal New 
South Wales being the principal exception).

Fig. 3  OLR anomalies for winter 2008 (W m−2). Base period 1979 to 1998. The mapped region extends from 40°S to 40°N and 70°E 
to 180°E.

Fig. 4  Anomalies of SST for winter 2008 (°C). The contour interval is 0.5°C.

8Obtained from http://www.jamstec.go.jp/frcgc/research/d1/iod/DATA/
dmi_HadISST.txt, and consisting of monthly values from 1958 to 2008, 
derived from the HadISST dataset.
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Subsurface patterns

The Hovmöller diagram for the 20°C isotherm depth anom-
aly (obtained from CAWCR) across the equator (January 
2001 to August 2008) is shown in Fig. 5. 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. Positive anomalies correspond to the 20°C iso-
therm being deeper than average, and negative anomalies to 
it being shallower than average. Changes in the thermocline 
depth may act as a precursor to subsequent changes at the 
surface.
 In the early part of winter, strong positive anomalies 
still existed west of the date-line (between about 140°E and 
180°E), as they had since the start of the year. This pattern, 
the strongest observed in this region since at least 2001, 
weakened considerably through the course of autumn and 
winter. A down-welling Kelvin wave of moderate intensity 
propagated across the equatorial Pacific during autumn and 
winter, with the strongest positive anomalies occurring at 
90°W in July. The progression of this Kelvin wave can also be 
seen in Fig. 6, which shows a vertical cross-section of equa-
torial subsurface temperature anomalies from May to Au-
gust 2008. The Kelvin wave clearly played a role in the steady 
increase of the NINO3 and NINO3.4 SST indices during the 
season. A weakening of the Kelvin wave and its replacement 
in the central Pacific by cooler than average temperatures is 
clearly evident in the August panel.

Atmospheric patterns

Surface analyses

The winter 2008 mean sea-level pressure (MSLP) pattern, 
computed by the Bureau of Meteorology’s Global Assimila-
tion and Prognosis (GASP) model, is shown in Fig. 7, and the 
associated anomaly pattern in Fig. 8. These anomalies are the 
difference from a 1979-2000 climatology obtained from the 
National Centers for Environmental Prediction (NCEP) II Re-
analysis 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 elevated topography (grey shading).
 The winter 2008 MSLP pattern (Fig. 7) showed some-
thing of a four-wave pattern in the mid to high latitudes, with 
troughs located at approximately 100°E, 170°W, 90°W and 
10°W. There were two principal centres in the polar trough 
around the Antarctic continent, located at around 100°E and 
135°W. The subtropical ridge was clearly in evidence in Aus-
tralian region, with a centre of high pressure (1026 hPa) just 
north of the Great Australian Bight.
 That the subtropical ridge was stronger than normal can 
be seen in the anomaly pattern (Fig. 8), with a ridge of positive 
anomalies extending from Australia and the Southern Ocean 

Fig. 5  Time-longitude section of the monthly anomalous 
depth of the 20°C isotherm at the equator for January 
2001 to August 2008. The contour interval is 10 m.

Fig. 6  Four-month May to August 2008 sequence of vertical 
temperature anomalies at the equator for the Pacific 
Ocean. The contour interval is 0.5°C.
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negatively correlated with winter rainfall across southern 
New South Wales, Victoria, Tasmania and the southwest coast 
of Western Australia between Albany and Geraldton.

Mid-tropospheric analyses

The 500 hPa geopotential height (an indicator of the steering 
of surface synoptic systems) across the southern hemisphere 
is shown in Fig. 9, with the associated anomalies shown in 
Fig. 10. The four-wave pattern present at the surface (Fig. 
7) is also visible in Fig. 9, although the overall appearance 
of the field is quite zonal. There is a slight divergence in the 
seasonal flow over the Tasman Sea immediately to the west 
of New Zealand, something that is often seen at the seasonal 
time scale. The split flow near New Zealand was sufficient 

westward across the South Indian Ocean as far as 30°W. 
Apart from an interruption to the pattern just east of New 
Zealand, these positive anomalies (and the implied southward 
shift of the subtropical ridge) extended around most of the 
hemisphere. In contrast, negative anomalies hugged the coast 
of Antarctica; in combination, these patterns suggest a posi-
tive mode of the Southern Annular Mode (SAM).
 The monthly SAM index9 remained positive during win-
ter 2008, forming the start of a new sequence of consistently 
positive values. The winter seasonal average of this index is 

Fig. 9  Winter 2008 500 hPa mean geopotential height (gpm).

Fig. 10  Winter 2008 500 hPa mean geopotential height anom-
alies (gpm).

Fig. 7  Winter 2008 MSLP (hPa).

Fig. 8  Winter 2008 MSLP anomalies (hPa).

9Obtained from http://www.cpc.noaa.gov/products/precip/CWlink/dai-
ly_ao_index/aao/monthly.aao.index.b79.current.ascii.table, and derived 
from daily 700 hPa height anomalies south of 20°S.



140   Australian Meteorological and Oceanographic Journal 58:2 June 2009

to produce an isolated centre of negative 
anomalies and was associated with blocking 
(see Figs 11 and 12). The seasonal anomaly 
pattern (Fig. 10) is similar to that of Fig. 8.

Blocking

The time-longitude section of the daily 
southern hemisphere blocking index (BI) is 
shown in Fig. 11, with the start of the season 
at the top of the figure. This index is a mea-
sure of the strength of the zonal 500 hPa flow 
in the mid-latitudes (40°S to 50°S) relative to 
that of the subtropical (25°S to 30°S) and high 
(55°S to 60°S) latitudes. Positive values of the 
blocking index are generally associated with 
a split in the mid-latitude westerly flow cen-
tred near 45°S and mid-latitude blocking ac-
tivity.
 Blocking activity was fairly consistent 
across Australian longitudes (120°E to 180°) 
in winter, after a quiet first two weeks. Fig-
ure 12, which shows the seasonal index for 
each longitude, indicates that this was quite 
close to average around Australia, although 
between about 60°W and 90°E blocking 
was well above average, consistent with the 
poleward shift in the subtropical ridge men-
tioned previously.

Winds

Winter 2008 low-level (850 hPa) and upper-
level (200 hPa) wind anomalies (from the 22-
year NCEP II climatology) are shown in Figs 
13 and 14 respectively. Isotach contours are 
at 5 m s−1 intervals, and in Fig. 13, regions 
where the surface rises above the 850 hPa 
level are shaded grey. The low-level wind 
anomalies (Fig. 13) generally reflected the 
MSLP anomalies (Fig. 8), and were quite 
small across most of the South Pacific, South 
Indian and Southern Oceans. Low-level 
wind anomalies were easterly across the 
western half of Australia, but more variable 
in direction across the eastern half.
 The upper-level wind anomalies (Fig. 14) 
showed a more varied pattern in the south-
ern hemisphere, with westerly anomalies 
on the equator around the date-line and 
a broad cyclonic anomaly across Western 
Australia and the Timor Sea.

Fig. 11  Winter 2008 daily southern hemisphere blocking index (m s−1) time-lon-
gitude section. The horizontal axis shows degrees east of the Greenwich 
meridian. Day one is 1 June.

Fig. 12  Mean southern hemisphere blocking index (m s−1) for winter 2008 (solid 
line). The dashed line shows the corresponding long-term average. The 
horizontal axis shows degrees east of the Greenwich meridian.
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Fig. 13  Winter 2008 850 hPa vector wind anomalies (m s−1).

Fig. 14  Winter 2008 200 hPa vector wind anomalies (m s−1).
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Australian region

Rainfall

Figure 15 shows the winter rainfall totals for Australia, while 
Fig. 16 shows the winter rainfall deciles, where the deciles 
are calculated with respect to gridded rainfall data for all 
winters from 1900 to 2008.
 Winter rainfall showed a fairly neutral pattern (Fig. 16), 
following a notably dry autumn (Duell 2009). Small areas of 
very much below average (decile 1) were scattered across 
WA, the Northern Territory (NT) and Tasmania (amounting 
to just 1.1 per cent of the country, with just 0.3 per cent of 
the country being in severe rainfall deficiency or below the 
5th percentile for the season), while larger contiguous areas 
of very much above average (decile 10) rainfall were found 
in a few places in central and northern Australia (amount-
ing to 3.5 per cent of the country). Nationally averaged, the 
seasonal rainfall was 60 mm, 5 mm below the 1961-1990 
mean. Only Queensland and the NT recorded above-median 
regionally averaged totals, although it should be noted that 
these above-median falls do not constitute large amounts of 
rain. For example, totals a little over 100 mm in the southern 
inland of Cape York Peninsula, most of which fell in a single 
event in the fourth week of July, were sufficient to be the 
highest on record. Table 1 summarises the seasonal rainfall 
extremes, ranks and averages on a national and State-by-
State basis.

Drought

At the end of winter 2008, 21.0 per cent of Australia was in 

serious rainfall deficiency (decile 1) for the 8 months ending 
August 2008. This area comprised the southern half of the 
NT (48.1 per cent10), together with adjacent parts of far west-
ern Queensland (12.1 per cent), northwest South Australia 
(32.9 per cent) and eastern WA (14.5 per cent). Northern and 
eastern Tasmania (51.5 per cent), and coastal Victoria (15.2 
per cent) were also affected. For this period, 11.3 per cent of 
the country was in severe rainfall deficiency (below the 5th 
percentile).
 For shorter or longer drought assessment periods, the to-
tal national area in serious rainfall deficiency was less than 
this local temporal maximum, with another local temporal 
maximum at a period length of 15 months for periods end-
ing August 2008 in which 20.2 per cent of Australia was in 
serious rainfall deficiency (with 10.2 per cent being in severe 
deficiency). For this longer period, the main regions affected 
were southern NT (33.1 per cent), central and eastern SA 
(57.6 per cent), western NSW (10.4 per cent), western and 
central Victoria (40.2 per cent) and northern and eastern Tas-
mania (62.4 per cent).

Temperatures

Figures 17 and 18 show the maximum and minimum tem-
perature anomalies, respectively, for winter 2008. The anom-

Highest seasonal total 
(mm)

Lowest seasonal total 
(mm)

Highest 24 hour fall (mm) Area-averaged 
rainfall (AAR) 

(mm)

Rank of AAR*

Australia 876 at Bellenden Ker Top 
Station (Qld)

Zero at several locations 193 at Yarras (NSW), 4 June 60 42

WA 639 at Karri Valley Resort Zero at several locations 80 at Wallareenya, 13 June 53 40

NT 69 at Murray Downs Zero at several locations 36 at Wauchope, 7 June 15 65

SA 535 at Piccadilly 9 at Coober Pedy 72 at Cordillo Downs, 9 
June

53 46

Qld 876 at Bellenden Ker Top 
Station

Zero at several locations 192 at Numinbah, 3 June 65 80

NSW 502 at Hawks Nest 26 at Hatfield 193 at Yarras, 4 June 102 37

Vic. 688 at Wyelangta 51 at Robinvale 104 at Mallacoota, 8 August 166 29

Tas. 824 at Lake Margaret 
Dam

63 at Verwood 83 at Cradle Valley, 27 June 298 22

Table 1.  Summary of the seasonal rainfall ranks and extremes on a national and State basis for winter 2008.

* The rank goes from 1 (lowest) to 109 (highest) and is calculated over the years 1900 to 2008 inclusive.

10Percentages in parentheses in this section denote the percentage of 
the entire State/Territory experiencing serious rainfall deficiencies. The 
percentage area calculation for NSW is based on the combined NSW/
ACT region.
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Fig. 15  Winter 2008 rainfall totals (mm) for Australia.

Fig. 16  Winter 2008 rainfall deciles for Australia: decile ranges based on grid-point values over the winters 1900 to 2008.
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Fig. 17  Winter 2008 maximum temperature anomalies (°C) for Australia.

Fig. 18  Winter 2008 minimum temperature anomalies (°C) for Australia.
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Highest seasonal 
mean (°C)

Lowest seasonal 
mean (°C)

Highest daily 
recording (°C)

Lowest daily 
recording (°C)

Anomaly of area-
averaged mean 

(°C) (AAM)

Rank of AAM*

Australia 33.3 at Middle 
Point (NT)

–0.3 at Mt Ho-
tham (Vic.)

38.0 at Elliot (NT), 
30 August

–5.5 at Thredbo 
Top Station 
(NSW), 10 August

+0.32 33.5

WA 32.1 at Wyndham 14.7 at Rocky 
Gully

37.9 at Derby and 
Fitzroy Cross-
ing, 27 August; 
Curtin, 27 and 28 
August

9.7 at Shannon, 
30 July

+0.49 39.5

NT 33.3 at Middle 
Point

19.7 at Arltunga 38.0 at Elliot, 30 
August

11.2 at Alice 
Springs and Arl-
tunga, 7 June

+0.18 35

SA 20.2 at Oodna-
datta

8.4 at Mt Lofty 30.6 at Oodna-
datta, 31 July

4.0 at Mt Lofty, 10 
August

+0.01 25

Qld 31.3 at Weipa and 
Scherger RAAF

14.9 at Appletho-
rpe

37.0 at Uran-
dangi, 30 August; 
Century Mine, 31 
August

5.6 at Appletho-
rpe, 28 July

+0.26 32

NSW 21.4 at Casino 0.7 at Thredbo 
Top Station

31.4 at Brewar-
rina, 30 August

–5.5 at Thredbo 
Top Station, 10 
August

+0.51 37

Vic. 16.0 at Mildura –0.3 at Mt Ho-
tham

22.1 at Orbost, 30 
June

–5.0 at Mt Ho-
tham, 10 August

+0.22 34

Tas. 14.6 at Bicheno 3.3 at Mt Wel-
lington

19.7 at Scaman-
der, 27 June

–2.6 at Mt Wel-
lington, 21 July

+0.61 49.5

Highest seasonal 
mean (°C)

Lowest seasonal 
mean (°C)

Highest daily 
recording (°C)

Lowest daily 
recording (°C)

Anomaly of area-
averaged mean 

(°C) (AAM)

Rank of AAM*

Australia 23.9 at Coconut 
Island (Qld)

–5.0 at Charlotte 
Pass (NSW)

26.0 at Bradshaw 
(NT), 26 August

–15.5 at Charlotte 
Pass (NSW), 24 
and 25 July

–0.03 26

WA 22.3 at Troughton 
Island

2.3 at Collie East 25.4 at Argyle, 31 
August

–7.2 at Eyre, 17 
August#

–0.29 19

NT 23.1 at McCluer 
Island

4.6 at Arltunga 26.0 at Bradshaw, 
26 August

–3.7 at Arltunga, 
25 July

–0.22 25

SA 11.7 at Neptune 
Island

2.6 at Yongala 17.6 at Arkaroola, 
30 August

–5.8 at Yunta, 24 
July

+0.14 32

Qld 23.9 at Coconut 
Island

1.8 at Stanthorpe 25.9 at Horn 
Island, 6 June

–6.5 at Stanthor-
pe, 10 August

+0.25 39

NSW 12.5 at Cape 
Byron

-5.0 at Charlotte 
Pass

18.0 at Cape 
Byron, 1 June

–15.5 at Charlotte 
Pass, 24 and 25 
July

+0.17 31

Vic. 9.4 at Wilson’s 
Promontory

–3.7 at Mt Ho-
tham

14.1 at Melbourne 
and Frankston, 11 
June

–9.0 at Falls 
Creek, 17 August

+0.25 36.5

Tas. 9.1 at at Hogan 
Island

–2.1 at Liawenee 13.4 at Swan 
Island, 11 June

–10.2 at Liawenee, 
4 July

–0.06 26.5

Table 2.  Summary of the seasonal maximum temperature ranks and extremes on a national and State basis for winter 2008.

* The temperature ranks go from 1 (lowest) to 59 (highest) and are calculated over the years 1950 to 2008 inclusive. Fractional ranks result from the pres-
ence of tied values within the time series.

Table 3.  Summary of the seasonal minimum temperature ranks and extremes on a national and State basis for winter 2008.

* The temperature ranks go from 1 (lowest) to 59 (highest) and are calculated over the years 1950 to 2008 inclusive. Fractional ranks result from the pres-
ence of tied values within the time series.
# State record for any season.
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alies have been calculated with respect to the 1961-1990 pe-
riod, and use all temperature-observing stations for which a 
1961-1990 normal is available. A high-quality subset of the 
network is used to calculate the spatial averages and rank-
ings shown in Tables 2 and 3. These averages are available 
from 1950 to the present. All ranking of the winter 2008 tem-
peratures against the historical record is done in terms of 
this high-quality subset.
 Seasonal maximum temperatures for winter 2008 were 
close to average across most of the country, with anomalies 
reaching +2°C only in the far west of the country. Departures 
from average exceeding 1°C in magnitude were recorded in 
the NT and all states, apart from Victoria. These departures 
were most widespread in WA, with substantial areas record-
ing positive anomalies between +1 and +2°C. Nevertheless, 
only in the far northern NT were very much above average 
(decile 10) seasonal maximum temperatures observed. In 
area-averaged terms, winter was slightly warmer than aver-
age (with an anomaly of +0.32°C). More extreme outcomes 
were seen in individual months. Warm conditions occurred 
in southeast Australia in June: it was the second warmest 
June in the 1950-2008 period for Tasmania, third warmest 
in Victoria and equal fourth warmest in NSW. Conversely, 
August maximum temperatures were well below normal 
through much of Australia.
 Seasonal minimum temperatures for winter 2008 were 
likewise close to average across most of the country, with 
70 per cent of the country experiencing in the near-normal 
range (deciles 4 to 7). The national anomaly was only −0.03°C 

(Table 3). Very much below average (decile 1) temperatures 
were observed in two small regions of coastal Western Aus-
tralia, around Albany and Carnarvon. As for maxima, above-
average temperatures in June were offset by below-average 
temperatures in August, including a Western Australian re-
cord low of −7.2°C at Eyre on 17 August.
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