
Introduction
The positive phase of the Southern Oscillation which
continued through summer 2000/01 (Fawcett 2002)
returned to a neutral phase by autumn 2001 (Pahalad
2002). This neutral phase persisted through winter
2001 (Fawcett and Watkins 2002) and spring 2001 

(Trewin and Fawcett 2002).  Summer 2001/02 also
showed predominantly neutral conditions, however
subsurface oceanic analyses were starting to show
signs of potential El Niño development.

This summary reviews the southern hemisphere
and equatorial climate patterns for summer 2001/02,
with particular attention given to the Australasian and
Pacific Regions. The main sources of information for
this report are the Climate Monitoring Bulletin
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Southern hemisphere circulation patterns and associated
anomalies for the austral summer (December to February)
2001/02 are reviewed, with emphasis given to the Pacific Basin
climate indicators and Australian rainfall and temperature pat-
terns. After three successive positive phases (from spring 2000
to autumn 2001) of the Southern Oscillation, near neutral con-
ditions persisted through the remainder of 2001, and the sum-
mer of 2001/02.
Summer rainfall was above to very much above average

through most of the Northern Territory, eastern Western
Australia and northwestern South Australia. Below to well
below average rainfall was recorded in parts of the Gascoyne
and Pilbara regions of Western Australia and on the central
east coast border region extending west and then south to the
tri-state border of New South Wales, Victoria and South
Australia. For the rest of the country, summer rainfall was near
average. Summer was cooler than average across most of the
continent with respect to both maximum and minimum tem-
peratures, particularly near the tri-state border of South
Australia, Northern Territory and Western Australia. Above
average temperatures were recorded along the Queensland
coastal regions.
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(Commonwealth Bureau of Meteorology, Australia)
and the Climate Diagnostics Bulletin (Climate
Prediction Center, Washington). Further details
regarding sources of data are given in the Appendix.

Pacific basin climate indices
The Troup Southern Oscillation Index*
The set of largely neutral monthly values of the Troup
Southern Oscillation Index (SOI) for spring 2001
(+1.4, –1.9, +7.2) (Trewin and Fawcett 2002) was fol-
lowed by –9.1 (December), +2.7 (January) and +7.7
(February), indicating the continuation of a neutral
state of the Southern Oscillation. The rise in the SOI
over summer 2001/02 was mostly due to an increase
in magnitude of positive pressure anomalies at Tahiti
(particularly during January and February) than to
negative anomalies at Darwin.

The 30-day average values of the un-normalised
Tahiti minus Darwin pressure difference (not shown)
generally remained near the climatological average
for most of summer 2001/02. However, for a brief
period in December the pressure difference dropped
below one standard deviation from the mean.
Similarly, during January the index rose to near one
standard deviation above the climatological mean. By
the end of February the pressure difference had
returned to near normal values.

The neutral SOI values were reflected in the
December/January and January/February values of
the Climate Diagnostics Center (CDC) Multivariate
El Niño-Southern Oscillation (ENSO) Index (MEI).
Both periods displayed weakly negative MEI values,
thereby indicating conditions marginally on the La
Niña side of neutral. In comparison to the previous 52
years (the total number of years on record), the
December/January and January/February values were
both ranked 29th, only just above the middle ranking,
confirming their neutral status. As the MEI is derived
from a number of atmospheric and oceanic indicators,
it reinforced the truly neutral state suggested by the
summer 2001/02 values of the SOI.

Figure 1 shows the monthly SOI values from
January 1998 to February 2002. A curve of five-
month moving averages has been superimposed on
the graph.

Outgoing long wave radiation
Figure 2, adapted from the Climate Prediction Center

(CPC), Washington (CPC 2001, 2002), shows the
monthly standardised anomaly of outgoing long wave
radiation (OLR) from January 1998 to February 2002,
together with a three-month moving average. These
data, compiled by the CPC, are a measure of the
amount of long wave radiation emitted from the equa-
torial region centred about the date-line (5ºS to 5ºN
and 160ºE to 160ºW). Tropical deep convection in
this region is particularly sensitive to changes in the
phase of the Southern Oscillation. During warm (El
Niño) ENSO events, convection is generally more
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*The Troup Southern Oscillation Index (SOI) used in this article is
ten times the standardised monthly anomaly of the difference in
mean sea-level pressure between Tahiti and Darwin. The calculation
is based on a sixty-year climatology (1933-1992).

Fig. 1 Southern Oscillation Index, from January
1998 to February 2002. Means and standard
deviations used in the computation of the SOI
are based on the period 1933-1992.
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Fig. 2 Standardised anomaly of monthly outgoing
long-wave radiation averaged over the area
5ºS to 5ºN and 160ºE to 160ºW, from January
1998 to February 2002. Negative (positive)
anomalies indicate enhanced (reduced) con-
vection and rainfall in the area. Anomalies are
based on the 1979-1995 base period. After
CPC (2001, 2002).
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prevalent resulting in a reduction in OLR. This reduc-
tion is due to the lower effective black-body tempera-
ture and is associated with increased high cloud and
deep convection. The reverse applies in cold (La
Niña) events, with generally less convection than nor-
mal in the region.

The monthly values –1.5 (December), +0.2
(January) and –1.1 (February) of this index showed a
decline in the OLR with predominantly negative val-
ues, December’s being the most negative value
observed since October 1997, during the last El Niño
event. The anomalously low OLR values observed
would appear to be related to an active phase of the
Madden Julian Oscillation (MJO), which moved
across the equatorial Pacific during late November
and December, reaching just east of the date-line by
the end of the month. 

A large area of below average OLR (i.e., increased
high cloudiness) was observed along the equator, east
of Borneo (120°E), to the date-line during December.
Below normal OLR values extended, though with
smaller magnitude, right across the southwest Pacific,
suggesting a shifted and more intense South Pacific
convergence zone (SPCZ) than normal. This pattern
is consistent with the MJO event described above. A
strong positive OLR anomaly in December over the
tropical Indian Ocean alludes to a weaker monsoon
trough in early summer. The passage of the MJO is
also consistent with the OLR anomalies observed
north of Australia during January. Decreased high
cloud is observed for most regions north of the conti-

nent, whilst increased high cloud is apparent in the
Indian Ocean, south of the Bay of Bengal. By
February, negative OLR anomalies are again present
along the equator west of the date-line. Similarly, neg-
ative anomalies (increased high cloud) were present
in a band across central Australia, stretching from
south of the Kimberley region to the New South
Wales coast. This band was at least in part related to
tropical cyclone Chris, which briefly reached
Category 5 intensity with wind gusts to 290 km/h,
crossing the coast 160 km northeast of Port Hedland
(Western Australia) on 6 February, bringing some
record rainfall totals and local flooding. The band was
also related to good rains in parts of New South Wales
during February, and contributed significantly to the
rains in central and western inland Australia (as
shown in Fig. 15).

Oceanic patterns
Sea-surface temperatures
Figure 3 shows the summer 2001/02 sea-surface tem-
perature (SST) anomaly in degrees Celsius (°C). The
contour interval is 0.5°C. Positive anomalies are
shown in orange and red shades, while negative
anomalies are shown in blue shades. 

Summer 2001/02 sea-surface temperatures
remained above average in the western equatorial
Pacific, with a band of anomalies along the equator
0.5°C above average between 160°E and 160°W. This
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Fig. 3 Anomalies of sea-surface temperature for summer (December, January, February) 2001/02 (ºC). The contour
interval is 0.5°C.



was reflected in the monthly NINO4 SST index val-
ues, as calculated by the National Meteorological and
Oceanographic Centre (NMOC), Melbourne, which
were +0.215°C (December), +0.567°C (January) and
+0.492°C (February). These values arrested a pre-
dominantly downward trend that occurred in spring
2001 (Trewin and Fawcett 2002).

In the eastern equatorial Pacific, sea-surface tem-
peratures did not vary far from average, with only
slight negative anomalies just south of the equator
and slight positive anomalies just to the north. The
NMOC NINO3 SST index values for the summer
months were weakly negative.

The Indian Ocean was mostly warmer than aver-
age apart from a small area of negative anomalies at
30°S. Most areas were up to 0.5°C to 1.0°C above
average, however there were also some small patches
whose anomaly exceeded +1.0°C. The positive anom-
alies were stronger than those observed in spring
2001 (Trewin and Fawcett 2002) but weaker and less
widespread than those in winter 2001 (Fawcett and
Watkins 2002).

Cooler than average sea-surface temperatures,
resulting in anomalies in the range from –0.5°C to
–1.0°C, were observed in the Great Australian Bight
and extending around the southeast coastline to 30°S
on the east Australian coast. North of this however,
the SSTs were above average stretching northwards to
join the positive anomalies in the western equatorial
Pacific. 

The negative anomalies observed throughout 2001
in a band around Antarctica between 40°S to 60°S
continued, with the only positive anomalies occurring
between 50°W and 10°E. The strength of the negative
anomalies increased again after weakening in spring
2001 (Trewin and Fawcett 2002) between 140°W and
70°W. Wind anomalies in this region suggest the
cooler SSTs may be related to cold Antarctic conti-
nental air drawn up by stronger than average south-
westerlies. This corresponds with a low in the geopo-
tential anomalies (see Figs 8 and 9) also implying a
colder than average air mass in the region of strongly
negative SST anomalies. A low is also evident in this
area in the MSLP analysis and MSLP anomalies (see
Figs 6 and 7). 

Subsurface patterns
Figure 4 shows a time-longitude diagram of the
anomaly in metres of the depth of the 20°C isotherm
along the equatorial Pacific Ocean between January
1996 and February 2002, as calculated by the Bureau
of Meteorology Research Centre (BMRC). This
isotherm is generally situated very close to the equa-
torial ocean thermocline, the region of greatest tem-
perature gradient with respect to depth. The thermo-

cline can also be regarded as the boundary between
the upper ocean warm water and the deeper ocean
cold water. An abnormally shallow thermocline in the
eastern Pacific Ocean is characteristic of La Niña
events. Positive anomalies correspond to the 20°C
isotherm being deeper than average, and negative
anomalies to it being shallower than average.

The main feature observed in the summer 2001/02
20°C isotherm depth was a significant deepening of
the thermocline (warmer than average subsurface
temperatures) and a shift in the anomalies eastwards
from the central Pacific, around 150°E towards the far
eastern Pacific. This was a clear illustration of the
propagation of a down-welling oceanic Kelvin wave,
a result of a significant westerly wind burst (itself
associated with the November/December MJO event)
observed in December 2001-January 2002. The pat-
tern was very similar to the Kelvin wave initiated in
December 1996 (prior to the 1997/98 El Niño),
although not of the same intensity. 
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Fig. 4 Time-longitude section of the monthly anom-
alous depth of the 20°C isotherm at the equa-
tor from January 1996 to February 2002. The
contour interval is 10 m.



Figure 5 shows a sequence of equatorial Pacific
vertical temperature anomaly profiles for the four
months ending February 2002, also obtained from
the BMRC. In the figure, red (blue) shades indicate
subsurface waters which are warmer (cooler) than
average. December and January showed significant
warming (of up to 4°C) in many locations, and an
eastward propagating trend in the anomalies
between 150°E and 140°W, however this weakened
somewhat in February as oceanic and atmospheric
conditions failed to become truly coupled. The
cross-section for December also shows a cooling of
the subsurface temperatures in the eastern Pacific,
between 150°W and 90°W, however the cool anom-
alies were short lived, returning towards normal in
January and February.

Atmospheric patterns
Surface analyses
The summer 2001/02 mean sea-level pressure
(MSLP) across the southern hemisphere is shown in
Fig. 6, with the associated anomalies shown in Fig. 7.
These anomalies are the departures from an eleven-
year (1979-1989) climatology obtained from the
European Centre for Medium-range Weather
Forecasts (ECMWF). The MSLP analysis itself has
been computed using data obtained from the Bureau
of Meteorology’s Global Assimilation and Prediction
(GASP) model daily 2300 UTC analyses.

The low pressure anomaly over high elevation
parts of South America and the high pressure anom-
aly over the Antarctic plateau are persistent features,
and appear to be the result of a systematic difference
between the GASP and ECMWF models and the way
they extrapolate pressure values down to mean sea
level. Therefore, the indicated low pressure over parts
of South America should not be treated as a meteoro-
logical consequence of the state of the El Niño-
Southern Oscillation.

The Antarctic circumpolar trough over the summer
months was stronger and narrower than average with
negative anomalies extending around the whole of
Antarctica. Two substantial minima located at 90°W
and 20°E were observed in the pressure pattern, both
being approximately 6 hPa below average. A stronger
and more southerly subtropical ridge with two anom-
alous high centres, one southwest of Australia and the
other southeast of New Zealand, being 8 hPa above
average, forced the decrease in trough width, particu-
larly in eastern latitudes.

The positive anomaly southeast of New Zealand
and a negative anomaly over the Tasman Sea are con-
sistent with the stronger than average Blocking Index

(see Fig. 10) also observed in this region. A broad area
of pressures 1 to 2 hPa below average was observed
in the Indian Ocean.

Over Australia, MSLP values were generally
slightly above average except along the east coast
where a negative anomaly extending from the low
over the Tasman Sea decreased pressures. MSL pres-
sures in the equatorial Pacific region were generally
below average except over Papua New Guinea and
Indonesia where no major deviation from average
was evident.

Mid-tropospheric analyses
The mean 500 hPa geopotential height patterns for
summer 2001/02 are shown in Fig. 8, with anomalies
shown in Fig. 9. The geopotential flow was largely
zonal with no distinct troughs, although a 3 to 4 wave
pattern is vaguely evident. The 500 hPa geopotential
heights were broadly consistent with the MSLP pat-
tern, however the negative anomaly in the Tasman
Sea spread a lot further west over southern Australia
at this level, corresponding to the region of below
average temperatures (Figs 16 and 17).

There are subtle splits in the mid-latitudinal flow
over New Zealand, South America and in the south-
ern Indian Ocean at around 75°E consistent with the
Blocking Index in these regions.

Blocking
Figure 10 is a time-longitude section of the daily
southern hemisphere mid-level Blocking Index (BI),
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Fig. 5 Four month November 2001 to February 2002
sequence of vertical temperature anomalies at
the equator for the Pacific Ocean. The contour
interval is 0.5°C.



BI=1/2[(u25+u30) – (u40+2u45+u50) + (u55+u60)].

Here, uλ indicates the 500 hPa level zonal wind com-
ponent at λ degrees of southern hemisphere latitude
ranging from 0° at the equator to +90°S at the South
Pole. The BI measures the strength of the 500 hPa
flow at the mid-latitudes (40°S to 50°S) relative to
that at subtropical (25°S to 30°S) and high (55°S to
60°S) latitudes.

Taken across the entire season in the form of a sea-
sonal mean (Fig. 11), southern hemisphere blocking

was above average for almost all longitudes, the
exception being between 80°W to 100°W where there
was a strong zonal flow at high latitudes. Positive
anomalies in the blocking index were strongest in
January and February in the Australian region. A peak
in the blocking index in the New Zealand sector was
a result of stronger than normal anticyclones located
further south than the climatological average shown
in the MSLP anomaly (Fig. 7) and also in the split mid
level pattern at 40°S depicted in the mean geopoten-
tial height (Fig. 8).
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Fig. 7 Summer 2001/02 mean sea-level pressure
anomaly (hPa). The contours are spaced at 2
hPa intervals between –12 hPa and +8 hPa. 

Fig. 8 Summer 2001/02 500 hPa mean geopotential
height (m). The contours are spaced at 80
geopotential metre intervals from 5040 gpm to
5840 gpm.

Fig. 9 Summer 2001/02 500 hPa mean geopotential
height anomaly (m). The contours are spaced
at 40 gpm intervals from –80 gpm to +80 gpm.

Fig. 6 Summer 2001/02 mean sea-level pressure
(hPa). The contours are spaced at 4 hPa inter-
vals between 976 hPa and 1020 hPa.



Winds
Low-level (850 hPa) and upper-level (200 hPa) wind
anomalies for summer 2001/02 are shown in Figs 12
and 13 respectively. The low-level summer wind
anomalies (Fig. 12) showed a marked cyclonic circu-

lation over the Tasman Sea with the upper levels
showing a similar form with strong anomalous west-
erlies over southern Australia and easterlies to the
south of the continent. This pattern is consistent with
the strong BI recorded in this region and may also be
associated with the below average temperatures
recorded over southern Australia. The cyclonic anom-
alies observed are in stark contrast to summer
2000/01 (Fawcett 2002), when strong anticyclonic
anomalies were observed in this region. As a result of
the cyclonic anomalies, low-level flow over southern
Queensland and northern New South Wales showed
anomalous westerly characteristics implying a weak-
ening of the southeast trade winds.

Particularly strong anomalous westerlies were also
recorded in the upper levels over the eastern equator-
ial Pacific. These winds, in association with the east-
erly anomalies at low levels in the central Pacific,
pointed to a marginally stronger Walker Circulation
despite weak and varied anomalies at low levels in the
western equatorial Pacific. Low-level anomalous
westerlies north of Australia, a result of westerly wind
bursts in December and January, generated zonal con-
vergence near the date-line and contributed to the
propagation of the oceanic Kelvin wave seen in Fig.
4.

In the tropical Indian Ocean, areas of moderate
convergence in the lower levels were observed with
corresponding divergence in the upper levels, point-
ing at a slightly stronger than normal monsoonal
trough just south of the equator. An area of strong
low-level anomalous northwesterly winds in the
northwestern tropical Indian Ocean was observed,
with a broader region of anomalous southeasterly
return flow in the upper levels. A strong anticyclonic
anomaly was located southwest of Australia reflecting
weaker than normal mid-latitude westerlies.

Australian region
Rainfall
Figure 14 shows the summer rainfall totals for
Australia, while Fig. 15 shows the summer rainfall
deciles, where the deciles are calculated with respect
to gridded rainfall data for all summers from 1900/01
to 2001/02.

Summer rainfall was above average through south-
ern parts of the Northern Territory, eastern Western
Australia and the northwestern half of South Australia,
with a substantial area of highest-on-record rainfall
recorded near the tri-State border of Western Australia,
South Australia and the Northern Territory. This was
largely attributed to moist air masses accompanying
active low pressure systems, generally embedded in the
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Fig. 10 Summer 2001/02 daily blocking index: time-
longitude section. The horizontal axis mea-
sures degrees of longitude east of the
Greenwich meridian. Day one is 1 December.

Fig. 11 Mean southern hemisphere blocking index for
summer 2001/02 (bold line). The dashed line
shows the corresponding long-term average.
The horizontal axis shows degrees east of the
Greenwich meridian.



WA heat trough or the monsoon trough extending
southwards from the tropics. The majority of this rain-
fall fell during December and February, January bring-
ing mostly average rainfall across Australia. Above to
well above average rainfall on the southwest tip of
Western Australia resulted from the development of a

low in that region during December.
Lowest-on-record rainfall occurred on the mid-

western coastal region near Carnarvon, with areas of
below to well below average rainfall being recorded
across southeast Queensland, northern New South
Wales and extending over northwest Victoria into

Fig. 12 Summer 2001/02 850 hPa vector wind anomalies (m s–1).

Fig. 13 Summer 2001/02 200 hPa vector wind anomalies (m s–1).
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southeast South Australia. These dry conditions were
largely due to the maintenance of a ridge over south-
east Australia for most of this period. February how-
ever saw this region, particularly near the east coast,
receiving very much above average rainfall resulting
from troughlines extending down from the monsoon-
al trough and interacting with cold fronts moving
across the Great Australian Bight. 

Although experiencing a slow start to the wet sea-
son, tropical cyclone Bernie in January, as well as the
strong presence of the monsoon trough in February,
brought northern Northern Territory rainfall figures
back to near normal over the summer.

Temperatures
Figures 16 and 17 show the maximum and minimum
temperature anomalies, respectively, for summer
2001. The anomalies have been calculated with

respect to the 1961-1990 period.
Summer maximum temperatures were below

average over most of the country apart from the
northeast quadrant of the continent and the northern-
most tips of Western Australia and the Northern
Territory. Anomalies of between +1°C to +2°C, with
peaks of up to +4°C, were recorded over most of
Queensland and northeast New South Wales. These
above average maximum temperatures were largely
due to warm conditions in December and February,
with anomalies of up to +5°C recorded in central
eastern Queensland during December. A warm, dry
continental airmass was pushed towards the
Queensland coastline from inland areas with the
increased northwesterly wind anomalies (see Fig.
12), and was likely to have caused the positive
anomalies. Summer maximum temperatures were
the highest of the post-1950 period for much of the
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Fig. 14 Summer 2001/02 rainfall totals (mm) in
Australia.

Fig. 15 Summer 2001/02 rainfall in Australia: decile
range values based on grid-point values over
the summers 1900/01 to 2001/02.

Fig. 16 Summer 2001/02 maximum temperature
anomalies (°C) for Australia based on a 1961-
1990 mean.

Fig. 17 Summer 2001/02 minimum temperature
anomalies (°C) for Australia based on a 1961-
1990 mean.



southern to central east coast of Queensland.
A large area of negative anomalies in the range of

–2°C to –3°C was recorded over the central and west-
ern interior extending down through most of South
Australia and southern Victoria. Similarly large nega-
tive anomalies were also recorded in eastern central
and southern coastal, Western Australia, reaching 4°C
below normal. These strongly negative anomalies
were largely the result of cooler than average maxi-
mum temperatures in December and February (both
positive and negative anomalies being less extreme in
January) with a small patch of –6°C anomalies in cen-
tral Western Australia during February. These anom-
alies were a continuation of cooler than average tem-
peratures through the central and western interior
observed since October 2001. As a result, Victoria and
South Australia recorded their lowest areally-aver-
aged summer maximum temperatures of the post-
1950 period, and Tasmania and Western Australia
their third lowest.

Minimum temperature anomalies over summer
2001/02 followed a similar pattern to the maxima,
although of lesser magnitude. Anomalies from –1°C
to –2°C were recorded in an area stretching from cen-
tral and southern Western Australia through southern
parts of the Northern Territory and most of South
Australia into western Victoria, with peak anomalies
reaching –3°C in some small patches. Central eastern
Queensland recorded anomalies of +1°C to +2°C,
with a small area of +2°C to +3°C just inland from
Rockhampton. Areally-averaged minimum tempera-
tures over summer 2001/02 were the lowest of the
post-1950 period for South Australia and second low-
est for Western Australia.

As seen in the MSLP analysis (Fig. 6), the domi-
nant high located in the Great Australian Bight over
the summer months generated a steady, cool and
moist southeast to southwesterly airstream over most
of the southern parts of the continent, most likely con-
tributing to the lower than average temperatures.
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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.

• 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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