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Abstract.

This is a summary of the southern hemisphere atmospheric circulation patterns and meteorological indices for

spring 2018; an account of seasonal rainfall and temperature for the Australian region and broader southern hemisphere is
also provided. A positive phase of the Indian Ocean Dipole developed during the season, and the central and eastern
equatorial Pacific were warmer than average without reaching El Nifio thresholds. It was Australia’s driest September on
record, before rainfall of closer to average in October and November. It was warmer than average, especially in northern
Australia, with coastal Queensland affected by extreme heat and wildfires in November. It was one of the three warmest
springs on record for the southern hemisphere as a whole, and was notably dry in southern and eastern Africa.
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1 Introduction

This summary reviews the southern hemisphere and equatorial
climate patterns for spring 2018, with particular attention given to
the Australasian and equatorial regions of the Pacific and Indian
ocean basins. The main sources of information for this report are
analyses prepared by the Australian Bureau of Meteorology, with
data also obtained from other agencies outside Australia.

2 Pacific and Indian ocean basin climate indices
2.1 Southern Oscillation Index (SOI)

The Troup SOI" for the period from January 2014 to November
2018 is shown in Fig. 1; also shown is a five-month weighted,
moving average of the monthly SOI. The seasonal mean value of
the SOI for spring 2018 was —2.4, rising from — 10.0in September
to near or above zero in October and November.

Sustained negative values of SOl below—7 are often indicative
of El Nino episodes, while persistently positive values of SOI
above +7 are typical of a La Nifia episode. Most monthly SOI
valuesin2018 were between +7 and —7, consistent with a neutral
state of the El Nifio Southern Oscillation (ENSO) following a

weak La Nifia event in late 2017 and early 2018, which ended in
March (Chapman and Rosemond 2020).

2.2 Composite monthly ENSO index (5VAR) and other
ENSO indices

The ENSO 5VAR Index is a composite monthly ENSO index,
calculated as the standardised amplitude of the first principal
component of the monthly Darwin and Tahiti mean sea level
pressure (MSLP) and monthly indices NINO3, NINO3.4 and
NINO4 sea-surface temperatures® (SSTs). Values of the 5VAR
that are in excess of one standard deviation are typically
associated with El Nifio for positive values, while negative
5V AR values of a similar magnitude are indicative of La Nifa.

Positive values of the 5VAR index persisted throughout spring
2018 (Fig. 2), with values in the range from +0.8 to +0.9 in all
three months, consistent with conditions near the threshold of an
El Nifio. The Bureau of Meteorology did not declare an El Nifo
during the period, but some other agencies, such as the U.S.
National Oceanic and Atmospheric Administration (NOAA), did
classify it as the start of a weak El Nifio event.

"The Troup SOI (Troup, 1965) used in this article is 10 times the standardised monthly anomaly of the difference in mean sea level pressure (MSLP) between
Tahiti and Darwin. The calculation is based on 60-year climatology (1933-1992), with records commencing in 1876. The Darwin MSLP is provided by the
Bureau of Meteorology, and the Tahiti MSLP is provided by Météo France inter-regional direction for French Polynesia.

2ENSO 5VAR was developed by the Bureau of Meteorology and is described in Kuleshov ef al. (2009). The principal component analysis and standardisation

of this ENSO index is performed over the period 1950-1999.

3SST indices obtained from ftp:/ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/sstoi.indices.
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Fig. 1. Troup Southern Oscillation Index (SOI) values from January 2014 to November 2018, with a five-month
binomial weighted moving average.
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Fig.2. Anomalies of the composite 5SVAR ENSO index for the period January 2014 to November 2018 with the
three-month binomially weighted moving average.

The Multivariate ENSO Index (MEI)* version 2, produced by anomalies in the MEI are usually associated with La Nina and
the NOAA Physical Sciences Laboratory, is derived from five large positive anomalies with El Nifio. The September—October
atmospheric and oceanic parameters calculated as a two-month (+0.4) and October—November (+0.3) values were consistent
mean (Wolter and Timlin 2011). As with SVAR, large negative with a neutral state of ENSO.

“The standardised MEIv2 was obtained from https:/psl.noaa.gov/enso/mei/.


https://psl.noaa.gov/enso/mei/
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Fig.3. Indian Ocean Dipole, weekly DMI and five-week running mean between January 2014 and November 2018.

The NINO3.4 index, which measures SSTs in the central
Pacific Ocean between 5°N-5°S and 120-170°W, is used by the
Australian Bureau of Meteorology to monitor ENSO; NINO3.4 is
closely related to the Australian climate (Wang and Hendon
2007). NINO3.4 warmed from 0.4°C to 0.8°C, near the threshold
for declaration of an El Nifio, in October and November.

2.3 Indian Ocean Dipole (I0D)

The I0OD” is the difference in ocean temperatures from the
western node of the tropical Indian Ocean (centred on the
Equator) off the coast of Somalia and the eastern node off
the coast of Sumatra. The IOD is said to be in a positive phase
when values of the Dipole Mode Index (DMI) are greater than
0.4°C, neutral when the DMI is sustained between —0.4°C and
0.4°C and negative when DMI values are less than —0.4°C.

When under the influence of a strongly negative IOD phase,
warm maritime air is driven eastwards across the continent,
leading to negative 10D typically being associated with an
increased chance of a wetter than average spring and/or winter
for much of the continent. Conversely, positive IOD events are
typically associated with dry conditions (Ummenhofer ez al.
2009). Negative IOD events often occur in conjunction with La
Nifiainthe Pacific Ocean,® and positive IOD with E1Nifio; that the
two phenomena are related is acknowledged, but the relationship
between ENSO and the IOD is complicated (Meyers et al. 2007;
Wang and Wang 2014) and continues to be an active area of
research. An IOD event of positive or negative phase may have a
significant influence on rainfall regimes for Australia, as well as
other parts of the Indian Ocean region, particularly Indonesia and
East Africa.

A positive phase of the IOD developed during spring 2018.
Rapid development occurred in September, with weekly DMI
values peaking near 0.8°C (Fig. 3). The DMI was then consistently
near the DMI threshold 0f 0.4°C in October and November before
falling below threshold levels in early December. The positive

>http://www.bom.gov.au/climate/iod/.
®http://www.bom.gov.au/climate/iod/#tabs=Pacific-Ocean-interaction.

phase ofthe IOD contributed to dry conditions in many parts of the
Australian continent in September, as well as below-average
rainfall in parts of the Maritime Continent region, particularly
parts of Java.

3 Outgoing longwave radiation (OLR)

The OLR in the equatorial Pacific Ocean can be used as an
indicator of enhanced or suppressed tropical convection.
Increased positive OLR anomalies typify a regime of reduced
convective activity, a reduction in cloudiness and, usually,
rainfall. Conversely, negative OLR anomalies indicate enhanced
convection, increased cloudiness and chances of increased
rainfall. During La Nifla, decreased convection (increased
OLR) can be seen near the International Date Line, whereas
increased cloudiness (decreased OLR) near the International
Date Line usually occurs during El Nifio. Similarly, when
Australia is under the influence of a negative IOD event, OLR
anomalies are negative over the eastern Indian Ocean where
increased convection occurs.

The Hovmoller diagram of OLR anomalies along the Equator
during spring 2018 (Fig. 4) shows weak, generally positive,
anomalies near the International Date Line during spring, consis-
tent with broadly neutral ENSO conditions. There were also weak
anomalies further east in the Pacific. However, there were strong
positive OLR anomalies over the Maritime Continent region, and
adjacent areas of the eastern Indian Ocean, in October and
November, consistent with the positive phase of the IOD.
Averaged over an area at the International Date Line (7.5°S—
7.5°N and 160°E—160°W), the standardised monthly OLR anom-
aly for September was +-0.3, October +0.4 and November —0.3.”

Seasonal spatial patterns of OLR anomalies across the Asia-
Pacific region between 40°S and 40°N for austral spring 2018 are
shown in Fig. 5. Positive anomalies over most parts of the
Maritime Continentregion westof 135°E, and the eastern tropical
Indian Ocean east of 80°E, are also evident in this analysis, as are

“Standardised monthly OLR anomaly data obtained from http://www.cpc.ncep.noaa.gov/data/indices/olr.


http://www.bom.gov.au/climate/iod/
http://www.bom.gov.au/climate/iod/#tabs&equals;Pacific-Ocean-interaction
http://www.bom.gov.au/climate/iod/#tabs&equals;Pacific-Ocean-interaction
http://www.cpc.ncep.noaa.gov/data/indices/olr
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OLR Anomalies; Daily—averaged; Base period 1979-2010
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Fig. 4. Time-longitude plot of outgoing daily-averaged long-wave radiation (OLR) anomalies at the equator
over the period June to December 2018. OLR anomaly is from daily data with respect to a base period of 1979—
2010, using interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA.

weak positive anomalies in equatorial regions near and east of the
International Date Line. There were particularly strong positive
anomalies north of the Equator in the region between 10°N and
20°N near and west of the Philippines. There were negative
anomalies south of the Equator between 135°E and 165°E, which
were strongest near the Solomon Islands.

4 Madden-Julian Oscillation (MJO)

The MJO is a tropical convective wave anomaly which develops
in the Indian Ocean and propagates eastwards into the Pacific
Ocean (Madden and Julian 1971, 1972, 1994). The MJO takes
approximately 30 to 60 days to reach the western Pacific, with a
frequency of six to twelve events per year (Donald ef al. 2004).
When the MJO is in an active phase, it is associated with areas of
increased and decreased tropical convection, with effects on the

southern hemisphere often weakening during early autumn,
before transitioning to the northern hemisphere. A description
of the Real-time Multivariate MJO (RMM) index and the
associated phases can be found in Wheeler and Hendon (2004).
The phase-space diagram ofthe RMM for spring 2018 is shown
in Fig. 6. The MJO was relatively inactive during September and
October, apart from a brief period of activity in the western Indian
Ocean in the first half of October, which was associated with the
development of Cyclone Lubaninthe Arabian Sea. A highlevel of
MJO activity then occurred for most of November. This led to
increased convection in the Indian Ocean in early November and
the development of the first major southern hemisphere tropical
cyclone of the season, Cyclone Alcide, which reached a peak
intensity of 90-knot sustained winds on 8 November east of the
northern tip of Madagascar. By mid-November the MJO was
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Fig.5. Average OLR totals and anomalies for spring 2018. Anomalies calculated with respect to a base period of 1979-2010.

centred in the Maritime Continent region, contributing to heavy
early-season rains in the third week of November in the Top End
of the Northern Territory.

5 Oceanic patterns
5.1 Sea surface temperatures (SSTs)

The SST for the combined ocean area of the southern hemisphere
for spring 2018 was 0.64°C above the 20th century average,® the
second-highest on record after 2015. The western equatorial
Pacific was particularly warm (Fig. 7), with most areas west of
150°W being 1°C or more above average. More localised
anomalies on this scale also occurred in the equatorial central

and eastern Pacific, consistent with Pacific conditions approach-
ing El Niflo levels, and in the western equatorial Indian Ocean,
consistent with a positive phase of the IOD. Anomalies exceeding
+1°C were also found east of New Zealand, off the subtropical
east coast of South America, south of South Africa and in the
central Indian Ocean near 30°S, 80°E. Most of the South Pacific
north of45°S was at least 0.5°C above average, as was the western
half of the Indian Ocean.

The SSTs in the Australian region are shown in Fig. 8.
Although they were relatively warm around most parts of the
continent, one notable feature was the relatively cool area off the
coast of Western Australia, one of the relatively few southern

¥NOAA National Centers for Environmental information, Climate at a Glance: Global Time Series, from http://www.ncdc.noaa.gov/cag/(base period 1901—

2000).


http://www.ncdc.noaa.gov/cag/
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Fig.6. Phase-space representation of the MJO index for spring 2018; daily
values are shown with September in red, October in green and November in
blue. The eight phases of the MJO and the corresponding (approximate)
locations of the near-equatorial enhanced convective signal are labelled.

hemisphere regions with below-average SSTs. Temperatures
were near average off the Indonesian coast in the eastern node
of the IOD. Over the Australian region,” SSTs for spring were
0.36°Cabovethe 1961-1990 average, the 16th highest in the post-
1900 period, but the lowest since 2008 and 0.41°C below the
spring record setin 2010. The Tasman Sea was the fifth-warmest
onrecord (although still coolerthan 2016 and 2017) and the Coral
Sea sixth-warmest. The Southwest region was only 0.08°C above
the 1961-1990 average, the equal-lowest since 2005.

5.2 Equatorial subsurface patterns

The20°Cisothermdepthis generally located close tothe equatorial
thermocline, which is the region of greatest temperature gradient
with depth and is the boundary between the warm near-surface and
cold deep-ocean waters. Therefore, measurements of the 20°C
isotherm depth make a good proxy for the thermocline depth.
Negative anomalies correspond to the 20°C isotherm being
shallower than average and is indicative ofa cooling of subsurface
temperatures. If the thermocline anomaly is positive the depth of
the thermoclineis deeper. A deeper thermocline resultsinless cold
water available for upwelling, and therefore a warming of surface
temperatures (Fig. 9).

B. Trewin

Warm subsurface waters were present through much of the
equatorial Pacific during spring 2018, reaching their greatest
extent and intensity in October when they covered almost the full
width of the Pacific, with peak anomalies around +4°C near
130°W (Fig. 10). In November the warm anomalies weakened
slightly and became more focused in the eastern half of the
Pacific. The 20°C isotherm was also deeper than normal in
October and November (Fig. 9), especially east of 140°W. Warm
anomalies in thisregion are consistent with developing E1Nifio or
near-El Niflo conditions.

6 Antarctic
6.1 Sea ice

The seasonal sea ice extent maximum was reached on 2 Octo-
ber,'” slightly later than the climatological median. The maxi-
mum extent in 2018 was 18.15 millionkm?, slightly above that of
2017 but still the fourth-lowest in the (post-1979) satellite record.
The most prominent areas of below-average sea ice extent were in
the Bellinghausen and Amundsen Seas, south of Australia and
south of Africa.

Sea ice extent was most anomalously low early in the spring,
with a brief decline in mid-September (at a time when it would
normally be expanding) taking it to near-record low levels for the
date, before a slight recovery to the early October peak. The
decline of sea ice extent during November was slower than usual,
but extent was still well below the post-1979 average at the end of
spring, although well above the record low late spring levels of
2016.

6.2 Ozone

The Antarctic ozone hole typically forms in August and breaks
down in late November or early December. The 2018 ozone hole
was relatively large and deep compared with recent years. The
maximum ozone hole size was 24.7 million km* on 20 September,
and the 15-day maximum was 24.1 million km* (Krummel et al.
2019). Thisranks 14th highest ofthe post-1979 period and slightly
above the 2009-2018 mean of 22.6 million km?, and was larger
than 2016 or 2017, although smaller than 2015. The minimum
ozone level reached was 102 Dobson Units on 11 and 12 October,
ranking as 13th deepest of the last 40 years. The ozone hole broke
down on 3 December, close to the median date. A contributor to the
relatively large ozone hole was a relatively stable Antarctic
circulation, reflected in low stratospheric temperatures. Tempera-
tures at the 50 hPa and 100 hPa levels, averaged over the region
south of 60°S, were below average for most of the spring.

7 Atmospheric circulation
7.1 Southern Annular Mode (SAM)

The SAM index "' was positive in all three months of spring 2018.
The seasonal mean value of the CPCindex was +0.99, the highest

°The Australian region is defined here as 4-46°S, 94-174°E. Sub-regional boundaries are available at http://www.bom.gov.au/climate/change/about/

sst_timeseries.shtml.

'9Sea ice information from the National Snow and Ice Data Center. http://www.nsidc.org.

""For more information on the SAM index from the Climate Prediction Center (NOAA), see http://www.cpc.ncep.noaa.gov/products/precip/CWlink/

daily_ao_index/aao/aao.shtml.


http://www.bom.gov.au/climate/change/about/sst_timeseries.shtml
http://www.bom.gov.au/climate/change/about/sst_timeseries.shtml
http://www.nsidc.org
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/aao/aao.shtml
http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/aao/aao.shtml
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forspring since 2010. The only period where negative values were
sustained for more than a few days was in mid-October. Particu-
larly strong positive values occurred in the first 10 days of
September, with daily values exceeding +4 at times. The wet
conditions in coastal New South Wales in late spring, and dry
conditions further westin Victoria and Tasmania, were consistent
with the generally positive SAM.

7.2 Surface analyses

The MSLP pattern for spring 2018 isshown in Fig. 1 1, computed
using data from the 0000 UTC daily analyses of the Bureau

Sea-surface temperature decile map of the Australian region for spring 2018 (from the ERSSTV5 data set).

of Meteorology’s Australian Community Climate and Earth
System Simulator (ACCESS) model.'> MSLP anomalies
are shown in Fig. 12, relative to the 1979-2000 climatology
obtained from the National Center for Environmental Prediction
(NCEP) II Reanalysis data (Kanamitsu et al. 2002). The MSLP
anomaly field is not shown over areas of elevated topography
(grey shading).

Consistent with the positive seasonal SAM, MSLP was above
average over most areas between 30°S and 55°S, except for the
eastern Pacific, and below average over most areas south of 55°S.
Seasonal MSLP anomalies were not exceptionally large with the

2For more information on the Bureau of Meteorology’s ACCESS model, see http://www.bom.gov.au/nwp/doc/access/NWPData.shtml.


http://www.bom.gov.au/nwp/doc/access/NWPData.shtml
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Fig.9. Hovmoller diagram of the 20°C isotherm depth and anomaly along the equator from January 2014 to November 2018, obtained
from NOAA’s TAO/TRITON data (http://www.pmel.noaa.gov/tao/jsdisplay).

largest positive anomalies, between 4 and 5 hPa, over the central
Indian Oceancentrednear45°S, 80°E, and nearthe SouthIsland of
New Zealand. Positive MSLP anomalies extended north to cover
all of Australia and the Maritime Continent. The largest negative
MSLP anomalies were near the Antarctic coast, with values
reaching —8 hPa over the Ross Sea, as well as near 90°E.

7.3 Mid-tropospheric analyses

The 500-hPa geopotential height, an indicator of the steering of
surface synoptic systems across the southern hemisphere, is
shown for spring 2018 in Fig. 13. The associated anomalies are
shown in Fig. 14.

Geopotential height is valuable for identifying and locating
features like troughs and ridges, which are the upper-level
equivalents of surface low and high pressure systems respec-
tively. Inspring 2018, broad hemispheric patterns atthe 500-hPa
level were similar to those at the surface, with positive
geopotential height anomalies in most areas between 30°S and
55°S and negative anomalies further south. Also similar to the
surface pattern, the largest anomalies were in the central Indian
Ocean and near New Zealand. There was a long-wave trough
centred near 120°E south of Western Australia, and weaker
troughs existed in the eastern South Pacific and central South
Atlantic.

8 Winds

Figs 15 and 16 show spring 2018 low-level (850 hPa) and upper-
level (200 hPa) wind anomalies respectively (winds computed
from ACCESS and anomalies with respect to the 22-year
1979-2000 NCEP climatology). Isotach contours are at an
interval of 5ms ™.

At lower levels, the most notable anomaly was enhanced
westerly flow over a belt centred on about 50-60°S, consistent
with the enhanced pressure gradient over the region, with
anomalously strong high pressure to the north and low pressure
to the south. These anomalies were especially pronounced in the
Indian Ocean, south of Australia and in the western South Pacific.
Anomalous easterly flow was observed in the Tasman Sea, and in
the subtropical Indian Ocean west of Australia. Despite the near-
ElNifo conditions that developed during the season, winds in the
southern hemisphere tropics were close to normal, with westerly
anomalies in the Pacific largely confined to areas north of the
Equator.

At upper levels, the subtropical jet in the South Pacific was
stronger than normal, with westerly anomalies at 200 hPa extend-
ing almost across the ocean, as well as across South America and
into the western Atlantic. The strongest anomalies were west of
the South American coast. Westerly anomalies also occurred
around 55-60°S over large parts of the Indian and Pacific Ocean


http://www.pmel.noaa.gov/tao/jsdisplay
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Fig. 10. The cross-section of monthly equatorial subsurface analysis from August to November 2018. Red shading indicates
positive (warm) anomalies and blue shading indicates negative (cool) anomalies.

sectors. The 200-hPa wind anomalies in the southern hemisphere
tropics were generally weak except for north-westerly anomalies
near and off the east coast of Africa.

9 Australian region
9.1 Rainfall

Rainfall averaged over Australiain spring 2018 wasnear average.
September was the driest on record nationally with average
rainfall of 5.3 mm, breaking the record of 5.6 mm set in 1957,
but October and November were both slightly wetter than normal,
following a very dry period from April to September.

Relatively few regions had spring rainfall either well above
or well below average (Fig. 17). The most significant area of
above-average rainfall was in the southern interior of Western

Australia, extending east into the Nullarbor. There were anumber
of widespread rain events in thisregion in early October and in the
first half of November. In contrast, the southwest of Western
Australia was relatively dry, with areas of very much below
rainfall on and near the west coast.

October and November rainfall totals were sufficient to offset
the dry September in both New South Wales and Queensland,
with the majority of both states having seasonal rainfall close to
average. Heavy rain fell in coastal areas of southern Queensland
and northern New South Wales in mid-October, and southern
New South Wales atthe end of November. Victoriaand Tasmania
both had dry springs (Table 1), with rainfall very much below
average in most of the western half of Victoria and western
Tasmania. Early wet season rains were generally close to average
in the northern tropics.
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Fig. 11.  Southern hemisphere mean sea level pressure (MSLP) pattern for spring 2018.
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Fig. 12. Southern hemisphere mean sea level pressure (MSLP) anomalies (hPa) for spring 2018. Anomalies
calculated with respect to base period of 1979-2000.
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Fig. 13. Spring 2018 500 hPa mean geopotential height (gpm).
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Fig. 14. The mean 500 hPa geopotential height anomalies (gpm) spring 2018, from 1979-2000 climatology.
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Fig. 15. Austral spring 2018, 850 hPa vector wind anomalies (ms ).
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Fig. 16. Austral spring 2018, 200 hPa vector wind anomalies (ms ™).

Rainfall analyses in this summary use the Australian Water
Availability Project data set (Jones et al. 2009).

9.2 Rainfall deficiencies

Rainfall deficiencies persisted at a range of timescales over much
of the southeast quarter of mainland Australia. For the second
successive year, the April to September period was significantly
drier thanusual over most of the Murray-Darling Basin, as well as
in most remaining areas of Queensland and New South Wales,
and southern Victoria from Melbourne eastwards (Table 2).
Rain during October and November cleared most rainfall
deficiencies on the east coast and in the southeast quarter of
Queensland, and moderated conditions somewhat in eastern
inland New South Wales. Severe rainfall deficiencies persisted,
however, in much of the western half of New South Wales,
especially the northwest quarter (Fig. 18), as well as in the

Victorian and South Australian Mallee and adjacent parts of far
southwest New South Wales. Anothersignificantarea of persistent
severe rainfall deficiencies was central and east Gippsland in
Victoria.

9.3 Temperature

Spring 2018 was warm with above-average maximum and mini-
mum temperatures across most of the continent (Tables 3-5).
Although it was not as hot as some recent springs, mean tempera-
tures were still 1.21°C above the 1961—1990 average. For 2002—
2018, 12 of the 17 springs have been at least 1°C above average, a
threshold that had only been reached once (in 1980) prior to 2000.
All three months were warmer than average, with October the most
significantly above normal.

The most abnormal maximum temperatures occurred in tropi-
cal Australia (Fig. 19). All three of Western Australia, the Northern
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(a) Rainfall totals for spring 2018. (b) Rainfall deciles for spring 2018; decile ranges based on

grid-point data with respect to all available data 1900-2018.

Territory and Queensland had tropical regions where spring mean
maximum temperatures were the highest on record (Table 5). An
extreme heatwave affected eastern Queensland in the last week of
November (Bureau of Meteorology 2018). Numerous locations
had their highest temperature on record, including Cooktown,
Cairns Airport, Innisfail, Bowen and Proserpine. The extreme

heat, and the dry westerly winds that accompanied it, contributed
to significant bushfires in many parts of eastern Queensland
(Lewis et al. 2020). Almost all of tropical Queensland and the
Northern Territory had maximum temperatures very much above
average, along with the Kimberley in Western Australia. Another
small area of very much above average maximum temperatures
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Table 1. Summary of the seasonal rainfall ranks and extremes on a national and state basis for spring 2018. The rank refers to 1 (lowest) to 119
(highest) and is calculated over the years 1900 to 2018 inclusive
Region Highest seasonal Lowest seasonal Highest daily Area-averaged Rank of Difference
total (mm) total (mm) total (mm) total (mm) area-averaged from mean (%)
total (mm)
Australia 779.0 at Yarras (Mount Zero at several 189.0 at Beaumont (The Cedars) 70.09 67 —-3.3
Seaview) (NSW) locations (NSW) on 29 November

Queensland 733.8 at Numinbah Zero at several 159.0 at Numinbah on 15 October 66.18 50 —-21.5
locations

New South Wales 779.0 at Yarras 14.4 at Tibooburra 189.0 at Beaumont (The Cedars) 118.47 68 —4.5

(Mount Seaview) (Fort Grey) on 29 November
Victoria 385.8 at Wyelangta 19.4 at Tyrrell Downs 70.4 at Burrowye Station on 106.27 9 —41.3
7 November

Tasmania 764.6 at Mt Read 66.2 at Melton 94.2 at Mileara Park on 257.18 9 —29.6

Mowbray 23 November
(Lovely Banks)
South Australia 218.8 at Uraidla 9.0 at Wooltana 52.4 at Piccadilly (Woodhouse) 51.08 68 +0.2
on 22 November

Western Australia 236.2 at Wereroa Zero at several 107.0 at Allan Rocks on 48.46 88 +18.1
locations 11 November

Northern Territory 497.5 at Adelaide River Zero at several 135.0 at Adelaide River on 85.20 94 +25.9
locations 18 November

Table 2.

Percentage areas in different categories for spring 2018 rainfall. ‘Severe deficiency’ denotes rainfall at

or below the 5th percentile. Areas in decile 1 include those in ‘severe deficiency’, which in turn include areas that

are ‘lowest on record’. Areas in decile 10 include areas that are ‘highest on record’. Percentage areas of highest

and lowest on record are given to two decimal places because of the small quantities involved; other percentage
areas are to one decimal place

Region Lowest on Severe Decile Decile Highest on
record (%) deficiency 1 (%) 10 (%) record (%)
%)
Australia 0.01 1.3 3.7 8.7 0.84
Queensland 0.04 0.7 2.3 0.3 0.00
New South Wales 0.00 0.0 0.0 0.9 0.00
Victoria 0.00 8.7 35.9 0.0 0.00
Tasmania 0.00 26.8 46.7 0.0 0.00
South Australia 0.00 0.0 1.6 3.8 0.00
Western Australia 0.26 2.0 43 20.4 2.57
Northern 0.00 0.2 0.5 8.0 0.00
Territory

straddled the New South Wales—Victorian border. The only area
with below-average maximum temperatures was a small area
around Carnarvon on the west coast.

Minimum temperatures were also above average in most
regions (Fig. 20), and very much above average in most of New
South Wales, Queensland and the Northern Territory, as well asin
parts of southern Victoria and Tasmania. They were the warmest
on record in parts of northeast New South Wales. September
average minimum temperatures were the lowest on record,
with numerous and sometimes damaging late-season frosts, in
much of northern Victoria and eastern South Australia, with
statewide averages for the month for South Australia and

Victoria being the lowest since 1985 and 1994 respectively.
However, this was largely offset in seasonal averages by warm
conditions in October and November, with only a few localised
areas in South Australia between Adelaide and the Victorian
border having below-average temperatures for the season as a
whole.

10 Southern hemisphere

Temperatures were well above the long-term average over the
southern hemisphere in spring 2018. Almost all land areas outside
the Antarctic had seasonal mean temperatures near or above the
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Fig. 18. Rainfall deficiencies for the 11-month period January to November 2018.
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Table 3. Summary of the mean seasonal maximum temperatures, extremes and rank for Australia and regions for spring 2018. Rank given is

1 (lowest) to 109 (highest) calculated, over the years 1910 to 2018 inclusive

Region Highest seasonal Lowest seasonal Highest daily Lowest daily Area-averaged Rank of
mean maximum (°C) mean maximum (°C) maximum maximum temperature  area-averaged
temperature (°C) temperature (°C) anomaly (°C)  temperature
anomaly
Australia 40.6 at Fitzroy Crossing (WA) 7.7 at Mt Hotham 45.7 at Roebourne ~ —2.7 at Mt Hotham on 1.40 99
(Vic.) (WA)on 18 2 September
November
Queensland 37.9 at Century Mine 22.5 at Applethorpe  45.2 at Mount Stuart 13.1 at Applethorpe on 1.78 105
on 26 November 13 October
New South Wales 30.0 at Lightning Ridge 8.2 at Thredbo AWS  43.3 at White Cliffs —0.9 at Thredbo AWS 1.59 94
on 2 November on 2 September
Victoria 25.4 at Mildura 7.7 at Mt Hotham 39.5 at Ouyen and  —2.7 at Mt Hotham on 0.26 89
Hopetoun on 2 September
1 November
Tasmania 18.8 at Bushy Park 7.9 at Mt Read 31.2 at Swansea on —1.1 at kunanyi 0.77 92
13 November (Mt Wellington) on
1 September
South Australia 30.8 at Oodnadatta 16.6 at Mt Lofty 42.3 at Moomba on 7.2 at Mt Lofty on 1.02 85
2 & 4 November 15 September
Western Australia 40.6 at Fitzroy Crossing 18.2 at Shannon and 45.7 at Roebourne on 10.4 at Rocky Gully on 1.20 97
Albany 18 November 14 September
Northern Territory  38.9 at Bradshaw (Angallari 30.5 at McCluer 43.7 at Jervois on  17.6 at Alice Springs on 1.48 104
Valley) and Victoria River Island 26 October 7 November

Downs
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Table 4. Summary of the mean seasonal minimum temperatures, extremes and rank for Australia and regions for spring 2018. Rank refers to
1 (lowest) to 109 (highest) calculated, over the years 1910 to 2018 inclusive'®

Region Highest seasonal Lowest seasonal Highest daily minimum  Lowest daily minimum  Area-averaged Rank of
mean minimum (°C) mean minimum (°C) temperature (°C) temperature (°C) temperature  area-averaged
anomaly (°C)  temperature
anomaly
Australia 26.5 at Troughton 0.6 at Perisher Valley 32.2 at Marble Bar(WA)  —9.7 at Thredbo AWS 1.02 100
Island (WA) (NSW) on 16 November (NSW) on 24 September

Queensland 25.0 at Horn Island 9.7 at Applethorpe 31.3 at Birdsville on —1.1 at Injune on 1.56 105
5 November 17 September

New South Wales  16.9 at Cape Byron 0.6 at Perisher Valley 30.0 at Borrona Downs ~ —9.7 at Thredbo AWS on 1.54 106
on 2 November 24 September

Victoria 11.4 at Wilsons 0.7 at Mt Hotham 24.1 at Mildura on —8.0 at Mt Hotham on 0.30 80
Promontory 20 November 16 September

Tasmania 10.7 at Swan Island 1.0 at kunanyi 17.4 at Strahan on —7.5 at Liawenee on 0.59 99
(Mt Wellington) 15 and 16 October 3 September

South Australia 15.4 at Moomba 5.7 at Keith 29.4 at Moomba on —3.3 at Keith (Munkora) on 0.42 79
(Munkora) 2 November 24 September

Western Australia  26.5 at Troughton 6.8 at Wandering 32.2 at Marble Bar on —4.6 at Eyre on 0.04 96
Island 16 November 7 September

Northern Territory 26.4 at McCluer 15.0 at Alice Springs 30.4 at Ngukurr on 0.0 at Arltunga on 1.31 102
Island Airport 27 November 17 September

Table 5. Percentage areas in different categories for spring 2018. Areas in decile 1 include those which are ‘lowest on record’. Areas in decile 10
include areas which are ‘highest on record’. Percentage areas of highest and lowest on record are given to two decimal places because of the small
quantities involved; other percentage areas are to one decimal place

Region Maximum temperature Minimum temperature
Lowest Decile 1 Decile 10 Highest Lowest Decile 1 Decile 10 Highest
on record on record on record on record
Australia 0.00 0.0 30.2 4.04 0.00 0.0 27.8 0.00
Queensland 0.00 0.0 66.8 6.71 0.00 0.0 54.1 0.00
New South Wales 0.00 0.0 2.9 0.00 0.00 0.0 61.8 0.00
Victoria 0.00 0.0 18.6 0.00 0.00 0.0 45 0.00
Tasmania 0.00 0.0 352 0.00 0.00 0.0 345 0.00
South Australia 0.00 0.0 0.0 0.00 0.00 0.0 0.0 0.00
Western Australia 0.00 0.0 10.8 4.15 0.00 0.0 8.8 0.00
Northern Territory 0.00 0.0 60.6 6.79 0.00 0.0 33.1 0.00

1981-2010 average, with the only significant cool SST anomalies
being inthe eastern Indian Ocean. It was the second-warmest spring
on record for the southern hemisphere, after 2015, in the NOAA
(Huang et al. 2020) and GISS (Lenssen et al. 2019) data sets, and
third-warmest in the HadCRUT4 data set (Morice ez al. 2012).
The strongest warm anomalies, more than 1°C above the
1981-2010 average, were in eastern Australia and the northern
half of Argentina (Fig. 21). September was especially warm in
Argentina, with several northern provinces having their warmest

September on record. Spring temperatures were generally
slightly above average in southern Africa, and near average in
New Zealand. All three Australian Antarctic bases had spring
temperatures about 0.5°C below average, but many other parts of
Antarctica had above-average temperatures, including the South
Pole, the Antarctic Peninsula and the Ross Sea area.

Southern Africa had a generally dry spring, with most areas
receiving spring rainfall between 40% and 80% below average
(Fig. 22). This contributed to an intensification of drought

13 A subset of the full temperature network is used to calculate the spatial averages and rankings shown in Table 3 (maximum temperature), Table 4 (minimum
temperature) and Table 5; this dataset is known as ACORN-SAT (see http://www.bom.gov.au/climate/change/acorn-sat/for details). These averages are
available from 1910 to the present. As the anomaly averages in the tables are only retained to two decimal places, tied rankings are possible.
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(a) Maximum temperature anomalies (°C) for spring 2018 from analysis of ACORN-SAT data; based on

average climate 1961-1990. (b) Maximum temperature deciles for spring 2018 from analysis of ACORN-SAT
data: decile ranges based on grid-point values over the springs 1910-2018.

affecting many parts of the region. The “short rains” season of
October—November in equatorial East Africa was also drier than
average. Most of South America east of the Andes had above-
average rainfall for the season with seasonal anomalies widely in
the range from 20% to 60%, while spring rainfall was below

average around Santiago in Chile, but near to above average in
many areas further south. In New Zealand, spring rainfall was
generally above average on the east side of both islands,
particularly the eastern South Island which experienced flooding
in November, and below average on the west coast.
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Fig.20. (a) Minimum temperature anomalies (°C) for spring 2018 from analysis of ACORN-SAT data; based on
average climate 1961-1990. (b) Minimum temperature deciles for spring 2018 from analysis of ACORN-SAT data:
decile ranges based on grid-point values over the springs 1910-2018.
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Fig. 21. Global temperature anomalies for austral spring 2018, from 1981-2010 climatology in the
NOAAGIobalTemp data set.
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Deutscher Wetterdienst, Germany.
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