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Abstract. This is a summary of the austral autumn 2018 atmospheric circulation patterns and meteorological indices for

the southern hemisphere, including an exploration of the season’s rainfall and temperature for the Australian region. The
weak La Niña event during summer 2017–18 was in retreat as the southern hemisphere welcomed the austral autumn, and
before midseason, it had faded. With the El Niño Southern Oscillation and the Indian Ocean Dipole in neutral phases, their

influence on the climate was weakened. Warmer than average sea surface temperatures dominated much of the subtropical
South Pacific Ocean and provided favourable conditions for the formation of a rare subtropical cyclone over the southeast
PacificOcean inMay.The southern hemisphere sea ice extentwas slightly below the autumn seasonal average. The southern
hemisphere overall during autumnwas drier andwarmer than the seasonal average. The seasonbroughtwarmer than average

temperatures and average rains to parts of the continents ofAfrica and SouthAmerica. Australia recorded its fourth-warmest
autumn, partly due to an intense, extensive and persistent heatwave, which occurred during themidseason.An extraordinary
and record-breaking rainfall event occurred over Tasmania’s southeast, under the influence of a negative Southern Annular

Mode. The mainland’s northeastern tropical region was wetter than average as a result of tropical cyclones, which formed
during an activemonsoon. These areas, however, were in contrast to the rest of the continent, which followed the trend of the
previous season and remained drier than average; consequently, rainfall deficiencies emerged across the southern half of

Australia, and some areas witnessed an increase in extent and severity of these deficiencies.
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1 Introduction

This summary reviews the southern hemisphere and equatorial
climate patterns for autumn 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 were analyses prepared by the Australian Bureau of
Meteorology, the United States National Oceanic and Atmo-
spheric Administration (NOAA) and the Global Precipitation

Climatology Centre (GPCC).

2 Pacific and Indian ocean basins climate indices

2.1 Southern Oscillation Index (SOI)

Sustainednegative values of SOI below–7are often indicative of
El Niño episodes, while sustained positive values of SOI above
þ7 are typical of La Niña. The SOI sustained positive values

during the2017–18summer,withaweakLaNiñaeventoccurring

betweenDecember2017andJanuary2018.ThisLaNiña episode
began to weaken during January and February 2018, before
ending in the first month of the austral autumn, and El Niño
Southern Oscillation (ENSO) conditions returned to neutral

territory.Data showed theSOI values remainedbelowþ7during
April and May, indicating the ENSO influence on the climate
remained weak.

The monthly SOI value for March (þ10.5) fell during April
and May, with monthly values of þ4.5 and þ2.1, respectively.
The autumn 2018 mean value of the SOI wasþ5.7.

The Troup SOI1 for January 2014 to May 2018 is shown in
Fig. 1, along with a five-month weighted, moving average of the
monthly SOI.

The autumn averagemean sea level pressure (MSLP) value

for Darwin was 0.2 hPa below average at 1009.3 hPa and

1The Troup SOI (Troup, 1965) used in this article is 10 times the standardised monthly anomaly of the difference in MSLP between Tahiti and Darwin. The

calculation is based on 60-year climatology (1933–1992), with records commencing in 1876. The DarwinMSLPwas provided by the Bureau of Meteorology,

and the Tahiti MSLP was provided by Météo France inter-regional direction for French Polynesia.
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0.8 hPa above average forTahitiwith 1012.8 hPa.Themonthly
anomalies for Darwin in March, April and May 2018 were

–1.7, –0.1 and þ1.1, respectively, and for Tahiti, þ0.5, þ0.7
and þ1.4, respectively. The overall negative anomaly at
Darwin was consistent with a wetter than average autumn for
the region.

2.2 Composite monthly ENSO Index (5VAR)

The ENSO 5VAR Index2 is a composite monthly ENSO index
calculated as the standardised amplitude of the first principal
componentof themonthlyDarwinandTahitiMSLPandmonthly

indices NINO3, NINO3.4 and NINO4 sea surface temperatures

(SSTs)3. Values of the 5VAR that are in excess of one standard
deviation are typically associated with El Niño for positive

values, while negative 5VAR values of a similar magnitude are
indicative of La Niña.

The5VARIndex fell belowþ1 fromJuly2017 (Fig. 2),which
is consistentwith a neutral ENSO (Tobin 2020) and the onset of a

weak La Niña in the latter stages of 2017 (Tihema 2019).
NINO3.4 values were below zero from July 2016 until early
2017 (Trewin 2018a). The index went slightly positive from

March 2017 and remained at this level until September before
dipping into negative territory and reaching its lowest value of
around –0.88C late in 2017.
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Fig. 1. Troup Southern Oscillation Index (SOI) values from January 2014 to May 2018, with a five-

month binomial weighted moving average.

–3.0

–2.0

–1.0

0

1.0

2.0

3.0

2014 2015 2016 2017 2018

5V
A

R

5VAR Monthly and 3-monthly average

5VAR 3-month weighted average

Fig. 2. Anomalies of the composite ENSO 5VAR Index for the period January 2014 to May 2018 with

the three-month binomially weighted moving average.

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

of this ENSO index is performed over the period 1950–1999.
3SST indices were obtained from ftp://ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/sstoi.indices.
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The negative values late in 2017 persisted into autumn 2018,
with slightly negative values of the 5VAR Index for March

(–0.85) andApril (–0.26), falling short of theLaNiña thresholds.
The 5VAR moved into slightly positive territory by the end of
May (þ0.13).

2.3 Indian Ocean Dipole (IOD)

The IOD4 (Saji et al. 1999) exhibits three phases that are defined
by the sign and magnitude of the difference between the

equatorial Indian Ocean temperatures of the western node (in
thewatersoff thecoastofSomalia)andtheeasternnode(inwaters
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

0.48C.When theDMI is sustained between –0.48Cand 0.48C, the
IODisneutral.WhentheDMIvaluesareless than–0.48C,theIOD
is in a negative phase.

During themonths ofDecember–April, phases of the IODare
generally less influential due to the southward movement of the
monsoon, which changes the atmospheric circulation. However,

the influence of the IOD may manifest between April and
November when the monsoon typically contracts northward. A
strongly positive IOD developing in middle–late autumn is
characterised by the lack of warm maritime airflow from west

to east. In this phase, continental Australia has an increased
chance of a drier than average winter. If the positive IOD is
sustained or strengthens then there is an elevated chance of less

than average spring rainfall.
The IOD (Fig. 3) was in a weakly negative phase during

March 2018, with DMI values reaching the season’s strongest

negative value of –0.478C. The IOD then retreated into a
neutral phase at the start of April. By midseason, values of DMI
were in the neutral range (þ0.068C), and after just a brief and

shallow dip to –0.098C, the DMI continued to move towards
positivevalues.Theneutral phase that haddominated throughout
the season continued to the end with negative values still in the

neutral range inMay,endingwith–0.338C.TheIODwasfirmly in
a neutral phase when autumn gave way to winter.

Studies of impacts on the Australian region during both
coincident negative IOD and La Niña phases, and coincident
positive IOD and El Niño phases, have shown that the combined

effects of both phases are enhanced. These climate drivers
heighten impacts regarding rainfall and temperature. While it is
recognised that there is a relationshipbetween the twodrivers, the
relationship is complex, and as such, it continues to be an active

area of research (Santoso et al. 2019).

3 Outgoing longwave radiation (OLR)

OLRin theequatorialPacificOceancanbeusedasan indicatorof

enhanced or suppressed tropical convection. Increased positive
OLR anomalies typify a regime of reduced convective activity, a
reduction in cloudiness and, usually, a reduction in rainfall.

Conversely, negativeOLRanomalies indicate enhanced convec-
tion, increased cloud-cover and chances of increased rainfall.
During La Niña, decreased convection (increased OLR) can be

seennear theDateLine,whereas increasedcloudiness (decreased
OLR) near the Date Line usually occurs during El Niño. When
Australia is under the influence of a positive IOD event, OLR
anomalies are positive over the eastern Indian Ocean where

convective activity is typically reduced.
The Hovmöller diagram of OLR anomalies along the

equator during January–June 2018 (Fig. 4) shows that convec-

tion was generally suppressed over the central to eastern
equatorial Pacific and enhanced across Indonesia and the
western equatorial Pacific during January–March. Collec-

tively, these oceanic and atmospheric anomalies reflected
weak La Niña conditions. ENSO-neutral conditions were
mirrored in the slight changes in convection, remaining

suppressed over the central and eastern equatorial Pacific and
slightly enhanced over the western equatorial Pacific and the
Indonesia region during April–May.
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Fig. 3. Indian Ocean Dipole (IOD); DMI weekly values and the five-week running mean from January

2014 to May 2018.

4http://www.bom.gov.au/climate/iod/
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Averaged over an area at the International Date Line (7.58S–
7.58Nand1608E–1608W), the standardisedmonthlyOLRanom-

aly was þ0.5 for March, þ1.2 for April and þ1.0 for May. The
autumn 2018 average wasþ0.9.

Seasonal spatial patterns of OLR anomalies across the Asia–

Pacific region between 408S and 408N for the southern hemi-
sphereautumn2018areshowninFig.5.NegativeOLRanomalies
were evident across the Maritime Continent and western Pacific

with the strongest anomalies discernible over the Solomon
Islands andparts of eastern Indonesia.Thepersistence of the near
equatorial trough, which helped focus convection in these areas,
was one of the main instigators of these anomalies through the

secondhalfofApriland intoMay.TheSouthPacificconvergence
zone become a more persistent feature during the second half
of April and during May. The lowest negative anomaly (of

–20.7Wm�2) featured inautumn2018over the southernSolomon
Islands. An area of negative anomalies in the range 5–25Wm�2

around Sumatra and extending westwards to southern India

possibly indicated initial development of a positive IOD. The
strongly positive OLR anomalies off northwest Australia and
Java indicated less moisture than normal in the atmosphere,
typical of apositive IODphase.Typically, it is in autumnorwinter

when either a negative, or positive IOD phase emerges.
Tropical cyclone activity in the second half of March likely

contributed to the slightly negative anomalies around theGulf of

Carpentaria. Further tropical cyclone activity in the southwest
Pacific during the early part of April was also reflected in the
negative anomalies detected around the eastern Coral Sea.

The dominance of the trade flow pattern kept clouds sup-
pressed, especially over continental Australia. Accordingly, the
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Fig. 5. The OLR anomalies for autumn 2018 (Wm�2). Anomalies calculated with respect to base period of 1979–2000.

There are suspected negative biases in theOLR anomalies over subtropical land areas (estimated at around 5Wm�2) due to

satellite orbit decay.
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Fig. 4. Time-longitude plot of daily-averaged outgoing longwave radia-

tion (OLR) anomalies for 158S–158N for January–June 2018. The OLR
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anomalies were generally insignificant, although parts of south-
eastern and southern Australia recorded anomalies in excess of

5Wm�2 above the seasonal mean.
However, there were suspected negative biases in the OLR

anomaliesover subtropical landareaswhere theyareestimated to

be around 5Wm�2, the bias is due to satellite orbit decay
(M. Wheeler, pers. comm. October 2019). A map is provided of
the seasonal precipitation anomalies (Fig. 6) as calculated from

NOAA’s Climate Anomaly Monitoring System-OLR Precipita-
tion Index (CAMS_OPI) analysis for the Pacific region.

4 Madden-Julian Oscillation (MJO)

TheMJO5isa tropicalconvectivewaveanomaly,whichdevelops
in the Indian Ocean and propagates eastwards into the Pacific

Ocean (Madden and Julian 1971, 1972, 1994). The MJO takes
approximately 30–60 days to reach the western Pacific, with a
frequency of six–twelve events per year (Donald et al. 2004).

When theMJO 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 (RMM) MJO index and the
associated phases can be found inWheeler and Hendon (2004).

The phase-space diagram of the RMM for autumn 2018 is

showninFig.7. In the firstweekofMarch, theMJOwas inphase2
andclose tophase3over theIndianOceanwithmodeststrength. It
then embarked on a weakening trend as it tracked further east

within the second week of March, returning to the unit circle
before entering phase 4 and 5, over the Maritime Continent,
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Fig. 6. Precipitation anomalies for autumn 2018 (mm/season) for the Pacific region. Base period is 1979–2000.
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5http://www.bom.gov.au/climate/mjo/
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during the second half of March. The impact of a Kelvin wave,
which temporarily complicated the MJO signal by weakening it

and initially retrogressing it towards phase 2 is shown in Fig. 6.
After some stalling of the oscillation, it resumed moving into
phase 4 and 5 over theMaritimeContinent withmodest strength.

Analysis indicated theMJOwasstill inphase3over the Indian
Ocean in the first week of March, but the signal had become
incoherent with significant weakening. However, a strong

equatorial Rossby wave moving through Australian longitudes
enhancedconvection in theareaandwas likely responsible for the
developmentof tropical cyclonesHola,LindaandMarcusduring
the firsthalfofMarchand tropical cyclonesNoraand Iris towards

the lastweek ofMarch. TheMJOprogressed fromphases 4 and 5
into phases 6 and 7 over the western Pacific Ocean in lateMarch
and early April, where it emerged as a stronger signal.

Tropical cyclone Josie briefly formed in response to the
strengthened MJO signal in late March and very early April.
The MJO signal maintained moderate strength as it progressed

eastwards from phase 7, over the western Pacific, into phase 8
over thewesternhemisphereandAfrica, during the firstweekand
a half of April. Tropical cyclone Keni formed to the east of
Vanuatu during this time because of cross-equatorial flow into a

near-stationary convergence zone from the Solomon Islands to
Fiji. The MJO signal continued its eastward progression and
eventuallyweakened tobewithin theunit circle in the last 10days

of April. The last week of April saw a double near equatorial
trough structure, a common feature of the transition from the
southern hemisphere tropical cyclone season to the northern

hemisphere tropical cyclone season. The MJO remained weak
and indiscernible inside the unit circle, having little influence on
tropical weather. The phase diagram showed the MJO remained

in a similar state into the first week of May.
The westwards propagating Rossby wave caused a flaring of

convection, and its persistence and organisation led to the
developmentof tropical cycloneFlamboyanover the farnorthern

Indian Ocean in the last days of April.

The moderate pulse of the MJO (at the edge of phase 1
moving into phase 2) also assisted in the formation of two

significant tropical systems in middle–late May. Tropical
cyclone Sagar was spawned near the Horn of Africa around
17 May, while tropical cyclone Mekunu formed near the

Arabian Peninsula on 23 May before it made landfall over
southernOman late on the 25May. The system delivered heavy
rainfall, flash flooding and damaging surf conditions as it

crossed the coast near Salalah. Impacts were also substantial
on the Socotra Islands, Yemen.

5 Oceanic patterns

5.1 Sea surface temperatures (SSTs)

The SST anomaly for the combined ocean area of the southern

hemisphereforautumn20186wasþ0.578Cabovethe20thcentury
seasonal average. This was the eighth-warmest value on record in
the NOAA data set for austral autumns 1901–2019. Though

warmer than autumn2017, itwas cooler (–0.218C) than the record
warm SSTs experienced during the austral autumn of 2016
(þ0.788C) (Rosemond and Tobin 2018). The global SST anoma-
lies for autumn 2018, relative to 1961–2000, are shown in Fig. 8.

During autumn 2018, the tropical Pacific returned to ENSO-
neutral, as indicated bymostly near to below SSTs over the east-
central equatorial Pacific and below average SSTs near the west

coast of South America (Fig. 8). Warm anomalies were present
across most of the South Pacific around and to the south of 308S.
Warm anomalies were also widespread over the Maritime

Continent.ThemonthlyElNiño indiceswerenearzero to slightly
below average, except for NINO1þ2, which remained negative
(at –1.08C). Subsurface temperature anomalies (averaged across

1808–1008W) remained positive, due to the continued influence
of a downwelling oceanic Kelvin wave. Atmospheric indicators
related to last season’s La Niña also continued to fade.

The NINO3.4 index, which measures SSTs in the central

Pacific Ocean between 58N–58S and 1208–1708W, is used by the
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Fig. 8. Global sea surface temperature anomaly (SSTA,8C) for austral autumn 2018 (ERRSTv5, Huang et al.

2017).

6NOAANational Centers for Environmental information, Climate at a Glance: Global Time Series, publishedMay 2017. Available at http://www.ncdc.noaa.

gov/cag/ (base period 1900-present).
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AustralianBureau ofMeteorology tomonitor ENSO;NINO3.4 is
closelyrelated totheAustralianclimate (WangandHendon2007).

The NINO3 monthly temperature anomalies were –0.68C,
–0.28C and 0.08C for March, April and May, respectively,
although the monthly temperature anomalies for NINO3.4 were

similar, being –0.68C, –0.38C and 0.08C. The NINO4 monthly
anomalieswereonlymarginallyabove themonthlyanomalies for
each month of the austral autumn 2018, March (0.08C), April
(0.18C) andMay (0.28C).

TheSSTs in theAustralian region (Fig. 9), based onExtended
Reconstructed Sea Surface Temperature version 5 (ERSSTv5)
data, were at least 0.58C above the seasonal average over the

TasmanandCoralseas,aswellas theIndianOceanoff thewestern
coastline of Australia, the Timor andArafura Sea and theGulf of
Carpentaria around the northern coastline. Anomalies of 1–28C
were widespread across the Tasman Sea after the exceptionally
warm SSTs occurred from the second half of November until
early2018.TheSSTsintheseregionsweremuchwarmer thanany

SSTs previously recorded at that time. This area extended west
from New Zealand to Tasmania and in waters surrounding
mainland southeast Australia.8

5.2 Subsurface ocean temperatures

The 208C isotherm depth is generally located close to the
equatorial thermocline, which is the region of greatest tempera-
turegradientwithdepthandtheboundarybetweenthewarmnear-

surface and colddeep-oceanwaters. Therefore,measurements of
the 208C isotherm depth make a good proxy for the thermocline
depth.Negativeanomaliescorrespondto the208Cisothermbeing

shallowerthanaverageandareindicativeofcoolingofsubsurface
temperatures. If the thermocline anomaly is positive, the thermo-

cline is deeper. A deeper thermocline results in less cold water
available for upwelling, and therefore, a warming of subsurface
temperatures.

The four-month sequence of subsurface temperature anoma-
lies (Fig. 10) shows the decay of shallow cool anomalies in the
eastern equatorial Pacific Ocean during February–May 2018.
Therewasaneastwardpropagationofwarmer thanaveragewater

further below the surface. The area of warm anomalies extended
from 1408E to 1208Wbetween 100–200m depth.

This is typical during the breakdownofLaNiña,which acts to

dilute the cool subsurface waters in the eastern Pacific as the
warmer than average subsurface water propagates eastwards. In
Fig. 10, a pool of warmer than average water between 1408E and

1408Win a depth between 120–200mwith cool anomalies in the
shallow subsurface of the eastern equatorial Pacific Ocean, is
shown.Towardsmidand lateMay,apoolofwarmer thanaverage

water tracked eastwards and affected SSTs as these warmer
waters shoaled in the eastern Pacific.

Subsurface water with generally positive temperature anoma-
lies(averagedacross1808–1008W)increasedfromApriltoMay,as

another downwelling equatorial oceanic Kelvin wave reinforced
the already above average subsurface temperatures (Fig. 11).

6 Sea ice

Autumn 2018 continued a recent trend with Antarctic sea ice

extents contracting well below the 1981–2010 seasonal average
andbeloweven the long-termrangeofvariability fornearlyevery
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Fig. 9. Sea-surface temperature (SST) decilemap of theAustralian region for autumn2018 (ERSSTv5,Huang

et al. 2017).7

7Bureau of Meteorology, Climate Monitoring and Prediction, www.bom.gov.au (internal reference source: from The Analyser)
8Special Climate Statement No. 64 – record warmth in the Tasman Sea, New Zealand and Tasmania, published 27 March 2018, Bureau of Meteorology and

NIWA. Available at http://www.bom.gov.au/climate/current/statements/scs64.pdf
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month. Extents for 2017 and 2018 were the lowest on record for
both winter maximum and summer minimum.9 During autumn
2018, the Antarctic sea ice extent was slightly below the 1981–

2010 average throughout the season. Sea ice extents were below
the long-termaverage forMarch,April andMayby12.4,12.3and
8.6% over the three months, respectively. Sea ice extent was

approximately 520000km2 less than the 1981–2010 average and
ranked as the seventh lowest sea ice extent on record for March.
April also saw a sea ice extent that was approximately 830

000 km2 below the April average. The total sea ice extent in
May was 9 300 000 km2; and this was 855 000 km2 less than the
monthly average. It was the third lowest sea ice extent on record.

Its northward extent was less than average forMay in all sectors,
particularly in the eastern Weddell Sea and the Ross Sea. There
were aboveaverageareasof sea ice extent, but itwasminimal and
occurred in an area slightly eastward of the Shackleton Ice Shelf

and over parts of theAmundsenSea.10Aperiodof record to near-
recordhighseasonalseaiceextentsasdepictedinFig.12,endedin
the southern hemisphere winter prior to 2015 (Trewin 2018a).

7 Atmospheric circulation

7.1 Southern Annular Mode (SAM)

The strength and position of cold fronts and midlatitude low

pressure systems are important drivers of rainfall variability

across southern Australia. In a positive SAM event, the belt of

strong westerly winds contracts towards Antarctica. This results

in weaker than normal westerly winds and higher pressures over

southern Australia, restricting the penetration of cold fronts

inland. During autumn and winter, a positive SAM value11 can

mean cold fronts and lows farther south than average, and hence,

the southern parts ofAustralia can experience low rainfall during

these seasons (Hendon et al. 2007).
Therewasa stronglypositiveSAMphaseduring the earlypart

ofautumn2018(Fig.13)with indexvaluesaboveþ1to27March.

A transition to anegative phase occurred thereafter, and theSAM

remained strongly negative for themajority of the next 30days to

27 April. Positive SAM values returned from 28 April, and the

SAMremained in this phase until about themiddle ofMay. Some

140°E

M

A

M

F

M

A

M

F

160°E 140°W180° 160°W

40 80 120 160 200

120°W 100°W 140°E 160°E 140°W180° 160°W 120°W 100°W

–20 0 20

20
18

20°C Isotherm depth (m)

Five–day 20°C isotherm depth   20°S to 2°N average 

20°C Isotherm depth anomalies (m)
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9Scott, M. 2019. Understanding Climate: Antarctic sea ice extent. Available at https://www.climate.gov/news-features/understanding-climate/understanding-

climate-antarctic-sea-ice-extent [accessed 28 September 2019]
10NOAANationalCenters for Environmental Information, State of theClimate:GlobalClimateReport forMarch 2018, published onlineApril 2018.Available

at https://www.ncdc.noaa.gov/sotc/global/201803 [accessed 10 October 2019]
11SAM index from the Climate Prediction Center (CPC), see http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/aao/aao.shtml.
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fluctuationsoccurred late in the season, thoughfor themajorityof

the second half of May, indices were negative. Monthly mean

values of the Climate Prediction Center (CPC) SAM index were

þ0.14 for March, –1.17 for April and –0.08 for May. The effect

that the SAM can have on rainfall varies greatly depending on

season and region, and despite the strongly negative mean value

for April, rainfall was mostly below average across southern

Western Australia, southern Victoria and Tasmania. Above to
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Fig. 11. The cross-section of monthly equatorial subsurface analysis from February 2018 to May 2018. Red

shading indicates positive (warm) anomalies and blue shading indicates negative (cool) anomalies.
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Fig. 12. Graph of the monthly sea ice between January 2014 and May 2018.
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verymuchaboveaveragerainfalloccurredoversouthernVictoria
and parts of western and southern Tasmania in May.

With a negative phase of the SAM through the first half of
April (Fig. 14), cold fronts produced strong to gale force winds,
brought thunderstorms and extensive areas of raised dust on
13–14 April. The fronts also generated damaging winds across

Victoria, including the state’s strongest gust of 128 kmh�1 at the
Wilsons Promontory lighthouse on 15 April. The strong winds
and associated low pressure system linked to the fronts also

contributed to high storm tides along parts of the Victorian
coastline. In Tasmania, strong and gusty winds were common

from 13 to 16 April, also associated with a series of cold fronts.
Winds were especially strong on the morning of 16 April, and

many sites reported gusts in excess of 100 kmh�1, peaking at
163 kmh�1 at Maatsuyker Island. A vigorous cold front visited
Tasmania, supported by the negative phase of the SAM and
brought exceptionally high rainfall around mid-May.

7.2 Surface analyses

The averageMSLP pattern for autumn 2018 is shown in Fig. 15,
computed using data from the 0000 UTC daily analyses of the
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Fig. 13. Graph of the monthly Southern Annular Mode (SAM) between January 2014 and May 2018.

–3.0

–2.0

–1.0

0

1.0

2.0

3.0

4.0

Jan-2018 Feb-2018 Mar-2018 Apr-2018 May-2018

S
A

M

Month-Year

SAM monthly, daily and 5-day weighted average

Monthly SAM SAM-daily averaged 5-day weighted average

Fig. 14. Southern Annular Mode (SAM) shown in backgroundmonthly averaged value with the daily SAM

and the five-day weighted-average SAM for the period from January 2018 to May 2018.

BoM climate summary: autumn 2018 Journal of Southern Hemisphere Earth Systems Science 337



Bureau of Meteorology’s Australian Community Climate and
Earth SystemSimulator (ACCESS)model.12 TheMSLPanoma-

lies relative to the 1979–2000 climatology shown in Fig. 16were
obtained from the National Center for Environmental Prediction
(NCEP) reanalysis data (Kanamitsu et al. 2002). The MSLP
anomaly field is not shown over areas of elevated topography

(indicated by grey shading).
The analysis chart for the austral autumn 2018 depicted a

pattern of relativelyweakMSLP anomalies. However, therewas

a strong positive anomaly around 1308Wwhere the subtropical
ridge extended further south of the South Pacific Ocean. Slight
positive anomalies were also evident over the far south of South

America, where an anomalous ridge likely contributed to the
below average autumn rainfall over Argentina. Similarly, for
southern Australia, a slightly positive MSLP anomaly also

delivered rainfall that was verymuch below the seasonal autumn
average. Conversely, a strong negative anomaly in vicinity of the
Antarctic Peninsula extending into the southeast Pacific Ocean
(around 50–708S, 808W) depicted an anomalous trough (with

MSLP anomalies of below –5 hPa). On 9 May 201813 an
extremely rare subtropical cyclone was observed over the
southeast Pacific Ocean (well off the coast of Chile). TheMSLP

anomaly was near slightly above average over most of Africa,
South America and Australia but was below average over
New Zealand.

7.3 Mid-tropospheric analyses

Theaverage500 hPageopotentialheight forautumn2018,shown
in Fig. 17, is an indicator of the steering of surface synoptic

systems across the southern hemisphere, it depicts a weak three-
wavepatternwith troughs located justwestof the1808Wparallel,
908Wand approximately 308E. The 500 hPa geopotential height
anomalymap for autumn2018 in Fig. 18 highlights the departure
from the geopotential height seasonal average for autumn. The
geopotential height is valuable when identifying upper level
troughs, similar to a surface low pressure system, and the upper

levelridgingwhichisequivalent tosurfacehighpressuresystems.
The characteristic zonal structure of the middle to high

latitudes is evident in the autumn 500 hPa anomaly pattern

(Fig. 17), with weak three-wave characteristics evident. The
mean500 hPacirculationduringMarch featuredaboveaverage
heightsover the IndianOceanand thecentralSouthPacificwith

below average heights over the high latitudes of the eastern
South Pacific. In April, there were above average heights over
southeastern Australia, the high latitudes of the central South
Pacific, southern South America and the western South Atlan-

tic. The anomalymap (Fig. 18) featured below average heights
over the western South Pacific and Indian Ocean. In southern
South America and Australia, anomalous upper-level ridges

contributed to exceptionally warm and dry conditions. Many
locations recorded temperatures in the upper 90th percentile
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Fig. 15. Southern hemisphere mean sea level pressure (MSLP) pattern for autumn 2018.

12For more information on the Bureau of Meteorology’s ACCESS model, see http://www.bom.gov.au/nwp/doc/access/NWPData.shtml
13NOAA. 2018. Satellite and Information Service, Rare Subtropical Storm off the coast of Chile. Available at https://www.nesdis.noaa.gov/content/rare-

subtropical-storm-coast-chile. [Accessed 1 October 2019]
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and the lowest 30th percentile for precipitation seasonally for
autumn 2018.

8 Winds

Autumn 2018 low-level (850hPa) and upper-level (200hPa) wind
anomalies shown in Figs 19 and 20 are fromwinds computed from

ACCESS, and anomalies are computed with respect to the 22-year
1979–2000NCEPclimatology.Isotachsareatanintervalof5ms�1.

The autumn 2018 wind anomalies at 850 hPa for the austral

autumn (Fig. 19) were generally within 5ms�1 of the long-term
average. Mostly weak easterly low-level wind anomalies were
evident acrossmuchofAustralia,while aweakwesterly anomaly
dominated the far southeast of Australia and adjacent parts of the

Tasman Sea. A discrete cyclonic circulation could be observed
over the far southern Tasman Sea/Southern Ocean between
Tasmania and New Zealand, this region corresponded with

anomalies at the surface. An anticyclonic circulation in the far
southern Pacific Ocean, around 40–508S and 150–1308W was
evident.Reducedcloudcoverduetostrongsubsidence,promoted

positive SST anomalies in the order of 1–28C while vertical
mixing between the upper and lower sections of the subsurface

ocean was similarly limited.
At 200 hPa, autumn 2018, there were westerly anomalies

(Fig. 19) present across much of the southern hemisphere in the

30–508S latitude band. A trough in the easterly flow pattern
dominated Australia. The central and eastern South Pacific saw a
moreinvolutedupperwindregimeandanomalouswesterlywinds.

The circulation at 200 hPa across the subtropical Pacific

Ocean in March in both hemispheres continued to reflect La
Niña. The La Niña signal included amplified troughs east of the
Date Line in the subtropics of both hemispheres in association

with the disappearance of deep tropical convection from the
central and eastern equatorial Pacific. The La Niña signal also
included a focusing of the subtropical ridges over Australasia in

association with enhanced convection over the western tropical
Pacific and Indonesia. At 200 hPa, the subtropical circulation
featured an amplified trough over the central and eastern South

Pacific Ocean during April, which reflected lingering La Niña
conditions.14
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Fig. 16. Southern hemisphereMSLP anomalies (hPa) for autumn 2018. Anomalies calculated with respect to

base period of 1979–2000.

14NOAA/NCEP. 2018. Climate Monitoring Bulletin, April 2018, Near Real-Time Ocean/Atmosphere Monitoring, Assessments, and Prediction. Available at

https://www.cpc.ncep.noaa.gov/products/CDB/CDB_Archive_pdf/PDF/CDB.apr2018_color.pdf.
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Fig. 17. Autumn 2018 500 hPa mean geopotential height (gpm) from 1979–2000 climatology.
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Fig. 18. The mean geopotential height (gpm) anomalies for autumn 2018, 500 hPa, from 1979–2000

climatology.
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9 Australian region

9.1 Rainfall

Overall, autumn2018was the second-driest autumnonrecord for
Australia. It was 33.8% drier than the historical area-averaged
seasonal mean rainfall of 79.7mm (see Table 1). Notably, over

WesternAustraliaandNewSouthWales, largeareasexperienced
very much drier than average conditions with sizable portions of
each state recording totals that were in the lowest 10% of
historical autumn rainfall totals (rainfall totals are shown in

Fig. 21). The area-averaged rainfall was the lowest since 2005
for New South Wales and the state’s seventh-driest autumn on
record. InWesternAustralia, itwasthefourth-driestautumnsince

1994.Thearea-averaged rainfall inSouthAustraliawasalsovery
much below the seasonal mean, and it was also a drier than
average autumn for Victoria and the Northern Territory.

Autumn was wetter than average for the Australian main-
land’snortherntropics,easternpartsof theNorthernTerritoryand
much of Tasmania, with both Queensland and Tasmania record-

ing positive rainfall anomalies for the season (Fig. 22). Above to
very much above average rainfall occurred in much of the
southern parts the Northern Territory as well as western, central
and much of northern Queensland.

A broad area of low pressure over northern Australia during

Marchprovidedconditionsconducivetoreceivingaboveaverage

rainfall.Alowpressurecentredeepenedto thewestofTownsville

during the firstweekofMarch.Thesystembroughtheavy rainfall

as it drifted to thewest across thenorthern interior ofQueensland.

The low then tracked into the northwest interior and deepened,

producing rainfall in excess of 100mm. Another low, near the

southern Gulf of Carpentaria and combined with low-level

convergence on its eastern flank, caused several days of very

heavyrainfallalongthenorthtropicalcoastofQueenslandaround

the middle of March, resulting in major riverine flooding. A

rainband produced widespread, moderate to locally heavy rain-

fall, stretchingfromtheGulfCountry, throughinlandQueensland

to northeast New SouthWales.

Rainfalls associated with tropical cyclonesMarcus andNora

also weighed heavily on March rainfall totals across northern

Queensland and far northern areas of the Northern Territory and

WesternAustralia. Tropical cycloneMarcus produced extensive

shower and thunderstorm activity with moderate to heavy falls

across theTopEndof theNorthernTerritoryandnorthKimberley

in Western Australia in mid-March. The system went on to

become themost intense tropical cyclone in theAustralian region
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Fig. 19. Austral autumn 2018 850 hPa vector wind anomalies (ms�1).
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Fig. 20. Austral autumn 2018 200 hPa vector wind anomalies (ms�1).
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for more than a decade, reaching category five, on 21 and 22

March. During the last week of March, severe tropical cyclone

Nora and its remnants, in association with the monsoon trough,

generated moderate to heavy rainfall in far northern parts of the
Northern Territory as well as very heavy rainfall and flooding in

the Gulf Country and Cape York Peninsula. A large part of

Queensland also experienced rainfall from this system, particu-

larly northern and western parts of the state. Also, during the last

week of March, a trough near the coast of southeast Queensland

and New SouthWales was cradled by a large, slow-moving high

pressure system near Tasmania. This resulted in a very heavy

rainfall event between Newcastle and Coffs Harbour, with
rainfall totals that were in excess of 400mm recorded in the
seven-day period 20–27 March around the Mid North Coast of

New SouthWales.
A slightly negative SAM frommid-April translated to amore

frequent period of westerly winds and embedded cold fronts,

which affected Tasmania’s rainfall. An area of complex low
pressuresituatedovereasternBassStraitproducedaboveaverage
May rainfall for much of eastern Tasmania. Specifically, on 10
and 11 May, it brought record-breaking rain which led to major

flooding on the catchments around the Wellington Range and

Table 1. Summary of the seasonal rainfall, rank and extreme totals on a national and state basis for autumn 2018. The rank refers to 1 (lowest) to 119

(highest) and is calculated over the years 1900–2018 inclusive

Region Highest seasonal

total (mm)

Lowest seasonal

total (mm)

Highest daily

total (mm)

Areal average

total (mm)

Rank of areal

average

Departure from

average (%)

Australia 4095 Bellenden Ker

(top station)

Zero several locations 593 Port Douglas 26

March

79.71 18 –33.8%

Queensland 4095 Bellenden Ker

(top station)

Zero several locations 593 Port Douglas 26

March

171.77 86 5.3%

New South Wales 977 Careys Peak 0.2 Wanaaring

(Owen Downs)

255 Willina 22 March 56.00 7 –60.8%

Victoria 530 Wyelangta 12 Robinvale 95 Cann River 12 May 100.47 18 –35.9%

Tasmania 1330 Mt Read 98 Swan Island 236 kunanyi (Mt

Wellington) 11 May

365.70 85 7.4%

South Australia 213 Uraidla Zero several locations 61 Moomba 23 March 19.85 11 –64.8%

Western Australia 344 Kalumburu Zero several locations 127 Theda 19 March 33.32 4 –36.2%

Northern Territory 576 Nhulunbuy Zero several locations 170ManingridAirport

6 March

88.88 37 –36.2%
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Fig. 21. Rainfall totals for autumn 2018.
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Hobart. One record daily total was recorded at kunanyi (Mount
Wellington),whichobservedadaily rainfall total of236.2mmon
11 May. Over 40% of Tasmania recorded rainfall above the

highest May percentile on 11 May, and 24.9% of the state
recorded their highest May daily rainfall since records began in
the 24 hours to 9 a.m. on 11May.

Five tropical cyclones occurred in the Australian region
during autumn: Linda, Marcus, Nora, Iris and Flamboyan.
Cyclones Linda and Iris were located off Australia’s eastern
coast, but they did notmake landfall,whileFlamboyan remained

well offshore and away from the continent’swestern coast during
its late April and early May lifespan.

Tropical cycloneMarcus15was the strongest tropical cyclone

toaffectDarwin since severe tropical cycloneTracy inDecember
1974. The system also became the strongest tropical cyclone
anywhere within the Australian region since severe tropical

cyclone Monica in April 2006. Dvorak analyses and other
intensity estimation techniques indicated a similar direct com-
parison at peak intensity of both these tropical cyclones. Tropical

cycloneMarcus formed about 300 kmnortheast of Darwin on 16
March. It was upgraded to a category two system and made
landfall northeast of Darwin on 17 March. Marcus was a small
system, but its impacts on Darwin were widespread and signifi-

cant. Felled trees damaged buildings and cars, while downed
powerlines caused significant power outages. Marcus made
landfall on another two occasions: the first over the western

Top End, and over the northern Kimberley.Marcus then moved
out into the warm ocean waters off the north Kimberley coast.

Here,Marcus rapidly intensified early on 19 March, and by late
afternoon it had become a category three severe tropical cyclone.
Severe tropical cycloneMarcus continued to intensify, reaching

category five on 21March. It adopted a consistentwesterly track,
away from the Western Australian coast, remaining at category
five before it turned southward, and in doing so, eventually

weakened below tropical cyclone intensity on 24 March, well
offshore of the mid-coast of Western Australia.

Severe tropical cyclone Noramade landfall along the south-
westCapeYorkPeninsulacoast as acategory three systemlateon

24March. Several houseswere damaged and numerous trees and
power lines were brought down. Nora was also responsible for
propagating large waves that pounded the western Cape York

Peninsula coast, and north of the location where Nora made
landfall, the storm surge reached 1.2mat theWeipa tide gauge.16

Total rainfall forAustralia’s IndianOcean islands forMarch–

May was close to average for the Christmas Island Aero and
somewhat belowaverage at theCocos IslandAirport. Subantarc-
tic Macquarie Island saw well above average rainfall, and each

monthofautumnwaswetter thanaverage.Belowaverage rainfall
occurred at both Lord Howe and Norfolk islands.

9.2 Rainfall deficiencies

The isolated but reasonably intense periods of rainfall associated
with thecyclonesvisitingAustralia’s tropical north, aswell as the
extraordinary rainfall in Tasmania, did have some impact on

deficiencies that were being tracked by the Bureau of Meteorol-
ogy through the 2018 austral autumn.

Australian Rainfall Deciles
1 March to 31 May 2018

Distribution Based on Gridded Data
Australian Bureau of Meteorology

http://www.bom.gov.au
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Fig. 22. Rainfall deciles for autumn 2018; decile ranges based on grid-point data for all available data 1900–

2018.

15Chart of tropical cyclone Marcus movement: http://www.bom.gov.au/announcements/sevwx/nt/nttc20180316.shtml
16Chart of tropical cyclone Nora movement: http://www.bom.gov.au/announcements/sevwx/qld/qldtc20180323.shtml
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As the austral autumn arrived, it broughtwith it the deficiencies
from the previous season, which is traditionally the wet season
across northern Australia. For Queensland’s western and southern

areas, thewet seasonhadbeendry, anddeficiencies hademergedat
the three-month time scale (Fig. 23). By the season’s end,
Australia’s northern tropical region had experienced near-average

areal autumn rainfall while the northeastern part of the continent
was wetter than the northwest. In northeastern tropical regions, an
activemonsoon led towell above average rainfall and, in a smaller
area, record high precipitation for March. This rainfall effectively

removed thedeficiencyover thesameregion thathademergedover
the last month of summer, at the three-month time scale.

Midseason rainfall was patchy over southern Australia. In

southeastern Australia, the autumn areal average was 79.74mm,
the 12th-driest areal autumn rainfall on record for this part of the
continent. Australia’s southwest received almost the equivalent

areal averaged rainfall over autumnwith 80.13mm. This ranked
as southwestern Australia’s seventh-driest autumn on record.

The lack of rainfall through late autumn formuchofmainland

Australia (Fig. 24) led to the emergence of serious to severe
rainfall deficiencies across the southeast and the southwest.
Conversely, Tasmania had been visited by vigorous cold fronts
early in the season and again in late autumn.These fronts brought

exceptional rainfall totals, particularly in the early season.
Tasmania was the only state to be free of rainfall deficiencies at
theendofautumn2018.Rainfall forautumnwas indecilenine for

13.5% of Tasmania (Table 2).

9.3 Temperature

The mean and average maximum autumn temperatures for
Australia as a whole were the fourth-warmest on record, and the
autumn mean temperature anomaly was 1.898C above the
seasonal average. With the exception of Queensland and

Tasmania, all states and territories recorded autumn mean
maximum average temperatures that were ranked in the top-ten
of their autumn averages. The anomalies and rankings are

provided in Table 3.
OnlyAustralia’s northeastern tropics, including southern and

eastern Cape York Peninsula, experienced cooler than the

seasonal mean daytime temperatures (Fig. 25). The rest of
the Cape York Peninsula was near average for autumn; this was
the result of periods of cloudiness and rainfall from an active
monsoon burst and cyclone activity across the tropics. The

remainder of Queensland and the eastern half of the Northern
Territory experienced daytime temperatures that were above the
seasonal maximum daily temperature. Tasmania recorded day-

time temperatures near to average; however, the statewide areal
average was above the seasonal average. Elsewhere on the
mainland, daytime temperatures were very much above the

seasonal mean. Autumn maximum daily temperatures ranked
highest on record off the coastal fringe about the Gascoyne in
Western Australia. A sizable portion in themainland’s southeast

endured maximum temperatures that were the highest on record
for autumn.

With all main climate drivers firmly in neutral, the season’s
well above average mean and maximum average daily tempera-

tures (Fig. 26) were largely attributed to a prolonged and
extensive heatwave, which spread across several states from the
beginning of April. Significantly, on 8 April, the national areal

average temperature eclipsed the previous warmest day set in
April 2005; however, the record was broken again the following
dayon9April,withanationallyaverageddaytimetemperatureof

34.978C. It was Australia’s warmest April day on record.
The heatwave was experienced as two main pulses. The first

occurredasApril arrivedwhenaverywarmairmass situatedover
thenorthwestof themainlandsteadily spreadacross thecontinent

Rainfall Deficiencies: 3 Months
1 December 2017 to 28 February 2018

Distribution Based on Gridded Data
Australian Bureau of Meteorology

http://www.bom.gov.au
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Fig. 23. Three-month rainfall deficiencies for Australia in summer 2017–18.
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aheadofacoldfront.Severalsitesacross inlandNewSouthWales
setnewAprilmaximumdaily temperature recordson1April, and
the warmer than average daytime temperatures persisted in the

area for the remainder of theweek. The secondpulse saw the heat
from the same air mass migrate southwards over southwestern
Australia as the warm air was drawn eastward and over South
Australia, progressing into the mainland’s southeastern region

ahead of a cold frontmoving over the southwest of the continent.
This significant heatwave is discussed in detail in the Special
Climate Statement 65, Persistent summer-like heat sets many

April records17 issued by the Bureau of Meteorology.

The data sets used to assess the area-averaged anomalies were
calculated from the Australian Climate Observation Network Sur-
face Air Temperature sites with reference to the base period 1961–

1990, and the deciles use the same network of sites for 1910–2018.
Across mainland Australia, minimum temperatures for

autumn2018wereverymuchwarmer than thehistorical seasonal
average (Fig. 27). Almost all states and territories reported

autumn mean minimum areal averages that were ranked in the
top-ten for autumn, aside fromtheNorthernTerritory (whichwas
still, overall, anomalously warm) and Queensland (with the

southern districts also warmer). Tasmania recorded a positive

http://www.bom.gov.au
© Commonwealth of Australia 2019, Australian Bureau of Meteorology ID code: AWAP Issued: 10/05/2019
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Fig. 24. Three-month rainfall deficiencies for Australia in autumn 2018.

Table 2. Percentage areas in different categories for autumn 2018 rainfall. ‘Severe deficiency’ denotes rainfall at or below the 5th percentile. Areas

in decile 1 include those in ‘severe deficiency’, which in turn includes 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 record Decile Highest on record

1 2 3 4 5 6 7 8 9 10

Australia 0.91 24.3 22.8 15.0 9.0 6.3 5.9 4.7 5.1 3.4 3.6 0.11

Queensland 0.00 4.5 11.7 8.3 7.9 8.2 10.3 11.7 13.7 10.2 13.4 0.47

New South Wales 1.77 53.0 26.2 13.4 3.3 1.5 0.6 1.1 0.7 0.1 0.0 0.00

Victoria 0.00 12.4 35.6 21.0 18.4 7.7 4.8 0.0 0.0 0.0 0.0 0.00

Tasmania 0.00 0.0 0.0 7.3 7.3 11.7 20.7 26.9 11.6 13.5 0.9 0.00

South Australia 1.15 32.9 27.0 18.2 8.4 5.8 3.3 1.7 1.5 1.1 0.0 0.00

Western Australia 1.76 36.3 31.9 17.4 9.6 3.4 1.1 0.2 0.0 0.0 0.0 0.00

Northern Territory 0.00 6.5 13.8 16.9 11.8 12.1 13.7 8.0 9.4 4.8 3.0 0.00

17Australian Government Bureau of Meteorology. 2018. Special Climate Statement 65 – Persistent Summer-like heat sets many April records. Available at

http://www.bom.gov.au/climate/current/statements/scs65.pdf
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anomaly overall, but the statewide anomalies were closer to

average. The rank and anomaly values for each state and territory
for autumn 2018 are listed in Tables 4 and 5.

For autumn 2018 (Fig. 28), very much above average night-

time temperatures were recorded in southwestern Queensland
and northwestern New SouthWales as well as the coastal fringe

Table 3. Summary of the mean seasonal maximum temperatures, extremes and rank for Australia and regions for autumn 2018. Rank given

is 1 (lowest) to 109 (highest) calculated over 1910–2018 inclusive

Region Highest seasonalmean

maximum (8C)

Lowest seasonal mean

maximum (8C)

Highest daily maximum

temperature (8C)

Lowest daily maximum

temperature (8C)

Areal temperature

anomaly (8C)

Rank of areal aver-

age temperature

Australia 37.6 at Roebourne

Aero (WA)

9.0 at kunanyi (Mt

Wellington Pinnacle)

(Tas.)

45.9 at Roebourne Aero

28 March and Mardie

29 March

–2.6 at Mt Hotham

10 May (Vic.)

1.89 107

Queensland 34.4 at Century Mine 22.1 at Applethorpe 42.2 at Ballera Gas Field

2 March

13.3 at Applethorpe

11 May

1.05 92

New South

Wales

30.3 at Bourke Airport 10.7 at Thredbo 41.5 at Menindee Post

Office 17 March

–2.3 at Thredbo 31 May 2.64 110

Victoria 25.9 at Mildura

Airport

10.2 at Mt Hotham 39.3 at Mildura Airport

10 April and Hopetoun

Airport 11 April

–2.6 at Mt Hotham

10 May

1.67 109

Tasmania 19.6 at Friendly

Beaches

9.0 at kunanyi (Mt

Wellington Pinnacle)

31.3 at Ouse Fire Station

10 March

0.3 at kunanyi

(Mt Wellington

Pinnacle) 24 May

0.29 87

South

Australia

30.6 at Oodnadatta

Airport

18.6 at Mt Lofty 42.6 at Tarcoola

17 March

8.6 at Mt Lofty 10 May 2.22 108

Western

Australia

37.6 at Roebourne

Aero

21.4 at Albany 45.9 at Roebourne Aero

28 March and Mardie

29 March

13.2 at Manjimup

25 May

2.29 109

Northern

Territory

36.3 at Bradshaw 29.8 at Alice Springs

Airport

42.5 at Walungurru

Airport 3 March

17.1 at Arltunga 12 May 1.62 102

© Commonwealth of Australia 2019, Australian Bureau of Meteorology ID code: Analyser Issued: 22/12/2019
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Fig. 25. Maximum temperature anomalies (8C) for autumn 2018 based on average climate 1961–1990.
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between South Australia, the Gascoyne region in Western
Australia and southwestern Tasmania. Minimum temperatures

above the seasonalmean for autumn occurred across the south of
the continent, along the eastern coastal fringe of Queensland’s

Cape York Peninsula, the coastal fringe of the Top End in the
Northern Territory and an area south of the Gulf of Carpentaria

away from the coast along theNorthernTerritory’s eastern flank.
In an area of the Kimberley in Western Australia, cooler than

© Commonwealth of Australia 2019, Australian Bureau of Meteorology ID code: Analyser Issued: 22/12/2019

Temperature decile ranges

Maximum temp. deciles (all avail. data)
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Fig. 26. Maximum temperature deciles for autumn 2018 from analysis of the Australian Climate Observations

Reference Network – Surface Air Temperature (ACORN-SAT) data; decile ranges based on grid-point values over

the austral autumn over historical records 1910–2018.
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historical autumn average night-time temperatures were

recorded.For themostpart,however,northernAustraliarecorded
near-average seasonal daily minimum mean temperatures for
autumn 2018.

10 Southern hemisphere

The austral autumn 2018 was again significantly warmer over
much of the southern hemisphere. In fact, it was one of the

warmest autumns on record for land, ocean and combined. The
season ranked as the second-warmest for land (over the period
spanning 139 years). For land and ocean combined it was the

warmest, and the sixth warmest autumn for the ocean area alone.

The continental temperature anomalies, derived from theNOAA
Global Temp data set, indicated South America recorded its
third-warmest autumn on record, Africa its fourth-warmest and

Oceania its fifth-warmest for autumn 2018.19

Temperatures in autumn 2018 were above the long-term
average over most of the southern hemisphere land areas outside

Antarctica (Fig. 29). Areas that recorded temperatures below the
1981–2010 average were Ecuador, parts of western Peru, central
Chile and northeast Brazil. An area around Cape Town, western

SouthAfrica and the centralwest coast ofWesternAustralia also
recorded temperatures just below the long-termaverage. Slightly

Table 4. Summary of the mean seasonal minimum temperatures, extremes and rank for Australia and regions for autumn 2018. Rank refers to

1 (lowest) to 109 (highest) calculated over 1910–2018 inclusive18

Region Highest seasonal

mean minimum (8C)

Lowest seasonal

mean minimum (8C)

Highest daily minimum

temperature (8C)

Lowest daily minimum

temperature (8C)

Areal temperature

anomaly (8C)

Rank of areal tem-

perature anomaly

Australia 26.9 at Troughton

Island

1.3 at Perisher

Valley)

31.7 at Wittenoom

28 March

–6.7 at Cooma 25 May and

Glen Innes 31 May

0.70 95

Queensland 25.7at Coconut Island 9.9 at Applethorpe 30.6 at Windorah

2 March

–3.8 at Stanthorpe 21 May 1.01 96

New South

Wales

18.2 at Cape Byron 1.3 at Perisher Valley 27.7 at Wanaaring

(Delta)18 March

–6.7 at Cooma 25 May and

Glen Innes 31 May

1.22 102

Victoria 13.9 at Wilsons

Promontory

lighthouse

3.5 at Mt Hotham 24.2 at Kerang 12 April –6.0 at Mt Hotham 11May 0.62 91

Tasmania 13.2 at Hogan Island 2.1 at Liawenee 21.0 at Flinders Island

18 March

–6.1 at Liawenee 25 May 0.61 96

South

Australia

16.5 Moomba Airport 8.9 at Gluepot 26.2 at Moomba

8 March

–1.2 at Keith 16 May 0.73 91

Western

Australia

26.9 at Troughton

Island

8.8 at Collie East 31.7 at Wittenoom

28 March

–2.9 at Eyre 21 May 0.51 89

Northern

Territory

26.4 at McCluer

Island

12.6 at Alice Springs 29.1 at Cape Wesse

8 March

–1.6 at Arltunga 7 May 0.35 ¼80

Table 5. Percentage areas in different categories for autumn 2018. Areas in decile 1 include those 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.As the anomaly averages in the tables are only retained to two decimal places, tied

rankings are possible. Rankings marked with ‘‘5’’ denote tied rankings

Region Minimum temperature deciles Maximum temperature deciles

Lowest on record Decile 1 Decile 10 Highest on record Lowest on record Decile 1 Decile 10 Highest on record

Australia 0.00 0.0 20.8 0.00 0.00 0.0 73.5 8.76

Queensland 0.00 0.0 37.9 0.00 0.00 0.0 23.3 0.35

New South Wales 0.00 0.0 58.3 0.00 0.00 0.0 99.3 52.26

Victoria 0.00 0.0 13.3 0.00 0.00 0.0 84.4 20.74

Tasmania 0.00 0.0 50.1 0.00 0.00 0.0 0.0 0.00

South Australia 0.00 0.0 11.2 0.00 0.00 0.0 99.9 0.52

Western Australia 0.00 0.0 11.1 0.00 0.00 0.0 99.4 7.35

Northern Territory 0.00 0.0 0.4 0.00 0.00 0.0 56.4 0.00

18A 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 data set is known as ACORN-SAT V2 (Trewin 2018b).These averages are available from 1910 to the present.
19NOAANational Centers for Environmental Information. 2018. State of the Climate: Regional Analysis for May 2018. Available at from https://www.ncdc.

noaa.gov/sotc/global-regions/201805/[Accessed 2 October 2019]
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negative temperatureanomalieswerealsoevidentaroundpartsof
the Antarctic Peninsula. Persistent trade winds were likely
responsible for the region of below average temperatures about

parts of the northern South Atlantic and Indian Ocean (where

autumn mean temperatures were 0.5–1.58C below average). In
March 2018, NewZealand experienced its sixth-warmestMarch
since national records began in 1909 at 1.38C above the 1981–

2010 average.20

Minimum temp. deciles (all avail. data)

1 March to 31 May 2018
Distribution based on gridded data

Australian Bureau of Meteorology

Temperature decile ranges

Highest on
record

10

8-9

4-7

2-3

1

Very much
above average

Above average

Average

Below average

Lowest on
record

Very much
below average

http://www.born.gov.au

@ Commonwealth of Australia 2019, Australian Bureau of Meteorology       ID code: Analyser Issued: 22/12/2019

Fig. 28. Minimum temperature deciles for autumn 2018 from analysis of ACORN-SAT data; decile

ranges based on grid-point values over the autumns 1910–2018.

Land & Ocean Temperature Departure from Average Mar 2018–May 2018
(with respect to a 1981–2010 base period)

Data Source: GHCN–M version 3.3.0 & ERSST version 4.0.0

Degrees Celsius
National Centers for Environmental Information
Wed Jun 13 04:29:56 EDT 2018

Please Note: Gray areas represent missing data
Map projection: Robinson
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Fig. 29. Mean temperature anomalies (8C) from a 1981–2010 base period forMarch toMay 2018 (source:

National Centers for Environmental Information).

20NIWA 2018. NIWA Annual Climate Summary, 2018. Available at https://niwa.co.nz/files/2018_Annual_Climate_Summary-NIWA.pdf
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Temperatures remained above average across much of sub-
equatorial South America during April, and data concluded

continental temperatures were the highest since 1910. Argentina
had its warmest April since national records began in 1961. This

value surpassed the previous record set in 1970 by þ0.68C.
During themonth, several locations set newAprilmean tempera-

ture records thatwerewarmer than themonthlymean.Ofnote, the
city of Buenos Aires set a new April mean temperature record,

Thu Jun 14 03:52:13 EDT 2018

Land–Only Precipitation Percentiles Mar 2018–May 2018
NOAA’s National Centers for Environmental Information

Data Source: GHCN–M version 2
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Near
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Fig. 30. Precipitation as a percentage of the 1951–2000 average for March to May 2018 (source: Global Precipitation

Climatology Centre).
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Fig. 31. Three-month seasonal precipitation anomalies in units of mm/season based upon precipitation estimates from the

CAMS_OPI data set. The period used for computing the climatology is 1979–2000. Green areas on the map indicate where

precipitation was above the long-term normal for the season, and brown areas on the map indicate where precipitation was

below normal. Contours are depicted at increments of þ/-50, 100, 200, to 1000 mm/season.21

21https://iridl.ldeo.columbia.edu/maproom/Global/Precipitation/Seasonal.html?T¼Mar-May%202018
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whichwas1.18Cwarmer than thehistorical average, and anApril
mean dailyminimum temperature recordwith an anomaly above

theAprilaverage(þ2.08C).22TheMayarealaveragetemperature
for Argentina was its seventh warmest since 1961.23 Several
locations across the country set new maximum temperature

records for the month of May. Of note, was a city in the north of
the country at latitude 26.7838S, called Presidencia Roque Saenz
Peñawhere a new recordwas set for dailymaximum temperature

with 36.68C recorded on 3May 2018.
Global rainfall patterns for autumn 2018 (Figs 30, 31) show

below average rainfall for autumn over southern South Africa,
adding to the rainfall deficiencies experienced in the austral

winters of 2015–2017 (Archer et al. 2019). Some parts of central
South Africa recorded rainfall that was 25–50% wetter than
average in autumn 2018. The South African monsoon season

runs from October to April. This area recorded above average
precipitation during March and April, with area-averaged totals
near the 70th percentile of occurrences.24 Parts of Kenya also

received their highest March–May rainfall totals in the last
50 years. The heavy rains displaced almost one million people
and caused scores of fatalities.25

Argentina experienced its ninth-driest March on record and

warmer than average March temperatures, which affected much
of South America. The northeastern and central regions of
Argentina experienced rainfall that was significantly below

average, leading to the emergence of serious deficiencies and
this impactedtheproductionofsoybeansandcorn,bothimportant
export crops, with significantly reduced yield for the season.

Autumn 2018 rainfalls (Fig. 30), were 25–50% lower than
average. Some parts of Argentina saw 50–75% lower than
average rainfall for this season.

For autumn2018, somewesternPacific islandnations received
rainfall that was above the historical seasonalmean, due in part to
tropical cyclone activityover the southwest Pacific basin. Follow-
ing the wetter than normal summer 2017–18 for much of New

Zealand, autumn 2018 remained generally wetter than normal in
the east of both the North Island and the South Island.
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