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This is a summary of the southern hemisphere atmospheric circulation patterns 

and meteorological indices for autumn 2016; an account of seasonal rainfall and 

temperature for the Australian region is also provided. While autumn began 

with a weak El Niño signal in the Pacific, the decay of the El Niño was evident 

with subsurface temperatures in the central and eastern Pacific continuing to 

cool. Later in the season, the Indian Ocean Dipole (IOD) transitioned to a nega-

tive phase. The negative IOD combined with warm water to Australia’s north 

channeled warm, moisture-laden air over the continent; unseasonable rainfall 

ensued, over eastern and northern Australia and New Zealand’s western coastal 

areas during May. 

Temperatures averaged over the southern hemisphere were record warm for au-

tumn, both for land and ocean areas; separately or combined. For Australia, au-

tumn arrived during a significant and prolonged heatwave that contributed to the 

warmest autumn on record for Australia. 

The elevated sea surface temperatures (SSTs) recorded in the Australian region 

earlier in the year persisted, and were warmest on record for autumn. Warm 

SSTs led to a global coral bleaching event affecting reefs in tropical waters; 

while, in extra-tropical waters, diminished kelp forests were observed. In the 

Australian region, reefs off the northwestern coast and, in northern areas of the 

Great Barrier Reef, were bleached. The most severe marine heatwave since rec-

ords began was recorded in the Great Barrier Reef lagoon. 

 

1 Introduction 

This summary reviews the southern hemisphere and equatorial climate patterns for autumn 2016, with particular attention 

given to the Australasian and equatorial regions of the Pacific and Indian Ocean basin. The main sources of information 

for this report are analyses prepared by the Australian Bureau of Meteorology. 
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2 Pacific and Indian basin climate indices 

2.1 Southern Oscillation Index 

The Troup Southern Oscillation Index1 (SOI) for the period January 2012 to May 2016 is shown in Figure 1, also shown is 

a five-month weighted, moving average of the monthly SOI. Monthly SOI values were consistently negative from win-

ter 2015. After remaining strongly negative over summer 2015–16, the SOI index moved towards neutral values. 

During autumn 2016, the decay of El Niño continued, with breakdown occurring during May. The monthly SOI value for 

March was –4.7 before it returned to strongly negative territory reaching –22.0 for April then rapidly increased again and 

finishing the season at +2.8 for May. The seasonal average SOI was –8.0. The April value was the sixth most negative 

value on record for the month of April (records commence in 1876). 

The seasonal mean sea level pressure (MSLP) was 0.9 hPa above the autumn average for Darwin. Monthly anomalies 

were above average for March (+1.6) and April (+1.3) then slightly below average for May (–0.1). The seasonal mean sea 

level pressure for Tahiti was very near to the autumn mean with a slightly negative anomaly (–0.1). Monthly mean sea 

level anomalies were above average for March (+0.7), below average for April (–1.4) and above the monthly average for 

May (+0.3).  

Sustained negative values of SOI below negative seven (–7) are often indicative of El Niño episodes while, persistently 

positive values of SOI above seven (+7) are typical of a La Niña episode. The return to neutral values of the SOI reflects 

El Niño transitioning to neutral during autumn 2016. 

 

Figure 1 Troup Southern Oscillation Index (SOI) values from January 2012 to May 2016, with a five-month binomial 

weighted moving average. 

                                                           

1 The Troup Southern Oscillation Index (Troup, 1965) used in this article is ten times the standardised monthly anomaly of the difference in mean sea 
level pressure (MSLP) between Tahiti and Darwin. The calculation is based on sixty-year climatology (1933–92). 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. 
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2.2 Composite monthly ENSO index (5VAR) 

The El Niño–Southern Oscillation (ENSO) 5VAR Index (5VAR)2 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 temperatures3 (SSTs). Values of the 5VAR that are in ex-

cess 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. 

The monthly values of the 5VAR index for the period January 2012 to May 2016 are shown in Figure 2. In the winter of 

2012, the index values of the 5VAR approached those indicative of El Niño (Pepler, 2013) before tending to neutral, 

where they remained throughout 2013. The following year in autumn the 5VAR values were positive; however, while val-

ues approached levels indicative of El Niño, it was considered a near-miss in 2014 (Hope, 2015). After a brief decline dur-

ing the summer of 2014–15, 5VAR values climbed once more and maintained this trend, strengthening throughout autumn 

and winter. The 5VAR index moved into El Niño levels in autumn 2015 (Cook, 2016). During the winter and spring of 

2015, the 5VAR index values approached near record values before beginning to decline in the summer of 2015–16.  

In autumn 2016, monthly anomaly values of the 5VAR declined each month, in line with the decaying El Niño. After 

reaching +2.4 for February 2016, 5VAR dropped to +2.0 for March then decreased further during April (+1.9). The 5VAR 

become decidedly neutral by the end of the season indicated by a low positive value for May (+0.6). The seasonal anomaly 

of 5VAR was 1.5 standard deviations above the historical autumn average. 

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, 2007). 

NINO3.4 fell sharply during autumn. The monthly value of NINO3.4 for March was +1.68 °C, while April and May val-

ues were +1.08 °C and +0.30 °C respectively. This trend indicates a transition to neutral ENSO conditions. 

 

 

Figure 2 Anomalies of the composite 5VAR ENSO index for the period January 2012 to May 2016 with the three-

month binomially weighted moving average. 

                                                           

2 ENSO 5VAR was developed by the Bureau of Meteorology and is described Kuleshov et al. (2009). The principal component analysis and standardisa-
tion of this ENSO index is performed over the period 1950–99.  

3SST indices obtained from ftp://ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/sstoi.indices  
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2.3 Indian Ocean dipole (IOD) 

The Indian Ocean Dipole (IOD)4 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 Indian Ocean 

Dipole 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 IOD typically being associated with an increased chance of a wetter than average spring and, or, winter 

for much of the continent. Negative IOD events often occur in conjunction with La Niña in the Pacific Ocean5, and posi-

tive IOD with El Niño; that the two phenomena are related is acknowledged, but the relationship between ENSO and the 

IOD is complicated 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. 

The influence of the IOD on Australian climate is weak during December to April. This is due to the monsoon trough 

shifting south over the tropical Indian Ocean and changing the overall wind circulation, which in turn prevents an IOD 

ocean temperature pattern from being able to form.  

Following the strong positive IOD which developed during winter 2015 DMI values dropped below threshold levels in 

November 2015. Weak negative anomalies were seen in the first third of 2016, but weekly DMI values took a staggered 

decline from around –0.5 °C at the end of January 2016 and remained on the cool side of neutral before dropping sharply, 

at the end of autumn as El Niño decayed. By the end of May, the DMI began to record sustained negative values indicative 

of the evolution of a negative IOD phase. The DMI reached a peak of –0.53 °C for the week ending 29 May 2016.  

The negative IOD drove maritime air laden with moisture towards Australia and over western parts of the Maritime Conti-

nent, leading to above average rainfall during May over many parts of Australia. 

 

 

Figure 3 Indian Ocean Dipole; weekly DMI and five-week running mean between January 2012 and May 2016. 

                                                           

4 http://www.bom.gov.au/climate/iod/  
5 http://www.bom.gov.au/climate/iod/#tabs=Pacific-Ocean-interaction 
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3 Outgoing longwave radiation (OLR) 

Outgoing longwave radiation (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 Niña, decreased convection (increased OLR) can be seen near the Date Line, 

while increased cloudiness (decreased OLR) near the Date Line usually occurs during El Niño. Similarly, when Australia 

is under the influence of a negative IOD event, OLR anomalies are negative over the eastern Indian Ocean where in-

creased convection occurs. 

The Hovmöller diagram of OLR anomalies along the equator during January 2016 to the end of June 2016 (Figure 4) 

shows that stronger OLR anomalies were present at the start of the season than at the end of the season. This trend towards 

closer to average OLR is further evidence of the transition from a weakening El Niño to a neutral ENSO phase during the 

season. Averaged an area at the International Date Line (7.5°S–7.5°N and 170°E–170°E), the monthly OLR anomaly for 

March was –1.6 Wm–2 and weakened to –0.9 Wm–2 for April, and finished the season close to average with a May value of 

–0.2 Wm–2. 

 

Figure 4 Time-longitude plot of outgoing daily-averaged long-wave radiation (OLR) anomalies at the equator over the 

period January 2016 to June 2016. 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. 
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While the El Niño shifted to neutral conditions at the beginning of the season the transition was not fast enough to deliver 

average seasonal rainfall to Australia's tropical north6, but a brief and final burst of the monsoon during the last week of 

March is captured in Figure 4 as an area of decreased OLR to the west of 120°E. 

Seasonal spatial patterns of OLR anomalies across the Asia-Pacific region between 40°S and 40°N for autumn 2016 are 

shown in Figure 5. In the Australian region, negative OLR anomalies were observed across the northern Indian Ocean, 

while decreased convection and positive OLR anomalies were observed over northern areas of the Maritime Continent and 

to the northwest of Australia.  

4 Madden-Julian Oscillation (MJO) 

The Madden-Julian Oscillation (MJO) is a tropical convective wave anomaly which develops in the Indian Ocean and 

propagates eastwards into the Pacific Ocean Madden & 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, et 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 & Hendon (2004).  

The phase-space diagram of the RMM for autumn 2016 is shown in Figure 6. During autumn the MJO was generally of 

only moderate strength, spent significant time within the centre circle which indicates a weak MJO signal, and maintained 

a near constant period of about a month7.  

 

 

 

Figure 5 The OLR anomalies for autumn 2016 (Wm−2). Anomalies calculated with respect to base period, 1979-2000. 

                                                           

6 http://www.bom.gov.au/climate/updates/articles/a017.shtml  
7 M. Wheeler (email correspondence with author, May 2017) 

http://www.bom.gov.au/climate/updates/articles/a017.shtml
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Figure 6 Phase-space representation of the MJO index for autumn 2016, daily values are shown with March in red, 

April in green, and May in blue. The eight phases of the MJO and the corresponding (approximate) locations 

of the near-equatorial enhanced convective signal are labelled. 

At the start of the season the MJO was initially active in phase 1 and progressed through the Maritime Continent from mid 

to late March. During April the strength of the signal was barely discernible; however, during May the signal increased 

again as the MJO progressed from near Africa (phase 1) through the Maritime Continent (phases 4 and 5). The MJO pulse 

constructively interfered with a strong Kelvin wave during May; both were prominent features over the northern Indian 

Ocean and parts of the Maritime Continent as the Indian and East Asian monsoon became active.  

Global total OLR for autumn and the global OLR anomalies are given in Figure 7. Enhanced convection was observed in 

autumn over the Australian continent; though not a definitive index, due to potential continental biases; this offers further 

evidence that the El Niño was in decay. 
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Figure 7 Average OLR totals and anomalies for March to May 2016. Anomalies calculated with respect to a base 

period of 1979–2010. 
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5 Oceanic patterns 

5.1 Sea surface temperatures (SSTs) 

The sea surface temperature for the combined ocean area of the southern hemisphere was record warm for autumn 2016 at 

0.77 °C above the seasonal mean8.   

Sea surface temperatures (SSTs) averaged across autumn were warmer than average across much of the Pacific Ocean 

from the Date Line to the western coast of South and North America. While closer to average immediately along the equa-

tor, in the eastern Pacific Ocean, waters were more than one degree warmer than average in much of the tropical region, 

also more than one degree warmer than average for the eastern South Pacific Ocean and across the area between eastern 

Australia and the Date Line.  

Warm anomalies in excess of one degree were also evident across waters between the north of Australia and the south of 

the Maritime Continent, and across much of the Indian Ocean.  Warmest on record seasonal sea surface temperatures were 

recorded over large parts of the Indian Ocean in autumn 2016. 

Areas of cooler than average SSTs in the southern hemisphere were observed in waters to the south and southeast of South 

America, an area at the boundary of the Southern and South Pacific oceans on and extending east from the Date Line, and 

a smaller area east of South Africa (Figure 8).  

In the Australian region the seasonal average sea-surface temperature for autumn 2016, was the warmest on record, with 

an anomaly 1.17 °C above the seasonal long-term mean.  The seasonal SSTs were warmest on record for waters around 

northern and eastern Australia, extending across the Tasman Sea to New Zealand (Figure 9).  An area adjacent to south-

eastern Queensland observed very much above average SSTs. In the Australian region, the only area that recorded near 

average autumn SSTs was off the west coast of Western Australia. 

The warm surface temperature in waters surrounding Australia this autumn were the result of sustained heating, relatively 

less cloudiness over the preceding summer, and a low number of storms during summer (Pepler, 2016)  This, against a 

background of global warming and a decline of El Niño, contributed to keeping SSTs warmer than the autumn average for 

much of the Australian region. 

 

 

Figure 8 Global sea-surface temperature anomaly (°C) for austral autumn 2016 (Reynolds NCEP Global ERRSTv4). 

                                                           

8 NOAA National Centers for Environmental information, Climate at a Glance: Global Time Series, published May 2017, retrieved on May 13 2017 

from http://www.ncdc.noaa.gov/cag/ (base period 1900-present). 

http://www.ncdc.noaa.gov/cag/
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Figure 8 Sea-surface temperature decile map of the Australian region for autumn 2016 

Globally and in the southern hemisphere and Oceania sea surface temperatures were the warmest on record, for autumn 

2016.  In response to the elevated SSTs, coral bleaching occurred in tropical waters.  

A marine heatwave was observed in the Great Barrier Reef lagoon; where, sea surface temperatures across the lagoon were 

the warmest on record from December 2015, and the marine heatwave persisted into autumn, 20169.   

The Great Barrier Reef Lagoon experienced record warm SSTs for each month during autumn 2016; with average monthly 

SST anomalies as follows, March +1.34 °C, April +1.23 °C and May +1.26°C. The Great Barrier Reef Lagoon recorded 

sea surface temperatures for autumn at 1.23 °C above average; consistent with elsewhere across the southern hemisphere.  

For the Australian region bleaching affected tropical reefs off Western Australia's northwestern coastline and across north-

ern areas of the Great Barrier Reef, where the bleaching was the worst on record (Figure 10).  

5.2 Equatorial Sub-surface patterns 

The 20 °C isotherm depth is generally located close to the equatorial thermocline, which is the region of greatest tempera-

ture gradient with depth and is the boundary between the warm near-surface and cold deep-ocean waters. Therefore, meas-

urements 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 of a cooling of sub-surface temperatures. If the thermocline 

anomaly is positive the depth of the thermocline is deeper. A deeper thermocline results in less cold water available for 

upwelling, and therefore a warming of surface temperatures.  

During autumn 2016, negative anomalies of thermocline depth emerged in the central to eastern equatorial Pacific Ocean 

as the season progressed (see Figure 11), with the thermocline becoming shallower than is average for that time of year.  

In March warm sub-surface anomalies were present only close to the surface of the equatorial Pacific Ocean, with cool 

anomalies present across most of the region below 50 to 100 m depth. 

                                                           

9 http://www.bom.gov.au/environment/doc/marine-heatwave-2016.pdf - anomalies based on nine ERSSTv4 grid cells within the Great Barrier Reef 

Marine Park. 

http://www.bom.gov.au/environment/doc/marine-heatwave-2016.pdf
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Figure 9 The map, detailing coral loss on Great Barrier Reef, shows how mortality varies enormously from north to 

south (ARC Centre of Excellence for Coral Reef Studies, 201610) 

 

The vertical sea sub-surface temperature plot (Figure 12) shows the westward contraction and reduction of warm tempera-

ture anomalies in the shallow sub-surface between February and April.  Cool temperature anomalies were present across 

most of the equatorial Pacific sub-surface during each month of autumn.  During May 2016, as the Indian Ocean Dipole 

transited to a negative phase and drove warm moisture eastward, increased convection occurred over the western region of 

the equatorial Pacific Ocean; this resulted, in cooler sub-surface temperature anomalies in the far western equatorial Pacif-

ic. 

6 Atmospheric circulation 

6.1 Surface analyses 

The mean sea level pressure (MSLP) pattern for autumn 2016 is shown in Figure 13, computed using data from the 0000 

UTC daily analyses of the Bureau of Meteorology's Australian Community Climate and Earth System Simulator (AC-

CESS) model11. MSLP anomalies are shown in Figure 14, relative to the 1979–2000, climatology obtained from the Na-

tional Center for Environmental Prediction (NCEP) II Reanalysis data (Kanamitsu, 2002). The MSLP anomaly field is not 

shown over areas of elevated topography (grey shading).  

The seasonal mean sea level pressure analysis chart for autumn 2016 (Figure 13) features a zonal pressure pattern around 

Antarctica. The subtropical ridge formed a band of high pressure at around 30°S -35°S, the band features a confined area 

of high pressure (1020.0 hPa) in the southern Atlantic Ocean and another elongated area of high pressure across the south-

ern Indian Ocean that has two peaks: the first (1021.1 hPa) southwest of the Australian continent and the second (1020.5 

hPa) to the east of South Africa.  The pattern was consistent with a positive phase of the Southern Annular Mode (SAM). 

The region of lowest pressure was located just off the coast of Antarctica, at around 120°E (976.9 hPa).  

                                                           

10 Used with permission via email to the author "The map, detailing coral loss on Great Barrier Reef, shows how mortality varies enormously from north 

to south" from ARC Centre of Excellence for Coral Reef Studies, 2016. Image: media release 29 November 2016.  
11 For more information on the Bureau of Meteorology’s ACCESS model, see http://www.bom.gov.au/nwp/doc/access/NWPData.shtml  
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Figure 10 Hovmöller diagram of the 20 °C isotherm depth and anomaly along the equator from January 2016 to May 

2016, obtained from NOAA's TAO/TRITON data12. 

The highest pressure anomaly in the southern hemisphere for autumn was observed in an area over the south of South 

America at about 70°W (+9.0 hPa). In contrast, only slight anomalies of high pressures were observed over northern Aus-

tralia. The deepest low pressure anomalies were evident near Antarctica (more than –7.0 hPa). Low pressure anomalies 

were evident throughout most of the area south of 25°S, extending into waters south of the Great Australian Bight and part 

of the central southern South Pacific Ocean. 

6.2 Mid-tropospheric analyses 

The 500 hPa geopotential height, an indicator of the steering of surface synoptic systems across the southern hemisphere, 

is shown for autumn 2016 in Figure 15. The associated anomalies are shown in Figure 16. The autumn 500 hPa geopoten-

tial height field featured zonal flow. The anomalous pressure features evident in the surface mean sea level pressure anom-

alies are echoed at the 500 hPa geopotential height, namely high pressure anomalies over and south of Patagonia in South 

America and generally weak 500 hPa geopotential height anomalies. 

                                                           

12 Hovmöller plot obtained from http://www.pmel.noaa.gov/tao/jsdisplay/   



Rosemond and Tobin. Seasonal climate summary for the southern hemisphere (autumn 2016). 136 

 

The regions of strongest local minimum occurred near Antarctica at longitude 120E with Figure 16 showing a minimum in 

500 hPa height of -75 gpm. There were three distinct maxima in the order of +44 gpm in Australian latitudes between 

120E and 180E. 

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 respectively. 

 

 

 

Figure 11 The cross-section of monthly equatorial sub-surface analysis from February 2016 to May 2016. Red shading 

indicates positive (warm) anomalies, and blue shading indicates negative (cool) anomalies. 
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Figure 12 Southern hemisphere mean sea level pressure (MSLP) pattern for autumn 2016. 

Figure 13 Southern hemisphere mean sea level pressure (MSLP) anomalies (hPa) for autumn 2016. Anomalies calcu-

lated with respect to base period of 1979–2000. 



Rosemond and Tobin. Seasonal climate summary for the southern hemisphere (autumn 2016). 138 

Figure 14 Autumn 2016, 500 hPa mean geopotential height (gpm).

Figure 15 Autumn 2016, 500 hPa mean geopotential height (gpm) anomalies, from 1979–2000 climatology.
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7 Winds 

Figures 17 and 18 show autumn 2016 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 5 ms-1.  

In general, low-level 850 hPa anomalies for autumn 2016 were within 5 ms-1 of the long-term average. West to northwest-

erly, low-level wind anomalies were evident over much of Australia. Wind anomalies over much of the Pacific Ocean 

were very weak. 

Stronger anomalies were seen in the upper levels. The anomalies for 200 hPa are up to 40 ms-1 over the Pacific at around 

30°S just to the east of the Date Line. 

Figure 16 Austral autumn 2016, 850 hPa vector wind anomalies (ms-1). 

Figure 17 Austral autumn 2016, 200 hPa vector wind anomalies (ms-1).
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8 Australian Region 

8.1 Rainfall 

Over Australia’s tropical north the final part of the wet season continued to be relatively, dry due to a retreating, but still 

influential, El Niño (the wet season runs from November to April). It was a wet start to the tropical northern Australia dry 

season as unseasonable rain fell over much of the northern tropics in May, driven by the negative Indian Ocean Dipole.  

March rainfall was above to very much above average in southwest Western Australia, most of South Australia and central 

parts of the continent into western and northern Queensland. April was generally, drier than average for most of Australia, 

but southwest Western Australia again received above average rainfall as did parts of outback New South Wales. As El 

Niño came to an end May rainfall was above to very much above average over Tasmania, inland New South Wales, west-

ern and northern Victoria. 

 (a)  (b) 

Figure 18 (a) Rainfall totals for autumn 2016

(b) Rainfall deciles for autumn 2016; decile ranges based on grid-point data with respect to a base period of

1900–2016.

Region 
Highest seasonal total 

(mm) 

Lowest seasonal total 

(mm) 
Highest daily total (mm) 

Area aver-

aged total 

Rank of area 

averaged total 

(mm) 

Difference from 

mean (%) 

Australia 
zero at several 

locations 

380.6 at Mt Olive 

on 22 May 
123.48 83 2.5% 

Queensland 
zero at several 

locations 

380.6 at Mt Olive 

on 22 May 
157.53 74 -3.4%

New South Wales 
15.9 at Mogil Mogil 

(Benimora) 

142.6 at Ourimbah (Dog 

Trap Road) on 28 March 
107.02 52 -25.0%

Victoria 37.8 at Gama 
125.0 at Falls Creek 

on 9 May 
150.92 69 -3.8%

Tasmania 88.8 at Buckland 
127.6 at Larapuna 

on 11 March 
414.60 101 21.8% 

South Australia 
29.6 at Wirraminna 

Homestesd 

88.0 at Lenswood on 5 

March 
95.78 109 70.1% 

Western 

Australia 

zero at several 

locations 

134.2 at Mandora 

on 7 May 
99.70 77 10.5% 

Northern 

Territory 

1630.6 at Bellenden 

Ker (Top) 

1630.6 at Bellenden 

Ker (Top) 

542.0 at Murwillumbah 

(Dungay) 

625.8 at Mt Hotham 

1458.2 at Mt Read 

322.7 at Piccadilly (Mt 

Lofty Rd) 

371.2 at Wereroa 

552.9 at Lake Evella 
zero at several 

locations 

138.4 at Cape Wessel 

on 21 May 
136.03 70 +2.4%

Table 1: Summary of the seasonal rainfall ranks and extremes on a national and State basis for autumn 2016. The rank 

refers to 1 (lowest) to 117 (highest) and is calculated over the years 1900 to 2016 inclusive. 
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8.2 Drought 

Areas of southeastern South Australia, western Victoria, Tasmania, and Queensland continued to experience rainfall defi-

ciencies early in autumn. In many areas of eastern Australia, the relatively dry March and April exacerbated drought, in-

creasing the area and severity of serious and severe deficiencies (Figure 20) across southeastern South Australia, western 

and central Victoria, Tasmania, and northern and central Queensland. However, above average May rainfall over much of 

southeastern Australia had a particularly dramatic effect on the deficiencies at the 13-month time-scale, most notably in 

Tasmania in response to the State's sharp change from very dry for April to very wet for May. A similar response was not-

ed Victoria’s Mallee. Despite the rain falling late in the autumn, serious to severe deficiencies persisted over large parts of 

southwestern Victoria and far southeast South Australia at the 13-month timescale (Figure 21).  

 

Figure 19 Rainfall deficiencies for the 12-month period May 2015 to April 2016. 

 

Region Lowest on record (%) Severe deficiency (%) Decile 1 (%) Decile 10 (%) Highest on record (%) 

Australia 0.12 2.0 4.1 11.4 0.15 

Queensland 0.00 2.6 7.2 10.7 0.68 

New South Wales 0.32 4.9 8.1 2.2 0.00 

Victoria 0.00 0.0 0.0 0.0 0.00 

Tasmania 0.00 0.0 0.0 8.1 0.00 

South Australia 0.00 0.0 0.0 44.5 0.00 

Western Australia 0.26 2.6 4.7 5.0 0.00 

Northern Territory 0.00 0.0 0.1 7.4 0.00 

Table 2 Percentage areas in different categories for autumn 2016 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 

which are ‘lowest on record’. Areas in decile 10 include areas which are ‘highest on record’. Percentage are-

as 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. 
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Figure 20 Rainfall deficiencies for the 13-month period May 2015 to May 2016. 

 

8.3 Temperature 

Autumn arrived amidst a heatwave affecting northern and eastern Australia. The significant heatwave had begun in Febru-

ary and continued until 9 March before a change brought slightly cooler temperatures. While some records of daily maxi-

mum and minimum temperature were broken, the event was most notable for its extent and duration (Special Climate 

Statement 5513).   

Mean daily temperatures for autumn were highest on record for much of eastern and northern Australia, for central parts of 

the Northern Territory, northwest Western Australia and southern Tasmania. Australia experienced its warmest autumn on 

record with a mean temperature 1.86 °C above average, ahead of the previously highest mean temperature anomaly for 

autumn of +1.64 °C in 2005. The seasonal areal temperature anomaly was highest on record for Queensland, New South 

Wales, Victoria and the Northern Territory. The only area that experienced a below average seasonal mean temperature 

was the southwest of Western Australia. 

The nation recorded an area-average maximum temperature anomaly 1.84 °C warmer than the historic mean; the highest 

maximum temperature anomaly for autumn is +2.17 °C set in 2005 (Autumn summary 201614). Maxima were highest on 

record for much of Victoria except the west and for the high country in the State's northern border region.  

Days were warmest on record for eastern and southwestern New South Wales, across much of Queensland excluding the 

west and north of the State, the Top End and central north of the Northern Territory, and the northern Kimberley and parts 

of the Pilbara in Western Australia. Maximum temperatures were only near average for the south and west of Western 

Australia, and the southwest of South Australia.  

                                                           

13 http://www.bom.gov.au/climate/current/statements/scs55.pdf  
14 http://www.bom.gov.au/climate/current/season/aus/archive/201605.summary.shtml  

http://www.bom.gov.au/climate/current/statements/scs55.pdf
http://www.bom.gov.au/climate/current/season/aus/archive/201605.summary.shtml
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Figure 21 Maximum temperature deciles for autumn 2016; based on gridded data from 1910–2016. 

Figure 22. Minimum temperature deciles for autumn 2016; based on gridded data from 1910–2016.  
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Late season daily maximum temperature records were set at Bradshaw in the Northern Territory and Wyndham in Western 

Australia; both observed 38.0 °C on 27 May, which was their warmest day to occur that was so late in autumn. 

Minimum temperatures in autumn were above average for nearly all of Australia. Almost, one third of the country record-

ed mean autumn minimum temperatures that were the highest on record, covering most of Tasmania, western Queensland 

and adjacent areas of New South Wales and South Australia, large parts of the north of the Northern Territory and inland 

northwest of Western Australia, as well as scattered smaller areas elsewhere.  

 

Region 

Highest seasonal 

mean maximum 

(°C) 

Lowest seasonal 

mean maximum 

(°C) 

Highest daily 

maximum tempera-

ture 

(°C) 

Lowest daily 

maximum temperature 

(°C) 

Area-

averaged 

Temperature 

anomaly 

(°C) 

Rank of area-

averaged 
temperature 

anomaly 

Australia 38.1 at Marble Bar 

9.3 at kunanyi 

(Mt Wellington) 

47.0 at Mardie 

on 3 March 

-2.5 at Thredbo AWS 

on 27 May 
1.84 107 

Queensland 
35.2 at Century 

Mine 

23.2 at 

Applethorpe 

43.9 at Birdsville on 

2 March 

13.2 at Applethorpe on 

28 May 
2.21 108 

New South Wales 
29.7 at Lightning 

Ridge 

10.5 at Thredbo 

AWS 

43.0 at Menindee on 

2 March & Pooncarie 

on 6 and 8 March 

-2.5 at Thredbo AWS 

on 27 May 
2.41 108 

Victoria 26.2 at Mildura 10.2 at Mt Hotham 

42.1 at Mildura on 6 

March and Kerang 

on 7 March 

-1.4 at Hotham 

on 27 May 

1.83 108 

Tasmania 

20.2 at Flinders 

Island Airport 

9.3 at kunanyi 

(Mt Wellington) 

32.8 at Campania 

on 2 March 

1.0 at kunanyi 

on 24 May 

0.92 100 

South Australia 30.6 at Moomba 18.6 at Mt Lofty 

43.9 at Oonadatta 

on 2 March 

9.2 at Mt Lofty  

on 27 May 

1.41 100 

Western Australia 38.1 at Marble Bar 20.1 at Shannon 
47.0 at Mardie 

on 3 March 

11.5 at Shannon  

on 21 May 

1.29 104 

Northern Territory 
36.9 at Ngukurr 

Airport 

14.8 at Alice 

Springs Airport 

44.4 at Walungurru 

Airport on 3 March 

16.0 at Yulara  

on 23 May 

2.39 108 

Table 3 Summary of the mean seasonal maximum temperatures, extremes and rank for Australia and Regions for 

autumn 2016. Rank given is 1 (lowest) to 107 (highest) calculated, over the years 1910 to 2016 inclusive. 
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Region 

Highest seasonal 

mean minimum 

(°C) 

Lowest seasonal 

mean minimum 

(°C) 

Highest daily minimum 

temperature (°C) 

Lowest daily minimum 
temperature (°C) 

Area-

averaged 

Temperature 

anomaly 

(°C) 

Rank of area-

averaged 
temperature 

anomaly 

Australia 

27.3 at  

McCluer Island 

2.9 at Liawenee 

32.0 at Wittenoom & 
Onslow Airport 

on 4 March 

-9.7 at Cooma Airport 

on 30 May 
1.87 108 

Queensland 

26.5 at  

Coconut Island  

10.7 at  

Applethorpe 

30.4 at Ballera 

on 1 March  

-4.4 at Stanthorpe 

on 24 May 

2.46 108 

New South Wales 18.8 at Byron Bay 

3.0 at 

Perisher Valley 

30.5 at White Cliffs 

on 10 March 

-9.7 at Cooma Airport 

on 30 May 
2.01 107 

Victoria 

14.5 at Gabo 

 Island Lighthouse 

14.3 at  

Mt Hotham 

26.8 at Bendigo 

Airport on 9 March 

-5.5 at Mt Hotham 

on 28 May 

1.91 107 

Tasmania 

13.8 at 

Hogan Island 

2.9 at Liawenee 
20.6 at Flinders Island 

Airport on 9 March 

-8.9 at Liawenee  

on 24 May 

1.26 108 

South Australia 

 17.8 at 

Moomba Airport 

10.2 at 

 Padthaway South 

30.6 at Moomba Airport 

on 2 March 

0.0 at Yunta 

on 24 April 

1.71 106 

Western Australia 

28.2 at  

Rowley Shoals 

10.2 Collie East 

32.0 at Wittenoom & 
Onslow Airport 

on 4 March 

-2.5 at Salmon Gums 
Res. Stn. on 31 May 

1.41 105 

Northern Territory 

27.3 at  

McCluer Island 

14.8 Alice Springs 

Airport 

31.1 at Walungurru 

Airport on 5 March 

2.6 at Arltunga 

on 14 May 

2.02 108 

Table 4 Summary of the mean seasonal minimum temperatures, extremes and rank for Australia and Regions for 

autumn 2016. Rank refers to 1 (lowest) to 107 (highest) calculated, over the years 1910 to 2016 inclusive15 
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15 A subset of the full temperature network is used to calculate the spatial averages and rankings shown in Table 3 (maximum temperature) and Table 4 

(minimum temperature); 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. Rankings 

marked with "=" denote tied rankings.  

http://www.bom.gov.au/climate/change/acorn-sat/
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