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This is a summary of the southern hemisphere atmospheric circulation patterns 

and meteorological indices for summer 2016-17; an account of seasonal rainfall 

and temperature for the Australian region is also provided. Whilst indices for the 

El Niño Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD) repre-

sented typical neutral condition for these drivers, evidence of other climate driv-

ers can be found in the land, ocean and atmosphere data from this time. The 

Southern Annular Mode (SAM) appears to have had some effect on rainfall in the 

east of Australia and the Madden-Julian Oscillation (MJO) active periods pro-

duced heavy rain in the tropical north. Despite neutral ENSO and IOD, extreme 

temperatures, in some areas highest on record, occurred in northern NSW and 

southern Queensland. High sea surface temperatures caused further severe 

bleaching on the Great Barrier Reef. 

1. Introduction

This summary reviews the southern hemisphere and equatorial climate patterns for summer 2016-17, with primary focus 

given to the Australasian and equatorial regions of the Pacific and Indian ocean basins. The main sources of information 

for this report are analyses prepared by the Australian Bureau of Meteorology and can be attributed as such unless other-

wise cited. Sections 2 to 5 cover key climate drivers and their states as determined via various indices over summer 2016-

17. Section 6 considers cloudiness and Section 7 covers oceanic parameters, including sea ice and sea level, whilst Sec-

tions 8 and 9 cover pressure and wind patterns respectively. Sections 10 and 11 document some of the impacts of these

drivers and patterns on observed temperatures and rainfall in both Australia and the broader Southern Hemisphere.

2. El Niño Southern Oscillation (ENSO)

The Troup (1965) Southern Oscillation Index1 (SOI) for summer 16-17 is shown in Figure 1, along with a five-month 

weighted, moving average of the monthly SOI. Sustained negative values of SOI below negative seven (-7) are often in-

dicative of El Niño episodes while, persistently positive values of SOI above seven (+7) are typical of a La Niña episode. 

As the values for December 2016 – February 2017 are all less than 7 in magnitude, the SOI indicates neutral El Niño 

Southern Oscillation (ENSO) conditions in the atmosphere. 

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 and is closely related to the Australian climate (Wang, 2007), with 

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 (1933–1992), with records commencing in 1876. 
The Darwin MSLP is provided by the Bureau of Meteorology, and the Tahiti MSLP is provided by Météo France inter-regional direction for French 

Polynesia. 

mailto:ben.hague@bom.gov.au


Hague. Seasonal climate summary for the southern hemisphere (summer 2016-17) 2 

positive values typically associated with El Niño events and negative values associated with La Niña events. Figure 2 

shows that this index was neutral, with values close to zero in the standardised anomaly timeseries in summer 2016-17, 

indicating near-normal conditions in the ocean. 

 

The ENSO 5VAR Index (5VAR2) 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 more than 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. This index is also recording near-zero values over summer 2016-17, indicating neutral ENSO conditions (Figure 

3). 

 

Figure 1: Troup Southern Oscillation Index (SOI) values from January 2014 to February 2017, with a five-month bi-

nomial 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 1950–1999.  

3SST indices obtained from ftp://ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/sstoi.indices.  
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Figure 2:  Standardised NINO3.4 Index values from January 2014 to February 20174, with three-month binomially 

weighted moving average. 

 
Figure 3: Anomalies of the composite 5VAR ENSO index for the period January 2013 to February 2017 with the 

three-month binomially weighted moving average. 

                                                 
4 Values from http://www.esrl.noaa.gov/psd/gcos_wgsp/Timeseries/Data/nino34.long.data 
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3. Indian Ocean Dipole (IOD) 

The Indian Ocean Dipole (IOD)5 is the difference in ocean temperatures across the tropical Indian Ocean. The Dipole 

Mode Index (DMI) is used to measure the phase and strength of the IOD and is calculated as the difference in area-aver-

aged sea surface temperatures between a western node off the coast of Somalia and an eastern node off the coast of Suma-

tra. The Indian Ocean Dipole is said to be in a positive phase when values of the 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 Ocean6, 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 IOD, and hence its influence on Australian climate, is typically 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. It is therefore unsurprising that DMI is near-zero dur-

ing the period of December 2016 – February 2017 (Figure 4).   

 

 

 
 
Figure 4: Indian Ocean Dipole, weekly DMI and five-week running mean between January 2014 and February 2017. 

 

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 

                                                 
5 http://www.bom.gov.au/climate/iod/  
6 http://www.bom.gov.au/climate/iod/#tabs=Pacific-Ocean-interaction 
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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 summer 2016-17 is shown in Figure 5. During December 2016 the MJO Index 

did not move outside of the unit circle, indicating weak MJO conditions during that period. The magnitude of the MJO 

Index increased throughout January, reaching its peak in mid-February in phase 8, remaining strong for the rest of month. 

Interestingly, the highest value experienced in phase 5 coincided with the wettest day in the December- February period 

for the Northern Territory, which exemplifies the expected rainfall impacts for that region in that phase of the MJO as 

identified by Wheeler et al. (2009). 

 

 

Figure 5: Phase-space representation of the MJO index for summer 2016-17, daily values are shown with December in 

red, January in green, and February in blue. The eight phases of the MJO and the corresponding (approxi-

mate) locations of the near-equatorial enhanced convective signal are labelled. 

5. Southern Annular Mode (SAM) 

The Southern Annular Mode (SAM) is a recurring pattern of circulation anomalies in the mid and high latitudes of the 

Southern Hemisphere that is characterized by the changing latitudinal position of the strongest westerly winds near southern 

Australia and influences the strength and position of cold fronts and mid-latitude storm systems. It is therefore an important 

driver of rainfall variability in southern and eastern Australia. The Marshall (2003) SAM index indicates that the negative 

phase of SAM prevailed over the summer of 2016-17 with values of -1.52, -1.12 and -1.09 for December, January and 

February respectively (data from https://legacy.bas.ac.uk/met/gjma/sam.html). 
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A negative phase of SAM in summer is typically associated with reduced rainfall in eastern Australia as the poleward pro-

gression of the subtropical ridge and westerly wind belt results in dry continental air being more likely to be advected 

eastward, reducing the influence of the moist tropical north-easterlies (Hendon et al. 2007). The SAM is therefore a potential 

explanation of the rainfall pattern observed in eastern Australia in summer 2016-17, described in Section 10.1. The average 

summer value of SAM, calculated as a simple average of the three constituent months' Marshall (2003) averages, was the 

most negative since 2005 and 2nd-most negative over the preceding 30 years (Figure 6). 

 
Figure 6: Summer average values of Marshall (2003) SAM index, calculated from values at: https://leg-

acy.bas.ac.uk/met/gjma/sam.html. 

6. Cloudiness: 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 summer 2016-17 (Figure 7) shows modest positive 

OLR anomalies near the International Date Line, with the area-averaged (over 7.5°S–7.5°N and 160°E–160°E) monthly 

OLR anomalies for December 2016, and January and February 2017 were 21.2, 16.5 and 21.5 respectively7. Seasonal spa-

tial patterns of OLR anomalies for summer 2016-17 globally, and across the Asia-Pacific region, between 40°S and 40°N, 

are shown in Figure 8 and Figure 9, respectively. Most of northwest Australia has large negative anomalies, indicating 

increased cloudiness and rainfall. This corroborates well with surface-based observations of precipitation in the area (refer 

Section 10.1), being well-above-average, over a similar base period. 
 

                                                 
7 Data from http://www.cpc.ncep.noaa.gov/data/indices/olr 
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Figure 7: Time-longitude plot of outgoing daily-averaged long-wave radiation (OLR) anomalies at the equator over 

the period December 2016 to February 2017. 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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Figure 8: Average OLR totals (upper) and anomalies (lower) for summer 2016-17. Anomalies calculated with respect 

to a base period of 1979–2010. 
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Figure 9: The OLR anomalies for summer 2017-18 (Wm−2). Anomalies calculated with respect to base period,1979-

2000. 

 

7. Oceanic patterns 

7.1. Temperature 

The sea surface temperature (SSTs) for the combined ocean area of the southern hemisphere for summer 2017-18, were 

overall 0.63 °C above the 20th century average, the 2nd-highest-on-record (record begins 1881) after the summer of 2017-

20188 . Globally, ocean temperatures were also the 2nd-warmest-on record for the austral summer months, 0.66°C above 

the 20th century average. Figure 10 shows these anomalies spatially. SST anomalies in the Australian region were 0.32 °C 

above the 1961-1990 average. Note that the 1900-1999 average is approximately 0.18 °C less than the 1961-19909 aver-

age, so the Australian region SST anomaly is closer to the global and hemispheric average than the value suggests. The 

SST deciles for the Australian region are depicted in Figure 11. Sea surface temperatures was above average in areas of 

the central and southern parts of the Great Barrier Reef (south of Cooktown) over the summer (and early autumn) of 2016-

17, which resulted in severe coral bleaching between Cooktown and Townsville (Hughes and Kerry 2017). This followed 

the third largest-on-record bleaching event that occurred over the previous summer, which resulted in widespread sever 

bleaching north of Cooktown (Hughes et al. 2017). These sequential events resulted in two-thirds of reef having suffered 

bleaching during either the 2015-2016 event, the 2016-2017 event, or both. 

                                                 
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). 
9 Calculated from data at: http://www.bom.gov.au/web01/ncc/www/cli_chg/timeseries/sst/1202/aus/latest.txt 

http://www.ncdc.noaa.gov/cag/
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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. Figure 12 shows the 20 °C isotherm depth with longitude 

over the December 2016 – February 2017. The thermocline was generally deeper between 160o E and 160oW and shal-

lower than usual further east, especially from mid-January into February. 

 

Figure 13 also shows this general pattern of subsurface warming in the western Pacific from mid-January to February with 

warm and cool anomalies of maximum magnitude of approximately 3-4 oC establishing themselves in the west and east 

Pacific respectively, at a depth of about 100m. 

 

 
Figure 10: Global sea-surface temperature anomaly (°C) for austral summer 2016-17 (Reynolds NCEP Global ERRSTv5). 

 

Figure 11: Sea-surface temperature decile map of the Australian region for summer 2016-17 
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Figure 12: Hovmöller diagram of the 20 °C isotherm depth and anomaly along the equator from November 2016 to Feb-

ruary 2017, obtained from NOAA's TAO/TRITON data10. 

                                                 
10 Hovmöller plot obtained from http://www.pmel.noaa.gov/tao/jsdisplay/   
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Figure 13: The cross-section of monthly equatorial sub-surface analysis from November 2016 to February 2017. Red 

shading indicates positive (warm) anomalies, and blue shading indicates negative (cool) anomalies. 

 
7.2. Sea Ice 

February 2017 southern hemisphere sea ice extent was the lowest since records began in 1979, at 2.29 million km2, based 

on NASA Goddard Data11 (February 2018 levels were equal to those in 2017, making it now equal lowest-on-record). This 

is 0.78 million km2 (or 34%) below the long-term February average. January 2017 (3.78 million km2) and December 2016 

(8.28 million km2) were also the lowest on record for their respective months in terms of ice extent. 

                                                 
11 Available from National Snow and Ice Data Centre: https://nsidc.org/arcticseaicenews/sea-ice-tools/ 
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7.3. Sea Level 

Sea levels were overall above average in the South Pacific and Australian region for all months in the austral summer of 

2016-17. Southern Indian Ocean sea levels were also mostly above average. Sea level anomalies are shown in Figure 14 

and reference a datum of mean sea surface height from 1993 to 2017. Strong positive anomalies were prominent in the 

Tasman Sea near the NSW coast, the Gulf of Carpentaria and the western Torres Strait. These strong positive anomalies are 

also apparent in coastal tide gauges that are part of the Bureau of Meteorology's high-quality Australian Baseline Sea Level 

Monitoring Project. Groote Eylandt, in the Gulf of Carpentaria, recorded its 9th-highest monthly mean sea level (out of 281 

months) in February 2017. Port Kembla, on the south coast of NSW, recorded its 25th- and 27th-highest monthly mean sea 

levels (out of 308 months) in January and February 2017 respectively. Considering the mean of the individual monthly 

averages as an approximate seasonal average, Port Kembla experienced the highest average summer sea levels since the 

1991 installation (Figure 15). Using the same metric, Groote Eylandt was 7th highest out of 21 summers. 

 

Figure 14:  Sea level anomalies, calculated over the summer of 2016-17 from a combination of data from TOPEX/Posei-

don, Jason-1, Jason-2 and Jason-3 satellites. Inverse barometer effect not removed; seasonal signal not re-

moved, global trend not removed; glacial isostatic adjustment removed. Data obtained from CSIRO Sea Level, 

Waves and Coastal Extremes: http://www.cmar.csiro.au/sealevel/sl_data_cmar.html 

 

Figure 15:  Sea level as measured at ABSLMP [Australian Baseline Sea Level Monitoring Project] gauge. Summer aver-

age calculated as simple average of December, January (of the next year) and February (of the next year) 

monthly means. Year is taken as the year that December occurred in, thus Summer 2016-2017 is represented 

as 2016. Data obtained from http://www.bom.gov.au/ntc/IDO71053/IDO71053SLD.shtml  
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8. Atmospheric circulation 

8.1. Surface analyses 

The mean sea level pressure (MSLP) pattern for summer 2016-17 is shown in Figure 16, computed using data from the 

0000 UTC daily analyses of the Bureau of Meteorology's Australian Community Climate and Earth System Simulator 

(ACCESS) model. MSLP anomalies are shown in Figure 17, relative to the 1979–2000, climatology obtained from the 

National Center for Environmental Prediction (NCEP) II Reanalysis data (Kanamitsu et al. 2002). The MSLP anomaly 

field is not shown over areas of elevated topography (grey shading). This reflects the negative SAM conditions as the low-

pressure belt that is usually centred near the edge of Antarctica is further equatorward than usual, indicated by low pres-

sure anomalies around 50oS and high-pressure anomalies at the pole and over the Australian continent. 

 

 

Figure 16: Southern hemisphere mean sea level pressure (MSLP) pattern for summer 2016-17. 
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Figure 17: Southern hemisphere mean sea level pressure (MSLP) anomalies (hPa) for summer 2016-17. Anomalies 

calculated with respect to base period of 1979–2000. 

8.2. Mid-tropospheric analyses 

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

is shown for summer 2016-17 in Figure 18. The associated anomalies are shown in Figure 19. Geopotential height is val-

uable for identifying and locating features like troughs and ridges which are the upper level equivalents of surface low- 

and high-pressure systems respectively. These plots exhibit similar patterns to the surface-level plots (Figures 16 and 17), 

with a belt of below-average geopotential around 50 oS, and above-average geopotential at the pole and over Australia 
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Figure 18: Summer 2016-17 500 hPa mean geopotential height anomalies (gpm), from 1979–2000 climatology. 

 

Figure 19: The mean geopotential height anomalies (gpm) summer 2016-17, 500 hPa, from 1979–2000 climatology. 
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9. Winds 

Figures 20 and 21 show summer 2017-18 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 con-

tours are at an interval of 5 ms-1. There are strong upper-level westerly wind anomalies over southern Australia, a pattern 

associated with a stronger mid-latitude jet and one that has also been linked to the negative phase of the SAM (Lim et al. 

2013). 

 

 

Figure 20: Austral summer 2016-17, 850 hPa vector wind anomalies (ms-1). 

 

Figure 21: Austral summer 2016-17, 200 hPa vector wind anomalies (ms-1) 
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10. Australian Region 

December was warmer than average for Australia especially in the east, with the monthly average national temperatures   

0.71oC above average, with anomalies of +0.46oC in mean maximum and +0.96oC in minima. It was the fifth-wettest De-

cember on record primarily due to large (3rd-highest-on-record) totals in WA and NT and highest-on-record totals in SA. 

Queensland, NSW and Victoria were 10-20% drier than average, despite an event of exceptional heavy rain and humidity 

affecting southern Australia (documented in Special Climate Statement [SCS] 5912). 

 

Considering monthly averages, January was similar to December. Well-above-average rainfall continued, with January 

2017 recording the 4th-highest annual average rainfall of all Januarys on record, with WA, NT and SA again making the 

largest contributions to this figure, with third-, third- and sixth-highest Januarys on record respectively. It was 0.78oC 

above average in mean temperature, driven by the 3rd-highest mean national minimum temperature anomaly on record of 

1.29oC, with the biggest contributions to this figure from QLD, NSW and SA which recorded second-, fourth- and eighth-

highest on record minimum temperatures respectively. A prolonged period of extreme heat established itself in late-Janu-

ary and continued into February in the east (SCS 6113), whilst a period of prolonged heavy rainfall occurred in the south, 

which persisted and produced flooding into February (SCS 6014). However, nationally area-averaged temperatures and 

rainfall were closer to average in February than in December and January, although Queensland and New South Wales 

both recorded their 5th-hottest Februarys on record. 

 

Three key ENSO indices all reported neutral conditions in the Pacific Ocean during summer 2016-17. Combined with neu-

tral-IOD this left the Madden-Julian Oscillation (MJO) and the Southern Annular Mode (SAM) as key drivers for this period. 

However, the exact role these drivers played is unclear, with eastern Australia experiencing conditions typically associated 

with negative SAM, but western Australia not experiencing the below-average rainfall typically associated with this pattern, 

which has historically been especially pronounced when ENSO is neutral (Raut et al. 2014). Additionally, whilst a strong 

MJO in phase 5 was aligned with the highest daily rainfall totals near Darwin, it is unlikely to explain the widespread areas 

of above-average rainfall in northern Australia. 

10.1. Rainfall 

Figure 22 shows rainfall totals and deciles for the period December 2016 to February 2017 inclusive, which shows an 

overall pattern of below-average rainfall in the eastern third of the country and above-average rainfall in the remainder. 

Table 1 documents seasonal and daily extremes for each state and the Northern Territory and places these figures in a cli-

matological context. There were no areas of rainfall deficiency being monitored at the time, with no Drought Statements 

issued by the Bureau for any month. Of note is the large area of 10th-decile rainfall ('highest on record' and 'very much 

above average' in Figure 22a) through much of the Northern Territory (71.1% of total area), Western Australia (70.0%) 

and South Australia (63.5%), with 20.2% of Western Australia recording highest-on-record summer rainfall. This wide-

spread well-above-average rainfall is reflected in the national figures – 43.6% of Australia experienced 10th-decile rainfall. 

Despite some drier-than-average conditions being experienced in eastern Australia, areas of extreme dry were generally 

isolated, with only 2.1% of Australia recording 1st-decile summer rainfall. 

                                                 
12 Available at: http://www.bom.gov.au/climate/current/statements/scs59.pdf  
13 Available at: http://www.bom.gov.au/climate/current/statements/scs61.pdf 
14 Available at: http://www.bom.gov.au/climate/current/statements/scs60.pdf  

http://www.bom.gov.au/climate/current/statements/scs59.pdf
http://www.bom.gov.au/climate/current/statements/scs61.pdf
http://www.bom.gov.au/climate/current/statements/scs60.pdf
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Figure 22: (a; upper) Rainfall totals for summer 2016-17 

 (b; lower) Rainfall deciles for summer 2016-17; decile ranges based on grid-point data with respect to all 

available data 1900–2017 
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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 
2486.0 at Bellenden 

Ker Top Station 

15.0 at Roseberth 

Station 
330.0 at Daradgee on 9 Jan 315.87 115 +51.40% 

Queensland 
2486.0 at Bellenden 

Ker Top Station 

15.0 at Roseberth 

Station  
330.0 at Daradgee on 9 Jan 295.11 49 -9.10% 

New South Wales 866.4 at Yarras 
19.6 at Pooncarie 

(Karpa Kora Station) 

196.6 at Foxground Road on 

8 Feb 
114.03 27 -33.30% 

Victoria 582.0 at Mount Hotham 
15.6 at Rutherglen 

Research 

158.6 at Mount Hotham on 

30 Dec 
112.96 55 -5.50% 

Tasmania 835.6 at Mount Read 
50.2 at Lake Cres-

cent (Serat) 

88.8 at Mount Victoria (Una 

Plain) on 9 Dec 
234.08 48 -3.80% 

South Australia 
305.0 at Ernabella 

(pukatja) 

48.0 at Salt Creek 

(Pitlochry Outstation) 

117.2 at Ernabella (pukatja) 

on 27 Dec 
143.52 113 +131.50% 

Western 

Australia 
1531.5 at El Questro 17.2 at Happy Valley 

291.2 at Port Smith on 24 

Dec 
345.2 118 +131.20% 

Northern 

Territory 

1925.8 at Channel 

Point 
83.9 at Marqua 290.0 at Shoal Bay on 5 Feb 582.37 116 +84.20% 

Table 1: Summary of the seasonal rainfall ranks and extremes on a national and State basis for summer 2016-17. The rank 

refers to 1 (lowest) to 118 (highest) and is calculated over the years 1900 to February 2017 inclusive. 

 

 
10.2. Temperature 

The patterns of anomalies and deciles for minimum and maximum temperature demonstrated a similar east-west contrast to 

that in the rainfall data, with the north-west half of Australia experiencing below average maximum temperatures (Figure 

23) and near-average to above-average minimum temperatures (Figure 24), whilst the eastern and southern parts of Australia 

experienced above- to well-above-average figures for both maximum (Figure 23) and minimum (Figure 24) temperatures. 

Tasmania was an exception to this, experiencing near-average conditions for both minimum and maximum temperatures 

over the three-month summer period.  

Extreme maximum temperatures were most concentrated in New South Wales and Queensland, with 89.3% and 49.7% of 

those states recording 10th-decile (i.e. top 90% of the record) seasonal average maximum temperatures respectively. Re-

markably, 44.1% of New South Wales experienced the hottest summer on record, including the populated coastal zone. 

15.5% of Queensland also experienced highest-on-record average summer maximum temperatures. Areal decile exceedance 

coverage was similar for minimum temperatures with 80.0% of Queensland and 78.3% of NSW experiencing 10th-decile 

average summer minimum temperatures, with substantial proportions (35.5% for NSW and 13.7% for Queensland) being 

highest-on-record in that metric. By contrast, precisely 0% of Australia experienced 1st-decile minimum temperatures, with 

only 6.4% of Australia recording temperatures in the bottom 4 deciles, substantially lower than climatological (1961-1990) 

expectation (40% by definition). The results for maximum temperatures were more typical of an average year, with 7.8% of 

Australia recording 1st-decile maximum temperatures and 40.4% in the lowest four deciles. 

Tables 2 and 3 document localised extreme temperatures, both seasonally-averaged and daily, in each state and the Northern 

Territory, and consider the climatological context of these extremes. A subset (ACORN-SAT15) of the full temperature 

network is used to calculate the spatial averages and rankings shown in Table 2 (maximum temperature) and Table 3 (min-

imum temperature). 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. 

 

                                                 
15 see http://www.bom.gov.au/climate/change/acorn-sat/ for details 

http://cmap.bom.gov.au/monitor.dir/areaav.dir/rr.months1202.austav.html
http://cmap.bom.gov.au/monitor.dir/areaav.dir/rr.months1202.qldav.html
http://cmap.bom.gov.au/monitor.dir/areaav.dir/rr.months1202.nswav.html
http://cmap.bom.gov.au/monitor.dir/areaav.dir/rr.months1202.vicav.html
http://cmap.bom.gov.au/monitor.dir/areaav.dir/rr.months1202.tasav.html
http://cmap.bom.gov.au/monitor.dir/areaav.dir/rr.months1202.saav.html
http://cmap.bom.gov.au/monitor.dir/areaav.dir/rr.months1202.waav.html
http://cmap.bom.gov.au/monitor.dir/areaav.dir/rr.months1202.ntav.html
http://www.bom.gov.au/climate/change/acorn-sat/
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Figure 23: (a) Maximum temperature anomalies (°C) for summer 2016-17, based on average climate 1960–1991. 

 (b) Maximum temperature deciles for summer 2016-17 from analysis of ACORN-SAT (A-S) data: decile 

ranges based on grid-point values over the summers 1910–2017. 
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Figure 24: (a) Minimum temperature anomalies (°C) for summer 2017-18, based on average climate 1960–1991. 

 (b) Minimum temperature deciles for summer 2017-18 from analysis of ACORN-SAT (A-S) data: decile 

ranges based on grid-point values over the summer 1910–2017. 
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Table 2 Summary of the mean seasonal maximum temperatures, extremes and rank for Australia and Regions for season 

summer 2016-17. Rank given is 1 (lowest) to 108 (highest) calculated, over the years 1910 to 2017 inclusive. 

Decimal indicates that there is an equal-ranking season in historical record. 

 

Region 

Highest seasonal 

mean minimum 

(°C) 

Lowest seasonal 

mean minimum 

(°C) 

Highest daily minimum 

temperature (°C) 
Lowest daily minimum 

temperature (°C) 

Area-aver-

aged 

Temperature 

anomaly 

(°C) 

Rank of area-

averaged tem-
perature 

anomaly 

Australia 
27.3 at Bedout Is-

land 

4.1 at kunanyi 

(Mount Wellington 

Pinnacle 

33.5 at Birdsville Airport 
on 20 Jan 

-3.7 at Mount Hotham 

on 18 Dec 
0.82 =102 

Queensland 
26.8 at Birdsville 

Airport 

16.0 at Apple-

thorpe 

33.5 at Birdsville Airport 

on 20 Jan  

10.5 at Applethorpe on 

14 Dec 
1.57 107 

New South Wales 
24.5 at Tibooburra 

Airport 

7.7 at Thredbo 

AWS 
34.2 at White Cliffs AWS 

on 11 Feb 

-2.9 at Perisher Valley 

AWS on 10 Dec 
2.11 107 

Victoria 
16.7 at Mildura Air-

port 

7.7 at Mt Baw 

Baw 

29.0 at Walpeup Re-

search on 26 Dec 
-3.7 at Mount Hotham 

on 18 Dec 
0.6 79 

Tasmania 14.3 at Swan Island 

4.1 at kunanyi 

(Mount Wellington 

Pinnacle) 

20.3 at Hobart Airport on 

8 Jan 

-2.8 at kunanyi (Mt Wel-

lington Pinnacle) 
0.09 68 

South Australia 
25.3 at Moomba Air-

port 

11.1 at Keith 

(Munkora) 

32.7 at Oodnadatta on 

13 Jan 

1.1 at Keith (Munkora) 

on 18 Dec 
1.32 =102 

Western Australia 
27.3 at Bedout Is-

land 

11.1 ay Rocky 

Gully 
32.5 at Cydnet Bay on 

18 Dec 
2.5 at Eyre on 25 Jan −0.02 65 

Northern Territory 
26.5 at Mccluer Is-

land 

21.7 at Territory 

Grape Farm 

31.9 at Victoria River 

Downs on 10 Dec 

8.8 at Arltunga on 21 

Feb 
0.31 81 

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

2016-17. Rank refers to 1 (lowest) to 108 (highest) calculated, over the years 1910 to 2017 inclusive.  

10.3. Tropical Cyclones 

The two most significant Severe Tropical Cyclones (STC) of the 2016-7 season, in terms of damage and intensity respec-

tively, were STC Debbie and STC Ernie. However, as these cyclones occurred in March and April respectively they are 

not discussed in detail in this summary. Three tropical systems warranted severe weather reports in the period from De-

Region 

Highest seasonal 

mean maximum 

(°C) 

Lowest seasonal 

mean maximum 

(°C) 

Highest daily 

maximum 

temperature 

(°C) 

Lowest daily 
maximum temperature 

(°C) 

Area-aver-

aged 
Temperature 

anomaly 

(°C) 

Rank of area-
averaged 

temperature 
anomaly 

Australia 40.8 at Birdsville 
12.3 at Mount 

Read 
48.2 at Tarcoola Aer-

odrome on 9 Feb 

3.2 at kunanyi (Mount 

Wellington Pinnacle) on 

13 Feb 

0.39 80 

Queensland 40.8 at Birdsville 
27.8 at Frederick 

Reef 

47.2 Thargomindah 

Airport on 12 Feb 

21.7 at Applethorpe on 

23 Dec and 27 Feb 
1.52 103 

New South Wales 
39.2 Bourke Airport 

AWS 

16.3 at Thredbo 

AWS 
47.9 at Walgett Air-
port AWS on 12 Feb 

5.5 at Thredbo AWS on 

20 Feb  
3.01 108 

Victoria 
33.0 at Mildura Air-

port 

15.9 at Mount 

Hotham 

46.9 at Walpeup Re-

search on 9 Feb 
3.4 at Mount Hotham 

on 20 Feb 
1.13 91 

Tasmania 
23.9 at Campania 

(Kincora) 

12.3 at Mount 

Read 

35.8 at Ouse Fire 

Station on 25 Dec 

3.2 at kunanyi 

(Mount Wellington 

Pinnacle) on 13 Feb 

0.03 =58 

South Australia 
39.5 at Moomba 

Airport 

21.7 at Neptune Is-

land 

48.2 at Tarcoola Aer-

odrome on 9 Feb 
12.7 at Mount Lofty on 

6 Feb 
1.05 89 

Western Australia 
38.8 at Paraburdoo 

Aerodrome  

22.5 at Cape 

Leeuwin 
46.6 at Gascoyne 
Junction on 4 Jan 

13.7 at Bickley on 9 
Feb 

−0.78 18 

Northern Territory 37.1 at Jervois 
31.5 at Mccluer Is-

land 

44.7 at Rabbit Flat on 

17 Dec 

22.5 at Arltunga on 8 

Dec 
−1.09 =24 
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cember 2016 to February 201716: Tropical Cyclone (TC) Yvette, Tropical Low 14U and TC Alfred, all which made land-

fall in northern Australia. TC Yvette made landfall (as a tropical low) near Broome on December 25, Tropical Low 14U, 

also made landfall near Broome, on January 26, and Alfred made multiple coastal crossings as a tropical low in the south-

west Gulf of Carpentaria between February 17 and 22. The impacts of these systems were largely restricted minor to mod-

erate riverine floods of local catchments due to heavy rain. 

 

11. Southern Hemisphere 

Overall the Southern Hemisphere experienced near-average rainfall, although deficiencies were observed in coastal South 

Africa and some elevated and equatorial parts of South America (Figure 25)17. Madagascar experienced its lowest Decem-

ber-February rainfall on record, exacerbating the pre-existing social impacts of prolonged drought, with UNICEF (2017) 

reporting that approximately 200,000 people required emergency access to water in early 2017. By contrast, land tempera-

tures were, aside from a small region of northwest Australia, exclusively above-average (Figure 26). Ocean temperatures 

were also generally above-average, which is notable given the neutral state of the primary Indian and Pacific Ocean coupled 

oscillators. 

New Zealand's National Institute of Water and Atmospheric Research (NIWA), summarised conditions in New Zealand for 

Summer 2016-17 as generally cooler-than- or near-average with below-average rainfall in many locations (NIWA 2017).  

 

Figure 25: Global rainfall for December 2016 to February 2017, as a percentage of 1961-1990 average. Source: National 

Centers for Environmental Information. 

                                                 
16 From: http://www.bom.gov.au/announcements/sevwx/ 
17 From: https://www.ncdc.noaa.gov/temp-and-precip/global-maps/201714#global-maps-select 

https://www.ncdc.noaa.gov/temp-and-precip/global-maps/201714#global-maps-select
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Figure 26: Global land and ocean for December 2016 to February 2017, as a percentage of 1981-2010 average. Source: 

National Centers for Environmental Information. 

12.Summary 

Despite oceanic and atmospheric indices showing neutral condition of the El Niño Southern Oscillation and Indian Ocean 

Dipole, the summer period, December 2016 to February 2017 still experienced extreme weather and climate events and their 

impacts. Some of these events were potentially modulated by the Madden-Julian Oscillation, in the case of the timing of 

extreme rainfall in the tropical north, and the Southern Annular Mode (SAM), when considering dry conditions in eastern 

Australia. Notably, the Marshall (2003) SAM index recorded its second-most negative summer value since 1984 and the 

most negative since 2005, which appears related to observed seasonal MSLP and upper-level wind anomalies. Outgoing 

longwave radiation plots match with near- to highest-on-record seasonal rainfall totals across WA, SA and NT – which 

combined resulted in Australia recording its (area-averaged) 4th wettest year on record (since 1900).  

In the ocean, sea surface temperatures were generally above-average along the east coast, and below-average on the south-

west coast. These temperatures resulted in the second major bleaching event in the Great Barrier Reef in two years, with the 

most severe impacts reported between Cooktown and Townsville. Sea ice was the lowest-on-record (since 1979) and ap-

proximately a third below the long-term February average. Sea levels were above average almost the entire southern hemi-

sphere with large positive anomalies in the Gulf of Carpentaria and in western Tasman sea, which produced above-average 

sea levels at coastal tide gauges.  

Overall, the southern hemisphere, experienced near-average rainfall with some isolated areas of deficiencies but widespread 

above-average temperatures on land and in the oceans. 
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