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This summary looks at the southern hemisphere and equatorial climate patterns 
for spring 2016, with particular attention given to the Australasian and equatorial 
regions of the Pacific and Indian ocean basins. Spring 2016 was marked by the 
later part of a strong negative phase of the Indian Ocean Dipole, alongside cool 
neutral El Niño-Southern Oscillation (ENSO) conditions. September was excep-
tionally wet over much of Australia, contributing to a wet spring with near-aver-
age temperatures. The spring was one of the warmest on record over the southern 
hemisphere as a whole, with Antarctic sea ice extent dropping to record low levels 
for the season. 

 

 

1. Introduction 

This summary reviews the southern hemisphere and equatorial climate patterns for the 2016 austral spring (September to 
November), with particular attention given to the Australasian and equatorial regions of the Pacific and Indian ocean ba-
sins. The main sources of information for this report are analyses prepared by the Australian Bureau of Meteorology, the 
United States National Oceanic and Atmospheric Administration (NOAA) and the Global Precipitation Climatology Cen-
ter (GPCC), as well as the annual State of the Climate Report published in the Bulletin of the American Meteorological 
Society.    
 
2. Pacific and Indian ocean basin climate indices 
2.1. Southern Oscillation Index (SOI) 

The Troup Southern Oscillation Index1 (SOI) is based on the mean sea level pressure (MSLP) difference between Tahiti and 
Darwin. Sustained negative values below −7 generally indicate El Niño, while sustained positive values above +7 are typical 

 
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. 
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of La Niña. Figure 1 shows monthly SOI values between January 2012 and November 2016, together with a five-month 
weighted moving average.  

The peak of the 2015-16 El Niño occurred in summer 2015-16 (Pepler 2016), coinciding with strong negative values of the 
SOI. The decay of El Niño occurred in autumn 2016 (Rosemond and Tobin 2018), with values of the SOI largely returning 
to the neutral range for winter and spring. The spring 2016 mean value of the SOI was +2.8, with September strongly positive 
at +13.5, and October and November well in the neutral range at −4.3 and −0.7, respectively.   

 

Figure 1 Troup Southern Oscillation Index (SOI) values from January 2012 to November 2016, with a five-month 
binomial weighted moving average. 

 
2.2. Composite monthly ENSO indices 

The 5VAR2 composite monthly El Niño–Southern Oscillation (ENSO) index is calculated as the standardised amplitude of 
the first principal component of Darwin and Tahiti mean sea level pressure (MSLP) and NINO3, NINO3.4 and NINO4 sea 

 
2 The 5VAR ENSO index was developed by the Bureau of Meteorology and is described by Kuleshov et al. (2009). The principal component analysis 
and standardisation of this ENSO index is performed over the period 1950–1999.  
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surface temperatures3 (SSTs). Significant positive values of 5VAR (in excess of one standard deviation) are typically asso-
ciated with El Niño, while significant negative values are indicative of La Niña. 
 
The 5VAR index was above +2 during the 2015-16 El Niño (Figure 2), indicating a strong event. The index then fell be-
low +1 in May 2016, consistent with the return to a neutral ENSO state. Winter saw values close to zero, which then con-
tinued through the spring months. Monthly spring values were −0.529 for September, −0.152 for October, and −0.133 for 
November. 
 
 

 

Figure 2  Anomalies of the 5VAR monthly composite ENSO index for the period January 2012 to November 2016, 
with a three-month binomially weighted moving average. See text for details.  

The Multivariate ENSO Index (MEI4), produced by the Physical Sciences Division of the Earth Systems Research Labora-
tory (formerly known as the US Climate Diagnostics Center), is derived from six atmospheric and oceanic parameters cal-
culated as a two-month mean (Wolter and Timlin 1993, 1998). As with 5VAR, large negative anomalies in the MEI are 
usually associated with La Niña and large positive anomalies with El Niño. The September-October (−0.385) and October-
November (−0.197) MEI values (not shown) were consistent with a neutral state of ENSO.  

The NINO3.4 index, which measures SSTs in the central Pacific Ocean in a box covering 5 °N–5 °S and 120–170 °W, is 
used by the Australian Bureau of Meteorology to monitor ENSO. NINO3.4 is closely related to the Australian climate (Wang 
and Hendon, 2007). NINO3.4 values were below zero throughout spring 2016, with monthly mean values of −0.6 °C in 
September, −0.7 °C in October and −0.5 °C in November. These negative values fell short of the thresholds for a La Niña 

 
3SST indices obtained from ftp://ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/sstoi.indices.  
4 Multivariate ENSO Index obtained from https://www.esrl.noaa.gov/psd/enso/mei/table.html. The MEI is a standardised anomaly index described in 
Wolter and Timlin 1993, 1998. 

ftp://ftp.cpc.ncep.noaa.gov/wd52dg/data/indices/sstoi.indices
https://www.esrl.noaa.gov/psd/enso/mei/table.html
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event to be declared by the Australian Bureau of Meteorology, although some other agencies did classify late 2016 as a weak 
La Niña event.  

 

2.3. Indian Ocean Dipole (IOD) 

The Indian Ocean Dipole (IOD, Saji et al. 1999, Saji and Yamagata 2003) describes the pattern of SSTs over the equato-
rial Indian Ocean. A negative phase of the IOD is characterised by warmer than average water in the tropical eastern In-
dian Ocean (near Indonesia) and cooler than average water in the tropical western Indian Ocean (near the Horn of Africa). 
It is typically associated with increased rainfall in the eastern Indian Ocean and across southern Australia during winter-
spring (Risbey et al. 2007). The opposite is true for a positive IOD.  
 
The Dipole Mode Index (DMI)5 measures the difference between the western (50°E to 70°E and 10°S to 10°N) and east-
ern (90°E to 110°E and 10°S to 0°S) nodes of the IOD. Weekly DMI values are shown in Figure 3 between January 2013 
and 
November 2016. The DMI dropped below −0.4 °C (the threshold for a negative IOD phase) in late May 2016 and re-
mained strongly negative throughout winter 2016 (Lim and Hendon, 2017; Trewin 2018). Values were strongly negative at 
the start of spring, with the strongest value of −1.19 °C for the week ending 11 September 2016. The negative IOD event 
ended at the end of October, with November weekly values all within the neutral range. This negative phase of the IOD 
through September and October 2016 is consistent with negative OLR anomalies across the eastern Indian Ocean and 
Maritime Continent in spring 2016 (Figure 4), as well as the very wet September for Australia (see Australian rainfall sec-
tion 8). Near average to suppressed convection can also be seen over the western Indian Ocean.  
  

 
 
Figure 3 Weekly Dipole Mode Index with a five-week running mean between January 2013 and November 2016. 

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 indicate reduced convective activity, and therefore a reduction in 
cloudiness and, usually, rainfall. Conversely, negative OLR anomalies indicate enhanced convection, and therefore in-
creased cloudiness and rainfall. During La Niña, OLR is often increased, meaning convection is often suppressed, near the 
Date Line, while increased cloudiness (decreased OLR) near the Date Line usually occurs during El Niño. Similarly, in the 

 
5 Weekly Dipole Mode Index values obtained from www.bom.gov.au/climate/enso/indices.shtml. 

http://www.bom.gov.au/climate/enso/indices.shtml
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Indian Ocean, if a negative IOD is in place, OLR anomalies are negative over the eastern Indian Ocean where increased 
convection occurs, but positive OLR over the western Indian Ocean. 
 
In the Indian Ocean region, decreased cloudiness in the western Indian Ocean and increased cloudiness in the eastern In-
dian Ocean (Figure 4) clearly indicates the presence of a negative Indian Ocean Dipole event. These conditions were most 
pronounced in September and October (Wang et al., 2019) but persisted for most of the spring (Figure 5). The strongest 
negative OLR anomalies were in the vicinity of Christmas Island, which had by far its wettest spring on record (section 9). 
There were also negative anomalies over most of the Australian continent, consistent with the wet spring (section 8). (It 
should, however, be noted that OLR values currently appear to have a low bias over subtropical land areas, most likely 
associated with orbital decay of the GOES-18 satellite (Matthew Wheeler, pers. comm.).) 
 
The Hovmöller diagram of OLR anomalies along the equator during spring 2016 (Figure 5) shows a weak positive signal 
near the Date Line for most of the season, potentially favouring decreased cloudiness slightly and consistent with a weak 
positive seasonal anomaly (Figure 4). This signal is consistent with an ENSO cool-neutral state. Averaged over an area at 
the International Date Line (7.5°S–7.5°N and 160°E–160°W), the standardised monthly OLR anomaly for September was 
+0.9, October +1.0 and November +1.4.6 
 

  
Figure 4 OLR anomalies for spring 2016 (W m−2). Base period is from 1979-2000. The mapped region extends from 

40°S to 40°N and from 70°E to 180°E.  

 

 
6 Standardised monthly OLR anomaly data obtained from http://www.cpc.ncep.noaa.gov/data/indices/olr .  
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Figure 5 Time-longitude plot of outgoing daily-averaged long-wave radiation (OLR) anomalies (W m−2) near the 
equator over the period July 2016 to December 2016. Anomalies are with respect to a base period of 
1979−2010. 

 
 

 

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 and Julian, 1971, 1972, 1994).The MJO takes approximately 30 to 
60 days to reach the western Pacific, with a frequency of six to twelve events per year (Donald 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).  
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The phase-space diagram of the RMM for spring 2016 is shown in figure 6. MJO activity was generally weak for most of 
September and October, apart from a brief active phase over the Maritime Continent in mid-September. However, an ac-
tive MJO phase began in late October in the Maritime Continent sector, before progressing to the western Pacific sector 
through the first half of November and into phases 8 and 1 (western hemisphere and Africa) in the third week of Novem-
ber. This phase weakened towards the end of November. Such a pattern would historically have been favourable for rain-
fall in the first half of November in the northern tropics of the Northern Territory and Queensland (Wheeler et al., 2009), 
but in general only scattered rainfall typical of the season occurred.  
 

 

 

Figure 6 Phase-space representation of the MJO index for the period from 7 September to 5 December 2016; daily 
values are shown with September 2016 in dark green, October 2016 in red, and November 2016 in light 
green. The eight phases of the MJO and the corresponding (approximate) locations of the near-equatorial 
enhanced convective signal are labelled. 
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5. Oceanic patterns 

5.1. Sea surface temperatures (SSTs) 

The area-averaged sea surface temperature for the southern hemisphere for winter 2016 was 0.61 °C 7 above the 20th cen-
tury average. This was the second-warmest value on record in the NOAA dataset, 0.06 °C below the previous record set in 
2015.  
 
 

 
 

Figure 7 Global sea surface temperature anomaly (°C) from 1961-1990 averages for austral spring 2016, from the 
NOAA Extended Reconstructed Sea Surface Temperature (ERSST) data set version 5 (Huang et al., 2017). 

 
Figure 7 shows sea surface temperature (SST) anomalies globally for spring 2016, relative to 1961-1990, whilst Figure 8 
shows sea surface temperatures in the Australian region relative to the historical distribution. SSTs were between 0.5 and 
1.0 °C below average in the central equatorial Pacific, consistent with a cool neutral ENSO phase. They were above aver-
age through most other areas of the tropical and subtropical South Pacific, reaching more than 1 °C above average in 
places. They were also at least 0.5 °C above average through Maritime Continent waters and in the eastern Indian Ocean.  
 
In the Australian region, sea surface temperatures were below average near the southwest of Western Australia, but above 
average in most other areas, particularly around the eastern and northern coasts. Some areas between Western Australia 
and Indonesia, where SSTs were generally at least 1 °C above average, had their warmest spring SSTs on record, as did 
some areas in the tropical western Pacific. The overall Australian region8 had sea surface temperatures 0.59 °C above the 
1961-1990 average, the third-warmest on record for spring. It was the warmest spring on record for the Coral Sea and the 
second-warmest for northern Australian tropical waters overall. However, it was the coolest since 2005 for the Southwest 
Australian region.  
 

 
7 NOAA National Centers for Environmental Information, Climate at a Glance: Global Time Series, published July 2019, retrieved on 29 July 2019 
from http://www.ncdc.noaa.gov/cag/ (base period 1901-2000). 
8 Defined as 4 to 46 °S, 94 to 174 °E. Definitions of SST regions can be found at http://www.bom.gov.au/climate/change/about/sst_timeseries.shtml. 

http://www.ncdc.noaa.gov/cag/
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Figure 8 Sea surface temperature decile map of the Australian region for spring 2016.  
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5.2. Equatorial sub-surface patterns 

 

Figure 9 Hovmöller diagram of the 20 °C isotherm depth and anomaly along the equator from April 2016 to No-
vember 2016, obtained from NOAA's TAO/TRITON data9. 

 

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. 
 
Sub-surface waters had been generally cooler than average in the equatorial Pacific during the southern hemisphere winter 
2016 (Figure 9), with a shallower thermocline than usual (Lim and Hendon, 2017). The anomalies in the depth of the 20 
°C isotherm in the equatorial Pacific weakened during spring and became near zero by November. However, cool subsur-
face anomalies persisted in much of the central and eastern equatorial Pacific, mostly at levels near or above the thermo-
cline (Figure 10), although they weakened gradually through the spring.  
  

 
9 Hovmöller plot obtained from http://www.pmel.noaa.gov/tao/jsdisplay/   
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Figure 10 The cross-section of monthly equatorial sub-surface analysis from August 2016 to November 2016. Red 
shading indicates positive (warm) anomalies, and blue shading indicates negative (cool) anomalies. 

 
6. Atmospheric circulation 
6.1. Southern Annular Mode (SAM) 

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

The Southern Annular Mode was strongly positive in September (+2.333), with October neutral at −0.177, with November 
negative at −1.508. The September monthly value was the highest for September in the post-1979 CPC record, and the third 

http://www.cpc.ncep.noaa.gov/products/precip/CWlink/daily_ao_index/aao/aao.shtml
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monthly value above +2 (after March and June) to date in 2016, whilst the November value, which was reported by Wang 
et al. (2019) to be associated with the weakening of the stratospheric spring polar vortex, was the lowest monthly value in 
any month since September 2013. It is likely that the positive SAM phase contributed to the wetter conditions seen across 
eastern Australia during September (Hendon et al., 2007). Similarly, the drier November across parts of NSW and Queens-
land was likely influenced by the negative SAM state.  

 

6.2. Surface analyses 

The mean sea level pressure (MSLP) pattern for spring 2016 is shown in Figure 11, computed using data from the 0000 
UTC daily analyses of the Bureau of Meteorology's Australian Community Climate and Earth System Simulator (AC-
CESS-G) model10. MSLP anomalies are shown in Figure 12, 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 spring 2016 (Figure 11) shows a typically zonal pattern in middle 
and higher latitudes of the southern hemisphere, with relatively weak anomalies (Figure 12). Low pressure anomalies 
south of Australia are indicative of enhanced westerly flow in this sector, whilst a high pressure anomaly near the dateline 
south of New Zealand shows slight anomalous ridging in that region. Positive pressure anomalies over southern South 
America, and over the oceans on either side, show a subtropical ridge which is stronger and further south than usual, con-
sistent with generally dry conditions in the region (section 9).  MSLP anomalies are weak over the Australian continent. 
 

 
 

Figure 11 Southern hemisphere mean sea level pressure (MSLP) pattern for spring 2016. 

 
 

 
10 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 12 Southern hemisphere mean sea level pressure (MSLP) anomalies (hPa) for spring 2016. Anomalies calcu-
lated with respect to base period of 1979–2000. 

 
6.3. Mid-tropospheric analyses 

The 500 hPa geopotential height, an indicator of the steering of surface synoptic systems across the southern hemisphere, 
is shown for spring 2016 in Figure 13. The associated anomalies are shown in Figure 14.  
 
Geopotential height is valuable for identifying and locating features like troughs and ridges which are the upper level 
equivalents of surface low and high pressure systems respectively. The major features are similar to those at the surface, 
with anomalous ridging south of New Zealand, positive height anomalies over a region centred on southern South Amer-
ica, and a weak anomalous trough south of Australia. Weak positive anomalies prevailed over most tropical and subtropi-
cal areas north of 30 °S.  
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Figure 13 Spring 2016 500 hPa mean geopotential heights (gpm). 

 

Figure 14 The mean geopotential height anomalies (gpm) spring 2016, 500 hPa, from 1979–2000 climatology. 
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7. Winds 

Figures 15 and 16 show spring 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 m s-1.  
 
Generally weak 850 hPa wind anomalies are evident through most of the southern hemisphere. In the Australian region, 
there are northerly anomalies over much of eastern Australia (although these were not associated with significant warm 
temperature anomalies at the surface) and southwesterly anomalies to the southwest of Western Australia. Easterly anoma-
lies near 50 °S indicate weaker than normal westerly flow in the western South Pacific west of about 120 °W, while west-
erly anomalies in the equatorial Indian Ocean, strongest at about 90 °E, are consistent with the negative Indian Ocean Di-
pole. Weak anomalies through most of the equatorial and tropical South Pacific are consistent with neutral ENSO condi-
tions. 200 hPa anomalies in the southern hemisphere were also generally weak, although westerly anomalies at about 35 °S 
near and west of Western Australia, and in the central and eastern South Pacific, were indicative of strengthened jetstreams 
in those longitudes.  

 

 

Figure 15 Austral spring 2016, 850 hPa vector wind anomalies (m s-1). Colour shading shows anomalies exceeding 10 
ms-1. 

 

Figure 16 Austral spring 2016, 200 hPa vector wind anomalies (m s-1). Shading as above. 
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8. Australian Region 

8.1. Rainfall 

Spring 2016 marked the end of an exceptionally wet period over much of Australia which had begun in May. September 
2016 was the second-wettest on record for Australia (195% above the 1961-1990 average), just behind 2010 (Hope et al., 
2018). Rainfall for the month was well above average almost everywhere outside Western Australia, except for coastal New 
South Wales. It was the wettest September on record for New South Wales and the Murray-Darling Basin by substantial 
margins, and also set a record for the Northern Territory, whilst Victoria and South Australia had their second-wettest Sep-
tember on record and Queensland its third. Most of New South Wales west of the Great Dividing Range had its wettest 
September on record, as did much of western Victoria and eastern South Australia, the Top End of the Northern Territory 
and substantial parts of outback Queensland. The heavy rains led to widespread and significant flooding, especially in the 
Lachlan, Murrumbidgee and Murray catchments and parts of South Australia. The overall May to September 2016 period 
was easily the wettest on record for Australia, breaking the 1978 record, and also set records in Queensland, New South 
Wales, South Australia, Victoria and Tasmania (Bureau of Meteorology, 2016).  

Rainfall returned to more normal conditions in October and November, with both October (15% below average) and No-
vember (26% below average) slightly drier than average nationally. October was very wet in Tasmania, and to a lesser extent 
in Victoria, but saw near to below average rainfall over most other parts of the country. Northern Western Australia saw 
unseasonable rain but monthly totals only locally exceeded 25 mm. November rainfall was near average over much of 
Australia, tending towards below average in the southern half of Western Australia, and in northern New South Wales and 
southern Queensland; the New South Wales and Queensland anomalies are consistent with November's strongly negative 
SAM mode, coupled to the weakening of the stratospheric polar vortex (Lim et al., 2018). Tasmania was again rather wet, 
particularly near the east coast where heavy rain fell in mid-November. 

Overall for the season, rainfall was above average in all States and Territories except Western Australia (Figure 17), although 
only Victoria and Tasmania (both tenth) had a spring in the ten wettest. Tasmania's spring was its wettest since 1988 but all 
other States and Territories were wetter in one or both of 2010 and 2011. The extremely wet September was sufficient for 
rainfall to reach the highest decile in much of the eastern interior despite limited rain for the rest of the season, whilst wet 
conditions in September and October contributed to large areas in the highest decile in western Victoria, eastern South 
Australia and Tasmania. The most significant dry areas were in the southern half of Western Australia, and locally on Cape 
York Peninsula and the North Coast of New South Wales.  

 

 (a)   (b) 
Figure 17 Spring 2016 rainfall totals (mm) for Australia (a), with corresponding rainfall deciles (b). Decile ranges 

based on grid-point values over the spring periods from 1900–2016. 
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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 1352.2 at Mt Read 
zero at several 

locations 
216.6 at Gray (Haven of 
Hope) on 13 November 

92.98 97 28.3% 

Queensland 
642.6 at Bellenden 

Ker (Top) 
zero at several 

locations 
121.0 at Mossman South 

on 5 October 
100.29 81 19.0% 

New South Wales 
894.0 at Thredbo Vil-

lage 
65.0 at Milperra 

Bridge 

85.0 at Coonabarabran (Pur-
lewaugh Road) on 2 Sep-

tember 
181.16 105 46.1% 

Victoria 664.0 at Mt William 
130.7 at Manan-

gatang (Cocamba) 
92.0 at Lake William Hovell 

on 30 September 
259.12 108 43.2% 

Tasmania 1352.2 at Mt Read 
131.0 at Saltwater 

River 

216.6 at Gray (Haven of 
Hope) 

on 13 November 
493.84 108 35.2% 

South Australia 
628.9 at Piccadilly (Mt 
Lofty Botanic Garden) 

20.2 at Millers Creek 
101.4 at Uraidla on 15 Sep-

tember 
71.22 94 39.8% 

Western 
Australia 

318.8 at Wereroa 
zero at several 

locations 
72.0 at Flora Valley 

on 2 November 
32.57 44 −20.6% 

Northern 
Territory 

510.6 at CSIRO Berri-
mah 

12.5 at Curtin Springs 
168.2 at Mainoru Store 

on 19 September 
111.27 103 64.4% 

Table 1 Summary of the seasonal rainfall ranks and extremes on a national and State basis for spring 2016. The rank re-
fers to 1 (lowest) to 117 (highest) and is calculated over the years 1900 to 2016 inclusive. 

 

8.2. Rainfall deficiencies  

The heavy rainfall in winter and spring 2016 eliminated almost all remaining rainfall deficiencies in eastern Australia at 
timescales of two years or less. Outside the northern tropics, where some pockets of deficiencies reflected locally dry con-
ditions in the 2015-16 wet season, the only remaining area of deficiencies at the 19-month timescale (Figure 18) was a small 
region in south Gippsland in Victoria. In Western Australia, a few areas of deficiencies persisted near the west coast, with 
the largest of them near Perth.  
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Figure 18 Rainfall deficiencies for the 19-month period May 2015 to November 2016. 

 

Region Lowest on record (%) Severe deficiency (%) Decile 1 (%) Decile 10 (%) Highest on record (%) 
Australia 0.04 1.1 4.0 20.2 0.51 

Queensland 0.00 0.7 2.9 20.4 0.00 
New South Wales 0.00 0.0 0.5 48.4 1.02 

Victoria 0.00 0.0 0.0 56.1 0.00 
Tasmania 0.00 0.0 0.0 48.9 1.80 

South Australia 0.00 0.0 0.0 20.8 0.00 
Western Australia 0.11 2.8 10.0 0.7 0.00 
Northern Territory 0.00 0.0 0.1 31.4 2.22 

Table 2 Percentage areas in different categories for spring 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 ar-
eas 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. 

 

 
8.3. Temperature 

Nationally, both maximum and minimum temperatures in spring 2016 were very close to the 1961-1990 average. Mean 
temperatures were exactly equal to the 1961-1990 average, making it the coolest spring since 2010; despite being slightly 
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above average, minimum temperatures nationally were still the lowest since 2001. At the State level, New South Wales and 
Victoria were only slightly cooler than average but still had their coolest springs since 1993 and 2003 respectively, whilst 
South Australia's minimum temperatures were the lowest since 1992.  

Maximum temperatures were below average in most of the eastern interior, and above average in the northern tropics and 
along the east coast (Figure 19). The most significant warmth was in the far north, where all three months of spring were 
significantly warmer than average, and some parts of the north Kimberley and Cape York Peninsula had their warmest spring 
on record. Cool conditions were most prominent in southwest Queensland, where mean spring maximum temperatures were 
locally 2 to 3 °C below average. Minimum temperatures were well above average in the northern tropics, and were also 
generally above average in the eastern regions of Queensland, New South Wales and Victoria, and in most of Tasmania 
(Figure 20). They were below average in most of the southern half of Australia from western New South Wales westwards, 
with the largest anomalies (locally below −1 °C) in southern Western Australia. 

The most striking temperature anomalies of the season were in September. Maximum temperatures were far below average 
in many of the wetter parts of inland eastern Australia, with anomalies as large as −5 °C in southwestern Queensland. 
September was also exceptionally cool, both for maximum and minimum temperatures, in southwest Western Australia; it 
was the coolest September on record for the southwest region, with significant frost damage in places (Grose et al., 2018). 
October was rather cool in many areas outside the north, with record low mean minimum temperatures in parts of central 
Australia, while November saw generally average to above average temperatures.  

 

  
Figure 19 (left) Maximum temperature anomalies (°C) for spring 2016; based on average climate 1961-1990. 

 (right) Maximum temperature deciles for spring 2016 from analysis of ACORN-SAT data: decile ranges 
based on grid-point values over the springs 1910–2016. 
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Figure 20 (left) Minimum temperature anomalies (°C) for spring 2016; based on average climate 1961-1990. 

 (right) Minimum temperature deciles for spring 2016 from analysis of ACORN-SAT data: decile ranges 
based on grid-point values over the springs 1910–2016. 

 
 

Region 
Highest seasonal 
mean maximum 

(°C) 

Lowest seasonal 
mean maximum 

(°C) 

Highest daily 
maximum tempera-

ture 
(°C) 

Lowest daily 
maximum temperature 

(°C) 

Area-aver-
aged 

temperature 
anomaly 

(°C) 

Rank of area-
averaged 

temperature 
anomaly 

Australia 39.9 at Wyndham 7.1 at kunanyi 
(Mt Wellington) 

45.3 at Mandora on 
6 November 

−2.0 at Thredbo AWS 
on 11 October −0.05 49 

Queensland 37.0 at Kowan-
yama 

21.4 at 
Applethorpe 

43.8 at Urandangi on 
30 October 

12.3 at Applethorpe on 
3 September −0.38 30= 

New South Wales 28.7 at Casino 6.4 at Thredbo 
AWS 

41.3 at Pooncarie on 
21 November 

−2.0 at Thredbo AWS 
on 11 October −0.43 31 

Victoria 23.5 at Mildura 6.4 at Mt Hotham 41.1 at Walpeup on 
21 November 

−1.4 at Mt Hotham 
on 3 and 31 October −0.42 38= 

Tasmania 18.1 at Friendly 
Beaches 

7.1 at kunanyi 
(Mt Wellington) 

29.6 at Hobart 
on 17 November 

−1.1 at kunanyi (Mt 
Wellington) 

on 12 October 
0.04 57= 

South Australia 29.4 at Oodnadatta 15.0 at Mt Lofty 43.8 at Marree 
on 11 November 

7.7 at Mt Lofty  
on 30 September −0.58 32= 

Western Australia 39.9 at Wyndham 17.9 at Shannon 45.3 at Mandora 
on 6 November 

10.0 at Wongan 
Hills  

on 12 September 
0.51 75 

Northern Territory 38.6 at Bradshaw 30.3 at Alice 
Springs Airport 

44.2 at Borroloola on 
6 November 

11.8 at Arltunga 
on 14 September −0.02 56= 

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

temperature 
anomaly 

(°C) 

Rank of area-
averaged tem-

perature 
anomaly 

Australia 27.6 at  
Troughton Island 

−0.4 at Thredbo 
AWS 

31.5 at Mandora on 6 
November, Argyle on 8 
November and Warmun 

on 9 November 

−9.3 at Thredbo AWS 
on 13 October 0.05 65 

Queensland 
25.7 at  

Coconut Island & 
Horn Island  

7.9 at  
Stanthorpe 

30.1 at Lake Julius on 6 
November & Cloncurry 

on 26 November  

0.6 at Stanthorpe 
on 18 October 0.46 82= 

New South Wales 17.1 at Cape Byron −0.4 at 
Thredbo AWS 

27.1 at Bourke 
on 12 November 

−9.3 at Thredbo AWS 
on 13 October −0.05 57 

Victoria 11.4 at Gabo 
 Island  

−0.1 at  
Mt Hotham 

22.3 at Walpeup on 21 
November 

−6.3 at Mt Hotham 
on 19 October 0.20 75= 

Tasmania 10.4 at 
Swan Island 

0.4 at kunanyi 
(Mount Welling-

ton) 

17.5 at St Helens on 22 
November 

−6.8 at Liawenee  
on 2 September 0.60 99 

South Australia  14.4 at 
Oodnadatta 

6.0 at 
 Keith (Munkora) 

26.9 at Oodnadatta on 
11 and 21 November 

−1.2 at Yongala on 19 
September −0.70 19= 

Western Australia 27.6 at  
Troughton Island 4.6 at Newdegate 

31.5 at Mandora on 6 
November, Argyle on 8 
November and Warmun 

on 9 November 

−4.5 at Eyre on 18 
September −0.02 60 

Northern Territory 27.2 at  
McCluer Island 

13.1 at Curtin 
Springs 

30.3 at Wave Hill on 9 
November 

1.0 at Watarrka 
on 30 September 0.19 69= 

Table 4 Summary of the mean seasonal minimum temperatures, extremes and rank for Australia and Regions for spring 
2016. Rank refers to 1 (lowest) to 107 (highest) calculated, over the years 1910 to 2016 inclusive.11 

 

9.  Southern Hemisphere 

The austral spring of 2016 was warmer than average over the southern hemisphere overall. Averages over the hemisphere 
as a whole, of the three major global data sets, it was the second-warmest in the National Oceanic and Atmospheric Admin-
istration (NOAA) data set (Smith and Reynolds, 2005), third-warmest in the National Air and Space Administration (NASA) 
data set (Hansen et al., 2010), and fourth-warmest in the United Kingdom Meteorological Office Hadley Centre/Climatic 
Research Unit, University of East Anglia (HadCRU) data set (Morice et al, 2012).12 The warmth was most pronounced over 
the oceans, with temperatures averaged over southern hemisphere land areas being the coolest since spring 2011 in the 
NOAA data set, although still above the 1981-2010 average.  

Apart from Australia, temperatures were near average over most of subtropical South America east of the Andes, including 
southern Brazil, Paraguay, Uruguay and the northern half of Argentina (Figure 21). Temperatures over land were signifi-
cantly above average over most southern hemisphere parts of Africa, in much of the northern half of Brazil, in the far south 
of South America, and in New Zealand (which had its ninth-warmest spring on record). Anomalies were generally moderate 
with few locations exceeding 2 °C above the 1981-2010 average for the season. Sea surface temperatures were below average 

 
11 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. The tables and associated images use version 1 of ACORN-SAT as this was the version in operational use at the 
time.  
12 These rankings use the operational data set versions as of July 2019. In some cases the rankings differ from those reported at the time using earlier data 
set versions.  

http://www.bom.gov.au/climate/change/acorn-sat/
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near southwestern Australia, and near average in the far southwest Atlantic and the central equatorial Pacific, but above 
average in most other southern hemisphere locations.  

It was a rather dry spring in many southern hemisphere areas of Africa, particularly in South Africa and in tropical areas 
near the east coast (Figure 21). In South America, it was dry in much of central and southern Chile (continuing an excep-
tionally dry year there) and in the far south of Argentina, as well as in northeast Brazil. Most other areas had near-average 
rainfall, although there was an area of above-average rainfall in central Argentina centred on about 40 °S. Much of Indonesia 
was unseasonably wet. This extended to Australia's offshore Indian Ocean islands, particularly Christmas Island, which set 
monthly records for all three spring months and had a total seasonal rainfall of 2067.8 mm, about seven times the long-term 
spring average and more than double the previous record of 923.6 mm set in 1975. Rainfall in New Zealand was mostly 
average to above average, whilst in the Southwest Pacific it was mostly relatively close to average (though with some local 
variations) with the South Pacific Convergence Zone (SPCZ) fluctuating about its normal position (Blunden and Arndt, 
2017).  

Spring temperatures were slightly above average at Australia's coastal Antarctic stations and at the South Pole, with a cold 
September at all these locations offset by above-average temperatures in October and November. Davis and Mawson both 
had their highest November mean maximum on record. Macquarie Island had its warmest spring on record, with slightly 
above-average precipitation. Antarctic sea ice extent, having been close to average for most of 2016, dropped sharply below 
average in September and remained well below average for all of spring, with record low monthly values in October and 
November (Wang et al., 2019). The 2016 Antarctic ozone hole had an average area for the 7 September – 13 October period 
of 20.9 million km2, somewhat below the post-1991 average (Blunden and Arndt, 2017).  

 
 

Figure 21  (left) Global temperature anomalies (°C) from 1981-2010 base period for September-November 2016 (source: 
National Oceanic and Atmospheric Administration); (right) Global precipitation percentage of normal 

(1951-2000 base period) for September-November 2016 (source: Global Precipitation Climatology Centre).  
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