24. WHAT CAUSED THE RECORD-BREAKING HEAT ACROSS
AUSTRALIA IN OCTOBER 2015?

PanDORA Hopre, GuoMIN WANG, EUN-PA LiM, HARRY H. HENDON, AND JULIE M. ARBLASTER

Using a seasonal forecasting framework for attribution, we find that half of the record heat anomaly
across Australia in October 2015 can be attributed to increasing CO,, with much of the rest due to
internal atmospheric variability.

The Event. In 2015, Australia experienced another
exceptionally warm spring, making the spring
seasons of 2013, 2014, and 2015 the three warmest
from 105 years of record (Trewin 2013). In 2015,
October was the most extreme month (Fig. 24.1a),
with the largest monthly mean daily maximum
temperature (AusTmax) anomaly (+3.44°C, relative to
1961-90; 33.54°C absolute) of any month, surpassing
the September 2013 AusTmax record of +3.41°C.
The monthly mean daily minimum temperature
was also a record high for October (+2.34°C), and
the fourth largest positive anomaly of any month.
More than half of the continent (54.7%) recorded the
highest-on-record October maximum temperatures,
exceeding the previous record of 22.3% in 1988. The
heat was particularly focused in the south (Fig. 24.1a),
associated with a number of weather systems that
encouraged surface northerlies from the continental
interior during the month (Australian Bureau of
Meteorology 2015). Temperatures in the north were
relatively cool. Atinland locations, temperatures were
consistently above average, leading to record warm
monthly averages, but no daily records being set.

Climate conditions during October 2015 and their
relationship to Australian Tmax. The global climate
of October 2015 was extraordinary in various
aspects, with many large-scale climate features
in a phase generally linked to unusually warm
temperatures across Australia. These included a
strong El Nifio (www.bom.gov.au/climate/enso
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/archive/ensowrap_20151110.pdf), with Nino-3.4 at
+2.2°C, Nifo-3 at +2.3°C, and Nifio-4 at +1.4°C above
the 1961-90 average. Nifio-4 was the warmest October
value since records began in 1870 (HadISST used for
sea surface temperature-based indices; Rayner et al.
2003; KNMI climate explorer: climexp.knmi.nl). The
southern Indian Ocean (30°-120°E and 0°-60°S) was
the warmest on record to date for any month, with an
anomaly of +0.63°C compared to the 1961-90 average,
and the Indian Ocean dipole (IOD) was strongly
positive (dipole mode index: +0.76, relative to 1961-
90; Saji et al. 1999). El Nino together with a positive
IOD is typically associated with warm conditions
over Australia during September to November (White
et al. 2013), although the influence from El Niio
becomes more important later in the year.

While seasonally varying oceanic conditions
favored warm conditions across Australia, on the
intraseasonal time scale many atmospheric features
also favored warm conditions during October 2015
(see details on the climate state on the POAMA-2
pages at http://poama.bom.gov.au/). In spring, nega-
tive southern annular mode (SAM; Marshall 2003),
phase 2 and 3 of the Madden-Julian oscillation (M]JO;
Wheeler and Hendon 2004) and blocking in the Tas-
man Sea are all associated with warm conditions
across southern Australia (Marshall et al. 2013; Hen-
don et al. 2007). During October 2015, the subtropical
ridge was intense, associated with blocking over the
Tasman Sea as indicated by the subtropical ridge in-
dex (STRHI; Marshall et al. 2013), which was greater
than two standard deviations above the mean in the
first half of the month. The SAM varied through the
month, but was negative during two periods of strong
heat, in the first week and again around 20 October.
From 23 October through the end of the month, the
M]JO became moderate to strong in Phase 2. The com-
bination of these climatic features would be expected
to bring heat to southern Australia.
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Fic. 24.1. (a) Map of observed anomaly of Oct 2015 mean Australian Tmax
relative to 2000-14 climatology (Australian Water Availability Project; Jones
etal. 2009). (b) The observed Oct AusTmax and ensemble mean Oct forecasts
for current CO, conditions and 1960 (low CO,) conditions. The ensemble range
of Il members forecast from | Oct each year is shown in pink shading for
current CO, conditions and blue for low CO, conditions, and (c) time series
of observed Oct AusTmax from 1910 to 2015.

last 55 years of increasing
CO, and natural (internal)
variability on this event. The
Australian Bureau of Me-
teorology’s seasonal forecast
model POAMA-2.4 (Cottrill
etal. 2013; Hudson et al. 2013)
was used. Note that the use of
a coupled seasonal forecast
system in this way is unique
and has certain limitations
and strengths compared to
other methods. For instance,
the initial-value nature of the
framework allows little time
for the growth of model-driv-
en biases, while allowing the
full coupled response of the
ocean-atmosphere-land sys-
tem. Currently, only changes
in CO, are considered and
not other anthropogenic fac-
tors such as land-use change
or aerosols. For full details of
the method used here, refer to

Assessing the influence from increasing CO,. Black and
Karoly (2016) assessed the level of influence from
anthropogenic climate change on the October 2015
heat across southern Australia. Probabilities of the
current climate were estimated using very large en-
sembles of simulations (over 2000 realizations) from
the HadRM3P nested regional atmospheric GCM
forced with 2015 sea surface temperatures (SSTs).
The natural world probabilities were from similar
experiments where a measure of the impact of an-
thropogenic forcing since preindustrial times had
been removed (weather@home; Black et al. 2015).
They calculated the fraction of attributable risk (FAR;
Stott et al. 2004) of exceeding the previous tempera-
ture record for southern Australia. Defining FAR =
1 — (P1/P2), where P1 is the probability of exceeding
the previous threshold in the “natural” world, and P2
is the probability of exceeding the previous threshold
in the current world. They found a conservative FAR
estimate of 0.76. A FAR of 0.76 means that October
2015 was at least four times more likely to exceed the
previous record, set in 2014, 0f 29.68°C in the current
world than in the natural world.

Here, extending the method of Hope et al. (2015),
we use a fully coupled seasonal forecast modeling
system to attribute the level of influence of both the
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Wang et al. (2016).

For each of 24 September, 27 September, and 1
October 2015, an 11-member ensemble forecast of
October 2015 under current CO, levels (400 ppm)
was initialized with observed atmosphere, ocean, and
land conditions, forming a 33-member ensemble. A
corresponding ensemble forecast was also initialized
on the same dates, but with CO, set to the 1960 level
of 315 ppm and with anomalies—corresponding to
the signature of change due to the last 55 years of
rising CO,—removed from the ocean, soil, and atmo-
sphere to create a “low CO,” forecast. For the three-
dimensional ocean, the signature of change due to
rising CO, levels was the difference between the ocean
state in the final years of long integrations with fixed
CO, at 400 or 315 ppm. To calculate the signature of
change in the atmosphere or land, differences were
made between two sets of forecasts for October 2015
using either current initial conditions or the current
initial conditions with 315 ppm and the ocean state
after subtracting the difference as calculated above.
Two forecast climatologies, one for the current climate
and one for the low CO, climate, were produced with
an ensemble of 11 members initialized on 1 October
for each year from 2000—14. Although short, this 15-
year period includes a range of interannual variability
due to the different states of ENSO. The climatology
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has 165 members (11 forecasts for each October, 15 in
total). The time series of the ensemble mean forecasts
and the forecast spread of the two experiments are
shown in Fig. 24.1b. The probability distribution
functions (PDFs) are shown in Fig. 24.2b.

The record heat across Australia in October 2015
was well predicted under current CO, levels; the 2015
ensemble mean was warmer than any year in the
2000-14 climatology (Fig. 24.1b, red line). Although
the ensemble mean anomaly was less than observed,
one forecast ensemble member was warmer than
observed (Fig. 24.2a). The forecast for October 2015
under the current climate was 2.0°C warmer than the
low CO, climatology mean (Fig. 24.2a, red dot com-
pared to blue line) The ensemble mean of the October
2015 forecast in the low CO, climate was the warmest
ensemble mean against the low CO, climatology (Fig.
24.1b, blue line). Thus even under low CO, conditions,
forecasts driven by the observed state of the internal
atmospheric variability were the warmest on record.

An obvious measure of the contribution from
increasing CO, is simply the difference between the
two means of the current and low CO, forecast cli-
matologies, which is 1.0°C and statistically significant
(p < 0.01) (Fig. 24.2, dashed lines). This aligns with
the observed change of 1.1°C from around 1960
(1953-67) to recent years (2000-14), see Fig. 24.1c.

To calculate an estimate of the FAR, the previous
record was taken as the warmest ensemble mean
forecast in the climatology under current CO, levels,
with a value of 31.4°C. Across the 33-member fore-
cast ensemble of 2015, five members exceeded this
threshold in the low CO, climate, while 17 exceeded
it in the current climate, leading to a FAR value of
0.71. Alternatively, if the previous record was taken
from observations (32.1°C, set in 2014), none of the
ensemble members of the 2015 forecast in a low
CO, climate exceeded this threshold, while six en-
semble members exceeded it in the current climate,
thus the FAR would be 1.0.

Assessing the influence from the climatic and synoptic
conditions. In order to further explore the importance
of the atmospheric state (e.g., MJO, the location
of the subtropical ridge, SAM) as compared to the
antecedent land conditions or the oceanic state (e.g.,
El Nino, IOD) for promoting the record warmth,
further forecast experiments were done, removing the
influence from either the land, ocean, or atmosphere
initial conditions, following Arblaster et al. (2014) and
Wang et al. (2016). The results (outlined in more detail
in the online supplemental material) indicate that the
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overwhelming driver of the heat was the atmospheric
state from the atmospheric initial conditions, as
opposed to the ocean or land state. This suggests
that the direct impact on warming from the strong
El Nifio and IOD was small, and the major impact
was from intraseasonal drivers such as MJO activity
in the tropical Indian Ocean, the negative SAM, and
Tasman Sea blocking.

Conclusions. Using a seasonal forecast framework, the
record heat of October 2015 across Australia was at-
tributed to the last 55 years of CO, induced warming
and other factors. The warming from CO, contributed
roughly 1.0°C to the extreme heat forecast across
Australia in October 2015, while a combination of
Tasman Sea blocking, negative SAM, MJO, and a
high positioned over the southeast of the country, on
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FiG. 24.2. (a) The distribution of the forecast Oct 2015
AusTmax is estimated with 33 member forecasts for
current (red open bars) and low CO, (blue open bars)
climates. The mean value for the observed event in
Oct 2015 is shown by the top black dot, with the event
ensemble means for current in red and low CO, in
blue. (b) Oct AusTmax climatology distribution for
2000-14 from observations (gray bars), and the clima-
tology estimated using || member Oct forecasts during
2000-14 for the current climate (pink solid bars) and
the low CO, climate of 1960 (light blue solid bars). The
climatology means are shown in dashed lines: black for
observations, red for current, and blue for low CO,.



the background state of a strong El Nifio and a posi-
tive IOD, all contributed to the remaining 1.0°C of
the 2.0°C forecast anomaly against a 1960, low CO,
climatology. The FAR estimate for October 2015 Aus-
Tmax being warmer than the previous record using
this framework was 0.71, similar to the 0.76 that Black
and Karoly (2016) showed for southern Australia. The
pattern of anomalously low pressure to the south of
Australia and a high over the southeast of the conti-
nent appears to be a consistent feature of the extreme
heat across southern Australia during the last three
springs of 2013 (Arblaster et al. 2014), 2014 (Hope et
al. 2015; Gallant and Lewis 2016), and 2015.
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