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Western Australia marine heatwaves (WA MHWs)

15 May 2010

Driver: Possible links to
central Pacific El Nifio*
Impacts: Coral
bleaching in the
Andaman Sea

8 January 2014

Driver: Persistent high pressure linked to
tropical-extratropical teleconnections
Impacts: Low ocean productivity; large
marine mortalities; toxic algal blooms
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14 June 2003

Driver: Blocking high
and corresponding
terrestrial heatwave

Impacts: Mass mortality
of rocky benthic
communities

17 January 1998

Driver: Atmospheric
teleconnections linked
to 1997/98 extreme EL
Nifio

Impacts: Extensive
coral bleaching

16 April 1995

Driver: Kelvin waves
triggered by tropical
Atlantic-wind
anomalies

Impacts: Severe
impacts on sardine and
other pelagic fish
populations
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20 May 2012 25 December 1997

Driver: Extensive high pressure linked Driver: Coupled air-sea interactions

to Jet—strea'm <l ) . i Impacts: Suppressed equatorial and
Impacts: Fishery disruptions; species- coastal productivity; fishery losses

range shifts; low ocean productivity

2 March 2011

Driver: Intensification of Leeuwin
Current and intense low pressure linked
to 2010/11 La Nifa

Impacts: Destruction of kelp forests and
seagrass meadows; extensive coral
bleaching; widespread expansion of
tropical fish; collapse of crustacean and
shellfish fisheries
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12 February 2016 24 December 2009 8 February 2014

Driver: Intensification
of East Australian
Current Extension

Driver: Intense high
pressure linked to
central Pacific EL Nifio

Driver: Persistent high
pressure linked to
Madden-Julian Oscillation

Impacts: Oyster
disease outbreaks;
mollusc mortalities;
salmon aquaculture
impacts

Impacts: No reported
marine-species impacts

Impacts: No reported
marine-species impacts

(Holbrook et al., 2020)

Drivers of WA MHWs:

* La Nina = enhance Leeuwin Current =2

enhance bringing warm water to Western
Australia (WA) Coast

* Positive Indian Ocean Dipole (IOD) events -

northerly wind anomalies along the WA
coast = enhance the Leeuwin Current and
weaken the coastal upwelling - warm
ocean temperature anomaly over WA coast
(Zhang et al. 2018)

Research question:

To what extent do La Nina and positive IOD
provide WA MHW predictability?



Western Australia (WA) marine heatwaves (MHWs)

MHW definition: Monthly vertically averaged temperature (VAT) anomaly from 0-282m depth staying above the MHW
threshold: 1 standard deviation (1) of monthly VAT anomaly at least 3 months

Temperature Data: Monthly 3-dimensional ocean model temperature data - ACCESS-OM?2-01 (Kiss et al. 2020) during
period 1959-2018

Western Australia (WA) index: spatially averaged VATa within the red box (110°E-116°E, 22°S-32°S)
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WA MHWs in ACCESS-OM2

(a) WA VAT
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13 WA MHW events are detected in total over the period

1959-2018 (60 years) ACCESS-OM2 VAT

(a) ACCESS-OM2

—— WA VAT
—e— Nino3.4 VAT
DMI VAT
-20 -10 0 10 20
Months

OO

30°S

OO

30°S

OO

30°S

OO

30°S

OO

30°S

OO

30°S

t=-24

t=0
WA MHW

. ACCESS-OM2
‘(?; . \\g‘iiiw ?
ﬁ N
(k e e;;f%} ‘z
(k \\.Q ,% N e i&
(ad TR @‘;
" §hgz’ - t=-6
s ﬁ i AT

- ¥ ’h" 2
O
ﬁ ‘ . -

Y

ROV NS, ———
LEr® N e |

60°E 120°E 180° 120°W

started

— T B
-0.75-0.65-0.55-0.45-0.35-0.25-0.15-0.05 0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75

VAT anomaly (°C)



Linear Inverse Model (LIM)

Linear inverse model equation:

d

— L _|_ E L: dynamical operator describing the dynamical
o features of the evolution of x

dt &: stochastic forcing

integrate * L is taking seasonality into account

2000-member 60-year-long Indo-Pacific Ocean VATa



WA MHWs in ACCESS-OM2 and LIM

ACCESS-OM2 (13 MHW events in 60 yrs) CS-LIM (10 MHW events per 60 yrs)
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WA MHWs in ACCESS-OM2 and LIM

(a) ACCESS-OM2 (b) CS-LIM simulations
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Likelihood of WA MHWs being preceded by La Nina and/or positive IOD

From WA MHWs detected by 2000 LIM simulations:

WA MHW ?
_— I { » Time
0 +5
month month

In these 6 months, how will the proportion
of WA MHW months changes with La Niina,
positive 10D, or a combination of the two?



Likelihood of WA MHWs being preceded by La Nina and/or positive IOD

0 +5
month month

MHW criteria

Conditions

1-sigma-intensity

3-month-duration

“Control condition”

Standard condition 15.2%

La Niiia only 39.2%
Positive IOD only 21.3%

La Nifa and Positive IOD 43.1%

Positive IOD and El Nino

3.5%

» Time



Likelihood of WA MHWs being preceded by La Nina and/or positive IOD

La Nina
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-7 -3 0 +5
month month month month
MHW criteria 1-sigma-intensity
Conditions 3-month-duration
Standard condition 15.2% “Control condition”
La Nifa only 39.2% leEIIhOOd X 2. 5
Positive IOD only 21.3%
La Niina and Positive IOD 43.1%
Positive IOD and El Nino 3.5%




Likelihood of WA MHWs being preceded by La Nina and/or positive IOD

month

MHW criteria

Conditions

1-sigma-intensity

3-month-duration

Standard condition 15.2%

La Niiia only 39.2%
Positive IOD only 21.3%

La Nifa and Positive IOD 43.1%

Positive IOD and El Nino

3.5%
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Likelihood of WA MHWs being preceded by La Nina and/or positive IOD

Positive IOD La Nifia
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-24 -20 -7 -3 0 +5
month month month month month month
MHW criteria 1-sigma-intensity
Conditions 3-month-duration
Standard condition 15.2% “Control condition”
La Nifa only 39.2% leEIIhOOd X 2. 5
Positive IOD only 21.3% Likelihood X 1.5
La Nifia and Positive IOD 43.1% Likelihood X 2.8
Positive IOD and El Niio 3.5%




Likelihood of WA MHWs being preceded by La Nina and/or positive IOD

Positive IOD El Nifio
S - e
-24 -20 -7 -3 0 +5
month month month month month month
MHW criteria 1-sigma-intensity
Conditions 3-month-duration

“Control condition”

Standard condition 15.2%
La Nifa only 39.2% leEIIhOOd X 2. 5
Positive IOD only 213% Likelihood X 1.5
La Niiia and Positive IOD 43.1% Likelihood X 2.8

Positive IOD and El Niiio 3.5% Likelihood X 0.2




Likelihood of WA MHWs being preceded by La Nina and/or positive IOD

La Nina WA MHW
= I I I I » Time
-7 -3 0 +5
month month month month
MHW criteria 1-sigma-intensity
Conditions 3-month-duration
Standard condition 15.2% “Control condition”
La Nifa only 39.2% leEIIhOOd X 2. 5
Positive IOD only 21.3%
La Nifia and Positive IOD 43.1% Likelihood X 2.8
Positive IOD and El Nifio 3.5% Likelihood X 0.2




Changes of WA MHW likelihood following different climate conditions

Indian Ocean Pacific Ocean

Warmer Positive ENSO contribution

westpole  |OD - La Nifia / EI Nifio

Positive IOD + La Nina

X 2.8

Positive 10D only M\:IICV
x 1.5 >

Positive 10D + El Niho
X 0.2

La Nina only

X 2.5

Increased WA MHW likelihood at ~22 months lag Increased WA MHW likelihood at ~5 months lag



Thank you!

yuxin.wang@utas.edu.au
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