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Extreme events: marine heat waves
and tropical cyclones
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 Waves and tides provide the background forcing to coastal
ecosystems

 Extreme impacts associated with marine heat waves and
tropical cyclones
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Marine heat waves impacting the
coastal Pilbara
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Summer temperature anomalies (2010-2013)
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Assessing differences in Pilbara warming
WESTERN AUSTRALA mechanisms during two La Nina events
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driven marine heat waves
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e The LC consolidates south of the NW Cape

Role of the Leeuwin Current on ENSO

(~22°5) -
e LC transport enhanced during La Niha ->
enhanced heat transport (Ningaloo Nifio)

e 2010/11 heat wave along WA largely driven
by anomalous advection
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Nested hydrodynamic-thermodynamic
modelling (large-scale -> regional ->
coastal). Down to 250 m resolution

Hindcast modelling (~5 years, 2009-14)

Enhanced warming in 2013 due to
anomalous atmospheric heat exchange
(importance of local weather)
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e Generally the opposite pattern
during El Nifio -> northern
Australia anomalously warm

e \Weaker Leeuwin Current ->
cooler along WA south of 22°5)

e The Pilbara as a transition zone
-> can experience heat waves
during either ENSO phase

Marine heat waves in the Pilbara
during El Nifo years

SST anomalies — March 2016

SST anomaly L3564 composite nightt.day 27-Feb-2016 - 02-Mar-2016
Saalevel contaurs (0.1 m) and geasophic velocity. 01-Mar-2016
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- Drifting buoy positions 24-Feb-2016 to 05-Mar-2016
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The 2015/16 El Nifio event
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* Northern Pilbara unaffected largely
due to TC Stan
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Impact of tropical cyclones along the
T e o Pilbara coast
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Wind model

 Fine-scale (cyclone resolving) double vortex e
wind model with blended background winds ,
(CFSv2)

e Optimized with data from wind stations

TC Olwyn (March 2015)

TC wave modelling of the Pilbara region

Wave model

Numerical wave model SWAN

Validation with historical wave buoy and wind
data for several events
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Coastal impacts of TC Olwyn
oo (@xample from northern Ningaloo)

e Adirect hit -> the first hydrodynamic observations of a reef coastline during a large TC
 Downscaled regional -> reef-scale modelling

s Wave heights
Field observations .

=——TFor¢ Reef|
== Reef Flat
~TLagoon

Peak H,,,; “6 m (forereef)
802000 804000 806000 808000 810000 812000

1 I 1
0
03/08 03/09 03/10 03/11 03/12 03/13 03/14 03/15 03/16 03/17 03/18 03/19

Western Australia




Substantial alongshore variability in
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Distance from Salient (m)

beach erosion patterns

Shows the vulnerability of particular sections
of coastline -> shoreline habitats
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Summary
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e (Qcean climate drivers establish conditions favourable to marine heat
waves along WA -> La Nifia = SW (including Ningaloo), El Nifio = northern
Australia

* Pilbara as a transition zone -> response depends on local weather
anomalies

e TCimpacts to reefs and coastlines can be predicted using downscaled
hydrodynamic (wave and circulation models)

e Coastal responses and vulnerability depends on coastline and reef
morphology -> ongoing work
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