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1. Introduction: processes, definitions,
characteristics and scales



Introduction: Marine heatwave processes and impacts
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Marine heatwave and intensity categorisation definitions

- simply about choices -

A Heat Peak date — Temperature
eatwave . .
(=5 days) ~— _?“p;z;zl&glcal mean
sgfkaefs zta"f Marine heatwave/
) \\ ate heat spike
E \
© End date
[J] Peak
g' intensity
@
Duration
- >
Time

www.marineheatwaves.org/all-about-mhws.html

Hobday et al. (2016), Prog Oceanogr

Category IV
Category Il
Category Il

4x

\
\ Moderate
\’\\

90" percentile

Climatology

Time

Hobday et al. (2018), Oceanography

Tasman Sea 2015/16

5
4
3
2 g
LN
©
0 £
:
:
-1<
Iy
=20
-3
-4
50°S - 5 i
140°E 145°E 150°E 155°E 160°E 140°] 145°E 150°E 155°E 160°E
Western Australia 2011
0! e 5
iy N
25°S 3
2 G
15
30° 0 g
2
I
3505 - —Zm
L -3
3 .
40°5 0 5 ]
90°E 100°E 110°E 120°E 90°E 100°E 110°E 120°E
Northeast Pacific 2014-16
5
LS -~
4
3 ; i
A 2 G / v O
50°N "'J = 1 L‘ "’" -
A E A
0 £
2 o
40°N g -1& 4
30°N G
. -3 4 .
L
20°N ‘/:q -4 - y
y i . 7 . & .‘p' N
180° 160°W 140°W 120°W 100°W 3 180° 160°W 140°W 120°W 100°W

Extreme

Severe

Strong

Moderate

None

Extreme

Severe

Strong

Moderate

None

Extreme

Severe

Strong

Moderate

None

22
20
18
5)
: 16
I
4]
144 Climatology <
Threshold A~
1p]] == 2xThreshold &
++ 3x Threshold
4x Threshold
10 T i H i H
Aug 2015 Oct 2015 Dec 2015 Feb 2016 Apr 2016 Jun 2016 Aug 2016
28
26
24
T o
E 22 ZA”
a — SST
20[] = Climatology
— Threshold
== 2xThreshold
I8H .. 3 Threshold
*+ 4x Threshold
16 i i i
Dec 2010 Jan 2011 Feb 2011 Mar 2011 Apr 2011 May 2011 Jun 2011 Jul 2011
20
18t
G 16 . A//
o (Fe .
I — ssT
& 14}
— Climatology
U — Threshold
12H =+ 2xThreshold
++ 3x Threshold
4 Threshold
10T T i i i i i i
May 2014 Aug 2014 Nov 2014 Feb2015  May 2015  Aug 2015 Nov 2015 Feb2016  May 2016  Aug 2016



Global marine heatwave (MHW) characteristics

Intensity

Regions

Annual event count

Holbrook et al. (2019), Nature Communications



Bay of Bengal

15 May 2010

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

The Blob
8 Jan 2014

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

@ @00

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

Benguela Nino —

16 April 1995

Driver: Kelvin waves
triggered by tropical
Atlantic-wind
anomalies

Impacts: Severe
impacts on sardine and
other pelagic fish
populations

Northwest Atlantic
20 May 2012

Driver: Extensive high pressure linked
to jet-stream shift

Impacts: Fishery disruptions; species-
range shifts; low ocean productivity
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Driver: Intensification of Leeuwin
Current and intense low pressure linked
t0 2010/11 La Nifia

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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Driver: Intensification
of East Australian
Current Extension

Impacts: Oyster
disease outbreaks;
mollusc mortalities;
salmon aquaculture
impacts
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25 December 1997

9

Driver: Coupled air—sea interactions

Impacts: Suppressed equatorial and
coastal productivity; fishery losses

Central South Pacific

24 December 2009

Driver: Intense high
pressure linked to
central Pacific EL Nifio
Impacts: No reported
marine-species impacts
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Space and time scales of MHWSs and drivers
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What drives [surface] marine heatwaves?

What causes MHWs locally? What are the remote drivers? ey OF
=> The local processes => Climate modes and .. 4.
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2. Local processes causing (surface mixed layer)
marine heatwaves



Physical processes affecting mixed layer temperatures
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Oliver et al. (2021), Ann Rev Mar Sci



Temperature tendency equation ==
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Oliver et al. (2021), Ann Rev Mar Sci

horizontal (x, y) velocity vector, w is vertical (2) velocity, V is the horizontal gradient operator, Q
comprises various components of the air-sea heat flux (see details below), p is the seawater density,
¢p is the specific heat capacity of seawater, 4 is the mixed-layer depth (MLD), and «, and «, are the
horizontal and vertical diffusivity coefficients. Quantities have been vertically averaged over the
mixed layer, and the vertical average of any quantity x is defined to be ¥ = /™! f_ob xd=; a subscript
x_j indicates that the quantity is evaluated at the base of the mixed layer, i.e., at 2 = —h. Note that
Equation 1 neglects second-order correlation terms (for the full form of the budget, see Moisan
& Niiler 1998).



Temperature tendency equation — dominant terms
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Local processes causing MHWSs

solar radiation into the ocean (e.g. from blocking highs)

downward longwave radiation
(greenhouse/anthropogenic warming)

suppressed latent and sensible heat losses from the
ocean to the atmosphere

increased horizontal transport (advection) of heat
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Ekman pumping
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3. Remote drivers of marine heatwaves



Potential predictability from remote forcing

(a) Eastern Boundary Currents (b) Western Boundary Currents
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Natural oscillations/modes
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Enhanced or suppressed MHW occurrence likelihoods
according to climate mode phase
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Example Atmospheric Teleconnections causing MHW
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Oceanic Teleconnections

Sprintall et al. (2021), Chapter 15,
ENSO in a Changing Climate, AGU Book
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Regions Intensity 5.0

Drivers of

. marine heatwaves
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Preconditioning factors

 elevated ocean heat content (background 3.0
ocean state consideration) [e.g. Behrens et al. 2019]
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4. Drivers of the most extreme marine heatwaves
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Largest single contiguous MHW each day
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anomalies averaged _,

over 62 extreme
MHW regions
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5. Oceanic teleconnections as sources of potential
predictability: Australian case study examples



The 2011 Western Australia MHW
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Linear shallow-water model equations

- 11/2-layer model of stratified ocean

c¢;=(g'H)V2 g'= (Ap/py)g . H=300m; g’'=fixed
(e.g., = 0.03ms2) or geographically varying

- 1° x 1° horizontal resolution
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Perturbation of internal surface (etap) from SWM in Oct 2010
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2015/16 Tasman Sea marine heatwave 2017/18 Tasman Sea marine heatwave

- . - 35 . SSTa (Nov17-Jan18) and MSLPa (Nov17)
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* Narrower horizontal spatial scale * Much broader horizontal spatial scale
e Relatively shallow to ~20 m depth
e Shorter duration (~2-3 mths)

* Relatively deep to >200 m depth
* Long duration 251 days (>8 mths!)

* Dominant process => ADVECTION * Dominant process => SURFACE HEAT FLUX
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Source of potential MHW predictability months to years in advance
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Remote forcing of Tasman Sea MHWs
(via oceanic teleconnections)

51% of Tasman Sea MHWs attributed to intensification of
EAC Extension
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Fig. 1. Advection of microbial genotypes by ocean currents. (4) The average meridional (latitudinal) distance traveled by 500-d microbial genotypes. Al- o . . . . [ ) N . .
though microbes can be advected for thousands of kilometres in the global ocean, they are most likely to experience changes in temperature through 740 50 60 70 180 %0 50 160 70 80
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much warmer water than where they are found. In contrast, microbes on the northern flank of the Antarctic Circumpolar Current originate from the cold

water lose to Antarctica and have been carried northward by the Ekman transport.

Lagrangian minus Eulerian microbial trajectory exposure

to (meridional) T(°C) change after 500 days
[Doblin and van Sebille 2016, PNAS]

Figure 1. Random subset of 80 particles advected in the ocean model following (left) the pathway of the extension of the EAC and (right) the
pathway of the Tasman Front, following their release at 27°S. Particles traveling through box A (415°5-425°S and 148°E-150°) are selected to
form the extension of the EAC. Particles traveling through box B (31°5-36°S and 173.5°E-175°E) form the pathway of the Tasman Front. The
black line shows the transect at 28°S which is located upstream of the separation latitude. Coloring is random.

[Ypma et al. 2015, JGR-Oceans]

Eulerian versus Lagrangian
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FIG. 4. Adjoint sensi (102 Sy N™' m?) of monthly mean meridional transport in the
upper 400 m immediately east of the Philippine coast from 125.33° to 126.67°F across 12°N in
December 2006 to monthly wind stress during 2006. C

to zonal wind stress, while vectors show sensitivity to both zonal and meridional wind stress.

Adjoint model sensitivity to

forcing (back trajectory)
[Zhang et al. 2012, JPO]
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Object tracking of ~1,100 MHWs

worldwide
[Scannell 2020, based on ANN?]
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6. Take home messages
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Spatial scale

* Process understanding of marine heatwaves has
improved substantially over the past 10 years

* Air-sea heat flux driven MHWs tend to occur anywhere
acoss the global oceans, while advection driven MHWs

often occur in boundary current regions

* Marine heatwave predictability time and space scales
depend on the drivers (atmosphere, ocean and
preconditioning factors) and regions

« MHW potential predictability is afforded by modes of
climate variability and teleconnections, with longer time
scale predictability likely from oceanic teleconnections




