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l What are marine heatwaves (MHW)?

A discrete period of prolonged anomalously warm water at a particular location
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American Samoa before, during, and after a coral bleaching event in 2015 [nature.com]

MHW studies examine aspects of sea surface temperature (SST) variability
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that affect marine life, e.g. coral bleaching


https://www.nature.com/news/coral-crisis-great-barrier-reef-bleaching-is-the-worst-we-ve-ever-seen-1.19747

| History of high-impact events
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Figure 1

Key historical MHWs. (@) SST anomalies (above 1°C) on the day of peak MHW intensity. MHW intensity was defined based on the
time series of SST averaged over the regions indicated by the black boxes. Light gray indicates areas of sea ice influence. () MHW
properties for key historical events. The MHW intensity (y axis), MHW duration (x axis), and category (color; see Hobday et al. 2018a)
were determined from the spatially averaged time series, as in panel 2. The MHW area (circle size) is the total contiguous area reaching
at least category 2 (strong). All events shown in panel b are referenced in Section 2. Abbreviations: AL, Gulf of Alaska and Bering Sea;
Beng., Benguela; ECS, East China Sea; Med., Mediterranean; NA, northern Australia; MHW, marine heatwave; NEP, northeast
Pacific; NWA, northwest Atlantic; SST, sea surface temperature; Tas., Tasman Sea; WA, Western Australia; WSA, western South
Atlantic. Panel # inspired by a schematic from Frélicher & Laufkotter (2018).
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MHW definition

MHW are SST extreme events which are usually based on thresholds.

o

Temperature (°C)

Temperature (°C)

Fixed threshold and annual maximum

30

20

30

18

Seasonally varying threshold

Waestern Australia, 2011

Northwest Atlantic, 2012

— Temperature

— Climatology

—— Threshold (relative)
- —- Threshold (absolute)
o Annual maximum

— Temperature

— Climatology

—— Threshold

©  Annual maximum

€ High percentile threshold
T T

30

25

Temperature (°C)

20

o

T

30

25

Temperature (°C)

20

hreshold with categories

January

Western Australia, 2011

April

January April July
Northwest Atlantic, 2012

— Temperature
— Climatology

— Threshold

©  Annual maximum

— Temperature

_| — Climatology

— Threshold
— . —Category levels

o Annual maximum



| Datasets
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Sea surface temperature datasets on daily resolution

Subsurface temperature data is sparce

Climate models have issues representing eddies, boundary currents and

coastal processes which biases SST variability

Earliest Spatial
Data set type | startdate | resolution Strengths Weaknesses Examples
Coarse-scale Around 1/2-1° Global; continuous; Subgrid-scale physical SODA, CERA-20C,
ocean 1900 long records; processes are not GODAS
reanalyses quantification of resolved; data in the

uncertainty (in some
cases); complete
three-dimensional
ocean state estimated
(temperature,
salinity, and
velocities)

absence of
observations, most
notably in earlier
time periods, are only
very weakly
constrained by
observations




l MHW Mechanisms

Oceanic mixed layer:
Upper layer of ocean with relatively constant temperature, density and salinity due to
turbulent motion created by interaction with atmosphere.
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l MHW Mechanisms

Seawater temperature change in a mixed layer:
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l MHW Mechanisms

Seawater temperature change in a mixed layer:

BT - ~ 7 1 ['j’]‘| _— ap - i
T Horizontal advection Horizontal mixing _— ' . ' \ — Lateral inductio Vertical advectio J()‘."_'-"TJ
Temperature tendency e Vertical mixing AT Bger i ateral induction ertica ..l_\_Jh,u}
: Air-sea heat flux
§ Entrainment
Horizontal advection: a Processes affecting mixed-layer temperatures Turbulent
heat fluxes Radiative
. . (Quer Quen, | heatfluxes
Temperature change by horizontal flows = Sostore Mesoscale g o | Qs Q)
mixing (xp) advection (u)
* geostrophic flows
* Ekman flows (induced by wind
g stress)
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l MHW Mechanisms

Seawater temperature change in a mixed layer:
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l MHW Mechanisms

Seawater temperature change in a mixed layer:
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Air-sea heat flux: -
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shortwave (SW), longwave (LW)
5 * turbulent components:
3 :
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Air-sea flux is large in high pressure
regions with little wind
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| MHW Mechanisms
®
Seawater temperature change in a mixed layer:

\
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| Statistical understanding
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SST temperature:

7;=7;U+7;S+7;NS:

Ttt r
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: long-term trend

: seasonal climatological mean

: nonseasonal component

Autoregressive model:

: white noise

o =0./(1 —a?): variance

T=-1/Ina
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l Global distribution

a Annual MHW days d MeanssT

=§ On average: 1-3 MHW events
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| Global distribution

‘ a Annual MHW days d MeanssT

=§ Onaverage: 1-3 MHW events
. “ g per year
: o5
g " MHW intensity is strongly
; : correlated to SST variance
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| Global distribution

‘ a Annual MHW days
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| Long-term trends
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MHW frequency increase by 32%
since 1925

MHW duration increase by 17%
since 1925

Further increase in frequency,
intensity and duration of MHW is

projected
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l Open questions

* Subsurface temperature observations are needed to understand physical
processes and drivers of MHW
* Understanding MHW mechanisms for improving forecast systems
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* How can ecosystem adaptation timescales be incorporated into how

climatological baseline periods are defined?
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| Take home message

Journal Club

Jakob Schlor

Marine heatwaves study SST variability that affects marine life

Definition of extreme events (threshold) depends on the system of interest

Nonseasonal SST component can be modeled by an AR(1) process
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Thank you for your attention!
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