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What are marine heatwaves (MHW)?

MHW studies examine aspects of sea surface temperature (SST) variability 

that affect marine life, e.g. coral bleaching

A discrete period of prolonged anomalously warm water at a particular location

American Samoa before, during, and after a coral bleaching event in 2015 [nature.com]

https://www.nature.com/news/coral-crisis-great-barrier-reef-bleaching-is-the-worst-we-ve-ever-seen-1.19747
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History of high-impact events
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MHW definition

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

https://en.wikipedia.org/wiki/Mixed_layer

● Criteria based on temperature (DT-02) and density 

(Dsigma) exist

● 2.5 m of the ocean holds as much heat as the entire 

atmosphere above it
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MHW Mechanisms
Seawater temperature change in a mixed layer:
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MHW Mechanisms

Horizontal advection: 

Temperature change by horizontal flows 

● geostrophic flows

● Ekman flows (induced by wind 

stress)

● ocean currents

Seawater temperature change in a mixed layer:
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MHW Mechanisms

Vertical advection:

Temperatur change by vertical flows

● upwelling and downwelling

● mainly driven by coastal winds

Seawater temperature change in a mixed layer:
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MHW Mechanisms

Air-sea heat flux: 

In- and outgoing heat to the ocean

● radiative components:

shortwave (SW), longwave (LW)

● turbulent components:

latent (lat) and sensible (sens) 

Air-sea flux is large in high pressure 

regions with little wind

Seawater temperature change in a mixed layer:
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MHW Mechanisms

Mixing terms:

Mixing terms have only small 

contribution to temperature.

Seawater temperature change in a mixed layer:
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Statistical understanding

SST temperature:

: long-term trend

: seasonal climatological mean

: nonseasonal component

Autoregressive model:

: white noise

: variance

: memory time-scale n
u
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Global distribution

On average: 1-3 MHW events 

per year
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Global distribution

On average: 1-3 MHW events 

per year

MHW intensity is strongly 

correlated to SST variance
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Global distribution

On average: 1-3 MHW events 

per year

MHW intensity is strongly 

correlated to SST variance

MHW duration strongly related 

to SST memory timescale
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Long-term trends

● 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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Open questions
● Subsurface temperature observations are needed to understand physical 

processes and drivers of MHW

● Understanding MHW mechanisms for improving forecast systems

●  How can ecosystem adaptation timescales be incorporated into how 

climatological baseline periods are defined?



Ja
ko

b
 S

ch
lö

r 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
 J

o
ur

n
al

 C
lu

b

19

Take home message

● 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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