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Bond et al 2015

 Forcing
• Extremes are consistent with direct 

forcing by the Atmosphere.

SSTa Winter 2014/15
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 Impacts
• low primary productivity
• new warm-water copped species 
• massive influx of dead/starving sea birds
• unusual mortality of large whales/sea lion
• extreme harmful algal bloom.

Warm blob (Bond et al, 2015) 
Marine heatwaves (Hobday et al, 2016)
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Open questions in North Pacific Climate

1. Do the characteristics of marine heatwaves change over time.  
(e.g. amplitude, spatial structure, multi-year persistence)? 

2. Are the characteristics sensitive to greenhouse forcing? 
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2. Explore how they change in observations and large climate model 
30-member ensemble forced with greenhouse gases
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Open questions in North Pacific Climate
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(e.g. amplitude, spatial structure, multi-year persistence)? 

2. Are the characteristics sensitive to greenhouse forcing? 
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Quantifying ocean extremes 
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Question  

How do the characteristic of marine heatwaves look like 
in CESM-LE (e.g. amplitude, spatial structure, persistence)?
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• Extremes always begin as a NPGO-like pattern.
• This pattern is robust in both observations and CESM-LENS.
• Both model and observation show a stronger sub-tropical footprint of 

the extremes.

• Observed warm events increase in the amplitude during recent 30 yrs.
• CESM-LENS suggest an increase in amplitude.
• CESM-LENS suggest a 3-6% increase in frequency.

• Both models and observation suggest a significant increase in the 
persistence from NPGO-like to PDO-like under greenhouse forcing.

Spatial 
Structure

Multi-year 
Persistence

ConclusionObserved and predicted changes in NP temperature extremes

Amplitude



Although the robustness of the model results remains 
uncertain, the observed and predicted increase in amplitude 
of occurrence in NPGO-like warm events suggests that the 
ecologically-relevant ecosystem threshold will be exceeded 
more frequently under greenhouse forcing.

ConclusionObserved and predicted changes in NP temperature extremes


