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Outline
• MHWs Review

• Definition, causes & characteristics
• Past occurrences and impacts

• Are they occurring more 
frequently?
• Changes in the baseline 
• Changes in frequency  

• Are they predictable?
• Incorporation into management
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https://www.insidescience.org/news/severe-marine-
heat-waves-linked-human-caused-warming

Temperature depth profiles



Ecosystem Impacts

• Pacific cod & North Pacific ecosystem

• Habitat compression

• Bleaching (as a compounding factor)
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D’Angelo and Wiedenmann, Current Opinion in Environmental Sustainability 2014, 7:82–93. 
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MHWs – definition 

29 July 2020

https://www.washingtonpost.com/weather/
2020/07/31/marine-heat-wave-hurricanes/

https://www.washingtonpost.com/weather/2020/07/31/marine-heat-wave-hurricanes/


MHWs – causes
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MHWs can be caused by a range of 
factors, such as:

• shifts in ocean currents, 
• air-sea fluxes. 

MHW can be modified by:

• winds (can enhance or suppress 
the warming), or 

• climate modes like El Niño.

http://www.marineheatwaves.org/all-about-mhws.html
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Oliver et al. (2018); in Nature Communications.

Continued global increase 
in MHW

• frequency, 
• intensity, and 
• duration 

can be expected with 
continued ocean surface 
warming in the future, 
with implications for 
marine biodiversity and 
the goods and services 
ocean ecosystems provide.

MHWs appear to be occurring
more often, with greater intensity, 
and lasting longer

MHW frequency

MHW intensity

MHW duration

Globally averaged SST

MHW days globally



Underlying gradual (secular) shifts in SST/heat content

7

https://www.cpc.ncep.noaa.gov/products/GODAS
/ocean_briefing_new/mnth_sst_index_1982.gif

https://www.cpc.ncep.noaa.gov/products/GODAS
/ocean_briefing.shtml#Global%20Oceans
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(2020)

(18∘C isotherm since 1982 –
for this time period)

https://www.washingtonpost.com/weather/
2020/07/31/marine-heat-wave-hurricanes/

(28∘C isotherm since 1982 –
for this time period)

https://www.cpc.ncep.noaa.gov/products/GODAS/ocean_briefing_new/mnth_sst_index_1982.gif
https://www.cpc.ncep.noaa.gov/products/GODAS/ocean_briefing.shtml#Global%20Oceans
https://www.climate.gov/news-features/understanding-climate/climate-change-ocean-heat-content
https://psl.noaa.gov/data/gridded/data.noaa.oisst.v2.highres.html
https://www.washingtonpost.com/weather/2020/07/31/marine-heat-wave-hurricanes/


Superposition of signals contributing to MHWs

8Harris et al. 2018; in Nature Climate Change.

Climate variability

Extreme events

Climate –baseline –
shift

Sum total

Absolute effect on 
marine populations  



Are MHWs predictable? 
(beyond statistical 
considerations)
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Holbrook et al. (2018); in Nature Communications.

MHWs are caused by the 
interaction of multiple local 
and remote processes and 
phenomena acting across a 
large range of temporal and 
spatial scales.

Marine 
Heatwaves



Are MHWs predictable?
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White et al. (2017); in Meteorological Applications.

Also see https://www.sciencenews.org/article/climate-weather-forecast-three-week-disaster-storms

• Model development

• Skill & uncertainty 
assessment

• Forecasting 
Infrastructure

• Communication



Adaptation Strategies: variability … “non-stationarity”

• Plan for extremes
• Robust management strategies to reduce risks
• Precautionary approaches
• Forecasts to help plan and target fishing
• Adapt timing of fishing season
• Flexible regulations

Managing for variability – not stability – is the key to adaptation

PAST FUTURE

Need strategies to dampen highs and lows affecting livelihoods, logistics and economies 

Modified from Éva Plagányi, FAO Fisheries Sustainability Symposium, Rome, Nov 2019
http://www.fao.org/fishery/static/symposiumfisheriespresentations/PPT6.2EvaPlaganyi.pdf
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• The synthesis of ecosystem 
science helped develop California’s 
Risk Assessment and Mitigation 
Program; RAMP 
(https://www.opc.ca.gov/risk-assessment-and-

mitigation-program-ramp/). 

• The RAMP involves a series of 
seasonal risk assessments based 
on ecosystem and fishery factors 
relevant to the Dungeness crab 
fishery.

• HCI now an indicator in the CC-IEA 
https://www.integratedecosystemassessment.n
oaa.gov/regions/california-current/cc-projects-
whale-entanglement

Santora et al. (2018); in Nature Communications.

Habitat Compression Index 
- management implications



Thank 
you
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Will MHWs occur more often (with continued warming)?

Laufkötter et al. 2020; in Science.

MHWs were extremely rare 
events during preindustrial times

For ~1.5°C of global warming, the 
return periods of MHWs are 
reduced to 10 to 100’s of yrs in 
most cases

For ~3°C of warming, the return 
periods of MHWs are 1 to 10 yrs 
in most cases.
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