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Marine heatwaves

Discrete periods of anomalously warm water occurring in 
addition to background climate change
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Smith et al. 2023. ARMS
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Marine heatwave definition:

A period of five or more days where water temperatures are 
warmer than the 90th percentile based on a 30-year historical 
climatology for the time of year and location (Hobday et al. 2016)
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Marine heatwave definition:

A period of five or more days where water temperatures are 
warmer than the 90th percentile based on a 30-year historical 
climatology for the time of year and location (Hobday et al. 2016)

Wernberg et al. 2016. Science,
Hobday et al. 2018. Oceanography
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Smith et al. Biological Impacts of Marine Heatwaves. Annual Review of Marine Science (2023).



ITRS 2023 katsmi@mba.ac.uk   1

Smith et al. Socioeconomic impacts of marine heatwaves: Global issues and opportunities. Science 374.6566 (2021)
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Smith et al. Socioeconomic impacts of marine heatwaves: Global issues and opportunities. Science 374.6566 (2021)
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Key questions

Kelp forests                    Seagrass beds Reef-forming invertebrates          Coral reefs

• How are foundation species impacted by MHWs

• Which MHW characteristics are most closely related to change in 

foundation species?

• Do the most ‘important’ characteristics differ between different ecoregions?
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Methods

Identify time-

series datasets for 

kelp forest

- Density

- Biomass

Explore MHWs that 

have occurred in 

these areas

- Strong

- Summer

Cross-reference 

MHW events with 

time-series data

Compare kelp responses to MHW characteristics
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Results: all time-series data 
➢ TRB_KEEN kelp timeseries

(Rassweiler et al. 2016)

➢ PISCO kelp forest community surveys
(Carr et al. 2020)

➢ A2B kelp dataset
(rodrigobeas@gmail.com)

➢ LTER Santa Barbara Channel
(Reed & Miller 2022)

➢ Reef Life Survey/IMOS National Reef 
Monitoring Network

(www.reeflifesurvey.com)

➢ Reef Check
(www.reefcheck.org)

527 sites, 310 localised areas, 24 ecoregions
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Results: time-series data with MHWs 

185 sites, 97 localised areas, 14 ecoregions
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Data from PISCO kelp forest community surveys
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Results: by ecoregion

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Gulf of Alaska

Northern California

Oregon, Washington, Vancouver Is.

Southern California Bight
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Cape Howe

Houtman

North Sea

Southern Norway
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Results: by point in range

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Leading (30%)

Mid (40-70%)

Trailing (30%)

> 50% loss 10 - 50% loss <10% loss to <10% gain 10-50% gain >50% gain
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Distribution
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Results: MHW characteristics

Only used ecoregions with n>10 data points

157 sites

79 localised areas

6 ecoregions

157 sites

79 localised areas

6 ecoregions

MHW characteristics

- Duration

- Max intensity

- Mean intensity

- Cumulative int.

- Max abs temp
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Results: GLMs

p < 0.001



p = 0.020

p = 0.003 p < 0.001 p = 0.034

p = 0.225

p = 0.039

p = 0.03919

18



Conclusions

Building an understanding of the relationships 

between MHW characteristics and their 

impacts on foundation species

- Help guide management strategies

What next?

- Run lab experiments to 

support field observations

- Improve understanding of 

MHWs occurring simultaneously 

with other stressors
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