
OceanPredict-EuroSea joint meeting
30-June-2022

SUB-REGIONAL MEDITERRANEAN  

MARINE HEAT WAVES

Lessons learnt & web application

Mélanie Juza - Joaquín Tintoré - Àngels Fernández-Mora



⮚ Marine heat waves are extreme warm ocean temperatures during prolonged
period.

MARINE HEAT WAVES: INTRODUCTION

Temperature > 
90th percentile

Example in the Balearic Islands region (western Mediterranean) in 2003 

Daily SST in 2003
Mean SST over 1982-2015
90th perc. SST over 1982-2015
Marine heat wave

Duration
>= 5 days

Methodology: Hobday et al. (2016)

INTRODUCTION MEDITERRANEAN SEA MARINE HEAT WAVES APPLICATION - STAKEHOLDERS PERSPECTIVES

SST = sea surface temperature



⮚ Marine heat waves are extreme warm ocean temperatures during prolonged
period.

MARINE HEAT WAVES: INTRODUCTION

Causes
• Anomalous atmospheric conditions (anthropogenic warming,

climate modes, favourable synoptic systems, local processes ...)

• Ocean drivers (local processes, remote ocean teleconnections …)

Consequences
• Vertical ocean processes (impacts on nutrient supply, heat

and carbon absorption …)

• Impacts on marine ecosystems (surface, subsurface)

• Blue economy sectors (fishery, tourism…)

• Ocean & human health (infection diseases, HAB, jellyfish …)

Coral bleaching Seagrass meadow
declines

Harmful alga 
blooms

Mass 
mortality

Redistribution

Marine 
heat 
wave
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Mediterranean Sea:

⮚ Rapid response to global warming
⮚ Strong spatial variations

MARINE HEAT WAVES IN THE MEDITERRANEAN

(From https://apps.socib.es/subregmed-indicators)   
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Local/sub-regional scale approach

https://apps.socib.es/subregmed-indicators


MARINE HEAT WAVES IN THE MEDITERRANEAN

“Sub-regional marine heat waves in the Mediterranean Sea from observations:
long-term surface changes, sub-surface and coastal responses” (Juza et al., 2022)

Institutional portals

etc …

Data aggregators

OCEAN OBSERVING SYSTEM

Multi-platform observations:
✔Comprehensive characterization of MHWs in the Mediterranean

From surface
to sub-surface

From open to
coastal waters

Satellite

Argo floats Moorings
Gliders Buoys

From basin to sub-
regional / local scales
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Satellite observations:
✔Continuous monitoring
✔Daily sea surface temperature
✔5-6 km spatial resolution
✔1982-present

MARINE HEAT WAVES: LONG-TERM SURFACE CHANGES

Temperature > 
90th percentile

Example in the Balearic Sea (western Med) in 2003 

SST in 2003
Mean over 1982-2015
90th perc. over 1982-2015
Marine heat wave

Duration
>= 5 days

Methodology: Hobday et al. (2016)

Methodology:
✔Hobday et al. (2016)
✔Reference: 1982-2015
✔ Local / sub-regional scales

Annual MHW indicators
⮚ Intensity (mean, max)
⮚Mean duration
⮚ Frequency Total days
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MHW event characterization
⮚ Intensity (mean, max)
⮚Duration



MHW mean intensity

MHW maximum intensity

MHW mean duration

MHW frequency

MHW total days

Satellite observations:

MARINE HEAT WAVES: LONG-TERM SURFACE CHANGES

✔Continuous
monitoring

✔Daily SST ✔1982-
present

Annual mean (2021)

✔ Strong values in 2021
✔All sub-regions, spatial variations

✔Annual state of MHW
intensity, duration and
frequency

(From https://apps.socib.es/subregmed-marine-heatwaves)   
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https://apps.socib.es/subregmed-marine-heatwaves


MHW maximum intensity

MHW mean duration

MHW frequency

MHW total days

Satellite observations:

MARINE HEAT WAVES: LONG-TERM SURFACE CHANGES

✔Continuous
monitoring

✔Daily SST ✔1982-
present

Annual mean (2021)

✔ Strong values in 2021
✔All sub-regions, spatial variations

✔Annual state of MHW
intensity, duration and
frequency

(From https://apps.socib.es/subregmed-marine-heatwaves)   
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MHW mean intensity

https://apps.socib.es/subregmed-marine-heatwaves


MHW mean intensity

MHW maximum intensity

MHW mean duration

MHW frequency

MHW total days

Satellite observations:

MARINE HEAT WAVES: LONG-TERM SURFACE CHANGES

✔Continuous
monitoring

✔Daily SST ✔1982-
present

Linear trends over 1982-2021

✔ Increase of MHW intensity,
duration frequency over 1982-2021

✔All sub-regions, spatial variations

(From https://apps.socib.es/subregmed-marine-heatwaves)   
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✔ Long-term variations of MHW
intensity, duration and frequency

https://apps.socib.es/subregmed-marine-heatwaves


MHW maximum intensity

MHW mean duration

MHW frequency

MHW total days

Satellite observations:

MARINE HEAT WAVES: LONG-TERM SURFACE CHANGES

✔Continuous
monitoring

✔Daily SST ✔1982-
present

Linear trends over 1982-2021

✔ Increase of MHW intensity,
duration frequency over 1982-2021

✔All sub-regions, spatial variations

(From https://apps.socib.es/subregmed-marine-heatwaves)   
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MHW mean intensity
✔ Long-term variations of MHW

intensity, duration and frequency

https://apps.socib.es/subregmed-marine-heatwaves


Satellites 🡪 event detection at surface and
long-term variations of MHW characteristics
at local and sub-regional scales

Satellite observations:

MARINE HEAT WAVES: LONG-TERM SURFACE CHANGES

✔Continuous
monitoring

✔Daily SST ✔1982-
present

MHW annual total days from 1982 to 2021

Time series

Statistics

Sub-regional time series MHW annual total days in 2021

✔ Increase of MHW indicators with acceleration
in the last decade in all sub-regions

(Sub-regions as defined by Manca et al., 2004)

Time series

Statistics
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(From https://apps.socib.es/subregmed-marine-heatwaves)   

https://apps.socib.es/subregmed-marine-heatwaves
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MARINE HEAT WAVES: PROPAGATION IN DEPTH

+ satellite observations + SeaDataNet climatology

Profiling floats: ✔Vertical dim ✔T/S profiles ✔2012-2020

✔ Propagation of surface MHWs in sub-surface
✔ Sub-regional / seasonal response in sub-surface
✔ Resulting enhanced upper-ocean stratification

(From Juza et al., 2022)   

Profiles coinciding with surface MHW over 2012-2020

Argo network 🡪 propagation of surface MHWs in the ocean interior
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MARINE HEAT WAVES: COASTAL RESPONSES

Coastal mooring: ✔Near-shore ✔Hourly T ✔2012-2020

+ satellite observations

✔Higher max intensity & occurrence in
near-shore than off-shore

✔Different local responses from surface
to sub-surface in near-shore waters

(From Juza et al., 2022)   

Moorings, near-shore and off-shore 
satellite points at two locations

Coastal mooring 🡪 coastal ocean response, variability at local scale
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MARINE HEAT WAVES IN THE MEDITERRANEAN
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✔ Strong variability in surface-
subsurface-coastal oceans

✔Diversity and complexity of impacts
✔ Relevant information to

stakeholder

Lessons learnt …



WEB APPLICATION

“Sub-regional Mediterranean marine heat waves”: application to monitor and
visualize MHWs at sub-regional scale in the Mediterranean Sea.

https://apps.socib.es/subregmed-marine-heatwaves/

open access
user-friendly

science-based

INTRODUCTION MEDITERRANEAN SEA MARINE HEAT WAVES APPLICATION -
STAKEHOLDERS

PERSPECTIVES

https://www.socib.es/users/mjuza/MHW_MEDSEA/Viewing/


WEB APPLICATION https://apps.socib.es/subregmed-marine-heatwaves/

open access
user-friendly

science-based

(Figures on 19-Jun-2022)

MHW detection in real-time (satellite observations) & 10-day predictability (model forecasts)

Marine heat spike Sea surface 
temperature 

Sea surface temperature anomaly
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“Sub-regional Mediterranean marine heat waves”: application to monitor and
visualize MHWs at sub-regional scale in the Mediterranean Sea.

https://www.socib.es/users/mjuza/MHW_MEDSEA/Viewing/


WEB APPLICATION

“Sub-regional Mediterranean marine heat waves”: application to monitor and
visualize MHWs at sub-regional scale in the Mediterranean Sea.

https://apps.socib.es/subregmed-marine-heatwaves/

open access
user-friendly

science-based

(Figures on 19-Jun-2022)

MHW detection in real-time (satellite observations) & 10-day predictability (model forecasts)

🡪 In 28 sub-regions of the Mediterranean

Marine heat spike Sea surface 
temperature 

Sea surface temperature anomaly

Extreme
Severe
Strong
Moderate
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https://www.socib.es/users/mjuza/MHW_MEDSEA/Viewing/


WEB APPLICATION

“Sub-regional Mediterranean marine heat waves”: application to monitor and
visualize MHWs at sub-regional scale in the Mediterranean Sea.

https://apps.socib.es/subregmed-marine-heatwaves/

open access
user-friendly

science-based

(Figures on 19-Jun-2022)

MHW detection in real-time (satellite observations) & 10-day predictability (model forecasts)

🡪 In 28 sub-regions of the Mediterranean

Marine heat spike Sea surface 
temperature 

Sea surface temperature anomaly

Extreme

Severe

Strong

Moderate
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Above the 
threshold! !

https://www.socib.es/users/mjuza/MHW_MEDSEA/Viewing/


WEB APPLICATION

“Sub-regional Mediterranean marine heat waves”: application to monitor and
visualize MHWs at sub-regional scale in the Mediterranean Sea.

https://apps.socib.es/subregmed-marine-heatwaves/

open access
user-friendly

science-based

MHW annual state (last year) and long-term variations (from 1982 until now)

🡪 Intensity (mean & max), mean duration, frequency, total days
🡪 2D maps (annual and period means, trends), sub-regional time series and statistics
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(Figures over 1982-2021)

https://www.socib.es/users/mjuza/MHW_MEDSEA/Viewing/


WEB APPLICATION

“Sub-regional Mediterranean marine heat waves”: application to monitor and
visualize MHWs at sub-regional scale in the Mediterranean Sea.

https://apps.socib.es/subregmed-marine-heatwaves/

open access
user-friendly

science-based

Open access, quality-controlled, historical & near real-time

Copernicus Marine Service 
ocean data

Science, education, environmental agencies, decision-making …

Transfer of knowledge 
to diverse stakeholders
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https://www.socib.es/users/mjuza/MHW_MEDSEA/Viewing/


WEB APPLICATION https://apps.socib.es/subregmed-marine-heatwaves/

Regional-national-local stakeholders
- Science community (EuroSea project, marine biologists)
- Academic community, education in marine science
- Environmental organizations (Marilles foundation*)
- Policy decision-making (EEZs*, MPAs, National Parks*)
- Fishery (Bluefin Tuna*, red shrimps)
- Industry (aquaculture)
- Health (HAB, jellyfish)
- General public (journalists)

Blue economy

Transfer of
knowledge

“Sub-regional Mediterranean marine heat waves”: application to monitor and
visualize MHWs at sub-regional scale in the Mediterranean Sea.

(from Reglero et al., 2012)

ICCAT

TIAMAT project
EuroSea project

(from Dayan et al., in prog.)

ICMAN
SOCIB

IIM
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(Balearic Sea
annual report)

Marilles 
foundation

https://www.socib.es/users/mjuza/MHW_MEDSEA/Viewing/


WEB APPLICATION: COMPLETING INFORMATION

OCEAN OBSERVING SYSTEM

From surface
to sub-surface

From open to
coastal waters

Satellite

Argo floats Moorings
Gliders Buoys

From basin to sub-
regional / local scales
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From surface
to sub-surface

From open to
coastal waters

Satellite

Argo floats Moorings

OCEAN OBSERVING SYSTEM

Gliders Buoys

✔Complementary in under-sampled regions 
✔Key variables for MHWs (sub-surface T, OHC, ML)
✔From weekly to seasonal forecasting capability

Modelling systems

Modelling
systems

WEB APPLICATION: COMPLETING INFORMATION
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-

MARINE HEAT WAVES: CONCLUSIONS

Substantial increase of surface MHWs in the
Mediterranean (intensity, duration, frequency)

Strong variability in surface MHWs, sub-surface
and coastal responses

Web application: continuous - timely
information on MHWs in the Mediterranean
since 1982

Stakeholders
- Science community
- Academy/education
- Environmental
agencies
- Policy decision-making
- Blue economy sectors
- …

At regional, national, 
local levels
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-

MARINE HEAT WAVES: CONCLUSIONS

Substantial increase of surface MHWs in the
Mediterranean (intensity, duration, frequency)

Strong variability in surface MHWs, sub-surface
and coastal responses

Web application: continuous - timely
information on MHWs in the Mediterranean
since 1982

Stakeholders
- Science community
- Academy/education
- Environmental
agencies
- Policy decision-making
- Blue economy sectors
- …

At regional, national, 
local levels

- Foster the continuous ocean
monitoring
- Improve the modelling and prediction
- Facilitate the access to information
- Design user-oriented interface

Implementation of adaptation
strategies for the sustainable
management of the oceans
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-

MARINE HEAT WAVES: CONCLUSIONS

Substantial increase of surface MHWs in the
Mediterranean (intensity, duration, frequency)

Strong variability in surface MHWs, sub-surface
and coastal responses

Web application: continuous - timely
information on MHWs in the Mediterranean
since 1982

Stakeholders
- Science community
- Academy/education
- Environmental
agencies
- Policy decision-making
- Blue economy sectors
- …

At regional, national, 
local levels

- Foster the continuous ocean
monitoring
- Improve the modelling and prediction
- Facilitate the access to information
- Design user-oriented interface

Implementation of adaptation
strategies for the sustainable
management of the oceans
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