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• IMPROVE current MHW Detection

and Characterization methodology

• BUILD 4D field of Temperature to 

analyse MHW vertical propagation

• COMPILE a Global Atlas of MHW at 

the sea surface

• ADVANCE the understanding of the 

physical processes involved in MHW 

Development

• ASSESS MHW impact on marine 

Ecosystems and Biogeochemistry

• ASSESS the impact of MHW on 

Ecosystem Services 

CAREHeat objectives



• MHW definition: persistent Extreme Events of 

anomalously warm SST with respect to “usual” values 

(e.g. reference baseline, typically a fixed 

climatology).

MHW definition



• But…what happens in a non-stationary system?

• Definition of “extreme” needs to hold true even 

when the “usual” is changing!!

MHW changes over time
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Hobday’s MHW definition

• Get the daily climatology, 

defined on a fixed 30-years 

baseline period

• The SST statistical distribution is 

calculated for each DOY, using 

all the 30-years data and 

smoothed through an 11-days 

moving window approach

• The 90th percentile is the 

selected threshold 

• A MHW event is the identified 

when the SST anomaly with 

respect to the climatology 

exceeds the 90th percentile 

threshold for, at least, 5 days



• METHOD IMPROVEMENT:

1. Impact of SST TRENDS and CLIMATE MODES on the 

statistical thresholds at regional and global scale

2. Sensitivity of MHW to different climatologies (e.g., fixed 

versus moving)

3. Effects of DIURNAL WARMING

4. Disentangle MAIN DRIVERS of MHW

MHW definition update

• Disentangle MHWs detection 

from:

1. What is the contribution of 

natural climate modes of 

variability?

2. what is the contribution of 

the long-term climate trends?



MHW ATLAS Output

• OUTPUT and VALIDATION:

1. New MHW time series data:

1. New surface 2D MHW 

ATLAS

• The European Space Agency (ESA) 

Climate Change Initiative (CCI) SST 

dataset v2.1 consists of spatially and 

temporally complete (namely, Level-4) 

maps of global daily average SST at 20cm 

nominal depth at 0.05° x 0.05° regular 

grid covering the period from September 

1981 to present (Merchant et al., 2019). 

• The Output will be an update to the 

already available Global Atlas of MHWs at 

1⁰x1 ⁰, covering 1982-2021

2. New subsurface 4D MHW 

reconstruction

2. Validation against observed 

well-know MHW events

https://zenodo.org/record/7473733
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Napolitano, E., Meloni, D., Organelli, E., Pisano, A., Santoleri, R., and Sferlazzo, D.: Has 
the frequency of Mediterranean Marine Heatwaves really increased in the last decades?, 
EGU General Assembly 2023, Vienna, Austria, 24–28 Apr 2023, EGU23-4429, 
https://doi.org/10.5194/egusphere-egu23-4429, 2023.
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THE PRODUCTION OF THE NEW ATLAS 

IS ONGOING !

MHW ATLAS Output

• ADDED-VALUE:

1. Characterize MHW variability,

drivers and precursors that

are responsible for MHW

occurrence and evolution

2. Assess the impact of MHW on

marine biodiversity and

biogeochemistry along the

water column

3. Identify MHW role in the

scope of compound events

4. Assess MHW impact on

specific user-driven Use

Cases



MHW: the case of the Mediterranean Sea



MHW: the case of the Mediterranean Sea



MHW: the case of the North Atlantic



MHW: the case of the North Atlantic





North Atlantic Oscillation Phase: 





North Atlantic Oscillation Phase: 



Impact on Ecosystem Services 

And Human acitivities

• Frequency/duration/intensity?

• Confounding/mediators factors?

MHW Atlas/MHW-4D

WP5100: Fisheries

Impact Assessment [CSL]

• SPECIES: skipjack and bigeye, tropical 

tunas

• LOCATION: South Pacific Subtropical

• DATA & METHODS: This task will use 

two reanalyses of the population 

dynamics of Pacific skipjack and bigeye 

populations, to explore the impact of the 

most extreme MHW events on tunas for 

short term and long-term impacts.

• EXPECTED RESULTS: contribute to 

fish stock estimation/management

WP5200: Aquaculture

Impact Assessment [+ATL]

• SPECIES: seabream and kelp

• LOCATION: Subtropical and Subarctic 

North Atlantic

• DATA & METHODS: This task will use 

WP3000 outputs and biological data 

provided by the aquaculture 

stakeholders to test the biological 

response to MHW

• EXPECTED RESULTS: contribute to 

aquaculture optimization/decision-

support

WP5300: Marine Protected Area

Impact Assessment [ENEA]

• SPECIES: endemic coral, sea urchin 

and marine bird

• LOCATION: Mediterranean

• DATA & METHODS: MHW atals will be 

used together with in situ biological data 

to better understand the biology, 

physiology and behaviour of target 

protected species

• EXPECTED RESULTS: contribute to 

environmental health protection

Impact Assessment

MHW: Impact Assessment Use Cases
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