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Marine Heatwaves (MHW): prolonged period during which the temperature
is abnormally high (above a threshold)
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Main historical MHW events since 1995. (Smith et al., 2020 ; marineheatwaves.org)

— Becoming longer, warmer and more frequent in our changing climate
— Have strong impacts on biology, marine ecosystems
=> Need to monitor and forecast them
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Main historical MHW events since 1995. (Smith et al., 2020 ; marineheatwaves.org)

— Becoming longer, warmer and more frequent in our changing climate
— Have strong impacts on biology, marine ecosystems
=> Need to monitor and forecast them
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Understanding Marine Heatwaves
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Marine Heatwaves (MHW): prolonged period during which the temperature is abnormally high (above a threshold)

* Comon definition (Hobday et al. 2016): at least 5 days above
90t percentile of 30-year climatology

* 4 categories (Hobday et al., 2018):
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Marine Heatwaves (MHW): prolonged period during which the temperature is abnormally high (above a threshold)

* Comon definition (Hobday et al. 2016): at least 5 days above
90t percentile of 30-year climatology
* 4 categories (Hobday et al., 2018):
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* Main Drivers
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. Favourable synoptic systems ote atmospheric thropogenic warming
drivers | Govmmmo 2D teleconnections
(e.g. Rossby waves, - -
Walker circulation) Climate drivers
e.g. ENSO, MJO,
> y NAQ, IPO, monsoon
Reduiced latent L - —
le ocean '
* Remote oceanic
teleconnections
(e.g. Rossby and
Kelvin waves)
Reduced
coastal
upwelling
1 H Suppressed Reduced
Oceanic drivers e
mixing Ekmaf_"
pumping
Enhanced
warm-water
advection
(large-scale
circulation)

MHW drivers and impacts (Holbrook et al., 2020)
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* Main Drivers
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MHW drivers and impacts (Holbrook et al., 2020)
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A Reactive Moderate Strong Severe Extreme
MHW category

Biological Physical

1. Coral bleaching 10. Tropical cyclones or storms
2. Harmful algal bloom 11. Atmospheric heatwaves A. Warnings issued
3. Mass mortality event 12. Flooding B. Coral conservation
4. Species range shift 13. Oceanic currents C. Commercial fisheries cancelled/quotas issued
5. Habitat loss ) D. Government subsidies provided
6. Reduced primary productivity . E. New/increased commercial fisheries
7. Reduced growth and reproduction 14, Tourism F. Increased tourism opportunities
8. Increased cetacean stranding 15. Fisheries G. Species collected/monitored for conservation
9. Disease 16. Aquaculture
17. Infrastructure

2023-2024 MHWs impacts and interventions (Smith et al., 2025)

Lack of

MHW forecast for many regions

Good communication briefs

Need for:

improved forecast accuracy for greater
confidence for proactive decision-
making,

longer-range forecasts will extend the
preparation window
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Operational MHW monitoring &
forecasting at MOi
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* Climatology & Historical MHWs : * NRT & forecasted MHWs :
GLORYS12 GLO12

Global Reanalysis Global Analysis and Forecast

0 1993 to 2026 daily data [ 10-day daily forecast

0 1/12 degree-50 vertical layers 0 1/12 degree-50 vertical layers

0 Assim (OSTIA SST, In-situ T(z) S(z), SLA, CERSAT 0 Assim NRT from CMEMS (In-situ T(z) S(z), SST-
SIC) ODYSSEA, SIC-OSISAF), SLA-AVISO

0 Atmospheric forcing: ERA-Interim (1993-2019) 0 Atmospheric forcing: ECMWF IFS HRES

& ERAS5 (since 2019)
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MERCA MHW Days for 2024 M Saeas
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Highest MHW Categories reached

Monthly, Seasonal and Annual () SR In May 2026 = Extent of May maximum categories
synthesis: e T . Jzx
— What has just happened in OF T A Al a - - . |III I I | | II
terms of MHW and how it fits " 2 I} et
compared to previous years s
. — d -‘ : ; ._ ‘ - ;" | 3rd Iargest MHW extent in
— Global and regional scale : §7 ' May since 1993 /
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Communicating on MHW: Moi’s Bulletin

Monthly, Seasonal and Annual
synthesis:

— What has just happened in
terms of MHW and how it fits
compared to previous years

— Global and regional scale

Highest MHW Categories reached
in May 2026

Data: GLO12/GLORYS12

nnnnnnnnnnnnn

— =H
T -

eeeeeeeeeee

Extent of May maximum categories

1
.
|
» . . l
.

=81 17 155

2015 2016 2017 2038 2019 2020 7071 2022 2023

Strong
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Weekly 10-day forecast:

— MHW evolution over next 10d

Users feedbacks: Need for longer

term forecast to better anticipate
the event
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Marine Heatwave Category Map - 2026-06-06
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Forecast weakening of MHW conditions over Europe in early June /
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Longer probabilistic forecast:
GLOENS e * Enables better anticipation
0 % degree-75 vertical layers/SI3 5 categories * Why? Better for decision making - contains info of
uncertainty and dispersion of the forecast

0 50 members + Ctl (unpert.+assim cov-ens) _ ——— _
* Testing of method, qualification, and relevant metrics

0 Assim (SST-OSTIA, In-situ, sea level anomaly,

SIC-OSISAF)
GLO4Ens weekly cycle scheme
LETKF
Ensemble
analysis cycle t
X
L i
’ @
- ’QO‘
- e
ot T
1AU Atmospheric forcing
IFS deterministic ECMWF ensemble
analysis forcing forecast forcing

7-day 28-day

0 MHW detection: Use of OSTIA climatology
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Extend forecasting horizon: the GLO4Ens system

Longer probabilistic forecast:
GLOENS e * Enables better anticipation
* Why? Better for decision making - contains info of
uncertainty and dispersion of the forecast
* Testing of method, qualification, and relevant metrics

0 % degree-75 vertical layers/SI3 5 categories
0 50 members + Ctl (unpert.+assim cov-ens)
0 Assim (SST-OSTIA, In-situ, sea level anomaly,

SIC-OSISAF) — Weekly 28-day forecast : MHW probabilities 100%

Probabilité (%) de présence de MHW - Global- 2024-01-31 - Run 20240104

GLO4Ens weekly cycle scheme
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Ensemble
analysis cycle

A9
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40%
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Atmospheric forcing

IFS deterministic
analysis forcing

ECMWF ensemble
forecast forcing

7-day

28-day

0 MHW detection: Use of OSTIA climatology

- 20%
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Forecast GLOENS : Probability of MHW, 2024-01-31 (FCSTI+28)
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Extending to subsurface
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2023 MHW Days
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Loubet et al. (Ocean State Report 9, 2025)
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2023 MHW Days MHW Characteristics
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« Entire basin affected by MHW « 2023: most intense (x2), longest (x2) and most
widespread MHW of the past 3 decades at the
« 50% of the basin > 180 days surface

2023: unprecedented MHW at the surface: what about subsurface?

Loubet et al. (Ocean State Report 9, 2025)
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* Subsurface

2023 MHW Days MHW Characteristics
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« 2023: most intense, longest and most widespread
MHW of the past 3 decades at the surface and at
depth

2023: unprecedented MHW at the surface and subsurface

Loubet et al. (Ocean State Report 9, 2025)
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Vertical MHW Intensity Evolution
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Loubet et al. (Ocean State Report 9, 2025)
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Marine Heatwaves (MHW):
* Becoming longer, more intense, and more frequent

* Reliable forecasts are essential to support mitigation and
adaptation

At MOi:

* Regular MHW bulletins

*  Weekly MHW 10-day forecast

* Developments toward longer-term forecasts: 28 days

Extend to subsurface:
* MHW can extent to subsurface

* 2023 NA event highlighted the impotance of subsurface
monitoring and forecasting

MHW in projections

.

rs

3

Nombre de joi

o

20°W 10°wW 0° 10°E
Projected Mean Number of annual
MHW days between 2076 and 2100

(IBI-CCSv2, CNRMH, SSP5-8.5)

MHW definition becomes challenging
under near-permanent conditionj
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