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Océan: acteur et victime du changement climatique
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Data: CDIAQ/GCP/IPCC/FUSS et al 2014
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Emissions from fossil fuels

Data: CDIAQ/GCP/IPCC/FUSS et al 2014
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Scenarios de changement futur

Observed temperature (GMST) increase from
1850-1900 to 1986-2005 of 0.87°C. SR1.5.

, RCP8.5 Fortes emissions de GES in the absence of

policies to combat climate change (RCP8.5).
2081-2100 temperature = +4.3°C (£1.1°C)
2081-2100 CO, concentration = 850 ppm
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Scenarios de changement futur

Data: CDIAQ/GCP/IPCC/FUSS et al 2014
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policies to combat climate change (RCP8.5).
2081-2100 temperature = +4.3°C (£1.1°C)
2081-2100 CO, concentration = 850 ppm
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Changements dans l'ocean  ewvation univeau cera
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lce sheet mass loss
(Greenland & Antarctica)
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Ice sheet
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 lce shelf

* +15 cm au 20eme siecle

» Actuellement 2 fois plus
rapide

« Aucun scénario permet de
la stopper

- Révisée a la hausse :
jusqu'a 1.10 m en 2100

+ Evénements extrémes
historiguement rares (1 fois
par siecle) se produiront
plus fréquemment en 2100
(au moins 1 fois par an)
dans beaucoup de régions
avec tous les scéenarios,
particulierement en zone
tropical

« En 2050, > 1 milliard
d'habitants <10 m

- Jusgu’a 5.4 m in 2300

WMO UNEP



Changements dans I'ocean
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Contenu de chaleur :

» L’océan a absorbe plus de
90 % de I'exces de chaleur.
En 2100, 2 a 4 fois plus
de chaleur a +2°C et
jusqu’a 5 a 7 fois plus
pour des émissions plus
élevées

» Nombreuses
conséquences (déclin de
biomasse, deplacement

) N
d’especes...)
o
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Changements dans l'ocean

Global ocean heat content, 1940-2019
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Changements dans l'ocean
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Vagues de chaleur :

« Devenues plus fréquentes
(X2) et intenses.
Dommages sur coraux,
foréts d’algues et
distribution des especes

 Continueront a augmenter
en fréquence, durée,
étendue et intensité: 20
fois plus frequentes a
+2°C, par rapport a la
période pré-industrielle et
jusqu’a 50 fois plus
frequentes si les émissions
continuent a augmenter

* Nombreuses
conséquences (mortalités
massives)

WMO UNEP



Changements dans I'ocean

Contenu en oxygene:
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Changements dans I'ocean
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Contraste entre les scénarios

e Valeurs limites : +1.5 °C et -0.2 pH unités
par rapport a la période préindustrielle

e Pourcentage de la surface de l'ocean
excedant ces limites :
® Fortes emissions (RCP8.5): 69%
e Faibles émissions (RCP2.6): < 1%

Gattuso et al. (2015)
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Impacts et risques futurs
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e Diminution de la biomasse
globale des communautés
animales marines, leur production,
et du potentiel de péche, des
changements de la distribution
des especes sont projetées au
21eme siecle de la surface au fond
avec tous les scenarios d’émission

e La vitesse et I'intensité de ce déclin
seront plus elevés dans les
tropiques, sont variables dans les
régions polaires et seront plus
iImportantes avec de fortes
émissions

e L 'acidification des oceans, la perte
d’oxygene et la diminution de la
glace de mer peuvent, avec d’autres
pressions anthropiques, exacerber
ces impacts lies au réchauffement
sur les ecosystemes
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Risques sur les ecosystemes moins et cotiers

Global mean sea surface temperature (SST)
change relative to pre-industrial levels (°C)

. 4
5
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Warm water ~ Kelp  Seagrass  Epipelagic**  Rocky Salt  Cold water Estuaries  Sandy ~ Mangrove  Abyssal
corals forests  meadows shores  marshes beaches  forests plains

Level of added impacts/risks

Purple: Very high probability of severe impacts/ risks and the presence of significant irreversibility

Confidence level for transition

— Very high or the persistence of climate-related hazards, combined with persistence of climate-related hazards, eeee =\ery high
combined with limited ability to adapt due to the nature of the hazard or impacts/risks. eee = High
— High Red: Significant and widespread impacts/risks. ee = \Vedium
o =Low
— Moderate Yellow: Impacts/risks are detectable and attributable to climate change with at least medium confidence. | = Transition range
**see figure caption for definition
— Undetectable White: Impacts/risks are undetectable.
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- Risques d’'impacts majeurs sur la
biodiversité, la structure et la fonction
des écosystemes cotiers plus
importants avec des emissions
élevées de gaz a effet de serre

~ Les reponses incluent la perte des
habitats et de diversité, ainsi que la
dégradation des fonctions
ecosystémiques

- Capacités d’acclimatation et
d’adaptation plus importantes avec
de fortes émissions

- Herbiers de plantes et forets de
macroalgues : risques élevés a
+2°C, en association avec les autres
facteurs environnementaux

~ Coraux d’eau chaude risque €élevé
aujourd'hui; transition vers risque tres
élevé a +1.5°C

o
I C C (o) ()
D %) (o)
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» L'ocean subit le changement climatique depuis
plusieurs decennies

» Les consequences pour la nature et 'humanite
sont tres larges et severes

+ SROCC souligne 'urgence de prioriser une action
ambitieuse, coordonnee, rapide et dans la duree

IDCC

INTERGOVERNMENTAL PANEL oN ClimaTe change
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Opportunities for increasing
ocean action in climate strategies

A PRINCE ALBERT Il
OF MONACO
FOUNDATION Y DAL o s : E
Jean-Pierre Gattuso (CNRS, Sorbonne University, Iddri), Alexandre K. Magnan
Fondation (Iddri), Natalya D. Gallo (Scripps Institution of Oceanography, University
@ VEOLUIA of California San Diego), Dorothée Herr (IUCN), Julien Rochette (Iddri),
Lola Vallejo (Iddri), Phillip Williamson (University of East Anglia, NERC)

The global ocean is warming, acidifying and losing oxygen, and sea level is rising. As a result, keystone
species and ecosystems such as warm-water coral reefs, seagrass meadows and kelp forests will face
high to very high risks by the end of this century even under low carbon dioxide (CO,) emissions

OQA-ICC

FONDS PRANCAIS POUR

e e et e (IPCC, 2019). Moreover, low-lying coastal settlements will face moderate to high sea-level rise risks
by the end of the century, even under full and timely implementation of the Paris Agreement, unless
comprehensive and intense adaptation efforts are undertaken. This calls for a dramatic scaling up of
efforts towards ambitious mitigation and adaptation

MADRID 2019

UN CLIMATE CHANGE CONFERENCE

The ocean offers opportunities to reduce the causes and consequences of climate change, globally
and locally, as shown by The Ocean Solutions Initiative’ (Gattuso et al,, 2018) and other recent reports
(Hoegh-Culdberg et al, 2019; Because the Ocean 2019°). However, countries have poorly used
ocean-based measures for tackling climate change and its impacts, in their Nationally Determined
Contributions (NDCs; Gallo et al. 2017) under the Paris Agreement. The process towards the 5-year
revision of NDCs, culminating at the 26th Conference of the Parties of UNFCCC, offers an opportunity

for countries to adopt more ocean-inclusive mitigation and adaptation strategies

In this Policy Brief we assess 18 ocean-based measures to support climate policies and the revision of
NDCs in the areas of mitigation and adaptation. Ocean-related measures should not be considered as
a substitute for climate mitigation on land, which must also be strongly pursued for the benefit of the
atmosphere as well as the ocean

Chimate Strategies, 2019, https://www . becausetheccean org/ocean-for-climate/

KEY MESSAGES

The ocean is a key element of our life support The next iteration towards more ambitious

system and provides many services. Ocean- NDGCs should scale up ocean-based climate

based actions can maintain or increase those ser-  action by prioritising Decisive (e.g. Manine renew-

vices despite climate change able energy) and Low Regret (e.g. Conservation
and Restoration and enhancement of coastal veg-

m—— etation) measures, improving knowledge on the

Ocean-related measures cover both mitigation  Unproven measures, and very cautiously weigh-

and adaptation, and range across four clusters  ing the Risky ones

(Decisive, Low Regret, Unproven, Risky) that

offer a policy-relevant framing for decision and

action Decisive and Low Regret measures are both
key priorities for action because (1) the full

— implementation of Decisive measures will not

NOVEMBER Advancing knowledge on ocean-based solu- completely eliminate coastal risks and (2) the

2019 tions is timely ahead of COP25 (known as the  effectiveness of Low Regret measures, especially

“Blue COP" because of its ocean focus); COP26, nature-based solutions, depends on the global

by which Parties are due to revise and enhance  warming level

the ambition of their NDCs; and the Global

: POLICYBRIEF

PRINCE ALBERT I Fondation {£LY | e ="
OF MONACO Coordination Centre
FOUNDATION VEOLIA OAICC

\\

N\ FONDS FRANCAIS POUR
L’ENVIRONNEMENT MONDIAL

Stocktake in 2023.
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Evaluation de 18 mesures basées sur l'océan

Assisted evolution . Conservation

Assisted evolution and genetic Protect marine and coastal habitats and
modifications ecosystems, e.g. through marine protected areas

Mari l i
arine renewable energy e Pollution Restoration and

Ocean energy substitution for reduction
: enhancement
fossil energy From all sources,

including land and rivers of habitats, ecosystems Community-based
and ecosystem ‘ .
services; ecological adaptation

Reduce atmospheric engineering; assisted E.g. co-management of food
pollution * * A * A A A  migration hatvest resources, traditional
.. knowledge inclusion
Reduce emissions of gases and black i . i
carbon from shipping Supportlng blologlcal
and ecological
Carbon capture and storage * adaptation | Infrastructure-based

Sequestration of CO, underground adaptation
under the sea floor E.g. seawalls and dykes

Marine bioenergy with s

carbon capture and storage
Marine /t)lants burnt to ?enerate energy
i

* : _ o
and resulting CO, is captured and stored Addressmg the Ta ki n g Enhancmg A | Relocat? andt_dl_\tl.el'SIfy
causes of societal econom.lc aClivitlies
relocation of shellfish

Restore and increase - actions : sty dovelopment of
coastal vegetation o climate change adaptation industy, development of new

Restoration and conservation of coastal
vegetation to enhance CO2 uptake and
avoid further emissions

Relocate people
Enhance open-ocean Either internally (i.e. at a local

productivity * scale or within the country) or

Adding nutrients and cultivating marine internationally

plants Solar radiation
management o

Enhance ""eaa,ff;?i’,',?z%ﬁgﬂ * | Improve risk-reduction

A olicies
Addition of alkalini;y to enhance CO P
(6)

removal and/or carbon storagé E.g., through improved early
warning systems, or urban

regulations in flood-prone areas

Cloud brightening Surface albedo enhancement

Adding cloud condensation nuclei to the lower Increase surface ocean albedo by producing
atmosphere to enhance cloud brightness and longevity long-lived ocean foam

Policy . = Low Regret = Decisive Main areas % = Mitigation (reducing sources of GHG) A = Adaptation
clusters = Unproven = Risky of action ¢ = wmitigation (increasing sinks of GHG) @@ = Other

(6102) 1€ 32 osnyyen
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Action climatique baséee sur 'ocean

Policy clusters

Decisive

- Already implemented in the
real-world

- High effectiveness to
reduce climate-related
ocean drivers globally (for
mitigation actions)

- Range of low to high
effectiveness to reduce
impacts/risks locally

- Relatively limited uncertain-
ties, and few disbenefits

Unproven

- Currently at concept stage

- Potentially low to moderate
effectiveness to reduce
climate-related ocean
drivers globally

- Potentially low to moderate
effectiveness to reduce
impacts/risks locally

- Potentially low-to-
moderate disbenefits

Low Regret

- Already implemented in
the real-world

- Low effectiveness to
reduce climate-related
ocean drivers globally

- Moderate-to-high
effectiveness to reduce
impacts/risks locally

- High non-climatic co-
benefits and no-to-very-
limited disbenefits

Ocean-based measures

Marine renewable energy
Carbon capture and storage

Reducing atmospheric pollution

Pollution reduction

Community-based adaptation

Conservation

Restoring and enhancing habitats
Improving risk-reduction policies

Restoring and increasing coastal vegetation
Infrastructure-based adaptation

Relocating & diversifying economic activities
Relocating people

Assisted evolution

Bioenergy with carbon capture and storage
Enhancing open-ocean productivity
Enhancing weathering and alkalinization
Cloud brightening

Surface albedo enhancement

Address the causes of climate change 0: Mitigation (reducing sources of GHG)
O: Mitigation (increasing sinks of GHQG)

6: Solar Radiation management

Address the impacts of climate change = Ecological/Societal Adaptation
Jean-Pierre Gattuso — L'océan de I’Anthropocene — Académie des sciences — 28 decembre 2020
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Jean-Pierre Gattuso (CNRS, Sorbonne University, Iddri), Alexandre K. Magnan
(Iddri), Natalya D. Gallo (Scripps Institution of Oceanography, University

of California San Diego), Dorothée Herr (IUCN), Julien Rochette (Iddri),

Lola Vallejo (Iddri), Phillip Williamson (University of East Anglia, NERC)

The global ocean is warming, acidifying and losing oxygen, and sea level is rising. As a result, keystone
species and ecosystems such as warm-water coral reefs, seagrass meadows and kelp forests will face
high to very high risks by the end of this century even under low carbon dioxide (CO,) emissions
(IPCC, 2019). Moreover, low-lying coasta ts will face moderate to high sea-level rise risks
by the end of the century, even under ful
comprehensn.'e and intense adaptation

efforts towards ambitious mitigation and adaptation

ely implementation of the Paris Agreement, unless
are undertaken. This calls for a dramatic scaling up of

The ocean offers opportunities to reduce the causes and consequences of climate change, globally
and locally, as shown by The Ocean Solutions Initiative’ (Gattuso et al, 2018) and other recent reports
(Hoegh-Guldberg et al, 2019; Because the Ocean 2019°). However, countries have poorly used
ocean-based measures for tackling climate change and its impacts, in their Nationally Determined
Contributions (NDCs; Gallo et al. 2017)
revision of NDCs, culminating e 26th Conference of the Parties of UNFCCC, offers an opportunity
for countries to adopt more ocean-inclusive mitigation and adaptation strategies

the Paris Agreement. The process towards the 5-year

In this Policy Brief we assess 18 ocean-based measures to support climate policies and the revision of
NDCs in the areas of mitigation and adaptation. Ocean-related measures should not be considered as

Messages cles

» Malgre le changement climatique, les actions basées sur
I'océan peuvent aider a maintenir ou augmenter les nombreux
services fournit par I'ocean

* Les mesures evaluées couvrent attenuation et adaptation et
sont reparties dans 4 groupes (Decisive, Faible Regret, Non
Prouvées, Risquées)

 Accroitre la connaissance sur les mesures baseées sur I'océan

a substitute for climate mitigation on land, which must also be strongly pursued for the benefit of the
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atmosphere as well as the ocean

KEY MESSAGES

The ocean is a key element of our life support
system and provides many services. Ocean-
based actions can maintain or increase those ser-
vices despite climate change

Ocean-related measures cover both mitigation
and adaptation, and range across four clusters
(Decisive, Low Regret, Unproven, Risky) that
offer a policy-relevant framing for decision and
action

Advancing knowledge on ocean-based solu-
tions is timely ahead of COP25 (known as the
“Blue COP" because of its ocean focus); COP26,
by which Parties are due to revise and enhance
the ambition of their NDCs; and the Global
Stocktake in 2023.
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9. https://www becausetheccean org/ocean-for-climate/

The next iteration towards more ambitious
NDCs should scale up ocean-based climate
action by prioritising Decisive (e.g. Marine renew-
able energy) and Low Regret (e.g. Conservation
and Restoration and enhancement of coastal veg-
etation) measures, improving knowledge on the
Unproven measures, and very cautiously weigh-
ing the Risky ones

Decisive and Low Regret measures are both
key priorities for action because (1) the full
implementation of Decisive measures will not
completely eliminate coastal risks and (2) the
effectiveness of Low Regret measures, especially
nature-based solutions, depends on the global
warming level

Ocean Acidification
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est important avant la COP26 (revision des contributions
nationales, NDCs)

» Cette révision doit augmenter nation climatique basée sur
I'océan en priorisant les approches Decisives et Faible Regret,
ameliorer les connaissances sur les methodes Non Prouvees,
et en considerant avec prudence celles qui sont risquees

* Les measures Decisives et Faible Regret sont prioritaires car
(1) la mise en ceuvre des mesures Décisives n’éliminera pas les
risques et (2) I'efficacite des mesures Faible Regret,
particulierement celles qui sont basees sur la nature, dépendent
du degré de rechauffement

Jean-Pierre Gattuso — L'océan de I’Anthropocene — Académie des sciences — 28 décembre 2020



