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. 'océan de |'Anthropocene

e Réchauffement, acidification, désoxygénation,
elévation du niveau de la mer : a quoi ressemblera
'océan de I’Anthropocéene ?

e En quoi sera-t-il difféerent de I'océan du passé
géologique de notre planete ?

e Nous rendra-t-il des services tels que securité
alimentaire, protection des rivages et tourisme
similaires a ceux qu’il fournit aujourd’hui ?

e Quelles solutions peuvent étre mises en ceuvre (y
compris négociations internationales) ?



. 'océan de |'Anthropocene

cc ® Réchauffement, acidification, désoxygénation,

INTERGOVERNMENTAL PANEL on Climate chanee

The Ocean and Cryosphere elevation du niveau de la mer : a quoi ressemblera
o 'ocean de I'Anthropocene ?
® En quoi sera-t-il différent de 'océan du passé

géologique de notre planete ?

e Nous rendra-t-il des services tels que sécurité
alimentaire, protection des rivages et tourisme
similaires a ceux qu’il fournit aujourd’hui ?

e Quelles solutions peuvent étre mises en ceuvre (y
compris négociations internationales) ?
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Anthropocene

A YA N hom i ¥
Période durant laguelle l'influence de ’'nomme sur la biosphere a

atteint un tel niveau qu'elle est devenue une force géologique
majeure capable de marquer 'atmosphere, ’hydrosphere, la
cryosphere, la biosphere et la lithosphere. (adoption en 2021 7?)
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Anthropocene

Biomass

Other (for example, plastic)
B Metals
Bl Asphalt
B Bricks
B Aggregates (for example, gravel)
B Concrete

Anthropogenic
mass

1900 1920 1940 1960 1980
Year

2000

2020
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Animals

Living biomass

Trees and
shrubs

900 Gt

s

Plastic
8 Gt

1\

Human-made mass

Buildings and
infrastructure

1,100 Gt
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Un oceéan
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Ocean: valeur economique considerable

Modere le changement climatique

Représente plus de 90 % de I'espace habitable de la
planete

Abrite 25 % des especes évoluées

Fournit 11% des protéeines consommeées par ’homme
Protege les cOtes (ses écosystemes)




Ocean: valeur economique considerable

Modere le changement climatique
Représente plus de 90 % de I'espace habitable de la US$24 afk’
planéte | Largest Sovereign

- < , , Wealth Funds
Abrite 25 % des especes évoluées : =
USS 893bn

Fournit 11% des protéines consommées par ’homme ¢ Norway
Protege les cOtes (ses écosystemes)

USS 773bn
Abu Dhabi

USS 757bn
Saudi Arabia

USS 653bn
China

ANNUAL GROSS MARINE PRODUCT

Gross marine product is the
~ é ocean’s annual economic

R value.
-
More than two-thirds is

=
0 dependent on healthy
70 0 ocean assets

Trillion (1,000,000,000,000; one million million)




Ocean: valeur economique considerable

Modere le changement climatique 2 4

Représente plus de 90 % de I'espace habitable de la ad
planéte " @ 5 Largest Sovereign
- < , , e Wealth Funds
Abrite 25 % des especes évoluées = I
. , . , : . tllrd US$ 893b
Fournit 11% des proteines consommees par ’homme — N?)rwayn

Protege les cOtes (ses écosystemes)

USS 773bn
Abu Dhabi

USS$ 757bn
Saudi Arabia

USS 653bn
China

ANNUAL GROSS MARINE PRODUCT

The annual gross marine product, the
equivalent of a country’s GDP, would make
mB ocean mB WU”U’S 7m |af088t BCOﬂUmV Gross marine product is the

ocean’s annual economic

70 THE OGEAN < value.

US$ 2.500 : More than two-thirds is
. dependent on healthy
ocean assets

Trillion (1,000,000,000,000; one million million)




Budget global du carbone (2009-2018)

34.7 Gt CO2/yr (91%

Atmosphere
44%

Global
Carbon

Project



Ocean: acteur et victime du changement climatique

l Chaleur

Fonte des glaces
3%

Continent
3%

Atmosphere
1%

l

Réchauffement

'

Déoxygénation




Ocean: acteur et victime du changement climatique

| chaleur aeb co,

Fonte des glaces
3%

Continent
3%
: Atmosphére

44%
Atmosphere Ocean

1% 23%
Réchauffement Acidification

'

Déoxygénation




Ocean: acteur et victime du changement climatique

l Chaleur @ CO, @ Eau

Fonte des glaces
3%

Continent
3%

Atmosphere

44%
Atmosphere Ocean

| i% |

Réchauffement Acidification Montée du niveau

‘ de la mer
Déoxygénation




Total CO, Emissions

| | | — " s o Fortes émissions de GES in the absence of
CO; SRES illustrative scenarios : | policies to combat climate change (RCP8.5).
704 =- %@gi sgsa”sg'ss 2081-2100 temperature = +4.3°C (+1.1°C)
~o | —e—Historical L 2081-2100 CO, concentration = 850 ppm
| —e—2019 Estimate 3
50 ) 2 — i
40 - =
Faibles emissions de GES, with high
20 - . I mitigation (RCP2.6).
Gives a 2 in 3 chance of limiting warming to
10 - | Be.S " |below 2°C by 2100.
2081-2100 temperature = +1.6°C (£0.7°C)
0 | » | | | | 2081-2100 CO, concentration = 426 ppm
1980 1990 2000 2010 2020 2030 2040 2050
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Changements dans l'océan

Elévation du niveau de la mer:
Ice sheet mass loss ¢ +15 cm au ZOéme SiéCI@
S < Actuellement 2 fois plus rapide
O * Aucun scenario permet de la
stopper
* Reévisee a la hausse: jusqu’a
Sea ice extent carbon dioxipe 1.10 m en 2100
decline (Arctic) A ~
 Evenements extrémes
o historiguement rares (1 fois
s vealevelrise MBI par siecle) se produiront plus
- Akl Lo ~ K frequemment en 2100 (au
S ce shelf moins 1 fois par an) dans
beaucoup de regions avec
Deep ocean

Glacier mass loss

Snow cover 0
decrease

O

Seaice

Permafrost
thaw

N
2 ’

Coasts

- Upper ocean
. T e
Continental shelf P Ny

S

tous les scenarios,
particulierement en zone
tropicale

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

e Jusqu’a 5.4 m en 2300

Continental slope

Ocean circulation

Abyssal plain

.
3 SNV
\
0\

S ——

wMO Ul

)
b

E D}



Fvénements extrémes

Historical Centennial extreme sea-level
Events (HCEs) become more common
due to sea level rise

HCE

l

1/decade
1/year

P ™ N N N Nt N Nt

1/month

™ N N N N N N

mean seéa |eve| Photo: John Grainger
recent past
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Fvénements extrémes

Historical Centennial extreme sea-level
Events (HCEs) become more common
due to sea level rise

HCE 1/decade

™ N N N Nt N Nt N

! 1/year
1/decade 1/month

1/year
P e T W W N mean sea Ievel

1/month

P P S€d S X /

level LRSS
mean seéa |eve| rise Photo: John Grainger
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Changements dans l'océan

Contenu en chaleur:

s shect massloss B L'ocean a absorbé plus de
o 90 % de I’'exces de

chaleur. D’ici 2100, il va

absorber 2 a 4 fois plus

S a— | Carbon dioxide de chaleur si le

decine fAretid réchauffement global est

O imité a 2°C et jusqua a7

— Sea level rise vy

fois plus pour des
Sea ice A \f.;_ff 2 emissions plus élevees.

Glacier mass loss

Snow cover 0
decrease

O

permafrost Y ——— » Nombreuses consequences
T coms oo Upperocem (mortalité, déclin de la
Continental shelf s

\ N\

biomasse, redistribution des
especes...)

b

Deep ocean

Continental slope

Ocean circulation

Abyssal plain

* -

INTERGOVERNMENTAL PANEL oN CliIm3Te chanee



Changements dans l'ocean

Global ocean heat content, 1940-2019

@® 0-700m @ 700-2000m

1940 1950 1960 1970 1980 1990 2000 2010 2020

Chen et al. (2020) C |DCC

INTERGOVEKNMENIAL PANEL ON UIIIo (@ Chanee wMO UNEP
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Changements dans l'océan

Vagues de chaleur:

Mkl + Devenues plus frequentes
o (x2) et intenses.

Dommages sur coraux,

foréts d’algues et

Sea ice extent carbon dioxide distribution des especes

decine Frete « Continueront & augmenter

O en frequence, durée,

D R{f Rl € Sea level rise vy

v L | Ice sheet étendue et |ntenS|té 20
S e ~ ) fois plus fréquentes a

Glacier mass loss

Snow cover 0
decrease

O

permatiost Y e +2°C, par rapport au
T o o, Upperocean niveau pre-industriel et
Continental shelf g UL

S

jusqu’a 50 fois plus
frequentes si les
émissions continuent a
augmenter

Ocean circulation  Nombreuses
PE—— consequences (mortalites
massives)

g

Continental slope

Deep ocean
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Temperature dans la rade de Villefranche

Réechauffement tres rapide :
0.8 °C par déecennie

(0.11°C par decennie a I'échelle
globale)

Image © 2010 TerraMetrics
Image © 2010 DigitalGlobe
Data 510, NOAA, U.S. Navy, NGA, GEBCO
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t 8, 2006 43°42'10.20"N  7°17'02.18"E elev Om Eyealt 522km O 2

(£102) '|e 18 Bioquasdey

2008 2010 2012




/ 4

€S MAasSSIVES

:
3
:
=

@©
e
-
®,
-

Rechauffement

suew|dYiog 'H @ ‘(¥ L0g) [e 1o 0snjen

9p,

e

O
‘O
0

s
T

Egalement en

o7 Mgk

Méditerranée

v 4

coralliens



Rechauffement : redistribution des especes

Déplacement vers : Eaux plus chaudes Eaux plus froides

Direction compatible avec le changement climatique
(réchauffement)

Algues benthiques 769014 w

Cnidaires benthiques ) 2018 d@
66 _ déplacement

A/
Mollusques benthiques ,4e 0

| \6'\ sqontavant —{+—

Crustacés benthiques 6

Invertébrés benthiques

S e 1

(autres) (\0\ différent
Phytoplancton / 06

7/

Zooplancton 13 I
4 Erreur Moy. Erreur

Larves de poissons 29 standard standard
0SSeux

front arriere —>—

Poissons non osseux g 9

Poissons osseux 111 1

111
Tous les taxa o N 359
106

-20 0 20 100 400 Nombre
Déplacement (km par décennie) d'observations

(102) ‘|e 18 BYsuezoo|od




Changements dans l'océan

Contenu en oxygene:
syl - Lc rechaufiement de

o 'océan de surface diminue

le melange avec les eaux

profondes, réduisant la
Sea ice extent Carbon dioxide fourniture d’oxygene et de
RS sels nutritifs pour la vie
o marine

VEY g Sea level rise vV v

heet
v ' Ice s
o - Ice shelf

Glacier mass loss

Snow cover 0
decrease

O

Seaice

Permafrost =
thaw
Coasts -~ Upper ocean
5 N s "@,:
Continental shelf — 11 e

S

g

Deep ocean

Continental slope

Ocean circulation

Abyssal plain




Changements dans l'ocean

Aciditeé:

e sheetmassloss 1y L'ocean absorbe une partie
o du carbone emis par les

activites humaines, ce qui

augmente son acidite. Il a

Sea ice extent CClleCY = abSOrbé 20 é 300/0 de CeS

fecine retd émissions ce qui se

O poursuivra dans le futur,

D B{fRia & Sea leyel rise vV v

> L w el augmentant encore
Seaice w7 Y S B 'acidité de 'eau de mer

Glacier mass loss

Snow cover 0
decrease

O

Permarost 9P —— « Nombreuses
haw s ’
t coasts o o, . PPerocean consequences, notamment
Continental she e e

S

pour les especes calcifiees

g

Deep ocean

Continental slope

Ocean circulation

Abyssal plain

* -

INTERGOVERNMENTAL PANEL oN ClimaTe chaneée



Qu’est ce que l'acidification des océans?

® CO2 est un gaz acide (il
forme de I'acide carbonique
lorsqu’il se dissous dans

CO2 par jour dans I'océan

Image © 2010 TerraMetrics
Image © 2010 DigitalGlobe
Data SI0, NOAA, U.S. Navy, NGA, GEBCO

=(Google

Imagery Date: Oct 8, 2006 43°42'10.20" N 7°17'02.18"E elev Om Eyealt 522km ) 2

2008 2010 2012 2014

Kapsenberg et al. (2017)

-0.028 unité pH par décennie



Qu’est ce que l'acidification des océans?

® CO2 est un gaz acide (il
forme de I'acide carbonique
lorsqu’il se dissous dans

CO2 par jour dans I'océan

Image © 2010 TerraMetrics @ZUDBGOO g ].e

R - b 2
e u S N -
Image © 2010 DigitalGlobe - A
n n , Data SI0, NOAA, U.S. Navy, NGA, GEBCO 5 v
C I I e Imagery Date: Oct 8, 2006 43°42'10.20" N 7°17'02.18"E elev Om Eyealt 522km () 2

17,00

— 12,75

— — 8,50

— 4,25

2008 2010 2012 2014

Kapsenberg et al. (2017)

— 0,00

1800 5509 — -0.028 unité pH par décennie



_ Enhanced <25%
[ ]

[ ]

—

Impacts de l'acidification

No effect
Reduced <25%

Reduced >25%
Not tested

Calcifying algae

Echinoderms

Mean Effect

Survival
Calcification
Growth
Photosynthesis
Abundance
Survival
Calcification
Growth
Photosynthesis
Abundance
Survival
Calcification
Growth
Photosynthesis
Abundance
Survival
Calcification
Growth
Development
Abundance
Survival
Calcification
Growth
Development
Abundance

Fleshy algae

Seagrasses

\Y

2

Diatoms

S

Survival
Calcification
Growth
Development
Abundance
Survival
Calcification
Growth
Development
Abundance
Survival
Calcification
Growth
Photosynthesis
Abundance
Survival
Calcification
Growth

Photosynthesis
Abundance

Survival
Calcification
Growth
Photosynthesis
Abundance

(£102) ‘1e 10 19)20.1)




Acidification et biodiversite

Sources naturelles de CO2 (Ischia)

 Disparition de certaines especes
calcaires

» Reduction de la biodiversite

* Changement des communautes

» Rechauffement peut augmenter ces
impacts de I'acidification




Risques sur les ecosystemes marins et cotiers

, - ’s g
d) Impacts et risques pour les écosystémes océaniques résultant du surfaizijneglfamrsgrt g‘f éﬁﬁgﬁrépfﬂa;”cfﬁemp%yfrg%% gﬁ ® R_Isq_ues d Impacts majeurs sur I.a
changement climatique aux niveaux préindustries (°C) biodiversiteé, la structure et la fonction

v o ) des écosystémes cotiers seront plus
§8g importants si avec des émissions
522 . oo y v 3 élevées de gaz a effet de serre
855 °° e . e ® | es reponses incluent la perte des
=35 o 2 S  habitats et de diversité, ainsi que la
223 : voo || |loee o0 1 ) dégradation des fonctions
g5 13 . 1 ecosystemiques
S !:::: SR I oo ® Capacites d’acclimata?ion et
: joee : d’adaptation sgnt. pI_us importantes
Coraux d'eau Forétsde Herbiers  Epipélagiques** Cotes Marais Coraux d'eau Estuaires Plages de Mangroves  Plaines avec de fortes emissions
chaude  laminaires marins rocheuses littoraux  froide sable abyssales ® Herbiers de plantes et foréts de

Niveau d'impacts/risques supplémentaires Degré de confiance attaché au macroalg ues . ”Sq ues eleves d

; 5 T
o Violet : trés forte probabilité d'occurrence de graves impacts ou risques et la présence d'une irréversibilité changement de niveau +2 C, en association avec les autres
— Tres éleve  ——— marquée ou la persistance de dangers d'origine climatique, allant de pair avec une capacité d'adaptation eeee = |65 Elevé faCteU rs enVi ronnementaux

limitée en raison de la nature du danger ou des impacts ou risques. eoe — [loyé
- Elevé Rouge : impacts ou risques graves et de grande ampleur. oo = Moyen ® Coraux d’eau chaude rrsque eleve
°|=PF|a'b'z h | aujourd'hui; transition vers risque tres
— Modéré Jaune : Impacts ou risques décelables et attribuables au changement climatique avec, = rlage ae changemen 7 z A o
au moins, un degré de confiance moyen. _ de,n.|v.e.au _ eleve a +1.5°C
**Voir la définition sous la figure
— Indétectable Blanc : impacts ou risques indétectables.

%ff.,"“i% vm‘«é
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Q:ﬁé,g 'i‘gif
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» L'ocean subit le changement climatique depuis
plusieurs decennies

"vvv

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

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

IDCC

INTERGOVERNMENTAL PANEL oN ClimaTe change




Accord de Paris

“contenir l'élevation de la température
moyenne de la planete nettement en
dessous de 2 °C par rapport aux
niveaux preindustriels et de poursuivre
[‘action menée pour limiter I'élevation
des températures a 1,5 °C...”

Nations Unies
Conférence sur les Changements Climatiques 2015

Paris - France =

COP21- CN\P11



Mise en oeuvre de I'Accord de Paris

Estimations de Climate Analytics basées sur rapports Emissions de gaz a
du GIEC effet de serre

Réduction de 40 a 70 %
des émissions

Zéro émission
objectif 2 °C
66 % de chances de

contenir le réchauffement
sous 2°C en 2100

o> —OO—
2050 2060-2080 2080-2100

Modifié a partir de Carbon Brief




Mise en oeuvre de I'Accord de Paris

Estimations de Climate Analytics basées sur rapports Emissions de gaz a

du GIEC effet de serre
Réduction de 40 a 70 %
des émissions

Zéro émission
objectif 2 °C
66 % de chances de

contenir le réchauffement
sous 2°C en 2100

Objectif 1 ,5 OC

Plus de 50 % de chance
de contenir le
rechauffement sous
1,5°C en 2100

2050 2060-2080 2080-2100

Modifié a partir de Carbon Brief



Projections de temperature apres Accord de Paris

Current
Policies

& Targets

Optimistic
Targets

0 Climate
i. Action
Tracker

~ 1sceamisacreeMeNTGoAL  CAT warming projections

4B WE ARE HERE
1.1°C Warming Global temperature

in 2020 increase by 2100

December 2020 Update
PRE-INDUSTRIAL AVERAGE

Global mean
temperature
increase
by 2100




Accord de Paris : ou en sommes-nous ?

Global Fossil CO, Emissions 2010-19

38 Gt - +0.9%l/yr
CO,

Projection 2020

34 34.1 Gt CO,
200009 Yo
+3.0%/yr

1990-99
+0.9%/yr

1995 2000 2005 2010 2015 2020

projected




Accord de Paris : ou en sommes-nous ?

Global Fossil CO, Emissions 2010-19
+O.9°/o/yr

Projection 2020

34.1 Gt CO,
2000-09 bl
+3.0o/o/y|'

1990-99
+0.9%/yr

2000 2005 2010 2015 2020

projected

70

b 2010-Policies scenario

60 - d Current policy scenario
P Unconditional NDC scenario

50 P Conditional NDC scenario

40

& \

20 2°C range
10 \ 1.8°C range

1.5°C range

0

| | | |
2010 2020 2030 2040 2050




Accord de Paris : ou en sommes-nous ?

Global Fossil CO, Emissions 2010-19
+0.9%/yr

2010-Policies scenario

Projection 2020
34.1 Gt CO, Current policies scenario

2000-09 ¥ D Unconditional NDC scenario
+3.0%/yr —

Conditional
NDC scenario

1990-99 (12,

+0.9%/yr

Turquoise area shows R ..
pathways limiting global emalnlng.gqp
temperature increase to to Sta! W',th',n
below 2°C with about 2°C limit Median
66% chance estimate
of level
consistent
with 2°C:
41 GtCOze
(range 39-46)

Cond. NDC case
Uncond. NDC case

Cond. NDC case
Uncond. NDC case

Green area shows pathways
limiting global temperature
increase to below 1.5°C by

2000 2005 2010 2015 2020 2100 and peak below 1.7°C

projected (both with 66% chance)

Median estimate
of level consistent
with 1.5°C:

25 GtCO:ze

(range 22-31)

b 2010-Policies scenario

60 - d Current policy scenario
P Unconditional NDC scenario

D e q
Conditional NDC scenario
50 _/

40

30
2°C range

20 -

1.8°C range
101
1.5°C range

0 | | | |
2010 2020 2030 2040 2050




Ocean et climat

® | e changement climatique affecte deja les
écosysteme marins et cotiers et les services
gu’ils nous fournissent

e |’Accord de Paris peut permettre d'eviter une
situation hors de controle mais on doit controler

I'inévitable
e Besoin urgent d'une atténuation globale et
ambitieuse ainsi que d'une adaptation locale.

“ — - N - 7




Prochaines échéances : CCNUCC

Timeline: How countries plan to raise the ambition
of their climate pledges

The Paris "ratchet mechanism" is designed to steadily increase ambition over time, ensuring that
the world reaches net zero emissions in the second half of the century and keeps temperature rise @ By 2025

"well below 2C".
Countries submit their third round of climate pledges.

(3) By 2020 2025 2026 2027 2028 2029

Countries with 2025 targets communicate their second
round of climate pledges, while countries with 2030 targets
communicate or update their pledge.

New climate pledges will then be submitted every 5 years.

@ Second stocktake

2020 2021 2022 2023 2024

(@ Climate plans submitted

Countries submit their first round of climate pledges
(NDCs). Some cover the period up to 2025, some up to

2030.
@ Global stocktake

On mitigation, adaptation and finance.

2015 2016 2017 2018 2019

@ Facilitative dialogue

To take stock of collective efforts of countries in relation
to the long-term goal of the agreement and to inform the
preparation of the next round of pledges.
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ssessment— 18 ocean-based measures

Assisted evolution /a Conservation

Marine renewable energy

Ocean energy substitution for
fossil energy

Reduce atmospheric
pollution

Reduce emissions of gases and black
carbon from shipping

Carbon capture and storage

Sequestration of CO, underground
under the sea floor

Marine bioenergy with

carbon capture and storage

Marine f)_lants burnt to generate energy
and resulting CO, is captured and stored

Y Restore and incre'c_lse
coastal vegetation

Restoration and conservation of coastal
vegetation to enhance COZ2 uptake and
avoid further emissions

Enhance open-ocean
productivity

Adding nutrients and cultivating marine
plants

Enhance weathering and
alkalinization

Ad(dition of alkalini}v to enhance CO
removal and/or carbon storagé

Assisted evolution and genetic
modifications

Y Pollution
reduction

_ _From all sources,
including land and rivers

Protect marine and coastal habitats and
ecosystems, e.g. through marine protected areas

b'Restoration and

enhancement

of habitats, ecosystems
and ecosystem .

I services, ecological
engineering; assisted

Ve

\4

VA

Addressing the
causes of

climate change

A®

A

A *

® ®

Supporting biological
and ecological

adaptation

Solar radiation
management

' migration

Enhancing ¢
societal
adaptation

*

Cloud brightening

Adding cloud condensation nuclei to the lower

atmosphere to enhance cloud brightness and longevity

/0 Nature-based solutions

Main areas
of action

V¥ Mitigation (reducing sources of GHG)
A Mitigation (increasing sinks of GHG)

J

Surface albedo enhancement

Increase surface ocean albedo by producing
long-lived ocean foam

o Adaptation

Community-based

adaptation

E.g. co-management of food
harvest resources, traditional
knowledge inclusion

Infrastructure-based

adaptation
E.g. seawalls and dykes

Relocate and diversify
economic activities

E. g relocation of shellfish
industry, development of new
tourism products

Relocate people

Either internally (i.e. at a local
scale or within the country) or
internationally

Improve risk-reduction
policies
E.qg., through improved early

warning systems, or urban
regulations in flood-prone areas

% Solar radiation manipulation

(6102 ‘81L02) "le 1@ osnyes)




Clusters of ocean actions

Ocean-based measures

Marine renewable energy
Carbon capture and storage

Reducing atmospheric pollution

Pollution reduction
Community-based adaptation

Q000

>
OIOICCCICOICOIOCOC

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

008

Address the causes of climate change 0: Mitigation (reducing sources of GHG)
0: Mitigation (increasing sinks of GHG)
6= Solar Radiation management

(6102) ‘|e 1@ osnyeo

Address the impacts of climate change @: Ecological/Societal Adaptation




Clusters of ocean actions

Policy clusters Ocean-based measures

Decisive Low Regret

- Already implemented in the - Already implemented in
real-wgrld i the rea}II-worId Carbon capture and storage

- High effectiveness to - Low effectiveness to Reducing atmospheric pollution
reduce climate-related reduce climate-related _ _
ocean drivers globally (for ocean drivers globally Pollution reduction

mitigation actions) - Moderate-to-high Community-based adaptation
- Range of low to high effectiveness to reduce

effectiveness to reduce impacts/risks locally

impacts/risks locally - High non-climatic co- Restoring and enhancing habitats

- Relatively limited uncertain- benefits and no-to-very-
ties, and few disbenefits limited disbenefits

Marine renewable energy

Conservation

Improving risk-reduction policies

Restoring and increasing coastal vegetation

Un proven Infrastructure-based adaptation

~- Currently at concept stage Relocating & diversifying economic activities

- 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

Relocating people

>
OIOICCIOICIOIOICIC

Assisted evolution
Bioenergy with carbon capture and storage

Enhancing open-ocean productivity

Enhancing weathering and alkalinization
Cloud brightening

008

Surface albedo enhancement

Address the causes of climate change 0: Mitigation (reducing sources of GHG)
O: Mitigation (increasing sinks of GHG)
6= Solar Radiation management

(6102) ‘|e }@ osnpeo

Address the impacts of climate change @: Ecological/Societal Adaptation




Energie éolienne

e Possner & Caldeira (PNAS, 2017)
¢ | a surface continentale disponible est limitée
e Océan:
e Vitesse du vent jusqu’a 70 % supérieure qu’a terre
¢ \/ent plus constant
e Surface disponible tres supérieure
e | ’énergie éolienne disponible dans
I’ Atlantigue nord suffisante pour fournir
I’énergie nécessaire a toute la planete
e Mais:
e Calculs théoriques
¢ VVents changent en fonction des saisons
e Technologie pas disponible, notamment pour le
transfert de I’énergie a terre
e Modeles suggerent qu’une extraction de cette

ampleur pourrait avoir de tres importantes
consequences climatiques, par exemple un
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Energie éolienne

e Possner & Caldeira (PNAS, 2017)
¢ | a surface continentale disponible est limitée
e Océan:
e Vitesse du vent jusqu’a 70 % supérieure qu’a terre
¢ \/ent plus constant
e Surface disponible tres supérieure

e | '’énergie eolienne disponible dans

Sall| YI0A MBN 8y /o987 ‘M Bueyn o

I’Atlantique nord suffisante pour fournir | \ AN

I’énergie nécessaire a toute la planete D’aprés Ocean Energy Europe, les
e Mais: , . . , .

e Vents changent en fonction des saisons fournir 10 % de la demande en

e Technologie pas disponible, notamment pour le
transfert de I'énergie a terre

e Modeles suggerent qu’une extraction de cette
ampleur pourrait avoir de trés importantes
conséguences climatiques, par exemple un
refroidissement de I'Arctique jusqu’a 13°C

i
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\
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Messages cles

* Malgré le changement climatique, les actions basees sur
I'océan peuvent aider a maintenir ou augmenter les nombreux
services fournit par 'océan

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

 Accroitre la connaissance sur les mesures baseées sur I'océan

SciencesPo

Opportunities for increasing
ocean action in climate strategies

PRINCE ALBERT 1
OF MONACO
FOUNDATION o —— - 2 s I3 r
Jean-Pierre Gattuso (CNRS, Sorbonne University, Iddri), Alexandre K. Magnan
Fondation (I1ddri), Natalya D. Gallo (Scripps Institution of Oceanography, University
Q VEOLIA 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 ce
(PCC, 2019). Moreover, low-lying «

by the end of the century, even under

en under low carbon dioxide (CO,) emissions

nts will face moderate to high sea-level rise risks

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

The ocean offers opportunities to reduce the causes and consequences of climate change, globally
and locally, as shown by The Ocean Solut jative’ (Gattuso et al, 2018) and other recent reports
(Hoegh-Guldberg et al, 2019; Because the Ocean 20197). However, countries have poorly used
ocean-based measures for i
Contributions (NDCs; Galk 01

7
revision of NDCs, culminating at the 26th Conference of the Parties of UNFCCC, offers an opportunity

ge and its impacts, in their Nationally Determined
) un he Pans Agreement. The process towards the 5-year

POLICYBRIEF

N°2
NOVEMBER
2019

A

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 miti n and adap n. Ocean-related measures should not be considered as

a substitute for climate m tion on land, which must also be strongly pursued for the benefit of the

atmosphere as well as the ocean

ate Stratepes, 2018 https://www becausetheccean org/ocean-for-climate/

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 cimate 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

PRINCE ALBERT Il
OF MONACO
FOUNDATION

£ €

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

1 Ocean Acidification
FO nd atlo n International

Coordination Centre

VEOUIA 5. | oaice

FONDS FRANCAIS POUR
L’ENVIRONNEMENT MONDIAL

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 considérant avec prudence celles qui sont risquées

* Les measures Décisives 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, dependent
du degré de rechauffement



Earth's sixth mass extinetion evernt -

under way, scientists warn GE},‘F 1an
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Pessimistic views of the ocean abound

present
years ago

T, 2 S e iy . ~ e Lo ; R . m M, . Ol “ Ry :
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Timeline (log scale) of marine and terrestrial defaunation. The marine defaunation experience is much less advanced, even though humans have
been harvesting ocean wildlife for thousands of years. The recent industrialization of this harvest, however, initiated an era of intense marine wildlife declines. Ne.

If left unmanaged, we predict that marine habitat alteration, along with climate change (colored bar: IPCC warming), will exacerbate marine defaunation.
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The ocean is broken



Marine spatial planning and governance in the ocean space

Increasing focus
on Blue Growth
and human
dependence on
the ocean as a

'Ocean Sprawl

/’—\ Desalination:
Growth: 15% year-1
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- Marine aquaculture
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Pre-Roman period: beginning of

O N At
ocean infrastructure
P 000 e atc o SupRer ra St r u Ct u re S C Ot I e re S

st pon (st Types : ports, cables sous marins, marinas, pipe-line,
e plateformes, parcs éoliens, recifs artificiels, digues, fermes

_ - _ ) @ 10,000 .
aquacoles, usines maremotrices et a vagues, ponts et 0 ot ol 4’»'{;
projects (China)

tunnels |

Empreinte : 32000 km2 en 2018 (39400 km2 en 2028).
Surface affectée :
1.0 a 3.4 millions km2 en 2018 (+50 a 70 % d’ici 2028).

o En 2018, les infrastructures cotieres affectaient 1.5 %
des ZEE, comparable aux zones urbaines a terre (0.02 a
. tsoeﬁoc(j)zfi(rel;ces in response 1 .7 OA))_

Renaissance: birth of
marine hydraulics

a Physical footprint of marine construction (km?)

Roman period: exploitation
of ocean infrastructure

First use of hydraulic concrete
Start of oyster aquaculture

First technical engineering handbook

Birth of the concept

1400 ‘working with nature’ (da Vinci)

Sunk rubble for kelp

1600 aquaculture (Japan)

post-  Exploitation of port
1600 developments

0 Industrial Revolution

First artificial reef

1830 (California)

4947  Firstoffshore platform Parcs éoliens (201 8) Parcs éoliens (2028)

(Gulf of Mexico)

O Scientific contemporary age

First international conference
1950 On coastal engineering;
invention of the Tetrapod

1965 First artificial beach

Environmentally sustainable

2001 coastal defences

First marine energy

2003 test facility (Orkney)

First environmentally

2009 frigndly seawalls Usines marémotrices (2018) Usines marémotrices et a vagues (2028) Bugnot et al. (2020)




Agressions locales : Rade de Villefranche-sur-mer

© Wikimedia Commons



Agressions locales : Rade de Villefranche-sur-mer

© Wikimedia Commons
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Posidonie :

e Plante protégée par un décret national depuis
=i 1988

e Services écologiques : 172 € par m2 et par an
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© Jean-Pierre Gattuso



Agressions locales : Rade de Villefranche-sur-mer

© Wikimedia Commons

Posidonie :

e Plante protégée par un décret national depuis
i 1988

e Services écologiques : 172 € par m2 et par an
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© Jean-Pierre Gattuso
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Extinct species

Steller’s Cow, about 7 m long Vache de mer Grand ping%ldigj Japanese sea lion

Last seen 1768 _ BRI;TISH_ BIRDS'_ (1970)
Great auk (Pinguinus impennis)

Last seen 1852

STELLER’S SEA-COW, RHYTINA GIGAS.
Prare XXVI. Found alive by Steller at Behring's Island. Length 19 feet 6 inches.

A SN

L

' Caribbean monk seal (1952

~
.

—t\\‘ . .

THE GREAT AUK.

NORTHERN PENGUIN, OR GAIR-FOWL.

Red Sea Torpedo fish (1898)
SUMMER PLUMAGE, Torpedo suessii

d (Alca Impennis, Linn.—Pingouin brachiptére, Temm,)




Who is next’? Endangered spemes

Currently, over 550 species of
marine fishes and
invertebrates are listed on the
JUCN Red List as Critically
Endangered, Endangered,
and Vulnerable.

Galapagos Damsel (Azurina eupalam)

Requin-baliai Last seen in 1982
Pondicherry Shark (Carcharhinus hemiodon) Listed as probably extinct by [IUCN

Last seen 1979
Listed as probably extinct by IUCN
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https://www.sciencedirect.com/topics/earth-and-planetary-sciences/red-list

An inexhaustible ocean??

In his 1883 inaugural address to the International Fisheries
Exhibition in London, Thomas Huxley recognised that:

“Steam and refrigerating apparatus combined have made it
possible for us to draw upon the whole world for our supplies of
fresh fish”

but he discounted reports of declines in fish catches: “in
relation to our present modes of fishing, a number of the most
Important sea fisheries, such as the cod fishery, the herring
fishery, and the mackerel fishery, are inexhaustible”




Overfishing leads to declining fish catches

o

20 Globally 53% of 414 fish stocks are

below the Biomass delivering the
Maximum Sustainable Yield (BMSY)
and of these, 265 are estimated to
be below 80% of the BMSY level
S (Rosenberg et al. 2017)
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Global marine biodiversity loss

» 20 species extinct in historic times

» 330 species of conservation concern

» 59% decline in exploited marine megafauna

» 1/5 of fisheries overexploited

» 2/5 of fisheries below targets

o 42-66% loss of biomass of exploited fish stocks
>35% of mangrove area lost
~29% of seagrass area lost
=16 of tidal flats lost
-5 of oyster reefs lost

=% ~N S —
B 1 R
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Global marine biodiversity loss

Long-term decline rates of key ecosystems ( % year-1)

species extinct in historic times
species of conservation concern
decline in exploited marine megafauna
of fisheries overexploited
of fisheries below targets Seagrass
loss of biomass of exploited fish stocks
of mangrove area lost Salt-Marsh
of seagrass area lost
of tidal flats lost
of oyster reefs lost
of salt-marshes lost
of coral reefs lost or degraded Coral reefs

Oyster reefs

Mangrove

Kelp




Diminution massive des grands predateurs

Pauly et al. (1998



Diminution des baleines

Whale hunting, thousands of individuals across species

Humpback whales: from pre-exploitation population
hunted per year in Antarctica (peak 50,000 per year)

sizes of more than 50,000 to a few hundred in 1970

Resource exploitation

A
o

Numbers caught (x108)

T ¢
o

P Humpback

‘_ L J o > >
000-. — <N .o. - - .. .. LR
e e
e M.

im \\

\ 1910-11 1920-21 1930-31 194041 1950-51 1860-61 1970-71 1980-81
4\ Antarctic season
Fig. 16.4. Catches of whales 1904-1905 to 1980-1981 (including land stations, moored factory ships and pelagic whaling).

" Smetacek (2007)



Retablissement des baleines

Humpback whales: globally > 50% above 1940 estimates
Down-listed from “Vulnerable” to “Least Concern” by I[UCN

- P . .- L

Out of 92 marine mammail
populations (Roman et al. 2015):
* 42% increasing
* 10% decreasing
* remainder: no change



Eléphant de mer du nord et phoques gris

TRENDS in Ecology & Evolution

TRENDS in Ecology & Evolution

Northern elephant seal population growth: Grey seal population growth
Minimum 20 in 1880 to > 200,000 at present

Roman et al. (2015)
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Loutre de mer

Southern sea otter spring counts
(mainland)

Increase from only 50 individuals left in 1911

s 3-year avg

=== total number

US Geological
Survey and US Fish
and Wildlife Service




Restauration des mangroves

220,000
e Sharp decline followed in 2000-2014 by a 5-fold — Smooth

reduction in loss rates ¢ -2.2 % year-1

¢ Reaching pre-disturbance values by 2050 requires N\
a commitment to expand their area by 1.5% year- Sharp Declin
: : : : : 200,000
iImplying an increase in annual planting from 2,000
In 2018 to 3,000 km2 year-1 in 2050

e Challenges:

e | ost mangrove area occupied by housing,
infrastructure and aguaculture ponds. Buy back
or relocate

e Cost 1.6 billion year-! (2% of Apple annual profit)

-1.9 % year-1

180,000

160,000

-1.7 % year-

Slowing down

\ Rebuilding
140,000

4 °
-0.3 % year™

120,000
1940 1960 1980 2000 2020 2040 2060

year




Restauration de la mangrove du delta du Mekong

* 1964 to 1970: 57% of all Mekong Delta
mangrove forest destroyed

* 1978 to 1998: 2700 km2 planted

» Carbon storage (Nam et al., 2016):
 restored mangrove: 889 + 111 MgC ha
 natural mangrove: 844 + 58 MgC ha-1

The reforestation of the Mekong Delta, the largest mangrove forest
in the world, 15 years after its destruction by the US Air Force is the

largest-scale ecosystem restoration ever undertaken (Duarte et al.,
2008)



The Indian Ocean Tsunami of 26 Dec. 2004
A Catalyst of awareness on the value of Mangroves

® \Where mangrove belts existed
losses of human lives were very
low or nil.

e (Governments initiated large
scale mangrove plantation
programs.

® Mangrove plantation is easy and
cost-effective.




Restauration des marais maritimes

» Salt marsh restoration is well
proven and can often be achieved
by restoring tidal flows

» Restored breached levee salt
marshes in San Francisco Bay
Estuary

* Recovery in one decade

1986 (Pre-breach grading)

1997 (11 years of tidal evolution)

Williams and Orr (2002)



Retablissement des plantes marines en Europe

* 1/3 of European seagrass area
Rate of decline lost, loss peaking in the 1970s and

- Rate of increase 1980s

— Netrate * Loss rates slowed down for most
of the species and fast-growing
species recovered in some
locations

* Net rate of change reversed in
the 2000s

* Density metrics improved or

remained stable in most sites

In contrast with global

assessments, seagrass decline is

no longer a generalised state in

Europe

 Deceleration and reversal of
1950s 1960s 1970s 1980s 1990s 2000s declining trends is possible

N
o

—
o

o

LN
o

|
N
o
°

I
W
o

I
O
D

O

3>
qv)
)
| -
©

V-
@
D
O
C
©

£

O

-
o
D

e
©
| -
C

©

Qv
O
D

A

de los Santos et al. (2019)



Retablissement des récifs coralliens apres des essais nucleaires

/6.3 megatons (TNT equivalent) were
conducted across seven test sites (1946 to
1958), Marshall Is.

 Filve craters were created

* Surface seawater temperatures raised by
55,000 °C after air-borne tests

« Blast waves with speeds of up to 8 m/s;
and shock and surface waves up to 30 m
high with blast columns reaching the floor
of the lagoon (approximately 70 m depth)

 Coral reefs in the Bikini Atoll recovered
40 years after the end of tests, although
with some biodiversity changes
(Richards et al. 2008)

le nuclear testing is devastating on an

-




Duree du retablissement des récifs coralliens

Overgrazrng (crown- of—thorns Acantha‘eﬁgﬁ;’ 10 yrs
Cyclones (2 to 14 years), depending o“mseverlty of
damage » pe | BT
Bleaching: 2-4 years TS

Sedimentation: 1 year m_,g
Chronic Sewage inputs: 10~years .
o 5 GEo & S S i

gi

Many cases of decline wrthout recovery where
concurrent impacts occurred (e g

Connell (1997)



Aires marines protegees et programmes de restauration
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Aires marines protegees et programmes de restauration

o area covered Mediterranean Sea
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Claudet et al. (2020)




Recovery wedges

No single solution for achieving substantial (50-90% of past
metrics) recovery of marine life by 2050

Recovery requires the strategic stacking of a number of
complementary actions, here termed recovery wedges:

e protecting vulnerable habitats and species

e adopting cautionary harvesting strategies

e restoring habitats

e reducing pollution

e mitigating climate change

The strength of the contribution of each of these wedges vary
across species and ecosystems

For instance, mitigating climate change is the critical wedge to set
coral reefs on a recovery trajectory, whereas improved habitat
protection and fisheries management are the critical wedges for the
recovery of marine vertebrates and deep-sea habitats



Roadblocks

e A number of roadblocks may delay or prevent recovery of some of the critical components:

e Climate change is the critical backdrop against which all rebuilding efforts will play out.
Much stronger efforts to reduce the gap between target and projected emissions under
the present voluntary NDCs is a challenging but not impossible task

* Need to consider unavoidable impacts brought about by ocean warming, acidification
and sea-level rise already committed by past emissions, even if the climate mitigation
wedge, represented by the Paris Agreement, is fully implemented.

e Natural variability and intensification of environmental extremes

e failure to reduce pressures other than climate change mitigation

¢ unexpected natural or social events

e growing human population will create additional demands for seafood, coastal space
and other ocean resources

e Substantial to complete recovery (60-100% increase relative to the present) appears
realistic and achievable for most components

e Partial to substantial recovery (10 to >50%) can be targeted for deep-sea habitats,
where slow recovery rates lead to a modest rebuilding scope by 2050, and for coral reefs,
where existing and projected climate change severely limits the rebuilding prospects



Necessary investments and expected returns

e Substantial rebuilding of marine life by 2050 requires sustained effort and
financial support:

e atleast US$10-20 billion per year to reach protection of 50% of the ocean
space plus substantial additional funds for restoration

e Benefits: considerable economic return (x10) and in excess of one million
new jobs:

e Rebuilding fish stocks can be achieved by market-based instruments,
such as rationalizing global fishing subsidies, taxes and catch shares, to
end perverse incentives and by the growth of truly sustainable aquaculture
to reduce pressure on wild stocks

e \WWhereas most regulatory measures focus on commercial fisheries,
subsistence and recreational fishing are also globally relevant and need
to be aligned with rebuilding efforts to achieve sustainability

e Rebuilt fisheries alone could increase the annual profits of the global
seafood industry by US$53 billion

e A global rebuilding of exploited fish stocks could increase fishing yields
by 15% and profits by about 80% while reducing bycatch mortality

e Conserving coastal wetlands could save the insurance industry US$52
billion annually while providing additional benefits of carbon sequestration,
income and subsistence from harvesting, and from fisheries

e cotourism in protected areas provides 4-12 times greater economic returns
than fishing without reserves (for example, AUS$5.5 billion annually and
53,800 full time jobs in the Great Barrier Reef Marine Park)



National jurisdiction

Landmass Landmass and seabed

%Y a.cadiiees
- " '
. j

PV

(0202) ‘Ie 1o Aeaynor



National jurisdiction

Landmass Landmass and seabed

“virtually all the seas and oceans in the whole world are
already protected by international law.”

“The problem, ..., Is lax enforcement and apathy”
Deborah Rowan Wright
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Reconstituer la biodiversité marine d’ici 2100 : un grand defs

Review

Conserve and sustain what is left: no longer acceptable

lld)tﬁklil‘l,gnmﬁl‘lelﬂ’(el]m Sustainable Development Goal 14 of the United

| | | | Nations aims to “conserve and sustainably use the
T LuamGarlosGaslla’, Jeam Prre Gattuso, Robinsen W, Futwelor™, Torry . Hughes’ oceans, seas and marine resources for sustainable

Nancy Knowlton', Catherine E. Lovelock™, Heike K. Lotze", Milica Predragovic',
Accepted: 18 February 2020 Elvira Poloczanska', Callum Roberts"” & Boris Worm™

development

Here we document the recovery of marine populations,
habitats and ecosystems following past conservation
interventions

Recovery rates across studies suggest that substantial
recovery of the abundance, structure and function of
marine life could be achieved by 2050, if major
pressures—including climate change—are mitigated

Rebuilding marine life represents a doable Grand
Challenge for humanity, an ethical obligation and a
smart economic objective to achieve a sustainable
future




| 'océan de |'Anthropocene

L’avenir de I'océan est entre nos mains
Les risques ont été bien évalués

Les principales solutions sont connues
L’'ocean de I’Anthropocene sera ce que
'on en fera
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Face a l'insuffisance des efforts mondiaux d'atténuation des émissions de gaz a effet de
serre (GES) pour maintenir le réchauffement global « bien en-dessous de 2 °C » (en 2100,
par rapport a la période préindustrielle) et ainsi favoriser l'atteinte des objectifs de déve-
loppement durable des Nations unies, il est critique, aujourd’hui, de relever l'ambition
politique tant en matiére d'atténuation que d'adaptation des écosystémes et des sociétés.
Dans cette perspective, ce Document de propositions pose la question des opportunités
offertes par l'océan pour soutenir l'action climatique internationale. L'océan joue un
O(I:\I'I?OOBGRE role déterminant dans la minimisation du changement climatique d'origine anthropique
2018 (en termes d'absorption de la chaleur atmosphérique et du CO,), mais au prix de réper-
cussions importantes sur son fonctionnement chimique et physique : réchauffement,
acidification, désoxygénation et élévation du niveau de la mer. Cela a bien entendu des
implications, déja détectables, sur les écosystemes et les services écosystémiques.

Liddri.org

A la fois victime et acteur, quel est le potentiel de l'océan et de ses écosystémes pour
limiter les causes du changement climatique et ses conséquences ? Ce Document de

m propositions résume les principales conclusions de 'Ocean Solutions Initiative’, qui a
évalué le potentiel de 13 mesures fondées sur l'océan.
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Plus d’information:

Ocean 2015 Initiative: http://bit.ly/1TMG6YIS6
Ocean Solutions Initiative: http://bit.ly/2xJ3EV6
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