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Introduction et sommaire

Ocean warming and deoxgenation l

Atmospheric Ocean Acidification Changes to Organisms

Driver change and Ecosystems

Socio-economic Impacts Policy Options for Action
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Causes de 'acidification des océans
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Pénetration du CO2 en profondeur
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2L Atmospheric  ocean acidification Y
change

Chemistry: very high
suing offosi A confidence

fuels, cement Increase in : e
manufacture, atmospheric lons, and acidity

and land use o, e Decreased
change carbonate ions
and pH

Concentrations
relevant sections .\ 5 5 gy (WGI3.8.2; of Hydrogen ions Examples of solutions
L a2 WGl115.3:3.30.3.2) compared to distilled | and their respective pH
water (pH)
Battery Acid
= Hydrochloric Acid
'% Lemon Juice, Vinegar
.g Orange Juice, Soda
o Tomato Juice
CED Black Coffee, Acid Rain
Urine, Saliva
“Pure” Water
Sea Water
> Baking Soda, Toothpaste
T Milk of Magnesium
8 Household Ammonia
% Soapy Water
- Bleach, Oven Cleaner
Liquid Drain Cleaner




Qu’est ce que I'acidification des océans ?

Increased

o H' =K
: 1

002 + CO%‘ + H20 — 2HCOé

T T Hydrogen ion
concentration

Decreased Increased increases and pH

carbonate bicarbonate decreases

e COq est un gaz acide (produit un acide
lorsqu’il se combine avec eau)

e Chacun de nous ajoute 4 kg de CO2 par jour
dans les océans (augmentant son acidite)



Qu’est ce que I'acidification des océans ?

Increased
3 HCo; |

HY| = K;

T * [CO;5 ] |

l

002 + CO%‘ + H20 — 2HCOé

T T Hydrogen ion
concentration

Decreased Increased increases and pH

carbonate bicarbonate decreases

Acidity increases:
“ocean acidification”

e COq est un gaz acide (produit un acide
lorsqu’il se combine avec eau)

e Chacun de nous ajoute 4 kg de CO2 par jour
dans les océans (augmentant son acidite)



Driver Atmospheric Ocean acidification
change

® |Increased Co,,
bicarbonate
ions, and acidity

Burning of fossil
fuels, cement Increase in
manufacture, atmospheric

and land use o, e Decreased
change carbonate ions
and pH

relevant sections (WGI 3.8.2;
(WGI 6.3.2) (WGl 2.2.1) WGII 5.3.3, 30.3.2)

pH and acidity
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Driver Atmospheric Ocean acidification
change

pH and acidity

® |Increased co,,
bicarbonate
ions, and acidity

Burning of fossil
fuels, cement Increase in
manufacture, atmospheric

and land use Co, e Decreased
change carbonate ions
and pH
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La science du climat

« Ontransforme
'océan en Coca-Cola ! »

LAPPORT DU G affine les impacts de l'augmentation des concentrations de CO, dans
Iatmosphére. Etat de la question avec le climatologue belge Jean-Pascal van Ypersele.
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L ’acidification des océans peut étre mesurée
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Importantes differences regionales

Year in SRES A2 / Bl
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Et dans le passe 7

future geological past
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Multiple climate-related ocean stressors

pH

Temperature

Oxygen concentration
Sea level rise

Temperature (°C) o Oxygen (ml/l)

Year
— Surface == Seafloor — Historical — RCP45 — RCP85

Mora et al. (2013)



Summary for Policy Makers

OCEAN
ACIDIFICATION

Confidence level

Very high

GLOBAL

International
Geosphere-Biosphere
Programme

CHANGE



Chemistry

The capacity of the ocean to act as a carbon
sink decreases as it acidifies and warms

Ocean acidification is caused by CO2 emissions
from human activity to the atmosphere that end
up in the ocean

The legacy of historical fossil fuel emissions on
ocean acidification will be felt for centuries

@ IGBP



Persistance de la perturbation
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Anthropogenic ocean acidification is currently in
progress and is measurable

Reducing CO2 emissions will slow the progress
of ocean acidification
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Etudes de laboratoire
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Etudes sur le terrain
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Biological response

Cold-water coral communities are at risk and

% may become unsustainable

W\ m Some plants may benefit

m Combination of elevated acidity and
temperature negatively affect many organisms

m Molluscs among the most sensitive groups

m Coral reef erosion will outpace reef building

m Impacts on biodiversity, not well constrained

@ IGBP



Exemple des mollusques
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Field studies: CO> vents
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e The long view
e Hypercalcifiers have come
and go
e Response stronger when

Extinctions d’especes calcaires
ocean acidification is

5%

® R ate i S key : b i O I Og i Ca | C ri S i S Heavy CaCO, skeleton Moderate CaCO, skeleton Little or no CaCO, skeleton

(low metabolic rate) (high metabolic rate) [] Ctenostomata
When pCO2 rose faSt nOt B Rugosa [[] Gastropoda [] Lingulida
) ] Stenolaemata Bivalvia [] Polychaeta
¥ Rhynchonelliform brachiopods []  -Infaunal burrowers [] Holothuroidea
When pCOz WaS hlg h B -Orthida [ -Epifaunal,attached [ Conodontophorida
. X . r B -Strophomenida [] Nautiloidea [] Chondrichthyes
e Selective extinction during BFEEGE B Ammonide
B -Rhynchonellida [ Ostracoda

B -Terebratulida [] Malacostraca

the end-Permian crisis B Arorends 3 fhinodes
e Timescale of recovery e

measured in geological

times




Biological response

Ocean acidification will adversely affect many
calcifying organisms
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Pteropod (marine snail) shells are already
dissolving

Ocean acidification may have some direct
effects on fish physiology, behaviour and
fitness

Nitrogen fixation in some cyanobacteria may
be simulated



Societies and economies

Declines in shellfisheries will lead to
economic losses, but their extent is uncertain

Negative socio-economic impacts of coral
reef degradation are expected but the size of
the costs Is uncertain

M

Impacts of ocean acidification on ecosystems
may affect top predators and fisheries

Ocean acidification will alter biogeochemical
cycles at a global scale

@ IGBP



Brief assessment of consequences

e Chemical effects: very high confidence
e Biological and ecological effects: high to

low confidence mm

e Biogeochemistry, society and the
economy: medium to low confidence m

e Knowledge gaps:
e Multiple stressors
e Evolutionary adaptation
e Response of communities
e Food web, up to predators

@ IGBP




Meta-analysis

_ Enhanced <25%

Response

Mean Effect

No effect
Reduced <25%

_ Reduced >25%

Not tested

Calcifying algae

Survival
Calcification
Growth
Photosynthesis
Abundance

Corals

Survival
Calcification
Growth
Photosynthesis
Abundance

Survival
Calcification
Growth
Photosynthesis
Abundance

Survival
Calcification
Growth
Development
Abundance

Crustaceans

Survival
Calcification
Growth
Development
Abundance

Survival
Calcification
Growth
Development
Abundance

Fleshy algae

Survival
Calcification
Growth
Photosynthesis
Abundance

Seagrasses

Survival
Calcification
Growth
Photosynthesis
Abundance

Kroeker et al. (2013)

Echinoderms

Survival
Calcification
Growth
Development
Abundance

Diatoms

Survival
Calcification
Growth
Photosynthesis
Abundance




Policy options for action

e UN Framework Convention on
Climate Change: Conference
of the Parties, IPCC,
Conference on Sustainable
Development (Rio+20)

e Convention on biological
diversity

e Geoengineering

e Regional and local acts, laws
and policies to reduce other
stresses

(WGII 30.6.4, 30.7.1)

Desire for
improved
well-being

Impacts on

humans and
ecosystems

Climate
change

Consumption
Conservation of goods and
services

Efficiency

Consumption

Low-carbon of energy
Solar emission energy

geoengineering technologies

Cco,
removal

CO,in co,
atmosphere emissions
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Willapa Bay oyster grower sounds
alarm, starts hatchery in Hawaii

A Willapa Bay shellfish company is shifting some of its business to
Hawaii because of ocean acidification that scientists believe is Consumption

killing tiny oyster larvae in shellfish farms along Washington's Low-carbon of energy

emission energy
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Policy options for action

e UN Framework Convention on

Climate Change: Conference
of the Parties, IPCC,
Conference on Sustainable
Development (Rio+20)

e Convention on biological
diversity

e Geoengineering

e Regional and local acts, laws
and policies to reduce other
ESTES

(WGII 30.6.4, 30.7.1)

Gattuso et al. (2014; IPCC AR5 WGilI)

Que faire ?

Faisabhilité

Gestion
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Billé et al. (2013)
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Conclusion

Ocean warming and deoxgenation L

Atmospheric Ocean Acidification Changes to Organisms

Driver change and Ecosystems

Socio-economic Impacts Policy Options for Action

e UN Framework Convention on
Climate Change: Conference
of the Parties, IPCC,
Conference on Sustainable
Development (Rio+20)

e Reduced shell and

_ e Fisheries,
skeleton production

aquaculture and
Burning of fossil y Ibn_creabsed EOZ e Changes in food security
: icarbonate ions
fuels, cement Increase in and acidi assemblages, food e Coastal protection _ _ _
manufacture atmospheric ty webs and ecosystems e Convention on Biological
. e Tourism iversi
and land use CO2 e Decreased . - BIOdIVEI’SIty T Diversity
change carbonate ions o
and pH e Changes in biogas
production and * Carbon storage e Regional and local acts, laws
feedback to climate and policies to reduce other
stresses

e Climate regulation e Geoengineering

relevant sections : wi (
[WGI 6.3.2] [WGI 2.2.1] [WGI 3.8.2, 30.2.2] / 0.5.3,30,5.4, 3 ‘ [CC-CR,5.4.2.2,5.4.2.4,30.6.2] [30.6.7]

High Certainty Low Certainty

Gattuso et al. (2014; IPCC AR5 WGlI)



Conférence climat, Paris (COP21)

e Constitution d’'un groupe d’expert : The
Oceans 2015 Initiative

e Fondation Albert Il et Ocean

Acidification International Coordination
Center

e |nformation des négociateurs a la
lumiere des engagements exprimes en
mars 2015



Mercl

e Organisateurs de I’'Université d’été
e Soutien financier :

e Commission Européenne

e Fondation BNP Paribas

e Fondation Prince Albert |l de Monaco

e Agence internationale de I'énergie atomique




