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L’acidification des océans - 
l’autre problème lié aux 

émissions de CO2



Cause de l’acidification des océans
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opinion & comment

CORRESPONDENCE:

Rapid growth in CO2 emissions after the 
2008–2009 global financial crisis 
To the Editor — Global carbon dioxide 
emissions from fossil-fuel combustion and 
cement production grew 5.9% in 2010, 
surpassed 9 Pg of carbon for the "rst time, 
and more than o#set the 1.4% decrease in 
2009. $e impact of the 2008–2009 global 
"nancial crisis (GFC) on emissions has 
been short-lived owing to strong emissions 
growth in emerging economies, a return to 
emissions growth in developed economies, 
and an increase in the fossil-fuel intensity of 
the world economy. 

Preliminary estimates of global CO2 
emissions from fossil-fuel combustion and 
cement production show that emissions 
grew by 0.51 Pg C (5.9%) in 2010 and 
reached a record high of 9.1±0.5Pg C 
(see Supplementary Methods). $is is the 
highest total annual growth recorded, and 
the highest annual growth rate since 2003 
(and previously 1979). $e 2010 growth 
overcomes the 1.4% drop in emissions 
recorded in 2009, which was due to the 
GFC, putting global CO2 emissions back on 
the high-growth trajectory that persisted 
before the GFC (Fig. 1). $us, a%er only one 
year, the GFC has had little impact on the 
strong growth trend of global CO2 emissions 
that characterized most of the 2000s.

For the past two years (2009 and 2010), 
emissions growth has been dominated by 
the emerging economies (Supplementary 
Table S1). $e CO2 emissions in developed 
countries (which we take as the Annex B 
countries from the Kyoto Protocol) decreased 
1.3% in 2008 and 7.6% in 2009, but increased 
3.4% in 2010, and are now lower than the 
average emissions during 2000–2007 (Fig. 2). 
$e CO2 emissions in developing countries 
(non-Annex B countries) increased 4.4% 
in 2008, 3.9% in 2009 and 7.6% in 2010; 
the GFC only causing a 40% decrease in 
emission growth in 2009 compared with the 
trend since 2000 (Fig. 2). $e 2010 growth 
was due to high growth rates in a few key 
emerging economies (Supplementary Table 
S1) — for example, China 10.4% (0.212 Pg C) 
and India 9.4% (0.049 Pg C) — although, the 
contribution from some developed countries 
was also substantial in absolute terms: for 
example, United States 4.1% (0.056 Pg C), 
Russian Federation 5.8% (0.025 Pg C) and 

the 27 member states of the European Union 
2.2% (0.022 Pg C).

For recent decades, the growth in 
global CO2 emissions can be explained 
mainly by the growth in economic activity 
corrected for improvements (decreases) 
in the fossil-fuel carbon intensity (FFCI) 
of the global economy (fossil-fuel and 

industrial CO2 emitted per US dollar of 
economic output, that is CO2 per unit of 
gross domestic product (GDP) [Au: OK?])1. 
Using constant-price GDP measured in 
purchasing power parities2 (real GDP), 
the FFCI has improved by 1.4% yr−1 on 
average between 1980 and 2000, but only 
by 0.9% yr−1 since 2000 (Fig. 1). Although 

1960 1970 1980 1990 2000 2010

Year

10

8

6

4

Fo
ss

il–
fu

el
 C

O
2 e

m
iss

io
ns

 (P
g 

C 
yr

–1
)

50

100

150

200

250

Carbon intensity of the econom
y (g C per $U

S)

Global financial crisis

Asian financial crisis

Collapse of FSU

US savings and
loan crisis

Oil crisis

3

2

3

2

5

6

4

1

2

0

5

6

4

2

3

1

4

5

3

4

5

3
1970 1980 1990 2000 2010

RoW RoW

RoW

RoW

US+EU15 Annex BFSU

Asia

b

a

c d e

Figure 1 | Global CO2 emissions and carbon intensity. a, Emissions of CO2 from fossil-fuel combustion and 
cement production for the world (Pg C yr−1; black curve) and the carbon intensity of world GDP (g C per 
$US (2000); red curve, inverted axis). The most important recent financial crises are highlighted with a 
linear trend fitted to the five years before the beginning of each crisis. b–e CO2 emissions (Pg C) for the 
regions most a#ected by each financial crisis (right axis) and the rest of the world (RoW; left axis). b, The 
oil crisis (1973), and the US savings and loans crisis (1979). [Au: what are the EU15?] c, The collapse of 
the Former Soviet Union (FSU; 1989). d, The Asian financial crisis (1997). e, The recent global financial 
crisis (2008–2009). 

• Rejets de CO2

• 1990-1999 : +1% par an
• 2000-2007 : +3.4 % par an
• 2009 : -1.4 % par an
• 2010 : +5.9 % par an

Peters et al. (2012)
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9.3 milliards 
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(10.4 milliards 
tonnes en 2011)

Le Quéré et al. (2012)
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Projections







Jim Orr



À l’échelle géologique

• 2100 : acidité la plus élevée depuis 800 000 
ans

• Vitesse du changement inégalée depuis au 
moins 300 millions d’années



Impacts potentiels

Modifié d’après J. Kleypas

Reproduction

Chaine alimentaire

Physiologie
• Photosynthèse
• Calcification
• Respiration
• Croissance

Comportement



Impacts biologiques
Augmentation de

CO2

Baisse de
carbonates 

CO2 + CO32- + H2O          2HCO3-

CO32- = brique utilisée par 
plusieurs organismes marins 
pour fabriquer leurs coquilles 
et squelettes 
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Impacts biologiques
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Calcified
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eFOCE
• Fondation BNP-Paribas ; 3 ans
• Deux problèmes majeurs des expériences 

passées :
• Sortir du laboratoire pour aller sur le terrain
• Réaliser des expériences à long terme (1 an)



Récifs coralliens

• Moins de 0.1 % des océans 
mais 275 millions d’habitants 
à moins de 30 km d’un récif

• Ressources : 20% du 
poisson dans pays en voie 
de développement 
(surexploitation dans moitié 
des îles du Pacifique)

• Tourisme : plus de 100 
pays. Australie : 5,4 milliards 
A$, 54000 emplois

• Protection des rivages

Tuvalu (© Dean Sewell)



Récifs coralliens

• Perturbations locales:

• développement urbain

• pollution

• Pertubations globales:

• Niveau de la mer

• Réchauffement

• Acidificaion Tuvalu (© Dean Sewell)



Que peut-on faire ?
•Prévenir l’acidification

•Limiter le CO2 atmosphérique
•Réduire les facteurs locaux

•eutrophisation
•rivières à forte acidité

•Augmenter la résilience des 
écosystèmes
•Adapter les activités humaines

•modifier comportements et 
processus
•se déplacer

•Réparer l’acidification
•diminuant acidité
•restoration d’écosystèmes 
dégradés
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Messages clés
• Nos émissions de CO2 causent une 

acidification des océans
• Conséquences négatives pour la plupart 

des organismes qui fabriquent une 
coquille ou un squelette calcaire

• Impacts sur la biodiversité
• Besoin critique de clarifier des inconnues
• L’acidification durera longtemps
• Il n’est pas trop tard pour s’attaquer à ce 

problème



Informations complémentaires
Messages for Rio+20
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Messages for Rio+20

It is amazing to think that just ten years ago hardly 
anyone had heard of ocean acidification.  
It is now much more widely understood that the 
increasing amount of carbon dioxide (CO2) we are 
emitting into the air by our activities is reacting 
with the ocean to alter its chemistry and push it 
along the scale towards acidity. One major effect is 
reducing the availability of carbonate ions needed 
by many marine animals and plants to build their 
shells and skeletons.

This briefing paper from the International 
Ocean Acidification Reference User Group 
provides essential information and highlights 
the actions needed on ocean acidification by 
Governments at Rio+20

There is little doubt that the ocean is undergoing 
dramatic changes that will impact many human lives 
now and ever more so in the coming generations, 
unless we act quickly and decisively. Previous 
acidification events in the Earth’s geological record 
were often associated with extinctions of many 
species. Whilst the causes of such extinction 
episodes are complex, it is notable that the 
biodiversity recovery took hundreds of thousands 
and, after mass extinctions, millions of years.
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Documents for policy 
makers – some 
written by EPOCA’s 
Reference User 
Group of 
stakeholders

A book and two award winning films 
one by school children and another 
by professional film makers

Dialogue with policy makers 
and media at climate change 
negotiations in Copenhagen, 
Cancun and Capetown

World leading 
website and blog on 
ocean acidification

D’après C. Turley
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Site web EPOCA: epoca-project.eu

Blog EPOCA: oceanacidification.wordpress.com
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