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Ocean: considerable value

® Moderates climate change

¢ Represents more than 90% of the
habitable space of the planet

e Hosts 25% of high-level species

® Provides 11% of global animal protein
consumed by humans

e Ocean ecosystems protect coastlines
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Impacts of human activities

50,000
years ago
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Anthropogenic perturbation of the global carbon cycle
(2005-2015; Gt CO./yr)

Fossil fuels & Atmospheric
industry growth Land sink
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Ocean sink
95+1.8

Geological
reservoirs

Source: CDIAC; NOAA-ESRL; Le Quéré et al 2015; Global Carbon Budget 2015



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/

CO, emissions from fossil fuels and industry




CO, emissions from fossil fuels and industry

Data: CDIAC/GCP/BP/USGS Projection 2015
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Global carbon budget (2005-2014

33.0 = 1.6 Gt CO2/yr (91%
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Ocean: actor and victim of climate change
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Vastly different knowledge

More than 60 years
Decades to " hypoxia research
centuries of

research

Almost 20 years
of acidification
research

What is not understood:
[ What are the combined effects of these ]

stressors on organisms and their fitness
relevant traits?

Hannes Baumann doi:10.1002/l0e2.10002 [ASLO E'MHI]




Ocean acidification




Causes of ocean acidification
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More acidity

Less acidity

What is ocean acidification?

Concentrations
of Hydrogen ions Examples of solutions
compared to distilled and their respective pH
water (pH)
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More acidity

Less acidity

What is ocean acidification?

Concentrations
of Hydrogen ions Examples of solutions
compared to distilled and their respective pH
water (pH)

10,000,000 0 Battery Acid
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pH and acidity




pH and acidity

Acidity : x 10-2 mol H+/kg

8.20 17.00




Ocean acidification can be measured

. Iceland
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Ocean Data View

Bates et al. (2014)



Ocean acidification can be measured
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Bates et al. (2014)

pH (total scale

Range 1995-20009:
-0.0015 to -0.0022 units yr- 1990 1995 2000 2003

IPCC AR5 WG |




Geographical differences

Year in SRES A2
2013 2043

Tropical Ocean

Southern Ocean

Central California
Current System

% Bottom

Aragonite saturation

Calcite saturation
- Bottom layer 60-120m

400 500
Atmospheric pCO, (ppm)
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Spatial and temporal variability of surface pH

Open Ocean . Anfarctic . Upwelling . Estuarine/Near shore

Temperate Eastern Pacifie (CCE1) Cindercones, Antarctica Pt. Conception, CA (CCE2) —— Elkhorn Slough, CA, tidal estuary (L1)
Tropical Central Pacific (Kingman Reef) : Cape Evans, Antarctica [ = Pt. Ano Nuevo, CA (M1) ) —— Monterey Bay, CA, near shore (L20)

G

Extreme
offshore ojos discharge, Puerto Morelos, MX
—_— CO2 vents, Ischia, IT

Coral reef

—— Moarea, French Polynesia . Kelp forest
Palmyra Atoll, reef terrace La Jolla
Palmyra Atoll, fore reef - Santa Barbara

Hofmann et al. (2011)



Papers on ocean acidification

Year: 1906-2003
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Papers on ocean acidification

Year: 1906-2003 PaperS'

e 604 in 2015
® 50% in past 4 years
* +33% y ' since 2000
vs +4% y' in WoS
Authors:
e 1947 in 2015
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Meta-analysis: Kroeker et al. (2013)

e Significant negative effect

on. -2 1 Positive effect
e survival

e calcification
e growth

e development
e abundance
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Meta-analysis: Kroeker et al. (2013

_ Enhanced <25%

No effect
Reduced <25%

_ Reduced >25%

Not tested

Response

Mean Effect

Calcifying algae

Survival
Calcification
Growth
Photosynthesis
Abundance

W\
V//

"’/‘

Corals

Survival
Calcification
Growth
Photosynthesis
Abundance

Survival
Calcification
Growth
Photosynthesis
Abundance

Survival
Calcification
Growth
Development
Abundance

Survival
Calcification
Growth
Development
Abundance

Survival
Calcification
Growth
Development
Abundance

Fleshy algae

Survival
Calcification
Growth
Photosynthesis
Abundance

Seagrasses

Survival
Calcification
Growth

Photosynthesis
Abundance

Echinoderms

Survival
Calcification
Growth
Development
Abundance

Diatoms

Survival
Calcification
Growth
Photosynthesis
Abundance




Ocean warming




Warming: mass mortalities

(b) After bleaching

Gattuso et al. (2014). © R. Berkelmans

Also elsewhere:
Mediterranean Sea
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Warming: redistribution of species

Distribution shifts towards: Warmer waters <= Cooler waters

Direction of shift consistent with climate change (warming)
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Polar displacement?
A few corals do not make a reef

Tsushima Is®
ki I1s®

= s =
=
S RY
#
F

128°E

So

o
90s -"?J}h o
Is
-

o

Tsugaru g ¥ Strait

Tateyama "~ ---- .

Kushimoto—Shirahama

o Onegashima lIs.

132°E

136°E

Warming
14 km/year

(2102) ‘|e 1o eie)



Polar displacement?
A few corals do not make a reef

Tsugaru g ¥ Strait

So

o
90s -"?J}h o
Is
-

o

Tsushima +|sf' : ' _ _
ki 1s® o1 s. "¢ Kushimotgl Shirahama

= s =
=
S RY
#
F

’ o Onegashima lIs.
igeghima I1s®
Acidification
Warming
14 km/year

(2102) ‘|e 1o eie)

128°E 132°E 136°E



Ocean
deoxygenation




Causes of deoxygenation

e O- decreases due to increase in ocean
warming and stratification

e | ike ocean acidification, regional and
local drivers too




Causes of deoxygenation

Ultimate cause Proximate cause f al p Effect / stressor

Industrial =
agriculture, land G’lfF_HSII_I'I'IEE the
use, population dissolved O, —>
growth - Increased in water

Eutrophication microbial
respiration

Deoxygenation/

Hypoxia

Produces CO, - _
A e e e  Acidification

Increased water

phytoplankton
growth

Eutrophication-
induced HYPOXIA has

long been recognized
as a global problem.

Coastal
ACIDIFICATION
is the other Eutrophic
s » ® Hypoxic
eutrﬂphlca tion ® Improved hypoxic e
prﬂb;em! W WL oG

Hannes Baumann doi:10.1002/l0e2.10002 ASLO e-Llectures



Global impacts on the
ocean

OCEANOGRAPHY

Contrasting futures for ocean and

society from different anthropogenic
CO, emissions scenarios

J.-P. Gattuso,”>3* A. Magnan,® R. Billé,* W. W. L. Cheung,’ E. L. Howes,® F. Joos,’
D. Allemand,®®° L. Bopp,'® S. R. Cooley," C. M. Eakin,'? O. Hoegh-Guldberg,"*

R. P. Kelly,'* H.-O. Portner,® A. D. Rogers,'* J. M. Baxter,'® D. Laffoley,'” D. Osborn,'®
A. Rankovic,?>'? J. Rochette,? U. R. Sumaila,?’ S. Treyer,?> C. Turley**

Science, July 2015



IPCC coverage of the ocean

2007: AR4 2014: AR5 2019: Special reports 2021 (?): AR6

- 1.5vs 2°C

- Ocean and
Cryosphere
(Proposal from the
Government of
Monaco)



Future scenarios

>1,000 ppm CO,eq RCP8.5
(172 scenarios, RCP8.5) 3.2-54°C

720-1,000 ppm
(148 scenarios, RCP6)

580-720 ppm
(144 scenarios, RCP4.5)

480-580 ppm
(509 scenarios, no equivalent RCP)

= 430-480 ppm
(116 scenarios, RCP2.6)

2014 estimate

Relative to
1850 - 1900

00
@)
|

(@)
@)
!

>RCP6
2.0-3.7°C

AN
@)
|

‘_/\
>
(@
O
O
]
O
-/
)
—
.0
)
L
&
(V)
Q]
O
@,
]
()
Z

Historical
emissions

— »RCP2.6
Net-negative global emissions : 0.9-2.3°C

_ZO I I I I |
1980 2000 2020 2040 2060 2080 2100

Year

Fuss et al. (2014)




Physics and chemistry

Low CO2 emissions 2100 Business-as-usual
(RCP2.6) (Year) (RCP8.5)

+1.2°C < AT =P +3.2°C
CO2 —0.14 units €= ApH =» —0.4 units . |

+0.60 m <« SLR =p» +0.86 m




Physics and chemistry

Low CO2 emissions 2100 Business-as-usual
(RCP2.6) (Year) (RCP8.5)

u

+1.2°C < AT =P +3.2°C _
CO2 —0.14 units €= ApH =» —0.4 units -

+0.60 m <« SLR =p» +0.86 m

e Thresholds: +1.5 °C and -0.2 pH
units relative to preindustrial

e RCP8.5: 69% of the ocean surface
will exceed both thresholds

e RCP2.6:<1%



Risks of impact on marine and coastal organisms and
ecosystem services

T
w

Change in sea surface pH
(units relative to 1870-1879)

N
Change in sea surface temperature
(°C relative to 1870-1879)

L S S

Ll Ll T 0
1 500 1000 1500 2000 2500

1970) ~ Cumulative fossil fuel emissions since 1850 (GtC)
1985 ! !
2000 !
2015

Changes in the global average of
sea surface pH sea surface temperature

RCP85 —-—-— ——— RCP85
RCP45 —-—-—  |68%confidence  _______ Rcp4s
RCP26 —-—-— interval ———— RCP26

Global average sea surface temperature and pH at present and in 2100 according to the 3 RCPs.

Present day (2005-2014)

Gattuso et al. (2015)




Risks of impact on marine and coastal organisms and
ecosystem services

T
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RCP4.5 4k

Open
ocean
carbon
uptake

Coastal Recreational Bivalve Fin
protec- services fisheries & fisheries
tion  from coral aquaculture (low lat.)
reefs (mid lat.)

Ecosystem services

Seagrass Mangroves \Warm- Finfish
(mid lat.) water

corals

Pteropods Bivalves Krill
(high lat.) (mid lat.) (high lat.)

Coastal and marine organisms

Fin fisheries
(mid & high
lat.)

Changes in the global average of

sea surface pH
RCP85 —-—-—
RCP4.5 —-—-—
RCP2.6 —-—-—

sea surface temperature
RCP8.5
RCP4.5
RCP2.6

68% confidence
interval

Global average sea surface temperature and pH at present and in 2100 according to the 3 RCPs.

Present day (2005-2014)

Risk of impact

High Very high

Undetectable Moderate

Confidence levels for present-day and the 3 RCPs
I* 2% 3* 4% 5%
very low low medium high very high

Gattuso et al. (2015)
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4 Key messages

. Ocean strongly influences the climate
system and important provider of key
services

3
S

POLICY BRIEF
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Intertwined ocean and climate:
implications for international
climate negotiations

Alexandre K. Magnan (IDDRI), Raphaél Billé (Secretariat of the
Pacific Community), Sarah R. Cooley (Ocean Conservancy),
Ryan Kelly (University of Washington), Hans-Otto Pértner (Alfred
Wegener Institute), Carol Turley (Plymouth Marine Laboratory),
Jean-Pierre Gattuso (CNRS-INSU, Sorbonne Universités, IDDRI)

IAEA | OA-ICC

. Impacts already detectable, high risk = e

\=a BNP PARIBAS

INTRODUCTION

he atmosphere and ocean are two components of the

Earth system that are essential for life, yet humankind

is altering both. Contemporary climate change is now a

well-identified problem: anthropogenic causes, distur-

bance in extreme events patterns, gradual environmental
changes, widespread impacts on life and natural resources, and
multiple threats to human societies all around the world. But part of
the problem remains largely unknown outside the scientific commu-
nity: significant changes are also occurring in the ocean, threatening
life and its sustainability on Earth.

| | ] n A .

This Policy Brief explains the significance of these changes in the
I I I I I l I I I I l I r I I I ocean. It is based on a scientific paper recently published in Science
] (Gattuso et al., 2015), which synthesizes recent and future changes to
the ocean and its ecosystems, as well as to the goods and services they
provide to humans. Two contrasting CO, emission scenarios are con-
u u u sidered: the high emissions scenario (also known as “business-as-usu-
This article is based on research that has received a finan- al” and és the Rep_resentarlve Cfmcemratl_on Pathway 8‘.5’ RCP8.5)
: . and a stringent emissions scenario (RCP2.6) consistent with the Co-

cial support from the French government in the framework . . L
; . penhagen Accord’ of keeping mean global temperature increase be-

of the programme « Investissements d’avenir », managed

by ANR (French national agency for research) under the low 2°C in 2100.
reference ANR-10-LABX-14-01.

and mostly irreversible impacts e — 40909090900

group supported by the Prince Albert Il of Monaco Foun-
dation, the Ocean Acidification International Coordination

Centre of the International Atomic Energy Agency, the BNP KEY M ESS AG ES

n - Paribas Foundation and the Monégasque Association for _ . :
A I -~ Ocean Acidification. 1 Climate and ocean are inseparable: the ocean moderates anthropogenic climate
r‘ ( } ( ; ( } r l change by absorbing significant proportions of the heat and CO2 that accumulate in

n S C O 2 I C re a S S t rOt Ct I O the atmosphere, as well as by receiving all water from melting ice.
, , This climate-regulating function happens at the cost of profound alterations of the

ocean’s physics and chemistry, leading to ocean warming and acidification, as well
as to sea level rise. These changes significantly affect the ocean’s ecology (organisms

of impacts well before 2100, even
with a low emission scenario

n | | n
ol and ecosystems) and eventually marine and coastal human activities (fisheries, aqua-
a a a I O n a re al r O I O S =] q p culture, tourism, health...).
I l I l ':; Institut du Qevelpppeme_nt durable As atmospheric CO2 increases, possible human responses become fewer and less
) é et des relations internationales effective.

27, rue Saint-Guillaume This scientific statement provides further compelling arguments for immediate and
75337 Paris cedex 07 France ambitious CO2 emissions reduction at the international level. This conclusion applies

become fewer and less effective

SciencesPo

2CI6NCE2|H0
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Paris Agreement

Nations Unies
Conférence sur les Changements Climatiques 2015

Paris -France =

COP21- CMP11

PARIS 2015

UN CLIMATE CHANGE CONFERENCE

) {
E/ SG COP2

4
:
4
Ly

,’.I
[ ey
b L s < P S

. Lol
Shebh

»
\J

'i. :
A

“Holding the increase in the global average
temperature to well below 2 °C above pre-industrial
levels and to pursue efforts to limit the temperature
increase to 1.5 °C above pre-industrial levels...”



Implications of the Paris

agreement for the ocean

Alexandre K. Magnan, Michel Colombier, Raphaél Billé, Fortunat Joos, Ove Hoegh-Guldberg,
Hans-Otto Portner, Henri Waisman, Thomas Spencer and Jean-Pierre Gattuso

Nature Climate Change, May 2016



What does it means for the ocean?

1960 2000 2040 2080

A
SST

Sea level

Surface pH

D

Ocean volume with
aragonite saturation

Oxygen content

1960 2000 2040 2080
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What does it means for the ocean?
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What does it means for the ocean?
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The remaining carbon quota for 66% chance <2°C




The remaining carbon quota for 66% chance <2°C

Data: IPCC/CDIAC/GCP/Peters et al. 2015

~ 40001 TOtal quota

Past Fossil
Fuels and
Industry
1465

Future Future Fossil
LUC Fuels and
138 Industry

765

Total remaining
CO. quota
903 Gt CO,

Grey: Total quota for 2°C. Green: Removed from quota. Blue: remaining quota.
With projected 2015 emissions, this remaining quota drops to 865 Gt CO,

Source: Peters et al 2015; Global Carbon Budget 2015




The remaining carbon quota for 66% chance <2°C

Data: IPCC/CDIAC/GCP/Peters et al. 2015

venco. — Already used

Past Fossil
Fuels and
Industry
1465

Future Future Fossil
LUC Fuels and
138 Industry

765

Total remaining
CO. quota
903 Gt CO,

Grey: Total quota for 2°C. Green: Removed from quota. Blue: remaining quota.
With projected 2015 emissions, this remaining quota drops to 865 Gt CO,

Source: Peters et al 2015; Global Carbon Budget 2015




The remaining carbon quota for 66% chance <2°C

Data: IPCC/CDIAC/GCP/Peters et al. 2015
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With projected 2015 emissions, this remaining quota drops to 865 Gt CO,

Source: Peters et al 2015; Global Carbon Budget 2015
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The remaining carbon quota for 66% chance <2°C

Data: IPCC/CDIAC/GCP/Peters et al. 2015
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Grey: Total quota for 2°C. Green: Removed from quota. Blue: remaining quota.
With projected 2015 emissions, this remaining quota drops to 865 Gt CO,

Source: Peters et al 2015; Global Carbon Budget 2015




Historical cumulative emissions by country

©
e
O
e
©
O
O
(@)
-
o
C
O
T
o
Q.
O
| -
al

2000 14

Cumulative emissions (1990-2014) were distributed USA (20%), China (19%), EU28
(15%), India (5%)

‘All others’ includes all other countries along with bunker fuels and statistical differences
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015
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Cumulative emissions (1990-2014) were distributed USA (20%), China (19%), EU28
(15%), India (5%)

‘All others’ includes all other countries along with bunker fuels and statistical differences
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015



http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://dx.doi.org/10.5194/essd-7-349-2015
http://www.globalcarbonproject.org/carbonbudget/
http://www.globalcarbonproject.org/carbonbudget/

Historical cumulative emissions by country

Cumulative emissions from fossil-fuel and cement
were distributed (1870-2014): USA (26%), EU28
(23%), China (12%), and India (3%) covering 64% of
the total share
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Cumulative emissions (1990-2014) were distributed USA (20%), China (19%), EU28
(15%), India (5%)

‘All others’ includes all other countries along with bunker fuels and statistical differences
Source: CDIAC; Le Quéré et al 2015; Global Carbon Budget 2015
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The emission pledges (INDCs) of the top-4 emitters
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What it means?

Recommendations from Climate Analytics based on IPCC reports Greenhouse gas
emissions

40-70% cut on 2010
emissions levels by 2050

o Net zero
2°C target emissions
66% chance of limiting
warming to below 2°C
In the 21st century

Starting
benchmark

2010 2060-2080 _ 2080-2100
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Redrawn from Carbon Brief




What it means?

Recommendations from Climate Analytics based on IPCC reports Greenhouse gas
emissions

40-70% cut on 2010
emissions levels by 2050

o Net zero
2°C target emissions
66% chance of limiting

warming to below 2°C
In the 21st century

Net zero
1.5°C target emissions
More than 50% chance
of limiting warming to
below 1.5°C in 2100

Starting
benchmark

2010 2060-2080 _ 2080-2100

>

Redrawn from Carbon Brief




How much fossil fuel must stay underground?

To have a 66% chance to remain below 2°C




How much fossil fuel must stay underground?

To have a 66% chance to remain below 2°C

52% N 35%

of natural of oll
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Redrawn from Carbon Brief




Summary of estimated temperature rise

Estimates for Global Temperature Rise with INDCs

=LOW 2.2

Climate Action Tracker
50% likelihood
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Climate Action Tracker
>66% likelihood

Climate Interactive (INDC strict)
50% likelihood

EC-JRC

IEA
50% likelihood

MILES (INDC extended)
50% likelihood

MIT (Central)
50% likelihood

MIT (Low)
5% likelihood

MIT (High)
95% likelihood

UNEP (unconditional)

[ ] [ ] ‘
| ]
1.5 2 : 4
Estimated increase in global average temperature above pre-industrial levels (in degrees C)
Note: “Likelihood" refers to the probability of limiting global warming to a specified

temperature by 2100. For instance, >66% likelihood provides a "likely" chance that
warming will not exceed the given temperature.

http://bit.ly/indc-temp WORLD RESOURCES INSTITUTE




/0 SN0 N0 N0 O O O
) oS O oON oS ON O~
O M O WO MmO WO
O M 0N WO M w0 O

MO[2q SUlUTRWI JO dURYD

@) W

o o
N LM

i

C
=
O
d
e
C
)
O
O
C
O
®.
-
©
O




/0 SN0 N0 N0 O O O
) oS O oON oS ON O~
O M O WO MmO WO
O M 0N WO M w0 O

MO[2q SUlUTRWI JO dURYD

@) W

o o
N LM

i

C
=
O
d
e
C
)
O
O
C
O
®.
-
©
O




Future risks of impact
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Magnan et al. (2015)



Future risks of impact

Finfish Open ocean
carbon uptake

Krill
(high latitudes)

Coastal
protection

Bivalves
(mid-latitudes)

Recreational
services fro

coral reefs
€
Bivalve

fisheries

I — — —— — > and aquacul
Warm water 10 Yl I IR (mid-latitue
corals -
5 x1.0 =
Fin fisheries X1 .4
(low latitudes)
Mangroves

Seagrass Fin fisheries

(mid-latitudes) (mid- and high latitudes) X2. 5

x2.7

Magnan et al. (2015)



[Ocean-based] Solutions
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[Ocean-based] Solutions

CO-> removal

TECHNIQUE

Bioenergy with
carbon capture
and storage
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More: http://bit.ly/1M6YIS6

Many thanks to coauthors
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