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Ocean Carbon Uptake & Ocean Acidification

Scott Doney, Woods Hole Oceanographic Institution

Atmospheric CO, at Mauna Loa Observatory

Scripps Institution of Oceanography
380 [T NOAA Earth System Research Laboratory _ 7

360 |-

340

PARTS PER MILLION

320

December 2009

1960 1970 1980 1990 2000 2010
YEAR

“Thus human beings are now carrying out a large

scale geophysical experiment...”
Revelle and Suess, Tellus, 1957
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Fate of Anthropogenic CO, Emissions
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Stengthening of Southern Annular Mode (SAM)
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Sea-Air pCO, Trends
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Figure 3 | Trends in the observed partial pressure of CO, for ocean
minus air, for 1981-2007. The observed trends are calculated by fitting a

Le Quere et al., Nature Geosciences, 2009 (in press)



Ocean Acidification Primer
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| warm- water corals

Biological Impacts

-Shell forming plants & animals
‘reduced shell formation
(calcification)

‘lower reproduction &
growth rates

-Habitat loss (reefs)

-Less food for predators
‘humans, fish, whales

-Possible negative effects on

larvae lobsters, crabs some plankton

cold-water
corals

¥ pteropods |
| pleropod : scallops, clams oysters
planktonic snails e -
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(a) Year in SRES A2 / B1 (b) Year in SRES A2 / B1
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Laboratory Tanks
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Coralline
Algae

Coralline algae
is replaced by
non-calcifying
algae

Kuffner et al.
Nat. Geosci.
2007




Increasing Acidity

Larval shellfish grow with more soluble shells
and more be more sensitive to acidification

Anne Cohen and Dan McCorkle, WHOI
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Economic and Social Impacts
of Ocean Acidification

-Ocean acidification threatens:
fisheries & aquaculture
coral reefs (tourism, coastal
protection)

*ecosystem services

-Coastal and island populations

at particular risk
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Valuable commercial fisheries depend on

species sensitive to ocean acidification

N Uninfll;:med Mollusks
$4 Billion USD (shellfish)

per year

Oysters & mussels
3%

Other calcifiers
1%

Lobsters
9%

2007 U.S. domestic ex-vessel revenue

Shell-forming
mollusks &
crustaceans form
valuable fisheries

About 50% of U.S.
primary fishery
revenue comes
from mollusks &
crustaceans

Cooley & Doney
Environment Research

Letters, 2009 7",



Profiling Floats
(Argo Network)

-each float profiles once —
every 10 days l
-temperature & salinity :

-handful of oxygen sensors L A0 (B hours) 1
-no carbon sensors yet

6 -12 hours at surface
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Global distribution of Coccolithophores
from NASA's MODIS sensor
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Coccolithophores

> produce the largest known

algal blooms on earth

> are critical to burial and long

term sequestration of carbon |

ocean sediments e %0 B

> will be dramatically affected | St at SEE |

by ocean acidification e tlevated j
W. Balch, Bigelow Laboratory for ' coccolithophores

Ocean Sciences




National Science Foundation: Ocean
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Scott Doney

Woods Hole Oceanographic
Institution
sdoney@whoi.edu
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Ocean Climate Impacts & Feedbacks

CHANGING CLIMATE
Higher atmosphere CO,,
altered ocean properties
sea-ice & circulation

Doney et al.

Deep-Sea Res. 1l (2009)

4 8

OCEAN MITIGATION
Ocean iron fertilization,
direct CO, injection

!

OCEAN CO, SINK o
Ocean acidification BIOGEOCHEMISTRY
-| Carbon & nutrient
fluxes, CO, & other
t “ greenhouse gases
BIODIVERSITY I
BIOGEOGRAPHY
PHYSIOLOGY ” ECOSYSTEMS
* Food webs, energy
flow

ECOSYSTEM
SERVICES
Fisheries, tourism,

shore protection, ...




Uncertainties about the Future
Strength of Ocean CO, Sink  Sensitivity to Climate Warming
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-The ocean is slowing the rate of global warming by
removing CO, from the atmosphere
-With time & warming the ocean will become less effective ..,

in removing CO, Friedlingstein et al., J. Climate, (2006)%, /@,
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Steinacher et al. Biogeosci. Disc. 2009

Climate Impacts
on Primary
Productivity

Tropics & subtropics:
*Reduced production
Increased stratification
Lower nutrient supply

Mid- to high latitudes
Increased production
*Weaker mixing

*Less sea-ice




Satellite Observations of
Ocean Biology

Increase

Pecrense
k.

0.0 -";
—g- > .00
-Global observations essential 2
o Qr
-Phytoplankton chlorophyli

(biomass proxy) decreases when
temperature increases:
tropics/subtropics
(agree with models)
stemperate/polar (contradict

models)
Behrenfeld et al. (2006; in prep

Increase
-

case

"

) Year

asnaraqy

PEVIIIN]

N.temperate A

:

= ﬁ 0.4
| S. temperate Ch
" 97 98 09 00 01 02 03 04 05 06 0T

L EYREY

(D,) Ajewoue |SS

PSDL22¢T asprianj

ASO2400



Ecological Changes to Retreating Sea-Ice

Decadal Change in
Surface Chlorophyll
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Penguin Populations near Palmer Station
Adélies declining, Gentoos and Chinstraps invading and increasing
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Expanding Ocean l"’"
Oxygen Minimum 5 150
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Stramma et al. Science (2008)

Froelicher et al. Global
Biogeochemical Cycles
(2009)
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Atmospheric growth

Land sink
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Response to increasing CO,

: : : a b C d
;?slzlgrlfsgelcal Major group ;:tljg?ect;es e | Pl ; (
Calcification
= Coccolithophores 4 2 1 1 1
Planktonic Foraminifera 2 2 - - -
e Molluscs 6 5 - 1 -
Echinoderms 3 2 1 - -
. Tropical corals 11 11 - - -
raIIine red algae 1 1 1 - -
Coccolithophores? 2 - 2 2 -
Prokaryotes 2 - 1 1 -
Seagrasses 5 - 5 - -
Nitrogen Fixation
- Cyanobacteria 4 ; 3 1 -
Reproduction
e Molluscs 4 - B} -
Echinoderms 1 1 - - -

AN

Adapte from Doney et al. Annual Review of Marine Sciences (2009)
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