Marine Biogeochemical Modeling:
Ocean Acidification
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Talk Outline
*Fossil Fuels & Global Carbon Cycle
Past & Future Seawater Chemistry
*Climate-Carbon Cycle Feedbacks
*Calcification & Biogeochemistry
*Biological & Ecological Effects
*Policy, Economic & Social Dimensions
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Ocean Carbon Cycle &

Ocean Acidification
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Anthropogenic CO,
uptake currently controlled
by ocean circulation; but
in future, what will be role
of climate & biology?

For ocean acidification
may want models to
address many different
aspects:

-patterns & trends in
Seawater chemistry

-population biology of
individual species
-food-web & ecological
interactions

-biogeochemical
feedbacks

-Ssocio-economic effects
on fisheries & ecosystem
services
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PARTS PER MILLION

Rising Atmospheric CO,

Atmospheric CO, at Mauna Loa Observatory
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"Thus human beings are now carrying out a large scale

-strong evidence for human causation
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geophysical experiment...”
Revelle and Suess, Tellus, 1957
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Fossil-fuel CO; emissions
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Fossil fuel, cement and LLC

Atmospher ic growth
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New mitigation scenarios: representative
concentration pathways (RCPs)
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New way of producing/using scenarios devised by WG1, WG2
and WG3 communities (not IPCC)
pre-AR4:

(a) Sequential approach

Emissions & socio-

economic scenarios
1 (IAMs)

L 4

2 Radiative forcing

post-AR4:

(b) Parallel approach

Representative concentration
pathways (RCPs) and levels
1 of radiative forcing

/
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Climate projections
3 (CMs)

Impacts, adaptation
& vulnerability

4

(IAV)

Climate, atmospheric

& C-cycle projections -

2a (CMs)

w

2b

Emissions & socio-
economic scenarios

(IAMs)

Impacts, adaptation,
vulnerability (IAV) &
3 mitigation analysis

(Moss, R., et al., 2009: Representative Concentration Pathways: A New Approach
to Scenario Development for the IPCC Fifth Assessment Report. Nature, in press.)

S

(CTTITC



Anthropogenic CO, & Ocean pH
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(a) Year in SRES A2 / B1 (b) Year in SRES A2 / B1
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Ocean Climate Responses & Feedbacks

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

3 8

OCEAN CO, SINK
Ocean acidification

|

BIODIVERSITY
BIOGEOGRAPHY
PHYSIOLOGY

T XN

¥

ECOSYSTEM
SERVICES
Fisheries, tourism,
shore protection, ...

BIOGEOCHEMISTRY
Carbon & nutrient
fluxes, CO, & other
greenhouse gases

1 §

ECOSYSTEMS
Food webs, energy
flow
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Cilimate Change Fesdba ok on pH

Climate Change Feedback on Cheay

McNeil and Matear, Tellus (2007)
Cao et al., GRL (2007)

Small direct
climate ApH .

Larger direct
climate AQ>0

LT P | I I
dJOE BIE SOE 12HE 1BIE 180 150W 120W S0W BOW 30w 0

1000 -300 -330 -250 -200 130 100 50 0 B0 100 180 200

Fung et al. PNAS (2005)

______

= ﬁ ——————————————————————————
=

T T T 1
1900 18650 200 2050 2100




>
%

1 1 1 1 1 1 1 :j F} pe
{o -~ . == 7lB. Climate Change Feedbacks
17 D e Qe =
Sy A ‘:;' W - 1'-‘ i'\-: -‘;-l'.h 5'? ] 0.3
5 5 B2 A . Y 1 : .
_I‘?‘i J %E!-""T I‘ﬁ --—f _;" [ Ho.z (@) Arctic Dcean
1% A ot SANS e
\::i.- J{v .-]E &wf-q_ ..'-\. | :I
47 7 W et oL + A~
Y ._:-.E'.-ﬁ_'\-_\_il : . . .
Loy e ! ? — —L ma YWarming
it i g . o W '] oy | | - L'bd' -
| A { | 2 — —0.2 —
W, b | . — o Z.08 -
_ R, W RS { | =03 o | u
- j ¢ £
- —0.4 C 2.04 - -
i il = - | F o |
» } .J'.-’-'"r . —.2 .L.;_ﬁ.#ﬁh ..1*""-'" _.ﬁ;.ng.fu.u'* Iln,'t. ™ l. -"'J."\.-
£ = il _fE 2,00 H .-J“*P i "'“-""h. i
T T T T T T T LG i le: o e ‘- B
oo 100°E 160w B0"W .88 AT '~,-“l..'-r-"‘-'.‘Hl
(b) ApH T wWarming "-1:5',,'_
1 1 1 1 1 1 1 ™ ﬁ 4
. —— I o 1.92 T T T T T
B i Tl ir -
A S i hfj%t W 4 0.74 13;50 1QII:J|:| 19I5I:| Eﬂlﬂﬂ EI:JFJEI 2100
| _.-1’.;.-";.-;"" = - ..-.'\'_i_. . ;_ ___I::.C_.?{__‘; [, £ | [ [h:l SUHN_?G:H
Al PR o hed N & 018 776 B
I . v Yo A 1H
Ings ™ ok P o Thk '
H.-"h.. .':'\-_I- - -! !\'. i -'. ]| e 2'22 7 I A -
| .- Yo _.I-"I . .'-\_ .I-h!:h { N LERA s i AL
Ll 1* = = r
I b/ '_.I:___-":" '\-' 3, ) L1 1 iE n 2 ~F L
Nl o S <) | coz~AkDIC
i T \ — —0.06 E el
— | 1 y [ T | [ — = 2_'# - ’k',dllld-_' |
- g . Iy | _I: 1 2 t . irlli‘ -
- {'-:' _:_‘: || _-'_ | ‘_i:_r"'
" ! —0.18 10 - £riee |
- 210 ,7.--,-','5':#
7] e g —C. 24 7] el B
; e PLTE rs_:l__ - ) Z.08 - ch v M,H‘LHJ;F i’ -
| | | | | | | —0.3 B e wh i
o* 100°E 160w B0 202

Steinacher et al.,

Biogeosciences, 2009

1980 2000

Year

1850 1900

2080  2100%

1930

Vo1 SN



Climate Change Impacts on Primary Productivity
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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)



Climate Forcing: Synergistic effects of changes in temperature,

nutrients, trace metals, sea-ice, mixed-layer depth, CO,(aq),
pH and Q

Biotic Interactions: Competition, predatory-prey, viruses, ...

PIC/POC

J

|glesias-Rodriguez et al. Global Biogeochem. Cycles (2002)



Calcification in Ecosystem Models

*Model approach
fixed PIC/POC,
statistical, dynamic

*Prognostic models
(light, MLD, SST,
nutrients, grazing)

*Functional groups
coccolithophorids,
forams, pteropods

Data limitations for
verification and
parameterization
(satellites, field,
laboratory)

Satellite jatemcss e

M Od el phoras Autumn (Sep-Dec)

B0-150-120-90 -80 -30 0 30 &0 90 120150 180

Gregg & Casey Deep-Sea Res. 11 (2007)
Moore et al. (2004); Le Quere et al. (2005)




Global Budget Pg CaCO,-Clyr

Feely et al. Science (2004);
Berelson et al. GBC (2007);
Sarmiento et al. GBC (2002)

Global rates & regional patterns of
water column dissolution, flux from
deep traps
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Acidification, _sop 50% drop &
e pe . E | calcification * 5
Calcification & g 1.k
Climate g AL - |-
Feedbacks 2 | 1 g
£ <ol Aatm. COZ/ 1 ™°3
. . ¢ [ -10ppm 1%&
Negative (damping) s | 1408
. o -10.0
climate feedbacks P S (-
A atm. CO,< 0 ™ - -
ADleurf <0 Heinze, Geophys. Res. Lett. (2004)
AAlkg, s> 0 Zondervan et al. Global Biogeochem. Cycles

(2001); Gehlen et al. Biogeoscience (2007);
Ridgwell et al. Biogeoscience (2007)

*Reduced formation of biogenic CaCOj,
*Decrease organic matter remineralization
lengthscale (ballasting)

Increase subsurface CaCO, dissolution
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Niches & Plasticity

No current analogues to some
future climate conditions??
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Food-web Interactions
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*How do we test model

forecasts? (spatial &
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46.0°N .
| Modeled pH Reglonal Models
14.0°N -Upwelling & mesoscale eddies
- -Coastal models
42.0°N- -Basin-scale models
P Blackford & Gilbert J. Mar.
e i Systems 2007
T 38.0°N Seasonal variation of pH
36.0°N-
34.0°N-
32.0°N —T T T T I e ——
130.0°W IZ().U“‘: 'nmli“”]lfl.f}o\ / 118.0°W
Gruber et al. Deep-Sea Res. 2006
Hauri et al. Oceanography (in

press)

Fig. 6. Map of the modelled annual pH mange simulated across the southern North Sea domain.



Particle Tracking-Individual Based Models
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Resource |Impacted by Acidification

Fisheries | Plankton - food chain dynamics
Mollusks and Crustaceans : :
Reefs - critical habitat -Provide direct

benefits to society

Coastal Reefs - Protect shore lines _ _
Protection | Erosion of CaCO; deposits -Valuation estimates:
Ocean CO, | surf. alkalinity; biological pump | *difficult to replace by
Uptake technology
- | w=mse | *cOst Of total loss
e | dramatic

emoral choices
involved in valuation

| *both market and non-
market value

Costanza et
al. (1997)

1994
Values

100 1,000 10,000
USS ha' yr1




Commercial fisheries
depend on species at risk

e B Uninfluenced
1400 e o New England primary
200 :,b:ers fishery revenue
- Shrimp ~$850 million/year
$1 B|”|0n/year Other calcifiers ~80% are from

B Oysters & mussels

800 . M Scallops
M Clams
- I
I . - - -

shellfish

400

scallops 2w
& clams

New
England
(10™-8)
Atlantic
(107-B)
Gulf of
Mexico
(107-6)
Hawali
(104-8)
Alaska
(10%-8)

Cooley & Doney
Environ. Res. Lett

2009

Pacific & at
sea (10°-

N




25000 _ . |
a) Global production Unclassified fishes

20000 - H Not affected/unknown
B Top predators
15000 - B Calcifiers' predators
E - Krill
10000 - Shrimp
Lobsters
5000 A Crabs/Lobsters

o mm 1

Pacific Atlantic Indian Southern Other
(x107-4) (x107-3) (x107-3) (x107-1) (x107-1)

Cooley, Powell & Doney
Oceanography (in press)

Crabs

® Unclassified invertebrates ® Sponges

® Corals

® Misc. mollusks
Pearls/shells

B Mussels/oysters

B Scallops

B Clams




Seafood as percent of total protein, 2003-2005
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Uncertainties in Future Projections (confidence)

-anthropogenic CO,, pH & CaCO, saturation €
-fossil fuel emissions & atmosphere CO, (med.)
cocean pH & Q; surface (high) & subsurface (med.)
*small climate/carbon feedbacks (med.)
-other acidity/alkalinity inputs
«atmosphere N & S => reduce coastal Alk & outgas CO, (med.)
*sediments, rivers, & goundwater (low/med.)
-calcification & biogeochemical impacts
higher surface alkalinity & atm. CO, drawdown (med.)
particle ballast, elemental stochiometry, trace gases
-biological & ecological effects
sindividual organisms: transient (high), adaptation (low)
~effects on foodwebs & higher trophic levels (low)
-policy, economic & social dimensions
«atm. CO, guard rail (0.2 pH drop?) (low/med.)
seconomic value fisheries, coral reefs, biodiversity (low)




Absolute decrease in Qar, 1875-2095

2.2

Feely et al.
Oceanography
(in press)
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