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"I am never content until | have constructed a mechanical
model of the subject | am studying. If | succeed in making
one, | understand; otherwise | do not.”

- Lord Kelvin

"People don't understand the earth, but they want to, so
they build a model, and then they have two things they don't
understand,”

-Gerard Roe in “The Whale and the Supercomputer” by C. Wohlforth

Complex
models




Marine Ecology & Biogeochemistry
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Model Elements Depend on Science Questions

Carbon Cycle & Biogeochemistry
*Inorganic CO, system, O,, nutrients, iron(?),
dissolved organic matter
*Net formation & remineralization of organic matter,
CaCO,, opal
Particle sinking & DOM transport




Ocean Circulation & Biology
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Biological Pump Efficiency & HNLC Regions
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Simple Prognostic Biogeochemistry Model
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Export Flux Parameterization
Production  J, .4 = Fr- Fyx - F;+ B - max(1.,z,,,/z.)/1.

f(Temperature, nutrients, light, biomass, time-scale)
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% Organic matter remaining
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e Case 2 : Exposed and protected OM
with no ballast dissolution

----- Case 3 : Exposed OM only with
no ballast dissolution

— — Case 4 : Exposed OM only (i.e. no ballast)

o Flux &

Remineralization

-Empirical power law
curves (Martin Curve)
-Ballast hypothesis
models as a function
of dust, CaCO,, opal
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Ballast Model

POC flux

Armstrong et al.
Deep-Sea Res. |l
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(b) POM Export, 75m, Annual Mean mol C/m°ly
90N
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Role of Large-scale Circulation on Productivity
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Large-scale Nutrient Constraints
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GLOBAL MEAN PROFILES OF DIC AND Ocean
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DIC = Total of all dissolved inorganic carbon species
Alkalinity = Measure of acid buffering capacity




Ocean Nutrient Distribution
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Nutrients in the subsurface ocean come from two sources:

* Remineralized (nutrients and CO, released from organic matter)

» Preformed (transported from surface water sources; leads to
decoupling of nutrients and CO,)
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pCO2 atm
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Export, mgC m * day"1

Particle export efficiency
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Export Flux & Export Ratio
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Diatoms/total abundance
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Particle Flux to Depth

(d) POC flux at 2000 m total = 0.21 Pg C y~1
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Flux Data & Models

(a) CCSM-BEC model
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(f) Transfer efficiency
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Diatoms/total abundance

Export,gCm == yr™




(a)

y
o
n

0.4
0.3
0.2

Transfer efficienc

0.1

- 010 20. 30 40 50. 60

opaI/FPOC

North Atl

North Subtrop Atl
South Atl

North Ind

South Ind

North Pac

North Subtrop Pac
East Eq Pac

West Eq Pac
South Subtrop Pac
North Southern
South Southern

l ] 1 _
0.050.100.150.200.25 0.2 0.4 0.6 0.8
NPPdiat/NPPtot

CQCO3/FPOC

N\
Yora s



Marine Ecology & Biogeochemistry
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