
How does the `organi arbon pump'determine the equilibrium CO2 onentrationin the atmosphere?

Anne Willem OmtaJorn BruggemanVrije Universiteit, Department of Theoretial Life SienesHenk DijkstraUniversiteit Utreht, Institute for Marine and Atmospheri Researh Utreht(IMAU)Bas KooijmanVrije Universiteit, Department of Theoretial Life Sienes
1



Motivation: Ie Age yles

Ie Age yle is probably fored by variations in the orbit parameters ofthe Earth, but..

During Ie Ages, the atmospheri CO2 onentration is about 200 ppm,during interglaials it is around 280 ppm.

Is there some positive feedbak loop between limate and CO2?
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The `CO2-jump' in the oean

The arbon dioxide onentration in the atmosphere is approximately inequilibrium with the CO2 onentration in the top layer of the oean !

CO2 onentration in the atmosphere follows from total amount of CO2in atmosphere plus oean and from the seize of the CO2-jump
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What determines seize of CO2-jump?CO2-jump is aused by two `pumps':

� Physial pump� Biologial pump

4



How does the biologial arbon pump work?

profile
C, N concentration

Equilibrium: downward sinking of organi C and N is anelled by upwardux of inorgani C and N 5



The impat of the biologial arbon pump onthe vertial arbon distributionBiologial arbon pump gives rise to a onentration di�erene �Cbetween surfae and deep sea equal to:�C = R�Nwith �N the N onentration di�erene between surfae and deep seaand R the C:N ratio of the planktonR very important for vertial distribution of arbon !Could there be a relationship between limati onditions and R value?
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Simulation setup

� 1000 m thik water olumn plus an 'atmosphere': an extra 150 mlayer above the water exhanging CO2 with the water� no uxes of nutrients and biomass omponents into or out of thewater olumn� no CO2 ux aross the lower boundary of the water olumn and theupper boundary of the `atmosphere'� Flexible-stoihiometry plankton model
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Flexible vs �xed stoihiometry

� C:N ratio of plankton determines e�et of biologial arbon pump andhene partitioning of arbon between atmosphere and oean� in many plankton models that are used in the Earth Sienes (e.g. theNPZD model), plankton has a �xed C:N ratio� in the real world, the C:N ratio of plankton is not �xed but exiblebeause of `luxury onsumption' ! we need a plankton model thatinludes a exible C:N ratio
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Flexible-stoihiometry plankton model

� model organisms onsist of three omponents with di�erent hemialompositions: struture (90% C, 10% N), C-reserve (100% C), andN-reserve (100% N)� ratio of these three omponents determines the C:N ratio of theplankton
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The model organism depited
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Results: the emergene of a CO2-jump from ahomogeneous arbon distribution
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What ould determine the C:N ratio R?

The plankton stoihiometry might be inuened by many fators, e.g:

� mixed layer depth� temperature� exhange rate between mixed layer and deeper waters (e.g.sinking/di�usion rates)
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Results: e�et of mixed-layer depth andtemperature on R
Temperature (C)
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Disussion

Relationship between temperature and R may provide a positive feedbakmehanism between temperature and atmospheri CO2. However, thereare some aveats:

� relationship between temperature and R relies on a subtle mehanismand hene somewhat speulative� model takes physial environment onstant: we only onsider anequilibrium situation
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Outlook

� experimental test of relationship between temperature and R(unfortunately not in our ability)� investigating e�et of mesosale eddies and other variations inphysial environment on biologial arbon pump
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