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Motivation: I
e Age 
y
les

I
e Age 
y
le is probably for
ed by variations in the orbit parameters ofthe Earth, but..

During I
e Ages, the atmospheri
 CO2 
on
entration is about 200 ppm,during intergla
ials it is around 280 ppm.

Is there some positive feedba
k loop between 
limate and CO2?
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The `CO2-jump' in the o
ean

The 
arbon dioxide 
on
entration in the atmosphere is approximately inequilibrium with the CO2 
on
entration in the top layer of the o
ean !

CO2 
on
entration in the atmosphere follows from total amount of CO2in atmosphere plus o
ean 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':

� Physi
al pump� Biologi
al pump
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How does the biologi
al 
arbon pump work?

profile
C, N concentration

Equilibrium: downward sinking of organi
 C and N is 
an
elled by upward
ux of inorgani
 C and N 5



The impa
t of the biologi
al 
arbon pump onthe verti
al 
arbon distributionBiologi
al 
arbon pump gives rise to a 
on
entration di�eren
e �Cbetween surfa
e and deep sea equal to:�C = R�Nwith �N the N 
on
entration di�eren
e between surfa
e and deep seaand R the C:N ratio of the planktonR very important for verti
al distribution of 
arbon !Could there be a relationship between 
limati
 
onditions and R value?
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Simulation setup

� 1000 m thi
k water 
olumn plus an 'atmosphere': an extra 150 mlayer above the water ex
hanging CO2 with the water� no 
uxes of nutrients and biomass 
omponents into or out of thewater 
olumn� no CO2 
ux a
ross the lower boundary of the water 
olumn and theupper boundary of the `atmosphere'� Flexible-stoi
hiometry plankton model
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Flexible vs �xed stoi
hiometry

� C:N ratio of plankton determines e�e
t of biologi
al 
arbon pump andhen
e partitioning of 
arbon between atmosphere and o
ean� in many plankton models that are used in the Earth S
ien
es (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 
exiblebe
ause of `luxury 
onsumption' ! we need a plankton model thatin
ludes a 
exible C:N ratio
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Flexible-stoi
hiometry plankton model

� model organisms 
onsist of three 
omponents with di�erent 
hemi
al
ompositions: stru
ture (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 depi
ted
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Results: the emergen
e of a CO2-jump from ahomogeneous 
arbon distribution
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What 
ould determine the C:N ratio R?

The plankton stoi
hiometry might be in
uen
ed by many fa
tors, e.g:

� mixed layer depth� temperature� ex
hange rate between mixed layer and deeper waters (e.g.sinking/di�usion rates)
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Results: e�e
t of mixed-layer depth andtemperature on R
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Dis
ussion

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

� relationship between temperature and R relies on a subtle me
hanismand hen
e somewhat spe
ulative� model takes physi
al 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�e
t of mesos
ale eddies and other variations inphysi
al environment on biologi
al 
arbon pump
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