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PHOSPHATE DISTRIBUTION IN THE OCEAN
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DIC DISTRIBUTION IN THE OCEAN
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ALKALINITY DISTRIBUTION IN THE OCEAN
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OXYGEN DISTRIBUTION IN THE OCEAN
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PRE-INDUSTRIAL MODEL

PHOSPHORUS: PRODUCTIVITY CONTROL

Surface boxes
@ Input Fluxes:

— New
production Output Fluxes:

P_ . (d) P (d)=P, = ® .F_ (new production)
- @ lower at high latitudes

Thermocline and deep boxes

Psed(s)
Input Fluxes:

o Microbial R, = K,y - P.4(s) (microbial respiration)

Respiration P_(d)=P_(s)- Roxy
Thermocline

or Deep @

Psed(d)

Output Fluxes:
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CARBON AND ALKALINITY

* Model linked to the phosphorus model through the usage
elemental ratios
- At the surface: C  and CaCO, (aragonite/calcite) production
- C_, C/IP=106/1 (Redfield)
— CaCO,: r_,, =CaCO,/C_ (adjustable parameter)

C

* In the thermocline: partial oxidation of C__(—k_, )
— C/P =106/1 (Redfield)

* At depth:
— oxidation of the remaining C, _(— 1-k_, )

oxy
— dissolution of CaCO,

* In each box: pH calculation and carbonate speciation

* Exchange with the atmosphere in each surface reservoir i:
- F _=k_ .area(i).(pCO, - pCO,(i))

Surface Reservoirs
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— integration: 4000 years

— initial conditions:
homogeneous ocean
(Alk = 2474 peqllitre)

-r,,=CaCo,C__

carb
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0.02 (polar boxes)




COMPARISON WITH DATA: ALKALINITY
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Initial conditions:
Homogeneous ocean (DIC = 2350 pmol/l), pCO, (atm) = 280 ppmv




COMPARISON WITH DATA: CARBON
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EVOLUTION DURING
THE INDUSTRIAL PERIOD




FORCING OF THE MODEL
FOR THE INDUSTRIAL PERIOD

— Initial conditions in 1800 provided by the previously
calculated pre-industrial steady state
— Evolution of atmospheric CO, prescribed

from 1800 to 1990
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EVOLUTION OF pH IN THE SURFACE RESERVOIRS
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FLUX BALANCE OF ATMOSPHERIC CO,
FOR THE INDUSTRIAL PERIOD

: N Rate of change
Fossil fuel CO, emissions in the atmosphere (dpCO,/dt)

%1 ©a

=

Fossil ©0Q, Emission
(Gt C yr

Atmospheric ©QO, Uptake

1900 1300 1950
Year AD. Year A.D.

Transfer to the ocean Transfer to the biosphere
(model) (by difference)

[
=

bl
=
in

I
T LI i

Oceanic C0O, Uptake
(Gt © vr")

Biospheric CO, Uptake

1900 1950 1850 1900
Year AD. Yaqr A0,




ATMOSPHERIC CO, BALANCE (1980-1990)

(Gt C yr)
SOURCES
This work IPCC 1995
Fossil fuels & cements 5.44 55+0.5
Land-use change 1.57 1.6 £ 1.0
Total 7.01 7.1+ 1.0
SINKS
Atmosphere 3.40 3.3 +0.2
Ocean (Model) 1.71 2.0+0.8
Difference (— terrestrial biosphere) 1.90 1.8+ 1.5

3C ISOTOPIC EVOLUTION




CARBON ISOTOPES

Three naturally occuring carbon isotopes:
2C ~98.94 + 0.10%
¥C ~ 1.06 £ 0.10%
“C (radiogenic, radioactive) trace amounts

where:
C. = carbon content of reservoir i

F, = flux entering reservoir i (from reservoir j)
F, = flux leaving reservoir i (for reservoir j)
d,= 0"°C of the carbon in reservoir i

9, = 8"C of flux F, (into reservoir i)

5, = 8"C of flux F, (out of reservoir i)

Notice: output fluxes only have to be considered if they
are subject to fractionation, i. e., if A= Bij- 3 #0

ISOTOPIC EVOLUTION EQUATION

The equation describing the evolution of the isotopic composition
of a reservoir i in time can be written (approximation):

where:
C. = carbon content of reservoir i
F,= flux entering reservoir i (from reservoir j)
F,= flux leaving reservoir i (for reservoir j)
8, = 6"°C of the carbon in reservoir i
8, = 8"C of flux F, (into reservoir i)

0, = 8"C of flux F, (out of reservoir i)

Notice: output fluxes only have to be considered if they
are subject to fractionation, i. e., if A= Bij- 3, #0
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— initial conditions:
homogeneous ocean
(8'*C = 0.259 %o)

Delta 13C (per mil}

Time {Tear}

Deep Reservoirs
T

Delta 13C (per mil}

Time {Tear)

EVOLUTION OF 4"*C DURING THE INDUSTRIAL PERIOD
(coupled ocean-atmosphere-biosphere model)
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