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Carbon Isotopes
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14C creation and use
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Cosmic rays enter the earth’s

semseee”  ®14C js used for carbon
e - dating of fossils

nitrogen-14 (seven
pratans, seven

®14C is used as proxy for
S the age of water masses
| and to infer past and
i present ocean ventilation
rates

Folowing death and

burial. wood and bones
A lese C-14 as it changes

ta h-14 by beta decay.

Beta d
.‘/‘1, . Nifrogen 14

Carbon 14

Source: http://videos.howstuffworks.com




A14C as ocean tracer for ventilation

LAS 6.4.0/Ferret 581 —— GLODAP DataSet
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Atmospheric A1*C measurements

Long term trend of "“CO, in the Northern Hemisphere
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Bomb A*C as ocean tracer

LAS 6.4.0/Ferret 581 —— GLODAP DataSet

DEPTH (m) : 1000 DATA SET: BombC14
Gridded Bomb C14
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How do we get A*C into the
ocean model?

Biological Solubility
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How do we get A*C into the
ocean model?

+ Follow the OCMIP-2 (Ocean Carbon-Cycle
Model Intercomparison Project Phase 2 (1998-2000)
abiotic protocol to implement abiotic DIC and DIC14:
http://ocmip5.ipsl.jussieu.fr/OCMIP/phase2/simulations/A
biotic/HOWTO-Abiotic.html

Source: S. Chisholm, Nature, 2000
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What does the oceanic abiotic DIC &
DIC14 tracer module need to do?

Atmosphere

Virtual surface fluxes
Surface gas exchange fluxes (e.g., runoff, evaporation, etc)

| ts: ..

Ocean (POP2) l '

Advection of DIC and DIC14
(done by existing POP2)

Decay of 1“C to 1“N

D [DIC]/dt = L ([DIC]) + Jv + J
D [DIC14]/dt = L ([DIC14]) + Jv14 + J14 — Lambda * [DIC14]




Implementation in the POP2 model

+ Added abiotic DIC and DIC14 as a separate tracer module
(similar to CFC11, CFC12, and IAGE), following OCMIP-2

+ ABIO_DIC and ABIO_DIC14 were added as tracers in nmol/cm3,
AC= (DIC14/DIC -1) *1000 is written out as diagnostic

+ Some changes compared to the OCMIP-2 protocol:

+ We will use model-generated ice concentration and windspeed to
calculate the Piston velocity

+ We use a constant global reference value for the virtual fluxes in
order to conserve tracers (instead of annually varying reference
values as proposed by OCMIP-2)

+ We use a different relationship for Alkalinity for the Baltic and
Blacks Seas so that it works with the initial DIC conditions we
use




Some very preliminary first results

4+ Initialized from DIC initial conditions constructed from
GLODAP

+ Run with Compset C (normal year forcing, ocean only
model), ocean resolution x3

+ Run for 600 years so far - this is far from equilibrium,
which is expected around 10,000 -15,000 years

(OCMIP-2)




Some very preliminary first results

Total oceanic DIC and DIC14 G(I)obal average depth profiles
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Some very preliminary first results

G(I)obal average depth profiles

Theoretical DIC14:
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Some very preliminary first results

Total oceanic DIC and DIC14 A¥C in the Atlantic at year 600
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Some very preliminary first results

|deal age at year 600 AC in the Atlantic at year 600

50 0
Latitude

Cl4age = -8033 In (1 + A4C/1000)




Future work

+ Spin-up the abiotic DIC14 (probably around 15,000 years)

- Anyone have any ideas on better initial conditions or the spin-
up?

Carry out the 1870-2000 nuclear bomb-14C simulations from
OCMIP-2 and compare results with published OCMIP-2 studies

Incorporate Radiocarbon as standard tracer in the CESM-POP2

Add a 013 C as a tracer in the ecosystem module of the CESM
(following the implementation by N. Gruber et al., (ETH) in
POP1)

Add tracers for Protactinium (Pa) and Thorium (Th) to the
ecosystem model of the CESM




Thanks!
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