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Motivation-Objectives

Resolve carbon cycle in the ocean

Modeling the solubility, biological and
carbonate pump in a climate system

The role of coccolithophores in the carbonate
pump (primary source of oceanic calcite)

The role of light absorption by phytoplankton

Climate change scenarios; natural vs
anthropogenic sources
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'The NASA-GISS climate model
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Model Description

AGCM: ModelE (Schmidt et al, 2006)
20layer, 4x5 degrees horizontal resolution
full load of anthropogenic and natural aerosols

greenhouse gases, volcanic activity, ozone, dust
deposition

OGCM: HYCOM (Bleck, 2002; Sun and Bleck, 2006)
20 hybrid vertical coordinates
2x2cos(latitude) horiz grid & equatorial enhancement
KPP mixing scheme
bipolar grid patch
ETOPOS5 bottom topography

Model run specifications: 8 processors on an SGI Altix
machine, run at NASA-GSFC computers, 2min/day(12hrs/model
yr), MPI-OMP parallelization, ESMF capability available.
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‘ BioGeoChem Formulation

(Gregg et al, 2003; Gregg and Casey, 2007)

Nutrients
OCnos () Ra.D:
=V(KVCr03) =V e Chos (E 4P)+
o AVC) (CN) (C)
chlorophyll growth  remineralization
+ ) )
OChs =V(KV CNH4+) —Ve Cu’ ( P)+ c(H+n,H?)
ot (C:N) (€N y
.
excretion
OCsio2 =V(KVCCsioo)—V e  Csior— o L P+ RasD:
ot . (C:S5) —
diatorTTgrowth remineraliz.
oC,, =V(KVDF)-VeV(C,_ — ¢ DUP + ° e(H+n H)+Ra_D_+ CF:"” +6C
ot “ (C:Fe)™""'  (C:Fe) e -

atmos. deposition and iron scavenging
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....BGC formulation

Phytoplankton diatoms, chlorophytes, coccolith., cyanobact

OPi
=V(KVP)-VeVP -V (w:P P — — P
o VR 3 (v’ )+ b=y - kb
Herb"é[?]res sinking growth, grazing, aging
—~ =V(KVH)-VeVH +(1-&)H-nH-nH> -(H-OH
t G J s
Detritus heterotroph. loss rates ~ excretion to DOC and
oDc respiration
—=V(KVDc)-VeVDe-V(r, Dc) —Rach+CI)(KZ}?\+771H)+CD(1—8)?2H2
phyto aging and zoo loss
OD:s )
=V(KVDs)—VeVDs—V(waDs)—RaDs+ (rPi+yH)
ot (C:Si)
ODr
Py =V(KV Dre)—V oV Dre—V (Wa.Dre) —RareDr. + (K‘Z an)+ (1 &)1n2H?+6Nr.
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...more BGC formulation

Dissolved Organic Carbon
oDOC

ot

=V(KVDOC) -V e VDOC + ®SY 1sP: + D CH + AnDc — gDOC
_ 4 g J
h'd

Y

detrital breakdown and

DOC exudation and bacterial degradation
herbiv. excretion

Dissolved Inorganic Carbon

aI;_;C — V(KVDIC)~V ¢ VDIC - O 4P

+®QY 1P+ POH +¢DOC +

“ - /\—y—/ (C3N)\

phyto and herbiv. respiration bacterial degradation

=

Atmosph — oceanic equilibration
solubility pump (depends on
SST, SSS, winds, alkalinity)
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.Control expt

TotChlo JAN YR10

d}] (Corumsia UNIVERSITY  LOM, Bergen August 20 — 22, 2007

mmn [N THE CITY OF NEW YORK




‘Control Experiment

DIC ann mean YR10 2062.56

1779 1850 1900 1950 2000 2050 2100 2150 2200 2250 2300

DIC ann mean (GLODAP) 1936.07
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...control expt

pCO2 YRO5 354.71

50 115 180 245 310 375 440 505 570 635 1360

pCO2 JUN YRO5

50 115 180 245 310 375 440 505 570 635 1959
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...1ron ftertilization expt

2 3 4 4 5 6 7 8 850 .
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'Seasonal Cycle in the Tropics

DIC — contrl & iron fertiliz run Total Chlorophyll
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‘Gas Exchange

A[pco2] in ppmv, zonal average
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Results

Control expt

 total chlorophyll (mostly diatoms in the Southrn Ocean, on
the Pacific side) too high

a Tropical chlorophyll is too high in the winter but low in the
summer

d DIC is increased everywhere, particularly in the subtropical
gyres

Iron fertilization expt
 mostly phase shift of the annual cycle in the tropics
 Model is still not in equilibrium after 50years of integration

2 Mesoscale variability not well resolved compared to
SeaWiFs
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... More results

(iron fertilization expt)

Air-sea pcoZ2 flux is biased compared to Takahashi
climatology mostly in subpolar and polar regions

A(pco2) shows that in the model the ocean uptakes CO2
in the Southern Ocean and in the Tropics there is
degassing

Observational data quality not sufficient to establish model
fidelity.
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... lron Fertilization Expt

DIC ann mean 2067.52
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DIC ann mean (GLODAP) 1936.07
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