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•A bit of general COSIM background leading to the new emphasis

•High latitude deficiencies particularly painfully for biogeochemists

•Samples problems: chlorophyll, photochemistry, DMS

•So…winterize biogeochemical ocean models beginning from sulfur

•Show demonstration of capability for ice algae in CICE

•Quarterly maps for the pan-Arctic situation, local time series

•New collaborations needed, and planning 

TALK OUTLINE
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•COSIM founded on POP and CICE

•Performance, portability, fine resolution -
LANL codes now the core of CCSM

•Biogeochemistry relatively new -global 
ecosystems, trace gases

•All agree high latitudes are the next wave

•Warming fastest, understudied -ice 
loss/change, sensitive biota

BACKGROUND



Comparison with SeaWiFS Chlorophyll



Carbon Monoxide

April

December

•CDOM interacts with UV

•PMEL cruises at 140W

•POP quantum yield test





WINTERIZE GEOCYCLING
•Interest originates with pigment, 
DMS and photochemistry problems

•Elect to improve polar S cycle first

•Develop code for new organisms, 
ecosystems and processes

•Note high latitudes clearly are the 
next wave for all of COSIM
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•CICE is global in the sense that ice simulated both hemispheres

•But we will focus here on Arctic -timely and biology simpler

•Demonstration of capability only at this point

•Work from landfast models -Arrigo, Lavoie (Denman), Jin (Deal)

•Relatively well documented, convergent, between them inclusive

•Skeletal layer only and decoupled from POP

•Key inputs: CICE radiative transfer, hv and Si limits, melt removal

•Key results: cryobiology driven by light, snow cover and melt rate

TODAY’S EXAMPLE: ICE ALGAL DEMO



Ice Thickness

Feb May
Aug Nov

Units -meters



Snow Cover

Feb May
Aug Nov

Units -Meters



Ice Algae

Feb May
Aug Nov

Nitrogen,
Millimoles/m2



Pole Barrow

Units:

Length - meters

Concentration -
Millimoles/m2



•Framework is ready

•Harvest data, guidance, assistance

•Several groups have S and other results

•Build 1st regional DMS ice model

•Multielemental basis has to be strong 

ON TO COLLABORATIONS

Offshore Barrow, Landfast Water column Bering
All data courtesy Deal IARC
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•NEAR TERM:

•Read up on Walsh, Arrigo foundation models and all data sets

•Add N limitation and a sulfur mechanism within CICE

•MEDIUM TERM:

•Link to POP geocycling and CICE radiative transfer

•LONGER:

•Expand to include Antarctic

•Include high latitude specialists in biogeochemical POP

•Ultimately systems simulations of (bi) polar geochemical change

HIGH LATITUDE BIOGEOCHEMISTRY PLANS
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Plankton Dynamics
Vp = 0.6 1.066T( ), 1− 4( )d−1

J(z) =
VpαI(z)

V
p

2 +αI(z)2( )1/ 2 , −dI(z)
dz

= kw + kpChl( )

SMS(N p ) = 1− γ1( )J(z) Q1 + Q2[ ]N p −G1 −μN p

SMS(Nz ) = γ 2 G1 + G2 + G3( )− μ2 + μ5( )Nz

Q1 = Nne
−ψNr / K1 + Nn( )

Q2 = Nr / K1 + Nr( )

G1 = gNz

p jC j

K3 + ∑ pkCk

, j,k =1...3

Rates

SMS (other P, Z, B, DOM, POM with sedimentation)
Then other elements carbon, silicon, phosphorus, iron…
And what about steady states?

Ic = I for photosynthesis = respiration, typically ~ 0.1Pmax

Pgross = PmaxI / I1/ 2 + I( )
Vp =αI1/ 2,Vp = 3d−1,α = 0.03 1/dw /m2( ), I1/ 2 =100w /m2, Ic ~ 20w /m2

I(z) = Ioe
− kw +kpChl( )z, kw = 0.03m−1, kp = 0.03 1/mg /m3( ), Io =100w /m2, z(c) = 50m

ID =
1
D

Ioe
−kz

0

D

∫ dz, Io

Dk
1− e−kD( ), average to D

Dcr =
Io

Ick
if kDcr >> 0, Dcr ~ 150m Mixing must remain <Dcr for net growth

Conserve atoms
but not energy…

Fasham et al. 1990, 1993
Sverdrup, Johnson & Fleming 1942

System

Compensation

Attenuation

Criticality

Enzyme, predator-prey
and other kinetic types



Antarctic Arctic

Landfast Ice Conceptual Models



Antarctic Arctic

Landfast Ice Chlorophyll Profiles





•Stresses upregulate about a 
dozen close organic relatives

•Transformation in the column

•Yield and loss also complex, 
set by microbial metabolics

DMS BIOGEOCHEMISTRY



Assimilation to DMSP



Phaeocystis DMSP as f(S)
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•Earth System Modeling became COSIM focus

•Global change begins with CO2 but loops 
back onto all of ecology and elemental cycling

•Hence biogeochemistry unavoidable

•Mainstays have been fine grids, Fe 
fertilization, and the climate active trace gases 

Some Biogeochemical POP History



POP Physics Simulations
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Simulation of a La Niña to El Niño Transition



Initial Southern Hemisphere Patch Positions
and Iron Background (μΜ)



Phytoplankton at 20 days (μM N )



Pac pCO 20 days

pCO2 Distribution 20 days after Fertilizations





•Stresses upregulate about a 
dozen close organic relatives

•Transformation in the column

•Yield and loss also complex, 
set by microbial metabolics

DMS BIOGEOCHEMISTRY
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Aerosol Sulfate from DMS Fluxes, Off Line in CAM



Gene Function



EXTRAS 2



ANIMATE GROWTH



Ice Algae

Feb Mar
Apr May

Nitrogen,
Millimoles/m2



Ice Algae
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Jul Aug

Nitrogen,
Millimoles/m2



NH Si LOGICAL







GLOBAL SI LOGICAL



Si col





EXCEL Line Plots



Algal Nitrogen - mmoles/m2
Snow Thickness - m
Ice Thickness - m

Data - dashed
Model - solid

Barrow - Thick
Resolute - Thin
Pole - Grey tone

Blooms are solar initiated
Melt terminated

Resolute Low Snow Case
Singular - Coastal?

BarResPole



OLDER



Iron control over a quarter of the planet



Iron and Phytoplankton in SOFeX Simulation
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•Community driver continues to 
be CLAW

•Ours is to use SciDAC 
machinery to help quantify

•Magnitude, sign of ecosystem 
effects remain uncertain

•Only detailed modeling can 
alleviate the situation

•That’s us, so our life is now 
sulfur

MOTIVATION

Charlson et al. 1987



Prochlorococcus gene conservation
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