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TALK OUTLINE

oA bit of general COSIM background leading to the new emphasis
eHigh latitude deficiencies particularly painfully for biogeochemists
eSamples problems: chlorophyll, photochemistry, DMS
¢So...winterize biogeochemical ocean models beginning from sulfur
eShow demonstration of capability for ice algae in CICE

eQuarterly maps for the pan-Arctic situation, local time series

eNew collaborations needed, and planning

> Los Alamos
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B oMPUTATIONAL BACKGROUND
¢COSIM founded on POP and CICE

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

eBiogeochemistry relatively new -global
ecosystems, trace gases

eAll agree high latitudes are the next wave

eWarming fastest, understudied -ice
loss/change, sensitive biota



Comparison with SeaWiFS Chlorophyll

Chlorophyll, Apr—Jun 1998 average (mg,/m>)
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WINTERIZE GEOCYCLING

e|Interest originates with pigment,
DMS and photochemistry problems

eElect to improve polar S cycle first

eDevelop code for new organisms,
ecosystems and processes

eNote high latitudes clearly are the
next wave for all of COSIM

g

A : "MASTER 20 COMMANDER. -

BIS ANS ENDE DER WELT

o Los Alamos ® | Ab 27. November im Kino!|
NATIONAL LABORATORY = ————




TODAY'S EXAMPLE: ICE ALGAL DEMO

oCICE is global in the sense that ice simulated both hemispheres
eBut we will focus here on Arctic -timely and biology simpler
eDemonstration of capability only at this point

eWork from landfast models -Arrigo, Lavoie (Denman), Jin (Deal)
eRelatively well documented, convergent, between them inclusive
eSkeletal layer only and decoupled from POP

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

eKey results: cryobiology driven by light, show cover and melt rate

» Los Alamos
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ON TO COLLABORATIONS

eFramework is ready

eHarvest data, guidance, assistance
eSeveral groups have S and other results
eBuild 1st regional DMS ice model

eMultielemental basis has to be strong

DMS (nmol/l)
02 4 6 8 101214 16

DMSP (nmolfl)
0 10 20 30 40 50 €0

o0 58°N,166°W|

MRO1 AVT

o 1 2 3
Chl.a (ug/)

Water column Bering
All data courtesy Deal IARC



HIGH LATITUDE BIOGEOCHEMISTRY PLANS
*NEAR TERM:

eRead up on Walsh, Arrigo foundation models and all data sets
eAdd N limitation and a sulfur mechanism within CICE
*MEDIUM TERM:

eLink to POP geocycling and CICE radiative transfer
sLONGER:

eExpand to include Antarctic

eInclude high latitude specialists in biogeochemical POP

eUltimately systems simulations of (bi) polar geochemical change
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Plankton Dynamics

Rates

System

Compensation

Attenuation

Criticality

V,=06(1.066") (1-4)d" Fasham et al. 1990, 1993
PR O —dlz(z) — (k, + k,Chl) Sverdrup, Johnson & Fleming 1942

6/3+al(z)2)1/2’ d
SMS(N,) = (1- 5 @[Q, + Q,]N, — G, — N,
SMS(N,) = 72(G1 +G,+ Gs)_ (luz +:u5)Nz
Q=N /(K,+N,)

Qz = Nr/(K1+ Nr)

Enzyme, predator-prey
and other kinetic types

p.C; ,
G =gN,———"—,jk=1.3
1 g z K3 +zkak J
SMS (other P, Z, B, DOM, POM with sedimentation) Conserve atoms

Then other elements carbon, silicon, phosphorus, iron...

And what about steady states? but not energy...

I, =1 for photosynthesis = respiration, typically ~ 0.1P, .
Pgross = I:)matxl /(I1/2 + I)
V, =al,,,V, =3d,a=003(/dw/m*) 1, =100w/m? I, ~ 20w /m’

p
1(z) = 1,e" &M K =0.03m, k, =0.03(L/mg/m*) I, =100w/m?, z(c) =50m

T 1 T —kz I -kD
I,=—11e"dz,—2>(1-e average to D
D D g 0 Dk( ) g
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Landfast Ice Conceptual Models
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Fig. 1. Sea ice growth model. Separate terms represent the temperatures
(degrees Celsius) of the air (T,), upper sea ice or snow surface (7,), sea
ice intenior (T3}, and lower sea ice surface (T, which is also equivalent to
the freezing point of seawater. H and b, refer to the thicknesses of the sea
ice and snow (meters), raspectively, while the conductive flux of heat
through the sea ice is denoted by Fi, and the flux of heat from the seawater
by F,,. The thermal conductivity of sea ice and snow are denoted by k;
and k,, respectively, By convention, all fluxes into the sea ice, such as F,
are positive, and all fluxes out of the ice sheet, such as F_, are negative,
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Figure 2. Schematic of the different layers at the base of
the ice (light gray). Ice algae (dark gray) are found in the
skeletal layer.



Landfast Ice Chlorophyll Profiles

Antarctic Arctic
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Fig. 3. Observed (a) ice temperature and (b} ice-algae distribution in
sea ice at IARC site in 2002,
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Table 1 Computed in vitro half-lives for *OH radical

Compound Concentration Rate constant”
(mmoll~ 1) M Ts )
DMSP 150-4501 3 x 108
Acrylate ~1-407 5.6 x 107
DMS ~1-407 1.9%x10™
DMSO 30-901 6.6 x 10
MSNA 7 9x10
Glutathione 241 1.4x10
Ascorbate 1-67 1.1 x10

DMS BIOGEOCHEMISTRY

eStresses upregulate about a
dozen close organic relatives

eTransformation in the column

eYield and loss also complex,
set by microbial metabolics
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Phaeocystis DMSP as f(S)
40 —
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Fig. 3. DMSP content of Phaeocystis sp. cells growing exponen-
tially in batch cultures. Cells were adapted to the salinities for at
least five generations. Values are means of duplicate cultures; range
1s indicated.



Some Biogeochemical POP History

eEarth System Modeling became COSIM focus

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

eHence biogeochemistry unavoidable

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

All carbon is on the
surface of the Aerosol;
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particles are poor CON's
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POP Physics Simulations
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Simulation of a La Nina to El Nifio Transition
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Initial Southern Hemisphere Patch Positions
and Iron Background (uM)
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Phytoplankton at 20 days (uM N )
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pCO, Distribution 20 days after Fertilizations

A

famdneastor] ivolvolFicae-bic'spohuM 2801 8tracerbf set movies/patch/mipt.11 B19990121 .nc

I'u'lean d831724 bz 6574 155 hin 24z 071
| |
! ]
“f |
d " 1
-.
=207 LY
=30
o )—
=50
-6
120 180 180 210 240 =ra
B ] | | | BN 2 2020202 aam
210 240 Jaa 360 470 600

Alamos



Seasonal surface DMS (nmol)
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Table 1 Computed in vitro half-lives for *OH radical

Compound Concentration Rate constant”
(mmoll~ 1) M Ts )
DMSP 150-4501 3 x 108
Acrylate ~1-407 5.6 x 107
DMS ~1-407 1.9%x10™
DMSO 30-901 6.6 x 10
MSNA 7 9x10
Glutathione 241 1.4x10
Ascorbate 1-67 1.1 x10

DMS BIOGEOCHEMISTRY

eStresses upregulate about a
dozen close organic relatives

eTransformation in the column

eYield and loss also complex,
set by microbial metabolics
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Aerosol Sulfate from DMS Fluxes, Off Line in CAM
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Gene Function

TIGR role category

Total
genes

Amine acid biosynthesis

Biosynthesis of cofactors,
prosthetic groups, and carriers

Cell ervelope

Cellular processes

Central intermediary metabaolism

DMA metabolism

Energy metabalism

Fatty acid and phosphelipid
metabolism

Maobile and extrachromosomal
element functions

Protein fate

Protein synthesis

Purines, pyrimidines, nucleosides,
and nucleotides

Regulatory functions

Signal transduction

Transcription

Transport and binding proteins

Unknown function

Miscellanecus

Conserved hypothetical

Total number of roles assigned

Total number of genes

EXANE:
25,905

27,883
17,260
13,639
25,346
69,718
18,558

1,081

28,768
48,012
19,912

8,392
4,817
12,756
49,185
38,067
1,864
794,061

1,242,230
1,214,207




EXTRAS 2



ANIMATE GROWTH
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Silicon in the Water Column {mmole /mz)

Februaory 1982 Moy 1982




Silican in the Skeletal Layver [mmale/m2)
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EXCEL Line Plots
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OLDER



Iron control over a quarter of the planet




Iron and Phytoplankton in SOFeX Simulation
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MOTIVATION

eCommunity driver continues to
be CLAW

eOurs is to use SciDAC
machinery to help quantify

eMagnitude, sign of ecosystem
effects remain uncertain

eOnly detailed modeling can
alleviate the situation

eThat’s us, so our life is now
sulfur

Charlson et al. 1987
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Prochlorococcus gene conservation
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