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Conference Objectives:
Synopsis

The purpose of the meeting is to explore the climate change potential of variations in the rain ratio of marine organic carbon to CaCO3 through the oceanic water column and to the sea floor.  The rain ratio in the water column affects the strength of the biological carbon pump in the oceans and thus, the marine carbon cycle.  Upper ocean studies indicate that the organic carbon to calcite flux ratio in the water column might respond to future anthropogenic climate change.  Additionally, climate may feedback on oceanic fluxes by altering marine calcification rates.  Finally, the rain ratio to the sea floor is thought to control the pH of the ocean and the pCO2 of the atmosphere, on time scales of thousands of years, by altering the dynamics of the CaCO3 cycle.  The goal of the meeting is to assess the potential variability of the rain ratio, and the status of modeling efforts aimed at predicting particle fluxes under different climatic regimes, both past and future. 
Leading Questions:

   What do models tell us about the potential climate role of the oceanic organic carbon to calcite rain ratio?  Factors which may influence the balance between organic carbon and CaCO3 export from the ocean’s surface layer include temperature, water column stratification / productivity, silica concentration, and pCO2 (affecting calcification).  How well grounded are these sensitivities observationally, and what is the most appropriate to model them?  

   The rain ratio of the particles that reach the abyss may depend on the physics of sinking particles, in that sediment trap particles are found to be more ballast-rich than what is produced at the surface.  Perhaps organic carbon dissolves more quickly than CaCO3, until a particle is sufficiently ballasted to sink.  Or perhaps only particles with the appropriate ballast ratios are selected to sink; the rest degrade at the surface.  A mechanism such as one of these might tend to limit the variability of the rain ratio to the abyss and to the sea floor.  Models of particle coagulation/sinking neglect ballast; models of ballasting do not explain the high flux of organic particles in the upper water column (dubbed “free poc”).  Can we develop a particle ‘theory’ that accounts for all observations and whose implications concerning rain ratio change can be tested independently?
   The ocean’s sediments contain a record of the variability of the rain ratio in relation to climate change.  Do we have the tools to recover the rain ratio signal? What does the sediment record reveal concerning rain ratio changes? Additionally, the rain ratio to the sea floor may be affected at least locally by sediment focusing, but it is unclear how focusing affects the rain ratio.  One possibility is that the particles are focused in the water column.  This would seem to be consistent with the equatorial signature of focusing during LGM, but it would be inconsistent with the observation from traps that thorium falls straight down, with no focusing to be found.  What would LGM sediment traps have shown? When thorium is focused, does organic carbon focus with it, or not?  What affect does focusing have on the preservation of CaCO3 and on our ability to reconstruct past rain ratios? 

Conference Outcomes:

   The Conference Objective is to explore modeling approaches in terms of what observations now reveal about processes governing the fluxes. Opinions on the potential variability of the flux ratio are ‘vertically stratified’.  Work by plankton ecologists and modelers reveal mechanisms of variability and climate sensitivity.  Analysis of sediment trap data favors ratio invariance.  CaCO3 preservation modeling shows evidence of flux ratio changes in the past, during the LGM and perhaps the PETM.  We plan to examine the discrepancies and develop an understanding of what advances are needed to successfully evaluate past and future flux changes and the impact of these on global climate.  Participants in the conference will contribute to synthesis and ‘state of the art’ publications providing the general oceanographic/climate communities with overviews of our knowledge concerning flux variability and global change.
DAY 1:

Morning: Introduction

8:30 – 9:15
D. Archer (U. Chicago) 


Introduction

9:15 – 9:45
R. Zeebe (U. of Hawaii) 


Carbonate System

9:45 – 10:15
J. Sarmiento (Princeton)


Modeling 

10:15 – 10:45


Coffee and Discussion

10:45 – 11:15 A.Watson (East Anglia, UK)


Biology and Carbon 

11:15 – 11:45
R. Dugdale (San Francisco)


Diatom Production
11:45 – 12:15
 D. Hutchins (U. Delaware)


Community Regulation
Afternoon: Export from the Surface Layer

1:15 – 1:45
W. Gregg (NASA MD)


Modeling communities
1:45 – 2:15
P. Lam (Lawrence Berkeley Nat. Lab.)
Particle Data and Ballast
2:15 (
Open Mike + Poster Summaries

Evening:

Sub-group Meetings: Objective Outlining and Organization

DAY 2:

Morning: Shallow Export

8:30 – 9:00
I. Zondervan (Bremerhaven)

CO2 and Carbonate Producers
9:00 – 9:30
P. Ziveri (Vrije U.)


Coccos and  CaCO3 Production
9:15 – 10:00
A. Winguth (Wisc. Mad.)

Modeling
10:00 – 10:30


Coffee and Discussion

10:30 – 11:00
S. Wakeham (Skidaway)

Biomarkers and the Rain Ratio
11:00 – 11:30
U. Passow (Bremerhaven)

Marine Snow
Afternoon: Ballast

1:15 – 1:45
G. Jackson (Tamu)


Coagulation Theory
1:45 – 2:15
L. Stemman (Villefranche, Fr)
Particle Dynamics
2:15 – 2:45
C. Klaas (Bremerhaven)

Ballast and Sinking Flux
2:45 (
Open Mike + Poster Summaries
Evening: 

Sub-group meetings: What to include in Synthesis of Group Topic

DAY 3:

Morning: Challenges from the Bottom – Sediment Record of Fluxes
8:30-9:00
W. Broecker


Overview
9:00 – 9:30
W. Berelson (USC)

Rain Ratio and Trap Data
9:30 – 10:00
R. Anderson (LDEO)

Silica and the Rain Ratio

10:00 – 10:30


Coffee and Discussion

10:30 – 11:00
A. Paytan (Stanford) 

Geochemical Tracers of Production

11:00 – 11:30
S. Kienast (WHOI)  

Tracers for the Rain Ratio 

11:30 – 12:00
F. Mekik (GVSU)

Reconstruction of the Rain Ratio
Afternoon:
1:15– 1:45
Z.Chase (OSU)

Radiochemical Tracers of Fluxes

1:45 – 2:15
H. Stoll (Williams)

Coccoliths
2:15 – 2:45
Open



Modeling from a sediment perspective
2:45 (
Open Mike + Poster Summaries
Evening:

Clam Bake

DAY 4:

Morning: Wrap-up

8:30 – 9:00
A. Ridgwell (UBC) 

PETM Signature of the Rain Ratio?
9:00 – 9:30
J. Zachos (UCSC)

CaCO3 Patterns through PETM

10:00 – 12


Group Summaries / Discussions on synthesis articles

