FP5 “ORFOIS” (Contract EVK2-CT2001-00100)

Annex 1
“Description of Work”

(Contract No. EVK2-CT2001-00100) (“ORFOIS”)



FP5 “ORFOIS” (Contract EVK2-CT2001-00100)

1 PROJECT SUMMARY

This page about “adminstrative information”
will be added from the contract preparation forms and
the EU database after finalising the contract negotiations.
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TECHNICAL PROJECT DESCRIPTION

Title of project:

“ORigin and Fate of biogenic particle fluxes in the Ocean and their
Interactions with the atmospheric CO, concentration as well as the marine
Sediment” (ORFOIS)

Problems to be solved:

The simulation of thoroughly backed up surface ocean pCQO, distributions will narrow the
uncertainties of carbon redistribution estimates within the earth system. This knowledge
has direct economic consequences because it enables early political measures to react on
and prevent undesired climate change evolutions. This knowledge enables a well planned
procedure for fullfilling the Kyoto Protocol obligations of member states. Early planning
on the basis of solid research results within this context has been shown to be of ex-
treme economic value. The calculation of the fate of particles will be the foundation for
valid estimates of removal and storage of hazardeous substances within the ocean (com-
ing from land based sources through river runoff and atmospheric transport as well as
from direct marine disposal). The consideration of near shore and shelf systems within
a global BOGCM (biogeochemical ocean general circulation model) will provide a first
global estimate of shelf/open ocean interaction and related water exchange time scales
based on mechanistic modelling. The particle flux and sediment “community models”
will provide a basis for future operational biogeochemical forecasting of environmental
key variables. Thus these models will help to prevent marine areas around EU member
states from environmental damage and foster sustainable use of these oceanic areas for
fisheries.

Scientific objectives and approach:

The main scientific objectives of project ORFOIS are to identify and quantify globally the
mechanisms underlying the transformation of biogenic particles to dissolved substances
within the ocean water column in order to predict correctly surface ocean carbon dioxide
sources and sinks; to develop a refined particle flux model for operational use in ocean
general circulation models which realistically describes particle dynamics in the water col-
umn, deposition of material to the sediment, and the interaction with the carbon dioxide
partial pressure (pCO,); to provide a global closed carbon and nutrient budget for mod-
ern (preindustrial) conditions including the water column sediment interaction; and to
estimate the changes in CO, sea surface source sink patterns and vertical redistributions
of carbon as well as nutrients for future global change, climate change as well as carbon
sequestration scenarios including the associated potential economic impacts.

The project’s main technological objectives are to establish publically available commu-
nity models for particle flux dynamics in the water column and early sediment diagenesis
which are suited for use in general circulation ocean climate models and to establish data
bases for marine carbon and nutrient cycling which will be easily publically available.
The methodology to achieve these goals is based on a combination of a comprehensive
observational data base on marine carbon cycling to be collated with two BOGCMs.

Expected impacts:

The project will result in best estimates of sea surface CO4 source sink patterns. Com-
prehensive observational data bases on surface ocean pCO, and marine carbon cycle data
will be collated and made publically available through web access. Community models on
marine particle flux dynamics and early diagenesis (top sediment zone) will be made pub-
lically available for use in any other ocean model. Estimates of socio-economic impacts
of a better knowledge of sea surface CO, source sink patterns and particle flux dynamics
will be provided for future climate change as well as carbon sequestration scenarios.
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2 SCIENTIFIC/TECHNICAL OBJECTIVES AND
INNOVATION

2.1 Scientific/technical objectives

The main scientific objectives of project ORFOIS are to:

e Goal 1. Identify and quantify globally the mechanisms underlying the transforma-
tion of biogenic particles to dissolved substances within the ocean water column in
order to predict correctly surface ocean carbon dioxide sources and sinks.

e Goal 2. Develop a refined particle lux model for operational use in ocean general
circulation models which realistically describes particle dynamics in the water col-
umn, deposition of material to the sediment, and the interaction with the carbon
dioxide partial pressure (pCOs).

e Goal 3. Provide a global closed carbon and nutrient budget for modern (preindus-
trial) conditions including the water column sediment interaction.

e Goal 4. Estimate the changes in CO, sea surface source sink patterns and vertical
redistributions of carbon as well as nutrients for future global change, climate change
as well as carbon sequestration scenarios including the associated potential economic
impacts.

The project’s main technological objectives are to:

e Establish publically available community models for particle flux dynamics in the
water column and early sediment diagenesis which are suited for use in general
circulation ocean climate models.

e Establish data bases for marine carbon and nutrient cycling which will be easily
publically available.

Next to water vapor, carbon dioxide is the second most important greenhouse gas. The
airborne fraction of carbon dioxide is determined by anthropogenic emissions and natural
carbon redistribution processes between several reservoirs (atmosphere, land biosphere,
ocean water, marine as well as lacustrine sediments, soils, and lithosphere). The world
ocean (inorganic marine carbon cycle) and the terrestrial biosphere are the most important
sink reservoirs for anthropogenic COs.

Compared to the atmosphere, the ocean contains a much larger standing stock of carbon
(inorganically and organically dissolved as well as in particulate form). Turnover times
of the marine carbon reservoir are shorter than those of the soil carbon pool. Therefore,
small perturbations of the marine carbon cycle can induce significant alterations of the
atmospheric COs concentration. The CO, partial pressure in the ocean depends on the
concentration of dissolved inorganic carbon and alkalinity (or pH value). The structure
of dissolved inorganic carbon and alkalinity in ocean water is determined through ocean
circulation and biogeochemical processes. These biogeochemical processes are mainly
transfers of carbon from dissolved to particulate form and vice versa. These transfers are
governed by biota (uptake of carbon, remineralisation by bacteria) and inorganic processes
(dissolution) and are coupled to the nutrient cycles.

In large scale physical/biogeochemical models, the transformation from new biomass at
the ocean surface back to redissolved forms in deeper waters up to now is performed
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through highly simplified quasi-exponential flux redistribution profiles. It has been shown
in previous model experiments, that the oceanic CO, uptake or outgassing as well as the
vertical nutrient distribution depend critically on the choice of these profiles (Najjar et
al., 1992; Archer and Maier-Reimer, 1994; Heinze et al., 1999). In the real world, more
complex particle dynamics processes are at work. These processes depend on factors
such as wind stress, atmospheric dust loads, primary production, plankton composition,
particle structure, trace substance composition, degree of saturation of seawater (for the
respective substance), and oxygen availability.

For a reliable simulation of the time and space dependent CO, redistribution between
ocean and atmosphere an appropriate time dependent simulation of particle dynamics
processes is essential but has not been carried out so far. The major difficulties were
the lack of suitable modules for particle dynamics and early diagenesis (in order to close
the carbon and nutrient budget) in ocean general circulation models, and the lack of an
understanding of biogeochemical processes, such as the partial dissolution of calcareous
particles in oversaturated water.

The main target of the proposed project ORFOIS is to fill in this gap in our knowledge
and prediction capability infrastructure.

We will achieve our goal step by step. At first comprehensive data bases (already existing
data) of observations of relevance for the three major types of biogenic particles, organic
carbon (POC), calcium carbonate (CaCQOj3), and biogenic silica (BSi or opal), as well as
for refractory particles of terrestrial origin will be collated and made publically available.

From these data base and process studies, model formulations and parameterisations
for simulations of particle dynamics and particle degradation will be developed and for-
mulated. These model formulations will be implemented in already existing “extended
NPZD-models” of ocean circulation and ecology (NPZD="*“nutrient phytoplankton zoo-
plankton detritus”, “extended NPZD-models” = further developments of standard NPZD-
models, to also include the silicon cycle, CaCOj3 production, and co-limitations of nitrate,
phosphate, light, temperature, trace substances such as iron, and further factors). Specif-
ically the following mechanisms will be addressed: Coagulation and disaggregation of
particles, seasonality of particle production, settling velocity of particles, particle solubil-
ities and redissolution kinetics dependent on particle structure and composition, change
of particle size and settling velocity with wind mixing and aeolian particle deposition.
The particle dynamics module will be applied in two different high end BOGCMs (Bio-
geochemical Ocean General Circulation Models). Both BOGCMs, I and II, include a full
ocean physics component based on the Primitive Equations.

A closed nutrient and carbon budget will be established through equilibrium climate sim-
ulations for the preindustrial situation. This simulation includes a quantitatively correct
simulation of the carbon and nutrient fluxes between the sediment and the water column.
The simulation will be verified with the comprehensive data base developed before. The
model set up will include “community models” of particle dynamics and sediment bio-
geochemisty (early diagenesis) which can be implemented in operationally running ocean
climate models (“community models” = well documented and tested source codes of
model components which can be shared by the entire scientific community). The surface
ocean CO, source/sink pattern for the preindustrial ocean will be established.

External forcings as derived from global climate change scenarios will then be applied
to the biogeochemical ocean circulation models. Aeolian dust flux and changes in atmo-
spheric CO, content will be prescribed. The reaction of the water column processes and
the resulting change in the surface ocean CO, partial pressure field will be established.
Regions of highest variability (pre-anthropogenic/anthropogenically disturbed status) will
be diagnosed. Changes in the intensity of particle fluxes and redistributions of matter
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within the ocean water column will be analysed. These biogeochemical redistributions
have also implications for the fertility of the ocean and respective sizes of fish stocks.
Finally, also the effects of marine carbon sequestration activities on the marine particle
flux and pCO, will be investigated and potential economic impacts will be estimated.

2.2 Innovation

State of the art:

The major principles of the geochemical cycles governing the global carbon and nutrient
fluxes are known (e.g., Delaney, 1998; Falkowski, 1997; Tréguer et al., 1995; Moore and
Bolin, 1986/87; Degens et al., 1987) and can be described by models. For the ocean,
comprehensive BOGCMs (Biogeochemical Ocean General Circulation Models) based on
DOGCMs (Dynamical Ocean General Circulation Models providing velocity, sea ice, and
thermohaline fields) are available (e.g., Palmer and Totterdell, in press; Fasham and
Evans, 2000; Aumont et al., in press, 1999, 1998; Heinze et al., 1999; Sarmiento et al.,
1998; Drange, 1996; Maier- eimer, 199 ). These models predict global or basin wide
distributions of carbon tracers and nutrients, as well as air sea carbon fluxes. The models
include biological modules of different complexity. The models were applied for studies
concerning the regulation of the atmospheric CO, content in the present (e.g. Palmer
and Totterdell, in press; Aumont et al., 1998; Drange, 1996; Maier- eimer, 199 ), past
(Heinze et al., 1999; Archer and Maier- eimer, 199 ; Heinze et al., 1991), and future
(e.g., Bopp et al., 2000; Sarmiento et al., 1998; Archer et al., 1997; Sarmiento and e
uéré, 1996; Maier- eimer et al., 1996) by marine processes.

All these models are based on strongly simplifying parameterisations of the real pro-
cesses with biological primary production being a partial mirror image of the wind stress
curl and the mixed layer depth - with high production rates in upwelling regimes and
oligotrophic conditions in downwelling regimes. The respective space time pattern of sim-
ulated surface ocean carbon dioxide partial pressure (pCO,) reflects the patterns of the
biological carbon uptake by biota, the fate of the particles during their sinking through
the water column, the vertical transport of carbon into the surface ocean (mainly through
Ekman pumping), and surface hydrography (with enhanced marine storage of carbon in
saline and cold waters). Surface ocean pCO, patterns can be reproduced qualitatively (a
comparison of various biotic and abiotic models is under way using fixed ocean velocity
fields in the OCM P-2 study, http //www.ipsl.jussieu.fr/OCM P/phase2/ simulations).
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The marine particle production is represented mostly through Michaelis-Menten kinetics.

P D-models and more detailed extensions of them (e.g., Fasham et al., 199 ; Six and
Maier- eimer, 1996) include besides phytoplankton and zooplankton also the microbial
loop through detritus consuming organisms. For a parameterisation of the particle flux
through the water column, all BOGCMs so far published - to the best knowledge of the
proposal authors - employ exponential or quasi-exponential flux redistribution profiles.
These profiles combine the two processes redissolution rate constant and particle settling
velocity in one parameter (in exponential decay formulations in a number called e-folding
depth , the depth level at which the actual particle flux is reduced to 1/e of the export flux
out of the euphotic zone). Fixed values for each of the three particle species POC, CaCO
and BSi are used ( olk and Hoffert, 1985; ajjar et al., 1992; Maier- eimer, 199 ; Heinze
et al., 1999). ncreasingly deep depth levels are chosen from POC to CaCO to BSi (cor-
responding to higher settling velocities or lower redissolution rate constants). Besides the
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