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Monday 11 May 1998
The group members were welcomed by Howard Roe, Deputy Director of the Southampton
Oceanography Centre.
The history of the development of the group was summarised by Michael Fasham and there
was a general discussion of the aims of the meeting and the longer-term aims of the group. The
group Terms of Reference were considered and were thought to be an acceptable framework
apart from the references to the Global Synthesis and Modelling Task Team, which was
disbanded at the last SSC meeting.
Presentations of national programmes were given, describing work on synthesis and modelling,
but also providing the latest information about ongoing and planned cruise programmes and time
series observations. Summaries of these talks are given in Appendix 1.
Doug Wallace gave an update on the status of the JGOFS/WOCE global CO2 survey. Much of
the data has now been worked up and is being deposited in a database run by the Carbon
Dioxide Information and Analysis Center, Oak Ridge National Laboratory, US. Full information
and data can be accessed on the web (http://cdiac.esd.ornl.gov/oceans/home.html).
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Tuesday 12 May 1998
Discussion: The carbon balance in the North Atlantic
Doug Wallace gave a talk showing how the results from the JGOFS/WOCE global survey could
be used to calculate the transport of total and anthropogenic CO2 within the North Atlantic.
Using data from 5 zonal sections occupied in the South Atlantic Ocean between 10°S and 30°S,
including three new WOCE-era (JGOFS CO2 Survey) sections, the meridional transport of TCO2
was estimated. Transports were calculated based on the geostrophic velocity field derived from
the section data, the geostrophic Ekman transport derived from climatological wind-stress data
and the barotropic velocity field derived from an inverse model analysis. The overall transport of
TCO2 is very sensitive to the detailed specification of the barotropic velocity field, and at some
latitudes, the specification of the Ekman transport introduces a significant uncertainty.
Separate calculations were made for the transport of contemporary levels of total inorganic
carbon, and the transport of the anthropogenic, or "excess" component of the TCO2. The inverse
model analysis suggests the following:
1) there is net southwards transport of TCO2 across all ocean sections. A large portion of this
transport is associated with the net mass (water) transport across each section required to balance
the Bering Strait transport minus the cumulative (E-P) for the North Atlantic Ocean;
(2) the local storage term for anthropogenic CO2 can be estimated from time-series
observations of CO2 inventories and by preformed CO2 calculations;
(3) there is no significant convergence or divergence in the contemporary TCO2 transport
between 10°S and 30°S. Hence the local storage term is approximately balanced by local air-tosea CO2 transfer. Within the (large) uncertainties, this is consistent with a completely
independent estimate of the net sea-to-air CO2 flux for this region estimated by Takahashi et al.
(1997) based upon surface pCO2 data;
(4) there is an opposing, northwards transport of anthropogenic CO2 at these latitudes. This
northwards transport increases towards the north. Together with the net storage term for
anthropogenic carbon in this region, this implies that there is a considerable net uptake of
anthropogenic CO2 from the atmosphere between 30°S and 10°S;
(5) subtraction of this anthropogenic component of the transport from the total, and assuming
a zero CO2 storage term (steady state) for the pre-industrial ocean, implies that this region was a
moderate source of CO2 to the atmosphere during pre-industrial times;
(6) comparison of the net transport through the South Atlantic with that through the Bering
Strait gives strong evidence for a net divergence of the southwards TCO2 transport within the
North Atlantic and Arctic Oceans. The divergence and the local storage term are balanced by net
air-to-sea CO2 transfer across the air-sea interface and partly by riverine inputs. The net air-tosea CO2 exchange inferred from this closely matches that estimated by Takahashi et al (1997)
based upon surface pCO2 data;
(7) the northwards transport of anthropogenic carbon across 10°S supplies ~50% of the
anthropogenic CO2 that is currently accumulating in the North Atlantic Ocean. This implies that
the net air-to-sea transfer of anthropogenic CO2 locally within the North Atlantic basin is
significantly lower than suggested by some model simulations;
(8) the pre-industrial budget for the North Atlantic suggests that this region was a strong sink
for CO2 in pre-industrial times.
The significance of this research lies in its demonstration that a coupled analysis of oceanic CO2
data and mass transports allows independent estimates of the net air-to-sea flux of CO2 in the
present-day ocean and for the pre-industrial ocean. To the best of Wallace’s knowledge, this is
the only method available to separate out the anthropogenic perturbation of the air-to-sea flux
from the “natural” (i.e., pre-industrial situation). This type of separation into a natural and
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perturbed air-to-sea flux is critical to an assessment of the fate of anthropogenic CO2 globally
using inverse models of the atmospheric transport.
The transport calculations and inverse models are non-trivial and prone to significant
uncertainty. Issues such as seasonality and sensitivity to model constraints and complexity need
to be thoroughly explored. There is a wealth of data and models available for the North Atlantic
that could be used to further explore these calculations and their associated problems. However
to make progress requires strong co-operation between physical oceanographers who are
familiar with the necessary tools, and the ocean CO2 community who are aware of the important
questions and may have insights about additional constraints that can be used. This area
therefore requires cross-cutting synthesis between WOCE and JGOFS.
A more detailed discussion of the underpinnings for the arguments summarised below can be
found in a manuscript by Holfort et al. (1998. Meridional transport of dissolved inorganic
carbon in the South Atlantic Ocean, Global biogeochemical cycles, 12(3), 479-499). Preprints
are available on request from Wallace (wallace@bnl.gov, now: dwallace@ifm.uni-kiel.de).
Hugh Ducklow gave an update on attempts to develop carbon budgets for selected sites. Since
completion of the JGOFS NABE Pilot Study, and with ongoing time-series observations at the
BATS site off Bermuda, there have been several attempts to budget observations of carbon flux
in North Atlantic waters (Bender et al., 1992; Michaels et al., 1994; Ducklow et al., 1995). Two
general approaches have been attempted: Bender et al., 1992, estimated net production from
observed changes in nutrient inventories at the NABE site, and tried to balance the production
with observed or estimated POC accumulation and sediment trap export. Michaels et al., 1994
and Ducklow et al., 1995 tried to balance observed changes in the TCO2 inventory at BATS and
NABE respectively, with accumulation, export and transport of DOC as well as POC. All
attempts suggest tantalising degrees of success but overall, indicate shortcomings in both
observational and analytical capability, and in conceptual understanding of the carbon cycle in
the NA region. Budgeting the NABE site has been hampered by a lack of reliable DOC data.
BATS budgets have been complicated by uncertainties in particle export estimates and the
importance of net physical transports (particularly mesoscale processes). New observational and
modelling techniques made in conjunction with the ongoing BATS operations should be a
component of JGOFS synthesis as well as future ocean biogeochemical research. DOC
measurements in the NABE region remain a key priority for better understanding of the North
Atlantic carbon cycle.
Véronique Garçon presented some results from a basin-scale 3D eddy-resolving ecosystem
model that has been used to quantify the impact of mesoscale eddies on primary production in
the North Atlantic. In a steady state, the export of photosynthetically fixed organic matter to the
deep ocean has to be balanced by an upward flux of nutrients into the euphotic zone. Particularly
in the subtropical ocean, geochemical estimates of nutrient supply have been substantially higher
than direct biological and physical measurements. A possible explanation for the apparent
discrepancy is that the sampling of in situ measurements has under-represented episodic nutrient
injections by mesoscale eddies, whereas geochemical tracer budgets provide flux integrals over
long time and space scales. We have investigated the eddy-induced nutrient supply by
combining remotely sensed surface observations and numerical modelling, two methods
potentially capable of delivering synoptic descriptions of the ocean state on a basin scale. The
eddy-resolving coupled ecosystem-circulation model used here is a nitrogen-based, four
component (N-nitrate, P-phytoplankton, Z-zooplankton, and D-detritus) pelagic ecosystem
coupled with a 1/3° resolution model of the North Atlantic derived from the WOCE Community
Modelling Effort. Sea-surface height data from the simultaneous TOPEX/Poseidon and ERS-1
altimetric missions are assimilated into the coupled ecosystem-circulation model of the North
Atlantic Ocean. Our results indicate that mesoscale activity accounts for about one third of the
new primary production in the subtropics and mid-latitudes. This is not sufficient to maintain
3

significant levels of primary production in parts of the subtropical gyre, where alternative routes
of nitrogen supply have to be considered.
To investigate how well we can describe and explain the seasonal cycle of production in the
different domains of the North Atlantic ocean, a rough preliminary comparison between
simulated nitrate, phytoplankton (as chlorophyll), zooplankton and primary production levels
from the 3D coupled model and observations collected along the Atlantic Meridional Transect
(AMT, 20°W, from 10°N to 47°N, boreal spring and autumn) was presented.
A means of assimilating satellite ocean colour data in the coupled 3D ecosystem-circulation
model has been developed to achieve the following three objectives: 1) to determine the relative
sensitivities of different biological parameterisations to surface chlorophyll concentration data,
2) to make better estimates of poorly known biological model parameters in the various
dynamical biogeochemical provinces, and 3) consequently to improve our estimates of oceanic
primary and export production. A cost function measures the misfit between observed surface
chlorophyll and modelled surface phytoplankton concentration. The control variables for the
minimisation of the cost function are biological parameters. Simulated observations are taken
while following several floats over a six-month period seeded in different regions of the North
Atlantic model domain (trade wind, westerly wind and polar domains). Twin experiment results
show some geographical dependence of the sensitivity of the parameters to surface chlorophyll
data: relative insensitivity of Z parameters at low latitudes, relative insensitivity of N, D
parameters at high latitudes due to light-limited P growth and high sensitivity of P mortality rate
over the whole domain.
A more detailed discussion of some of the results presented below can be found in manuscripts
by A. Oschlies and V. Garçon (1998) and Gunson et al. (1999). Both are available on request
(garcon@pontos.cst.cnes.fr).
Ian Totterdell gave a presentation of preliminary results from the SOC/Hadley Centre 3D ocean
carbon cycle model. This model explicitly models the biological pump using a four-component
ecosystem model (phytoplankton, zooplankton, detritus and dissolved inorganic nitrogen). The
model results were compared with global estimates of primary production derived from satellite
ocean colour data, and GEOSECS/TTO nutrient and TCO2 data. Overall considering the coarse
resolution of the model (2.5°x3.75°), the results are encouraging. However, the model does have
a serious drawback in that, over long timescales, nutrients in the northern North Atlantic become
seriously depleted compared to observations. This problem is under investigation but may be
related to the model circulation pattern.
Richard Lampitt described some recent work on synthesising published data on deep ocean
particle fluxes to determine regional trends and seasonal variability (Lampitt & Antia, 1997).
Organic carbon flux data normalised to a depth of 2000 m exhibits a range of an order of
magnitude in areas outside the polar domains (0.38 to 4.2 g m-2 y-1). In Polar Regions, the range
is wider (0.01-5.9 g m-2 y-1). Latitudinal trends are not apparent for most components of the flux
although calcite flux exhibits a poleward decrease. Limited data from Polar Regions show fluxes
of opaline silica are not significantly higher than elsewhere.
The variability of flux over annual cycles was calculated and expressed as a Flux Stability Index
(FSI) and the relationship between this and vertical flux of material examined. Somewhat
surprisingly, there is no significant relationship between FSI and fluxes of dry mass, organic
carbon, inorganic carbon or opaline silica. At each site, net annual primary production was
determined using published satellite derived estimates. There is a negative but weak relationship
between FSI and the proportion of primary production exported to 2000 m (e2000 ratio). The most
variable of the non-polar environment exports to 2000 m was about twice as much of the
primary production as the most stable ones. Polar environments have very low e2000 ratios with
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no apparent relationship to FSI but there are large uncertainties about the level of primary
production in these regions.
At primary production levels below 200 gC m-2 y-1, there is a positive correlation between
production and organic carbon flux at 2000 m, but above this level, flux remains constant at
about 3.5 gC m-2 y-1. A curve derived to describe this relationship was applied to estimates of
annual primary production in each of 34 of the open ocean biogeochemical provinces proposed
by Longhurst et al. (1995). Globally, open ocean flux of organic carbon at 2000 m is 0.32 Gt yr-1
which is 1% of the total net primary production in these regions. This flux is nearly equally
divided between the Atlantic, Pacific and Southern Oceans. The Indian and Arctic Oceans
between them only contribute 5% to the total.
The eight planktonic climatological categories that were proposed by Longhurst (1995) provided
a most useful mean of examining the data on flux and its variability. A characteristic level of FSI
was found in each category with highest levels in the tropics and lowest levels in the Antarctic.
There is also a characteristic level of export ratio in each category with the highest in monsoonal
environments (1.9%) and the lowest in Antarctica (0.1%).
Update on Data Management and availability
Roy Lowry summarised the present status of data availability and discussed future
developments.
JGOFS North Atlantic Data
a) North Atlantic Bloom Experiment
A merged water bottle data set is available from BODC. Note that the German data have been
reworked since this product was prepared.
National data sets are available as follows:
USA
Available on the Web (http://usjgofs.whoi.edu/)
UK
Available on CD-ROM from BODC
Germany
Available from German JGOFS DMO
Netherlands Available via Netherlands Oceanographic Data Committee (NODC)
Canada
Available from MEDS
Note that the NODC is a fledgling organisation and their capability to deliver data has yet to be
tested.
b) Other Data Sets
BODC data holdings include several North Atlantic data sets besides NABE that may be of
interest to JGOFS:
1990 and 1991 BOFS cruises
1991 VIVALDI North Atlantic survey
IfM Kiel Sea Rover data set
1996 and 1997 ACSOE cruises
PRIME data set including OWS India time series
OMEX I project data set
Post-NABE national JGOFS cruises in the North Atlantic were also undertaken by Germany,
The Netherlands and Canada. Data sources are as given for NABE. The majority of the data
from the BATS are available from http://www.bbsr.edu.
Data from the French EUMELI and MEDATLANTE projects are to be managed through the
newly formed French JGOFS data management committee. Their current capability to deliver
5

data is not yet known. EUMELI CTD data have been lodged with SISMER and are therefore
readily available.
National JGOFS Data Management Contacts
USA
Chris Hammond, WHOI
UK
Roy Lowry, BODC
Germany
Thomas Mitzka, IfM Kiel
Canada
Graham Glenn, MEDS
France
Marie-Paule Labaied, OOV, Villefranche
The Netherlands Cok van Bergen Henegouw, NIOZ
JGOFS Data Location Systems
JGOFS currently has a cruise inventory, a list of JGOFS and JGOFS-related cruises by field
area, mounted on the IPO Web site (http://ads.smr.uib.no/jgofs/jgofs.htm). The cruises are hot
linked to the home pages of the data holding organisations wherever possible.
The weakness of the Cruise Inventory as a data location tool is that it is cruise-based. Following
up the data from several hundred cruises one by one is a laborious process. Consequently, it has
been proposed that the Cruise Inventory be replaced by a relational parameter-level inventory,
christened the JGOFS Data Inventory (JDI). Progress developing this has been disappointingly
slow due to resource problems.
Prognosis for All JGOFS Data on the Web
The prognosis depends upon what is meant by “on the Web”. If this is taken to mean all JGOFS
data served over the Web through a uniform interface then the prognosis is a very definite no.
The only way such uniformity could be brought to fruition is by putting resources into JGOFS
data management at the international level that simply are not there.
An alternative definition of “on the Web” is to have a number of sites with disparate interfaces
and delivery systems. This scenario is certainly feasible and is developing. Indeed, if one
extends the definition to include delayed mode data delivery through communication initiated
over the Web then the necessary infrastructure is virtually in place.
Wednesday 13 May 1998
Discussion: What has JGOFS learnt about the processes controlling the seasonal cycles of
biological production
An overview of the U.S. JGOFS BATS program and the other time series programmes being
conducted around it was presented by Dave Siegel. Data includes Tommy Dickey's Bermuda
Testbed Mooring [BTM] program, Maureen Conte's and Werner Deuser's Ocean Flux Program,
the AEROCE aerosol sampling, Norm Nelson's satellite imagery acquisition and analysis
program and the Siegel/Nelson Bermuda BioOptics Program [BBOP]). BBOP optical results
showing a strong and rather puzzling seasonal signature of coloured dissolved organic material
(CDOM) concentrations were presented. This CDOM signal appears to be little related to DOM
measurements made at BATS, and Nelson and co-authors (DSR, in press) have hypothesised that
it is regulated by microbial processes. Understanding this signal might prove important as
CDOM can be sensed from satellite ocean colour imagery such as SeaWiFS.
An overview of the prediction of primary production rates at BATS using satellite-retrievable
variables was also presented. This work so far was not very encouraging in that neither
complicated primary production models nor more simple ones predict much of the observed
variance in integrated primary production (hindcast skills were always less than 45%). Further,
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the best correlate with the values of many retrieved primary production parameters (Psat*, Ik,
etc.) was day-length.
Lastly, some estimates of the eddy pumping flux of new nitrogen into the euphotic zone made by
Dennis McGillicuddy [WHOI] and colleagues (Nature, in press) were shown. Modelling and a
statistical analysis of satellite altimetry data clearly demonstrate that eddy-pumping flux is the
dominant source of new nitrogen into the summer-time euphotic zone (much greater than the
diffusive fluxes or Ekman transport). This source of nutrients is necessary to balance observed
new production estimates from tracer analyses. Evidence of the role of eddy pumping is seen in
an interdisciplinary mesoscale survey made by BATS personnel and in the BTM moored record
of nutrients and bio-optics.
A presentation of the EUMELI programme was given by Véronique Garçon. Within the
French-JGOFS programme, an ocean flux study in EUtrophic, MEsotrophic and oLIgotrophic
situations was carried out from 1989 until 1992. The general objective of the programme was the
study of the main processes that govern particle fluxes, from their creation within the upper
layers by photosynthetic activity to their burial in the bottom sediments. Three sites, typical of
three trophic regimes were selected. The selected sites, all located in the tropical Northeast
Atlantic at approximately 20°N, are characterised by roughly similar climatic conditions and a
reduced seasonal variability. The eutrophic site is within the quasi-permanent Mauritanian
upwelling area, the mesotrophic site close to the Cape Verde Frontal Zone, and the oligotrophic
site at the periphery of the North Atlantic gyre within the North Equatorial Current. These sites
strongly differ in phytoplankton abundance at all seasons. The large differences in primary
production between the three sites, which presumably result in different ecological chains and
biogeochemical processes, can help in the understanding of the mechanisms controlling the fate
of the organic carbon (and associated elements) throughout the water column and also across the
air-sea and water-sediment boundaries. A brief overview of the five EUMELI cruises performed
along with the sediment trap deployment programme was presented. More details can be found
in Morel et al. (1996) and Morel (1998).
Wolfgang Koeve described work on a synthesis of observations covering almost a decade for
the German JGOFS Quasi Time Series Station in the temperate North East Atlantic, the
Biotrans/NABE site at 47°N, 20°W. Data from the epi-pelagic surface ocean (upper 500 m)
collected during cruises conducted as part of the international NABE study (1989), the BOFS
programme (1990) and the German JGOFS programme between 1992 and 1997 have been
combined and collected into one data base. From this data collection, a year round composite
data set with half-monthly resolution has been composed and analysed. The collection currently
covers ten of the most important variables relevant to the understanding of the biological pump
(namely temperature, salinity, oxygen, nutrients (N, P, Si), chlorophyll a, POC/N and biogenic
silicate). A complementary database with rate measurements (e.g.. PP, NP) is planned as well as
the addition of carbon system variables to the standing stock data set.
A comparison between temperature fields from the composite data set and the Levitus
climatology reveals small to moderate differences between both data sets, although the
composite data set covers fewer observational years. Similarly, estimates of mixed layer depths
from both data sets agree over most of the year. Surface chlorophyll a maximum concentrations
during the spring bloom are more pronounced in the composite data set than in the CZCSpigment climatology. An autumn bloom that is obvious from the CZCS seasonality is not
observed in the composite data set.
The most surprising features of the Biotrans composite seasonal chlorophyll a distribution are
significant concentrations prior to the spring bloom dispersed over the upper 200 to 300 m.
Integrated chlorophyll a stocks during this part of the year make up a remarkable portion of
maximum integrated chlorophyll stocks observed during May. Much of this wintertime
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chlorophyll is found well below the euphotic zone. This and related findings are discussed in
relation to bio-optical properties calculated from climatological and composite data and the open
question to what extend Sverdrup’s critical depth theory is appropriate for the understanding the
spring bloom phenomena in the North Atlantic Drift Region.
Philippe Pondaven gave a talk on modelling the seasonal cycle of diatoms and other
phytoplankton at the time-series station KERFIX (51°S, 68°E). Although this station is in the
Southern Ocean, it was thought that the experience of modelling diatoms and silica could be
very relevant to the North Atlantic situation.
Although the ice-free region of the Southern Ocean is a typical HNLC system, the underlying
sediments of this area are especially opal-rich, supporting the idea of an effective export of
biogenic matter in this sub-system. In order to study the coupled Si, N and C cycles of this
region, a 1D physical-biological model has been developed (Pondaven et al., 1998) and
calibrated using the data collected at KERFIX. The biological model consists of nine
compartments (diatom, non-diatoms, microzooplankton, mesozooplankton, two types of detritus,
nitrate, ammonium and silicic acid) forced by irradiance, temperature, mixing and deep nitrate
and silicic acid concentrations.
The model correctly reproduces the main HNLC feature of the studied area. Thus, in a region
where the spring-summer mixed layer depth is usually deeper than 60 m, a little bloom is
predicted in December, but its magnitude never exceeds 2 mg m-3. This bloom is mainly due to
diatom outburst, and an associated increase in export flux of Si/N/C is predicted in JanuaryFebruary; export flux, which is mainly, sustained by mesozooplankton faecal pellets (50-60%)
and senescent diatoms (40-50%). In parallel to phytoplankton development in spring, a
drawdown of nutrient is observed. However, nitrate is never exhausted (range: 23 to 28 mmoles
m-3), while silicic acid shows strong seasonal variations (range: 2 to 20 mmoles m-3).
Although small phytoplankton (non-diatom) sustains ~60% of the annual Primary Production
(PP), this size-class, which grows faster than large diatoms, is however prevented from
blooming because of microzooplankton grazing pressure. For micro-size diatoms (~40% of the
annual PP), the main limiting factors are both an unfavourable light-mixing regime in springsummer and a silicic acid limitation in late summer. Mesozooplankton grazing pressure exerts its
influence especially in late spring. It was argued that the silicic acid limitation is induced by high
Si/N uptake ratio in this region (Si/N=3-4). Such a high Si/N uptake ratio is likely due to both
light and iron stress which are known to affect more strongly nitrogen or phosphate uptakes than
silicic acid uptake. In addition, because of the lower specific remineralisation rate of biogenic
silica (~0.01 d-1) compared to particulate organic nitrogen remineralisation rate (~0.05-0.20 d-1),
biogenic silica is rapidly exported out of the surface layer: 50-60% of the biogenic silica that has
been synthesised in the photic layer is exported towards the deep ocean, while only 10-15% of
the particulate organic nitrogen escapes remineralisation in surface layer.
General Conclusions and Future Plans
There was a lengthy discussion on how best the group could further the aims of JGOFS
synthesis in the North Atlantic. The main conclusions were:
1) It was agreed that we should approach DSR to publish a special issue on JGOFS North
Atlantic synthesis. This would be a mixture of papers submitted in response to an announcement
plus papers commissioned by the NASG. We identified about 13 of the latter plus possible lead
authors; these are given in Appendix 2. There was also a discussion about a general set of
crosscutting questions that might guide the whole JGOFS synthesis process. These questions are
given in Appendix 3.
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2) In the course of producing papers for this special issue, it was hoped that a number of
synthesis data sets would be produced and these could be included on a CD-ROM to be
published with the special issue (and perhaps made available at the IPO website).
3) It was thought that the group could find about 3-4 speakers for the IGBP congress but we
have not finally identified topics and speakers. Logically these choices are best made once we
have identified lead authors for the commissioned papers.
4) A need for WOCE/JGOFS joint meeting on inverse modelling of the DIC and nutrient data
sets from the global survey was identified. Since the meeting, Doug Wallace has been following
this up and is shortly to produce a proposal that can be considered by the WOCE and JGOFS
communities.
Chairmanship
Mike Fasham pointed out that as he is now Chair of the JGOFS SSC it would be helpful for him
and for the future progress of the group if another member of the North Atlantic Synthesis
Group took over the chair. Véronique Garçon was asked if she would be willing to do so and has
since agreed to take the chair (pending ratification by the JGOFS EXEC).
Next Meeting
An idea for the venue for next year's meeting was the Canaries. This would give an opportunity
the ESTOC group to present their data to the JGOFS community. Fiz Perez is investigating the
possibilities for this meeting.
References:
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Appendix 1: National Reports
France (Laurent Mémery)
During the coming years, French JGOFS activities in the North Atlantic Ocean will be dedicated
to three main issues.
At Villefranche-sur-mer, a JGOFS data centre has been created on an Internet site
(http://www.obs-vlfr.fr/jgofs/html/html/acces_base.html), and the data obtained during JGOFS
cruises in the North Atlantic (mostly EUMELI) are beginning to be included.
Different basin-scale simulations of the carbon cycle have already started, and will be developed
in the near future, with strong emphasis on the mesoscale coupling with ocean dynamics, and on
data assimilation of satellite data (ocean colour: SeaWiFS, Meris/Envisat).
Finally, in 2000-2001, an important programme is planned in the northeastern Atlantic Ocean
between 38°N and 46°N, and 24°W and 18°W (POMME: Programme Ocean Multidisciplinaire
Méso Echelle). Its main goal is to understand the role of the eddies and the mesoscale dynamics
on the subduction rate of the mode waters, on the onset and intensity of the bloom, and on the
CO2 fluxes between the ocean and the atmosphere. It will be based on in situ multidisciplinary
(dynamics, chemistry, biology) studies with two ships during different periods in the winter and
spring, numerous (about 80) buoys and floats, four or five moorings of sediment traps, and on
eddy-resolving numerical simulations, with data assimilation of altimeter and sea colour data.
One of the objectives of this programme is also to understand the processes controlling the
timing of the subduction and of the bloom, since this point is crucial in estimating the fate of the
organic carbon in the main thermocline. Moreover, the French JGOFS community wishes to
extend the period of study on a whole year to obtain the whole seasonal cycle and to estimate the
export fluxes of particulate (by sediment traps) and dissolved (during deep mixing in winter)
organic matter.
Germany (Wolfgang Koeve)
Overview of the major German JGOFS field activities in the North East Atlantic
Particle flux studies have been carried out as part of JGOFS-funded research and in the
framework of two German Joint Research Projects (SFBs). As part of the German JGOFS
synthesis and modelling effort, published data are currently compiled together with more recent
German particle flux data. Synthesis of the large particle flux data set is one of the primary aims
of German JGOFS synthesis (contact: A. Antia, K. Kremling).
German contributions to the international CO2-survey in the North Atlantic have mainly been
carried out in the framework of the WOCE programme. Some additional sampling has been
carried out in relation to some, but not all, cruises of the Biotrans Quasi Time Series effort. CO2data are however only available from a limited number of cruises of this programme component
(maps with cruise tracks and stations are available on request from L. Mintrop, IfM-Kiel).
The Biotrans Region around 47°N, 20°W is one of the five most frequently sampled stations in
the North Atlantic Ocean south of Iceland. After intensive observations during the 1989 and
1990 international JGOFS field campaigns the German JGOFS started in 1992 with a five-year
sediment trap mooring programme and additional observations of upper ocean biogeochemical
processes. Since most data from the 1989 and 1990 field studies were from spring and early
summer, the German JGOFS work emphasised the study of the area during winter and autumn.
A composite data set is currently under construction. A preliminary version of this data set has
recently been used in the framework of a 1D-model comparison effort. The full version will be
used for parameter optimisation studies, model evaluation and joint synthesis activities of
modellers and field scientists (contact W. Koeve). Among many other data sets, the DOM data
set from this programme will be of great interest to JGOFS synthesis (contact P. Kähler)
German JGOFS contributions to ESTOC, the European time series station at the Canary Islands,
are particularly concerned with hydrographical and particle flux studies (contact: S. Neuer).
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Additional related work in this region is carried out within the framework of CANIGO. ESTOC
is also a very important component of the German JGOFS modelling effort. It has been decided
to be the centre of a co-ordinated modelling activity covering a suite of different models such as
1D, mesoscale resolving 3D and large scale integrating 3D models (contact: K. Herterich).
There have been a number of additional JGOFS related activities in the North Atlantic that may
not be summarised by the previous four topics. These include additional transect studies that had
a more detailed sampling (than just those for the CO2 survey), intensive process studies carried
out north of Iceland (SFB 313, contact R. Peinert) and very intensive studies on abundance,
reproduction biology and export flux of foraminifera (contact C. Hemleben).
Overall, the field campaign of the German JGOFS started early 1992 and was finished about five
years later in summer 1997. Since Oct. 1997, funding for a synthesis campaign started which
will last until about March 2000.
Current modelling effort of the German JGOFS
(a) Co-ordinated modelling effort centred around ESTOC:
1D, local-POM, 3D-1/3°-North Atlantic, global model.
(b) 1D-model comparison at Biotrans:
various modified FDM-type models; aggregation models; output from 3D-models,
observations/composite
(c) 3D-biogeochemical models of the North Atlantic
More information about the German observational programmes can be obtained at:
http://www.ifm.uni-kiel.de/fb/fb2/bi/research/jgofs-na/default.htm, and on the synthesis
programme at: http://www.ifm.uni-kiel.de/pl/dataman/INFO/synthesis.html
Norway (Helge Drange)
The Norwegian JGOFS community (NGOFS) is focusing their activity on the cycling of plant
nutrients and dissolved inorganic and organic carbon in the Nordic Seas. Over the last 8 years,
extensive cruise and sample programmes have been conducted in the region, in particular at
Ocean Weather Station 'Mike' in the Norwegian Sea (66°N, 2°E), in the central Greenland Basin
(75°N, 0°E), and along the 75°N meridian. The measurements include the basic carbonic acid
system parameters, plant nutrients (mainly nitrate and phosphate, but also silicate), dissolved
organic material, sediment trap data, and some plankton biomass observations. The observations
are currently synthesised together with the carbon cycle groups in Göteborg, Sweden, and
Reykjavik, Iceland (see below). In addition to the data synthesis work, numerical box models, 1dimensional turbulence modelling and fully prognostic 3-dimensional physical-biogeochemical
modelling are carried out in the Nordic Seas and the adjacent waters. Special attention is paid to
the exchange of CO2 across the air-sea interface, new and regenerated production, and export
production, including the natural variability of these quantities in relation to high and low NAO
years.
Norwegian and other Scandinavian institutes involved in JGOFS activities are the following:
(Principal Investigators in parentheses)
Measurements:
Geophysical Institute, University of Bergen (Truls Johannessen, truls.johannessen@gfi.uib.no)
Geological Institute, University of Bergen (Eystein Jansen, eystein.jansen@geol.uib.no)
Marine Research Institute, Bergen (Francisco Rey, Francisco.Rey@imr.no)
Norwegian College of Fishery Sci., University of Tromsø (Paul Wassmann, paulw@nfh.uit.no)
Trondheim Biol. Station, University of Trondheim (Egil Sakshaug, egil.sakshaug@vm.ntnu.no)
Lab. Biotechnology, Univ. of Trondheim (Knut Yngve Borsheim, borsheim@kjemi.unit.no)
Modelling:
Nansen Environmental and Remote Sensing Centre (Helge Drange, helge.drange@nrsc.no)
Sintef, Norwegian Inst. Technology, Trondheim (Dag Slagstad, Dag.Slagstad@civil.sintef.no)
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Iceland
Marine Research Institute, Reykjavik (Jon Olafsson, jon@hafro.is)
Sweden
Dept of Analyt. and Marine Chemistry, Univ. Göteborg (Leif Anderson, leif@amc.chalmers.se)
Dept of Oceanography, University of Göteborg (Göran Broström, gobr@oce.gu.se)
Spain (Fiz Perez)
During 1997, the Spanish IGBP Committee was re-formed and the JGOFS contributions of
many scientific groups began to be co-ordinated. Many national programmes related to JGOFS
have developed during the years 1996-1999. Several of them are in the North Atlantic, such as
GIGOVI in the Gulf of Biscay and studies in the northwest African upwelling. In other areas,
studies are focused on productivity in the Antarctic Ocean and in the Mediterranean Sea. Several
national projects are being conducted to determine the water and matter exchanged between
Mediterranean and Atlantic Ocean.
The most interesting project in the North Atlantic was developed as part of the EU MAST III
programme. OMEX and CANIGO are involved in the Iberian Ocean margin and in the
subtropical region embraced by the Canary and Azores Islands. In these subprogrammes, the
Spanish groups are involved in the measurement of basic variables of carbon cycle (CO2,
primary production, dissolved organic matter pool and production, grazing and sedimentation
rates, trace metals, etc.). In addition, several teams are involved in international projects with
other countries, such as the ESTOC time series station in the Canaries (Germany-Spain) or the
Atlantic Meridional Transect AMT (UK). Biological and chemical measurements, such as
primary production by size class and DOM, are being measured in AMT sections by a Spanish
team. Other collaborations are long track cruises, such as FOUREX and KAOS UK cruises,
where CO2 measurements were made by scientific teams from Vigo and Las Palmas.
United Kingdom (Mike Fasham)
The formal UK JGOFS programme ended with the Arabian Sea cruises in 1994. However since
that time there have been a number of cruises in the North Atlantic as part of either British
research programmes (e.g. PRIME), EEC programmes (OMEX), or WOCE that have measured
many of the JGOFS core variables. These cruises are all recorded in the JGOFS cruise inventory.
There is a strong feeling among the UK JGOFS community that the UK should pay an active
part in the JGOFS synthesis stage. Mike Fasham recently contacted the Chair of the Marine
Science Board of NERC to explore the possibilities for funding such a programme. The initial
response is encouraging and a proposal will be submitted in the autumn.
USA (Hugh Ducklow)
US JGOFS initiated a comprehensive program of synthesis and modelling of JGOFS and related
data in 1996 with a Workshop and subsequent report (Sarmiento and Armstrong, 1997), which
resulted in a joint Announcement of Opportunity in early 1997 for submission of proposals
seeking support for individual and joint research projects. Thus far, about 20 projects have been
funded. Further AO's are anticipated in 1998-2000, with support for some synthesis activities
extending through 2003. Although the majority of support is for individual or small-group
projects, the SMP is a co-ordinated program of US JGOFS similar in structure to the JGOFS
process studies. Jorge Sarmiento (Princeton) and Scott Doney (NCAR-Boulder) are serving as
co-ordinators of the project. They are aided in this effort by an SMP Co-ordinating Committee,
which has been charged by the US JGOFS Steering Committee with the implementation of the
SM Program as described in the original workshop report. There will be annual or semi-annual
PI meetings at which research results will be communicated and new collaborations initiated.
There will also be annual thematic summer workshops at which SMP PI's and other interested
scientists (including invited guests from outside the USA) can explore particular topics chosen
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by the co-ordinating committee and SC. The first summer workshop held in July 1997 explored
the role of time series data for modelling and synthesis activity. The next workshop (July 1998)
will examine potential responses of ocean biogeochemistry to global warming.
Sarmiento, J.L. and R.A. Armstrong. 1997. US-JGOFS Implementation Plan for Synthesis and Modelling the Role
of Oceanic Processes in the Global Carbon Cycle. US JGOFS Implementation Report.

Available in hardcopy from US JGOFS Planning and Implementation Office, Woods Hole or at:
http://usjgofs.whoi.edu/mzweb/smp/smpimp.htm). Further information about the US JGOFS SMP
can be obtained at: http://usjgofs.whoi.edu/mzweb/syn-mod.htm.
Appendix 2: Provisional titles of papers to be commissioned for the Deep-Sea Research
special issue on North Atlantic synthesis
Possible lead author(s) are given in parentheses.
1. History of JGOFS activity in the North Atlantic (editors/NASG).
2. Carbon budgets derived from JGOFS/WOCE CO2 survey and pCO2 database (Wallace &
Goyet).
3. Basin-scale synthesis of deep sediment trap data (Antia).
4. The role of DOC in bacterial production and export from the euphotic zone (Carlson, Bianchi
& Kähler).
5. Synthesis of the SeaWiFS data for the North Atlantic (Siegel).
6. The role of mesoscale variability (Garçon & McGillicuddy).
7. Basin-scale 3D modelling (Drange).
8. Regional Analyses. The choice of these regions has been based roughly on the
biogeographical regions of Longhurst (1995).
(a) GIN Seas (Peinart & Johanassen)
(b) North Atlantic Drift Region (Koeve, Savidge & Ducklow)
(c) Sub-Arctic (Marra & Fasham)
(d) North-west Atlantic (Harrison & Li)
(e) Eastern subtropical gyre (Octavio Llinas & ?)
(f) Western subtropical gyre (Debbie Steinberg)
(g) Trade winds region (Morel)
Appendix 3: Some cross-cutting questions that might help guide the overall JGOFS
synthesis exercise.
1. What is the large-scale carbon budget?
2. What fraction of primary production is grazed and what are the dominant grazers?
3. How does export production vary geographically and what controls it?
4. What controls the seasonal cycle of DOM and how does it interact with bacterial production
and the carbon cycle?
5. How good are our models at predicting the seasonal cycle of production?
6. What are the remineralisation depth-scales for C and N in the deep ocean?
7. What are the main physical processes controlling primary production?
8. Do the 3D models predict the observed basin-scale distribution of pCO2, TCO2 and
phytoplankton chlorophyll?
9. What role does nitrogen fixation play in the nitrogen budget?
10. Is atmospheric deposition of nitrogen or iron important?
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Monday 20 September
The group members were welcomed by Christian Le Provost, Director of the LEGOS lab.
North Atlantic Synthesis Group activities
Deep-Sea Research II: JGOFS Synthesis for the North Atlantic
Status report for NASG and JGOFS SSC (March 2000) by Wolfgang Koeve and H. Ducklow.
At the first meeting of the North Atlantic Synthesis Group (NASG) in May 1998, it was decided
that NASG should issue a collection of papers dealing with the synthesis of JGOFS work in the
North Atlantic Ocean. It was agreed with John Milliman and Elsevier that the special volume
should be published as part of Deep-Sea Research II, Topical Studies in Oceanography. The
special issue was announced in September 1998 and a first list of invited and contributed
manuscripts was published on the World Wide Web early 1999 (http://www.ifm.unikiel.de/pl/jgofs-na/dsr/dsr_anno.htm). The official deadline for paper submission was April
1999. The original plan was to have a printed version of the special issue by April 2000 and
present it at the Bergen JGOFS Open Science Conference.
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The original listing included 7 thematic papers, 7 regional analysis and 8 contributed papers.
During 1999, several lead authors finally decided that they will not be able to provide their
manuscripts for this issue. In particular, we had to find replacements for several of the thematic
and regional papers while most of the contributed papers were submitted before the second
NASG meeting was held in September 1999 in Toulouse.
The current status is that two of the thematic papers have been submitted (very recently) and are
under review, five are pending. Two regional papers were dropped, one was rejected after
negative reviews. Two regional papers are currently under review, one is accepted and two are
pending. The status of the contributed papers is much more developed. Six of them are accepted,
two are still pending. In particular, there will not be any contribution on BATS since a special
issue in Deep Sea Research on both times series BATS and HOTS is already underway.
At the Ocean Sciences Meeting in San Antonio, the Guest Editors decided that the very final
deadline for late submissions will be May/June 2000. And that such late papers will have to be
in good shape to go through the review process as rapidly as possible.
JGOFS Highlights brochure
Michael Fasham presented the state of the art of the JGOFS highlights brochure for JGOFS
Synthesis. For the North Atlantic in the Global View section, modelling results on this basin
from Oschlies and Garçon (1998) have been moved into the Synthesis and Modelling section.
Instead, some figures on the 1990 spring bloom at NABE were presented. Some modifications
have been brought about on the Arabian Sea and Temporal Changes sections of the brochure.
Figure 2.2 on the Global Carbon Cycle has been discussed at large, it was felt that in addition to
the numbers produced for fluxes and reservoirs, uncertainties associated to these numbers should
be added (in particular for shelf waters where uncertainty is the largest). It was also suggested to
split the section 6 “What has been achieved” into two sections adding one part “What remains to
be done”. It should be mentioned also that three major gyres remain mostly unsampled, the
South Pacific, the South Atlantic and the South Indian basins. A state of the art on our predictive
capability should be introduced and discussed.
Progress towards North Atlantic synthesis at each national level
Presentations of national programmes were given, describing ongoing work for synthesis and
future plans on programmes cruises and time series observations. Summaries of these talks are
given in Appendix 1.
Tuesday 21 September
Towards North Atlantic Synthesis in the larger global context
North Atlantic biogeochemical regimes
Alan Longhurst presented the various provinces defined in the North Atlantic Ocean. His
recent book Ecological Geography of the Sea, published in 1998 by Academic Press, splits our
community into the ‘separationists’ and the ‘uniformists’. J. Aiken mentioned (see his summary)
that an inherent goal of the AMT (Atlantic Meridional Transect) project was to examine the
concept of biogeochemical provinces and determine their characteristic properties. Traditionally
oceanographers have partitioned the oceans based on physical characteristics, e.g. water masses,
and biological characteristics, e.g. zooplankton distributions. This partitioning provides the
descriptors of regional ecosystems or biogeochemical provinces, each with more-or-less discrete
boundaries and each having distinctly dominant flora and fauna. The concept of biogeochemical
province promoted by Longhurst is a means of evaluating patterns of basin-scale productivity
from remotely sensed measurements of ocean colour, making use of province-specific physical
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and biological parameterisations (climatological values). Boundaries between provinces might
change with climate change. Within provinces, species distribution and pigments distribution,
fundamental province characteristic properties, will also probably change.
Physical context
Véronique Garçon presented some observational and modelling results emphasizing the role of
the mesoscale variability on plankton dynamics. The intensive field observational phase of
JGOFS in the North Atlantic Ocean together with the advent of remotely sensed data and new
emerging in situ observational technologies have served to highlight the importance of oceanic
mesoscale variability on biogeochemical cycles and on the strength of the ocean biological
pump. The most significant effects are on spatio-temporal distributions of phytoplankton,
zooplankton and associated nutrients and also on biological production and export to the deep
ocean. The biophysical system is represented by a large number of dimensions, which represent
time- and -space scales that vary over many orders of magnitude. Interactions among these
dimensions seem to change more or less continually owing to the non-linearities in the
biodynamic system.
For the signature of the mesoscale features to exist in the ecosystem, the comparison between
temporal scales of formation and evolution of mesoscale features, and reaction of the ecosystem
is a key factor. Modelling has served to enhance our understanding of the underlying
mechanisms creating the biogeochemical mesoscale features. Presently, despite some conflicting
results, the net impact of modelled eddies yields an enhancement of the biological productivity
in most biogeochemical provinces of the North Atlantic Ocean. Eventual success of in situ and
satellite data assimilation, still in its infancy stage in coupled physical/biogeochemical models,
will be crucial to achieve JGOFS synthesis. Depending on which end of the spectrum
quantification of the effect of mesoscale features on new production is required, complementary
strategies are offered. Either one may choose to increase model resolution up to the very fine
mesoscale features (a few km) for the high end, or to include parametric representation of eddies
for the low end. There should be feedback that links these diverse strategies.
Regional North Atlantic primary, new and export production
Dave Siegel presented new results from his group comparing primary production observations
from the BATS time series to a suite of bio-optical models for water column integrated primary
production (IntPP). The results were not encouraging as less than 40% of the observed variance
was explained by any of the models explored. This comparison should be as good of test as it is
possible for a single site as analytical techniques and procedures were consistently applied.
Explanations for the poor success of these models was related to the relatively small variance in
IntPP observations versus the global data sets used to build and tune these empirical models. It is
further hypothesized that poor modelling success is due to the fact that the IntPP models assume
a steady-state ecosystem and balanced growth while observations assume nothing. Time-series
analyses of these records are used to suggest separating the steady-state signals from the
variations that are more due to ecosystem disturbance. We find that for long-time scales (> ~200
days) the modelled and observational records are coherent suggesting that the model
assumptions are valid. However, short time-scale variations (< 200 days) in the observed and
modelled IntPP are incoherent suggesting that they are regulated by ecosystem disturbance
processes. This work provides a time scale (and probably by the same logic a spatial scale) over
which the bio-optical approach to modelling IntPP rates is valid.
Siegel also reviewed recent publications on new nutrient supply to the euphotic zone in the
Sargasso Sea and the role of mesoscale eddies. He presented recently published satellite based
estimates of eddy pumping flux of new nutrients made by himself and Dennis McGillicuddy
(WHOI). He showed a new nitrogen budget for BATS and demonstrated that the eddy pumping
flux can account for most of the missing new nutrients diagnosed from geochemical tracers. He
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further showed field observations of the effects of eddies from the Bermuda Testbed Mooring
(Tommy Dickey and Joe McNeil, UCSB) and Hans Jannasch (MBARI)) and several mesoscale
surveys conducted by McGillicuddy and Rod Johnson (BBSR).
Emilio Fernandez presented results summarising the investigations undertaken during ten
cruises carried out from 1992 to 1999 with the aim of investigating the latitudinal and seasonal
patterns of size-fractionated chlorophyll-a, carbon incorporation rates (particulate and dissolved)
and net community production in the Eastern North Atlantic Subtropical (E-NAST) Gyre.
Phytoplankton biomass and particulate production
Averaged chlorophyll-a and primary production rates estimated for this region were ca. 0.26 mg
m-3 and 0.41 mg m-3 h-1, respectively, with local enhancements of biomass and photosynthetic
carbon fixation associated to large scale frontal and/or eddy activity. Chlorophyll-a
phytoplankton biomass was rather constant in both time and space. By contrast, large variations
were found in primary production rates. Small sized cells (<2 µm) form the bulk of
phytoplankton biomass. On average 70 % of the microalgal biomass in the E-NAST province
corresponds to picoplankton but only 50 % of the carbon fixation is due to this size fraction. A
clear latitudinal gradient in these variables was detected from northern temperate waters to
southern waters located at the centre of the gyre. The latitudinal distribution of chlorophyll-a
integrated over the euphotic zone showed a lower degree of variability (8.5 to 29.3 mg m-2) than
carbon fixation rates (1.5 to 85.4 mg C m-2 h-1). In general, higher rates of integrated primary
production were found in the northern boundary of the province. The relative contribution of
picoplankton to total phytoplankton biomass decreased slightly northwards. This trend is less
evident in the case of the relative contribution of picoplankton to primary production. No clear
seasonal pattern in phytoplankton biomass or production was detected in the subtropical gyre,
possibly because of the limited temporal coverage of the cruises. More distinct patterns of
temporal variability were found in northern temperate zones (35-40°N), with maximum values
of surface chlorophyll-a and primary production occurring in the March-May period.
Dissolved organic carbon production
On some cruises, dissolved organic carbon (DOC) production by microbial populations was
measured. Averaged photic-zone integrated rates of DOC production were 11 ± 2 mg C m-2 h-1
accounting for 21 ± 3 % of total carbon incorporation by primary producers. Marked seasonal,
latitudinal and longitudinal variations both were detected both in the rates of DOC production
and in its relative contribution to total carbon incorporation. A statistically significant log-log
relationship was found between DOC and POC production rates with a slope < 1, indicating that
the proportion of organic carbon flowing to the DOC pool increases progressively as particulate
production decreases. A significant inverse relationship was also found between the percentage
of DOC release and phytoplankton size.
Net community production
Net community production (NCP; i.e., the difference between gross primary production -GPand dark community respiration -DCR-) was also measured in the Atlantic. Photic-zone
integrated DCR was remarkably constant over the range of integrated GP studied resulting in a
heterotrophic behaviour of the planktonic community (i.e., microbial respiration exceeds
primary production) for gross O2 production rates of ca. 100 mmol O2 m-2 d-1. This means that,
in general, respiration exceeds production in the subtropical NE Atlantic. Exceptions to this
general pattern were observed in relation to mesoscale structures such as frontal systems and
cyclonic eddies present in the region. A significant inverse relationship was found between the
euphotic zone-integrated percentage of particulate carbon incorporated by phytoplankton <2 µm
against integrated NCP, which predicts net heterotrophy to occur at %PP<2µm > 33 %, and
suggest that community structure influences the degree of heterotrophy of the pelagic
environment. The sources of organic matter required to sustain the observed heterotrophy in the
picoplankton-dominated subtropical gyres is currently the focus of an active debate and still
remains a challenge for the next years.
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Conclusions
• The large degree of spatial and temporal variability found in the rates of carbon fixation
together with the relative constancy of phytoplankton biomass suggest that in the E-NAST
region the factors controlling phytoplankton growth largely change both in space and time, but
the close coupling between primary producers and consumers keep the phytoplanktonic biomass
in a quasi-steady state condition.
• The fraction of photosynthetically incorporated carbon that flows to the DOC pool is
comparatively higher in subtropical, low-productivity environments that in temperate,
productive regions.
• Oligotrophic, picoplankton-dominated oceanic regions are generally characterised by an
excess of microbial respiration over production, i.e., a heterotrophic behaviour of the planktonic
system. The source of organic matter fuelling this high rate of respiration is still a matter of
controversy.
Jim Aiken presented the major achievements of the Atlantic Meridional Transect (AMT)
programme which provided data on the physical and biogeochemical structure and functioning
of the Atlantic Ocean basin to define geographical provinces (Aiken et al., 2000 a). Objective
analyses of in situ sea surface temperature (SST) and density data or remotely sensed SST or
synthetic density, were used to determine the province boundaries. Bio-optical properties
showed similar patterns and results.
The AMT research programme has provided high precision data of water reflectance at
SeaWiFS wavelengths and precision measurements of phytoplankton pigments. These have been
used to formulate, parameterise and validate new bio-optical models, relating remote sensing
reflectance and the Inherent Optical Properties of all the major bio-optical variables of marine
waters (Aiken et al., 2000 b). From these, more accurate interpretations of chlorophyll biomass,
other phytoplankton pigments, suspended particles and dissolved organic compounds can be
determined. Analyses of SeaWiFS data were presented on all these variables, all of which have
societal relevance with respect to water quality, harmful algal blooms, the productivity of the
ocean, climate change, the sustainability of marine ecosystems, natural resources and fisheries.
The temperature (T) and salinity (S) data from the 8 AMT cruises validate the provinces concept
(Longhurst, 1995). Water masses are determined by classical T-S analysis (Wright and
Worthington, 1970) using the data acquired on station from a vertical cast to several hundred
metres. Although T is not a conservative property for the surface layer, there are consistent
patterns in each hemisphere for the cruises which indicate the existence of distinct physical
zones or provinces. Either T or S or both will change markedly at a province boundary. Density
is a function of T and S and a province boundary or front will be characterised, by a sharp
change of surface density. The provinces align with the major provinces determined by
Longhurst (1995) but the derivative method differentiates the boundary locations of the
equatorial current systems, which are missed in the Longhurst approach.
Do these provinces have common biogeochemical properties? Can province boundaries be
determined from remotely sensed observations? There are areas of high biomass in the temperate
zones north (50° to 37° N) and south (35° to 50° S) and in the NW African upwelling (22° to 11°
N) with low concentrations in the sub-tropical gyres. Even in the different seasons, the highest
accumulations are at the northern and southern extremes of the AMT and in the NW African
upwelling zone, though the spatial extent and magnitudes varies. There is evidence of sub-areas
of intermediate concentrations from 10° to 2° N and 18° to 28° S, aligning coarsely with the
boundaries of the physical provinces. The PSC (photosynthetic carotenoids) / TC (total
carotenoids) ratio is high at temperate latitudes and in the NW African upwelling zone, whereas
the ratio of PPC (photoprotective carotenoids) / TC is high at low latitudes (high light). The
PSC/TC ratio is a dimensionless fraction between 0 and 1 and is the most pronounced index of
province characteristic properties.
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Phytoplankton biomass often accumulates at one side or other of a front, which may broaden or
skew the biological expressions of the province boundaries. The consistency of all the analyses
provides strong evidence of the co-existence of physical, biological and bio-optical provinces,
which are important characteristic properties of ecosystem identity.
The interpretation of remotely sensed data of ocean colour showing such heterogeneity as is
found in the North East Atlantic Ocean is a challenge to biological oceanography. What are the
physical and atmospheric forcings of marine productivity? What are the ecosystem functioning
processes, which produce these diverse characteristics? To understand these questions we need
to interpret the data directly, in terms of the inherent properties of absorption and backscatter.
Surrogates such as chlorophyll concentration are inappropriate. When needed, the
biogeochemical variables can be derived with greater precision from the IOPs, which are the
direct observable variables.
The absorption by phytoplankton is the key to the determination of productivity, since it is the
photons absorbed by all the photosynthetic pigments, which generate photosynthesis. The
derivation of productivity from absorption is a simple model requiring knowledge of the
province specific photosynthetic parameter values and photosynthetic pigment spectral
absorption characteristics. In situ observations, remotely sensed data and models are used
together for the computation of basin-scale primary production. The validation of this approach
for the determination of productivity from remotely sensed data is a lengthy process, requiring
the comparison of model data with in situ measurements. Preliminary analyses are encouraging
and significant correlation has been obtained between model data and measurements of Fv/Fm,
the photosynthetic quantum efficiency, determined by Fast Repetition Rate Fluorometry (Kolber
and Falkowski, 1993). From these data, the development of algorithms for the determination of
photosynthetic parameters and productivity from remotely sensed observations will be possible.
Behrenfeld et al. (1996) in the IronEx 2 experiment showed Fv/Fm increased rapidly at the start
of the artificial bloom, suggesting that an increase of this parameter is an indicative precursor to
phytoplankton blooms. Harmful (toxic) algal blooms have an important environmental impact
on human activities and fisheries in the coastal zone worldwide. The ability to detect this
parameter from space would be a significant advance for monitoring and managing the coastal
zone, as well as determining the productivity of the global ocean. Both these are significant for
societal well-being.
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Role of community structure in regulating export of POM and DOM
Victor Smetacek gave a presentation on relating plankton ecology and biogeochemistry. Our
understanding of pelagic systems at the organism level is very poorly developed, hence we are
yet far from predicting, let alone successfully manipulating them. So far, research on pelagic
systems has focussed primarily on resource acquisition and competition as factors shaping
species composition and succession. He argued that agents of mortality (i.e. debilitators and
killers: pathogens, parasites, predators) play a greater role in shaping plankton form and function
and that the defence mechanisms and the evolution of a "pelagic arms race" have significant
impact on productivity, foodweb structure and hence also on oceanic biogeochemical cycles.
He argued that the silica shell of diatoms and the calcium carbonate plates of coccolithophorids
are both defences against smaller herbivores. Because of the superior protection afforded by
these mineral coatings, these two phytoplankton groups form blooms in the ocean that have a
significant effect on element cycling. This hypothesis is currently being tested. The study of the
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autecology of plankton organisms has long been the domain of taxonomists and anatomists who
have not been particularly interested in whole-system functioning. That the system functions as a
whole is demonstrated by parameters such as atmospheric CO2 concentrations, nitrate to
phosphate ratios or deep-sea DOC that are maintained for prolonged periods despite rapid
turnover rates and the lack of obvious constraining factors. Integrating organism biology and life
cycles with the great biogeochemical cycles of our planet is the most important task facing
biological oceanographers today. Our science is now being challenged by the spectre of global
change: we need to radically improve our ability to understand the plankton if we are to join the
other earth system scientists in successfully assessing, modelling and predicting interactions
between the components that drive the climate of our planet. Comparative studies of plankton
ecology combined with in situ experiments will prove to be the most fruitful approaches to
identifying crucial processes and mechanisms driving pelagic ecosystems.
Global perspective – concepts and models
Mike Fasham gave a presentation on 1D coupled mixed layer / biogeochemical model results
obtained in collaboration with Philippe Pondaven at NABE and the time–series station KERFIX
(51°S, 68° E). The initial FDM model has been modified as to include the seasonal cycle of
diatoms and thus the silicon cycle. A threshold on the grazing relationship has been introduced.
Evans (1999)’s optimisation method was used to calibrate the biological parameters.
Unfortunately, no zooplankton observations are available. For the KERFIX station, a composite
year has been created. Two-third of the parameters values are found identical at both sites. The
sedimentation flux at NABE and KERFIX is 0.27 and 0.35 molN m-2 yr-1, respectively and the
annual export ratio is 0.16 and 0.58 for NABE and KERFIX, respectively.
Wednesday 22 September
Andreas Oschlies presented model-derived estimates of new production, which are found to
display systematic co-variations with the underlying model architecture. Estimates of oceanic
new production pose a vital constraint on the biologically mediated input of atmospheric CO2
into the ocean. Early attempts to deduce new production from numerical models concentrated
mainly on relatively simple box models that were fitted against large-scale averages of
biogeochemical tracer observations. Before the first fully three-dimensional ocean carbon cycles
were developed in the 1990s, box-model estimates for global new production ocean carbon
cycles developed in the 1980s had been in the range 0.1-0.2 molN m-2 yr-1, which was in good
agreement with the then available observational estimates.
In the 1990s, coupled biogeochemical circulation models began to produce new production
estimates in the range 0.3-0.5 molN m-2 yr-1, which is about twice as large as obtained by the
simpler box models. A recent study by Archer et al. (unpublished manuscript) shows a similar
increase in simulated atmospheric CO2 when the underlying ocean model is changed from a box
model to a general circulation model. Interestingly, new models with a resolution fine enough to
resolve mesoscale features, that are thought to enhance oceanic new production via ‘eddy
pumping‘, simulate levels of new production that are generally lower (about 0.2-0.3 molN m-2
yr-1) than those produced by coarse resolution models.
A possible explanation for the discrepancies among different model categories is the different
implicit diapycnal diffusion. Box models have zero-implicit diffusion between surface and deep
boxes, whereas z-level circulation models all suffer from artificial diffusion inherent in the
numerics. A sensitivity study (Oschlies and Garçon, 1999) has demonstrated that the often-used
upstream advection scheme with its high implicit diffusion can almost double the basin-scale
new production when compared with a more accurate numerical scheme. Similar sensitivities of
new production are expected with respect to the choice of horizontal or isopycnal mixing
schemes, which is particularly an issue in coarse-resolution models. For the moment, it is likely
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that high-resolution models with accurate advection schemes are affected least by ‘hidden’
diapycnal diffusion. In this respect, it may not be a pure coincidence that such models come
closest to the new production values estimated by the much simpler box models.
Biogeochemistry of the aphotic zone
Gerhard Herndl then gave a presentation focusing on bacterioplankton and their role in the
cycling of dissolved organic carbon (DOC).
Bacterioplankton abundance varies over two orders of magnitude from the surface to the deep
sea while the concentrations of DOC, which is the principal substrate for bacterioplankton, vary
only by a factor of two. It is generally assumed that this DOC is almost exclusively derived from
phytoplankton fuelling also the deep waters via sedimentation of ungrazed phytoplankton or
fecal pellets originating from zooplankton grazing on phytoplankton. The particle flux in the
form of marine snow is an important transfer of organic carbon from the euphotic zone into the
deep sea. During this sedimentation, bacteria are colonizing these aggregates and convert them
into largely refractory organic matter. These marine snow type particles, however, undergo also
a permanent re-juventation due to adsorption of organic matter and via collision with other
particles.
This marine snow represents a microenvironment of high metabolic activity in a DOC-depleted
surrounding water leading to specific bacterial communities fundamentally different in the
species composition from the bacterioplankton of the surrounding waters.
There is evidence accumulating now that bacteria not only take up DOC but they are also
releasing DOC in considerable quantities. In lab experiments, we showed that the DOC released
by bacterioplankton amounts to about 25% of their respiratory carbon loss. This bacterial
derived DOC originates from the polysaccharidic capsule of active bacteria. There is, however,
also a large number of 'ghost'-bacteria present in the water column consisting only of the
refractory cell wall with no visible internal structure detectable as revealed by transmission
electron microscopy. The bacterial cell wall consists to a large part of D-amino acids. Since Damino acids in oceanic environments are only produced by bacterioplankton, they are ideal
tracers for cell wall-derived DOC. Preliminary results from the deep North Atlantic revealed that
with increasing depth the contribution of bacterial cell wall-derived DOC is increasing.
Measurements on the bacterioplankton utilization of D-amino acids indicate a remarkable shift
in the bacterioplankton uptake of D- versus L-amino acids. While bacterioplankton of the
euphotic zone takes up L-amino acids at an about 100 times higher rate than D-amino acid, deep
water bacterioplankton takes up D- and L- amino acids with the same efficiency. Thus, there is
evidence that bacterioplankton in the deep water is adapted to utilize bacterial-derived DOC.
These findings that a large fraction of the deep water DOC is actually of bacterioplankton and
not of phytoplankton origin have important implications for the global carbon cycling since in
the deep ocean most of the DOC is stored due to its enormous volume. The contribution of the
bacterioplankton to the oceanic DOC should therefore be incorporated into global carbon flux
models in the future.
Update on data management and availability
Roy Lowry summarised the present status of data availability and discussed future
developments.
The JGOFS DMTT met in Bergen in September 1998, followed by a 2-day Data Management
and Synthesis Workshop where the data managers met with a cross section of scientists involved
in JGOFS Synthesis. The DMTT meeting was primarily concerned with arrangements each
DMTT member was making to ensure that the long-term stewardship of the data under their
control was assured.
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The JGOFS data management organisations in the UK, India and Japan have NODC status and
therefore may be regarded as safe long-term repositories. However, the UK and India have
published their data on CD-ROM and submitted them to the WDC Oceanography network as an
additional safeguard. CD-ROM publications of Japanese JGOFS data are also being prepared.
The French data are being assembled on a Web site. CTD data are being submitted to the French
NODC (SISMER). There is enthusiasm for future publication of the data on CD-ROM.
Certain types of Canadian JGOFS data (CTD, XBT and bottle chemistry) are being archived in
the Canadian NODC (MEDS). A distributed on-line network of other data types is being
developed. A CD-ROM data publication project has been initiated at MEDS.
The German data are being assembled at IfM Kiel, except for Southern Ocean data that are
handled by AWI, Bremerhaven. The intention to submit the data assembled at Kiel to the
German NODC and the WDC was expressed. However, the subsequent departure of Thomas
Mitzka and the problems replacing him give real fears that this may not happen.
The US data are being successfully assembled in the US-JGOFS on-line system. There are longterm plans to assure the long-term future of the data through dumping the system onto CD-ROM
and submission to USNODC.
The major problem facing the DMTT is how to assure the long-term safety of data collected by
nations not represented on the DMTT. A satisfactory solution has still to be found.
The Data Management and Synthesis Workshop produced the following conclusions:
The workshop concluded that JGOFS had a most urgent requirement for a metadata catalogue.
Research following the workshop identified the posting of DIFs on the Global Change Master
Directory as the most effective mechanism. This work is to be done by Beatriz Balino at the
IPO. Unfortunately, more urgent duties (the JGOFS Brochure and the Open Science Conference)
have meant that there has been little progress to date.
JGOFS synthesis will benefit significantly from enhanced communication between scientists,
data managers and the IPO. A brief dialogue between scientists embarking on data synthesis and
DMTT members to outline data requirements can pay dividends. Data managers may be aware
of relevant non-JGOFS data sets that may be of use or may be able to save the scientist time by
delivering data in a more convenient form. There is a worrying tendency to replace person-toperson communication by a Web trawl in the search for information on data.
Considerable effort is required to build synthesised data sets, such as composites or time series,
from field data. It is important that the scientific community received the maximum benefit from
such enterprises. To achieve this the synthesised data sets need to be known about and made
available. It is therefore important that entries covering synthesised data sets are included in
metadata catalogues so that they may be found. Authors of synthesised data sets should also be
encouraged to publish their data sets.
The issues of managing model data needed to be addressed. Three questions were identified that
need to be answered on a case-by-case basis when generating a plan for the management of a
given set of model data. Should model output be managed or junked? How should the model
data to be managed? Either the output from a model run may be considered as the entity for
management or the model source code plus input data set may be archived. Should model data,
particularly high volume output, be managed by recognised data management organisations or
by modelling groups?
The modellers issued a strong plea for additional zooplankton biomass data in a form where they
can be used in models. In other words, broad community measurements expressed in terms of
carbon and nitrogen. To date, there has been little success in addressing this request and the
problem needs to be high on the agenda for the next DMTT meeting.
The issue of timeliness of data delivery was raised. Essentially, the more time data management
has available, the more complete and higher the quality of the data product delivered. However,
this has to be balanced against the fact that JGOFS Synthesis is happening now and it needs
data.
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Relational databases being developed within JGOFS data management have the potential to
form the basis for empirical research, such as the identification of relationships for satellite
algorithm development that has yet to be fully exploited.
The issue of data citation protocols needs to be addressed. It is recommended that data use be
cited to indicate both the originator and data source (CD-ROM or Web Site). These sources
should be catalogued by lodging copies either in internationally recognised repositories or
through entries in metadata catalogues such as GCMD.
Subsequent Developments
Since the DMTT meeting there have been a number of developments in the field of JGOFS Data
Management.
Two CD-ROM data sets containing Indian JGOFS data and an international collection of CTD,
XBT and SeaSoar profiles from the Arabian Sea have been published. Plans have been laid for
the publication of the JGOFS Equatorial Pacific data set on CD-ROM. Although these are not
directly relevant to the North Atlantic, their existence is raised as some NASG members have
interests in more than one JGOFS field area.
BODC has published the LOIS Shelf Edge Study Data Set CD-ROM. This contains a large
multidisciplinary data set collected from the European Continental Margin to the NW of
Scotland during 1995 and 1996. A CD-ROM is nearing completion, containing data from the
UK Plankton Reactivity in the Marine Environment (PRIME) project. This includes a mesocosm
experiment in the Bergen facility, data from a major cruise (including an SF6 experiment) in the
North Atlantic along 20W and some historical data from OWS India rescued through PRIME
funding. BODC CD-ROM products are made available to JGOFS scientists free of all charge.
The French JGOFS Web site has developed steadily over the past year, including further data
sets from French JGOFS cruises in the North Atlantic. However, the data set is not yet complete
and some further development work on the interface is required.
The US-JGOFS Web site continues to extend the range of data sets it offers. The NABE data
sets have been completed and available for some time. Southern Ocean data sets are
progressively being made available through removal of password protection as the two-year
embargo periods expire.
The German JGOFS data set assembled at IfM Kiel now has no appointed data manager in
charge of it. However, a student is servicing requests for the data from JGOFS scientists. The
longer-term future of the data will be considered at the next DMTT meeting, to be held at Kiel.
At the end of 1999, the JGOFS DMTT Chair will rotate. Roy Lowry will be replaced by
Margarita Conkright from the Ocean Climate Laboratory within US-NODC. However, Roy will
continue to serve on the DMTT. Margarita and Roy have yet to agree how they will continue to
foster the strong linkage between the DMTT and the NASG that will hopefully develop into fullblown collaboration in NASG efforts to build synthesised data sets.
Future NASG Actions
There has been a discussion on how best the group could further the aims of JGOFS synthesis in
the North Atlantic. The main conclusions were:
1) To create a web page dedicated to the North Atlantic Synthesis before end of year 1999 (by
March 2000: http://www.omp.obsmip.fr/omp/umr5566/english/jgofs/index.htm)
2) To organize during the Regional Parallel sessions at the Open Science Conference in Bergen
in April 2000 a session on North Atlantic synthesis. A report on the two meetings organized
(SOC and Toulouse) will be presented. Time for open interventions will be secured.
3) To write a NASG report on Synthesis to be published as a JGOFS Report after the Open
Science Conference in Bergen.
4) To organize a short discussion meeting in Bergen with scientists members of the NASG able
to attend.
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Appendix 1: National Reports
Germany (W. Koeve)
The German contribution to the Joint Global Ocean Flux Study (JGOFS) currently consists of
two funded Joint Research Projects, one for synthesis of the North Atlantic work and one for
synthesis of work carried out in the Arabian Sea. Funding for both projects will finish in 2000.
An international workshop on 'Biogeochemical Cycles: German contribution to the International
Joint Global Ocean Flux Study' will be held at the University of Bremen (18-21 September
2000) in order to summarize the highlights of the German JGOFS work of the last decade (see
http://www.marum.de/jgofs/Symposium2000.htm). The synthesis work for the North Atlantic is
organized in four working groups:
• CO2-exchange at the air-sea interface (contact: D. Wallace, dwallace@ifm.uni-kiel.de)
• processes of the pelagic ecosystem (contact: W. Koeve, wkoeve@ifm.uni-kiel.de)
• particle flux to the deep ocean (contact: A. Antia, aantia@ifm.uni-kiel.de)
• benthic processes (contact: K. Lochte, Karin.Lochte@io-warnemuende.de)
• modelling and data management (contact: K. Herterich, kher@geo.palmod.uni-bremen.de)
Regional foci are the Biotrans or NABE-47 site (47°N, 20°W), the European Time Series Station
ESTOC near the Canary Islands and the Northeast Atlantic in general.
The ongoing synthesis has a number of scientific foci of which the following topics are given as
examples:
• Provide state of the art element budgets, in particular for nitrogen and carbon, for typical
sites in the Northeast Atlantic, namely the Biotrans station and ESTOC. Budgets are to be
constructed from the air-sea interface down to the bottom of the ocean.
• Estimate the variability of the C:N ratio on seasonal and regional scales. Quantify the
carbon overconsumption and improve the understanding of its fate in the interior of the
ocean. In particular, describe the contribution of semi-labile dissolved organic matter in this
context.
• Estimate uptake, storage and transport of anthropogenic CO2 in the North Atlantic.
• Provide a comprehensive overview of particle flux dynamics in the Northeast Atlantic.
Estimate uncertainties due to hydrodynamic biases and mesoscale variability.
• Compile an integrated database of benthic flux measurements from the East Atlantic and
provide basin scale estimates of benthic fluxes.
All work is carried out jointly between 'field observers' and modellers.
In order to contribute to the final synthesis of the international JGOFS a second phase of the
German JGOFS Synthesis programme is currently under planning.
United Kingdom (Mike Fasham)
The British contribution to the Joint Global Ocean Flux Study currently consists of several
funded Joint Research Projects, PRIME, DISCO and AMT. In situ work for the PRIME
(Plankton Reactivity in the Marine Environment) took place in April-May 1997 with a highresolution mesoscale Seasoar survey together with classical hydrography work. 3D modelling
work with PRIME data is ongoing, in collaboration with Allan Robinson’s group (Harvard
University). An SF6 release experiment occurred during the last DISCO cruise (June 1999).
As for the AMT (Atlantic Meridional Transect, PI: J. Aiken), ten North-South Atlantic cruises
(mainly along 20°W) have been carried out and future schedule should not undergo major
change (frequency twice a year). The AMT programme measures physical, biological and biooptical properties and processes through the diverse ecosystems of the North and South Atlantic
Oceans, with a primary objective to improve the understanding and interpretation of the
functional relationships between biological particles and processes and ocean colour. Modelling
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work includes a North Atlantic open ocean model including shelf waters. Peter Challenor’s
group at SOC is progressing on assimilation of ocean colour data into coupled
physical/biogeochemical models.
In addition, the UK contribution of the GLOBEC programme is in its first phase of funding, the
focus will be on the Irish Sea.
USA (Dave Siegel)
Both NSF and NOAA institutions granted funding for ongoing JGOFS synthesis at the US level
(another 2 1/2 years more to go). J. Sarmiento and S. Doney are leading the synthesis with yearly
PI’s meetings of the US community. Both time-series stations BATS and HOT received another
year of funding.
For ocean colour, a SeaWiFS reprocessing will start in October 1999 with upgraded algorithms
and it will require another 2-3 months to reprocess all levels (should be available early 2000). A
new ocean colour sensor MODIS (on EOS 1) will be launched in November 1999.
With respect to the international SOLAS initiative, although there is a US Scientific Committee,
the community is not yet fully structured. Other future oceanographic biogeochemical programs
are planned (OCTET for instance). At the modelling level, Ray Najjar’s (Pennsylvania State
University) task is to lead the US effort within OCMIP. Very fine resolution coupled
(physical /biogeochemical) models are running (1/10°, Dennis McGillicuddy’s group). The
HOPS (Harvard Ocean Predicting System) is fully operational.
Netherlands (Gerard Herndl)
NABE and the Arabian Sea data are available on CD-ROM. In the North Sea, Hein de Baar’s
group is achieving a carbon dioxide budget. For the data management, the new contact is Lieeuw
(NIOZ, Texel).
Spain (Emilio Fernandez)
The first JGOFS Spanish meeting took place in Vigo in 1998. Many biogeochemical studies are
carried out under the JGOFS umbrella: FLUELA (a DSR issue is ready for submission), ESTOC
(O. Llinas, G. Siedler and G. Wefer, collaborative effort between Canary Islands regional
Government, IFM Kiel and University of Bremen), the Spanish contribution in the EC CANIGO
programme (a special DSR issue is in preparation), LATITUD (oceanographic cruises between
Spain and South America, 2 are scheduled in 2000). There should be a meeting, before end of
year 1999, of the Spanish community, which has been and is involved in CANIGO, AMT and
LATITUD. National Science plans include the CATEDRA programme to be carried out on the
North African shelf, it will constitute a natural link to SOLAS.
France (Véronique Garçon)
In 2000-2001, an important programme is planned in the Northeastern Atlantic Ocean between
38°N and 46°N, and 24°W and 18°W (POMME: Programme Ocean Multidisciplinaire
MésoEchelle, PIs: Laurent Mémery and Gilles Reverdin). Its main goal is to understand the role
of the eddies and the mesoscale dynamics on the subduction rate of the mode waters, on the
onset and intensity of the bloom, and on the CO2 fluxes between the ocean and the atmosphere.
It will be based on in situ multidisciplinary (dynamics, chemistry, biology) studies with two
ships during different periods in the winter and spring, numerous (around 80) buoys and floats,
four or five moorings of sediment traps, and on eddy resolving numerical simulations, with data
assimilation of altimeter and ocean colour data (http://www.ipsl.jussieu.fr/POMME).
Following the NASG meeting, a Synthesis and Modelling meeting took place in Toulouse (2324 September 1999) in order to summarize the highlights of the French JGOFS work (please
consult http://www.obs-vlfr.fr/jgofs/html/bdjgofs_eng.html, click on PROOF Synthesis and
Modelling Session September 1999, Toulouse, for resumes of talks and posters).
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Hugh Ducklow VIMS, USA
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Véronique Garçon LEGOS, Toulouse, France (Chairwoman)
Invited scientists
Roland Wollast Université Libre de Bruxelles, Brussels, Belgium
François Carlotti Station Marine LOB, Arcachon, France

Monday 15 January
The group members were welcomed by Pierre Chardy, Director of the Laboratoire
d’Océanographie Biologique at the Marine Station in Arcachon.

North Atlantic Synthesis Group activities
Report on the status of the Deep-Sea Research special issue “JGOFS Research in the
North Atlantic Ocean: A Decade of Research, Synthesis and Modelling” (Koeve, W.;
Ducklow, H.W.)
During the first NASG meeting in Southampton in 1998, it was decided to compile a series of
papers dealing with JGOFS synthesis of biogeochemical studies in the North Atlantic and to
publish this special issue in Deep-Sea Research II (Topical Studies in Oceanography). We two
were asked to act as guest editors for this issue. As was reported in more detail during the 2nd
NASG meeting in Toulouse, the topics which could finally be covered by the papers of the
special issue is somewhat different from the original plans born out during the first NASG
meeting. It was in particular difficult to follow the approach of ecological geography (Longhurst,
1998. Ecological Geography of the Sea. Academic Press, San Diego, 398 pp.) and provide
synthesis papers for the various biogeographical provinces of the North Atlantic Ocean.
Nevertheless, the final collection comprises a number of very interesting papers which
demonstrate our current state of the understanding of biogeochemical processes in the North
Atlantic. All papers have passed the review process and proof reading is currently (Jan 2001)
under way. The expected time of publication is April 2001. A table of contents is below:
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Koeve W. and Ducklow H.W. (2001). JGOFS Research in the North Atlantic Ocean: A Decade of Research,
Synthesis and Modelling, Deep-Sea Research II 48(10)
Louanchi Ferial and Raymond G. Najjar. Annual Cycles of Nutrients and Oxygen in the Upper Layers of the North
Atlantic Ocean.
Ríos Aida F., Fiz F. Pérez, and F. Fraga. Long-term (1977-1997) Measurements of Carbon Dioxide in the Eastern
North Atlantic: Evaluation of Anthropogenic Input.
Dutkiewicz Stephanie, Mick Follows and John Marshall. Interannual Variability of Phytoplankton Abundances in
the North Atlantic.
Li W.K.W. and W.G. Harrison. Chlorophyll, bacteria and picophytoplankton in ecological provinces of the North
Atlantic.
Harrison W.G., J. Arístegui, E.J.H. Head, W.K.W. Li, A.R. Longhurst and D.D. Sameoto. Basin-scale variability in
plankton biomass and community metabolism in the sub-tropical North Atlantic Ocean.
Agustí Susana, Carlos M. Duarte, Dolors Vaqué, Mette Hein, Josep M. Gasol, and Montserrat Vidal. Food web
structure and elemental (C, N and P) fluxes in the Eastern tropical North Atlantic.
Christiansen Bernd, Werner Beckmann and Horst Weikert. The structure and carbon demand of the bathyal benthic
boundary layer community: a comparison of two oceanic locations in the NE-Atlantic.
Scholten J.C., J. Fietzke, S. Vogler, M.M. Rutgers van der Loeff, A. Mangini, W. Koeve, J. Waniek, P. Stoffers, A.
Antia and J. Kuss. Trapping Efficiencies of Sediment Traps From the Deep Eastern North Atlantic: The 230Th
Calibration.
Oschlies Andreas. Model-derived estimates of new production: New results point towards lower values.
Garçon Véronique C., Andreas Oschlies, Scott C. Doney, Dennis McGillicuddy and Joanna Waniek. The role of
mesoscale variability on plankton dynamics in the North Atlantic.
Dadou I., F. Lamy, C. Rabouille, D. Ruiz-Pino, V. Andersen, M. Bianchi and V. Garçon. An integrated biological
pump model from the euphotic zone to the sediment: a 1D application in the Northeast tropical Atlantic.

North Atlantic Synthesis Group Web page (V. Garçon)
A North Atlantic Synthesis Group web page has been created in early 2000: http://www.obsmip.fr/omp/umr5566/english/jgofs/ with links to major data centres and JGOFS related web
pages internationally. However, it is not updated very regularly and V. Garçon promised to
improve this aspect.
Report on the JGOFS Highlights Brochure, and 2nd JGOFS Synthesis Book (H. Ducklow)
The JGOFS "brochure" will be published in AMBIO, a Swedish journal published in Stockholm,
and the expected publication date for AMBIO Special Report #10 is the end of March 2001. This
will be a stand-alone issue of JGOFS research, highlights and achievements, and legacies for
future ocean biogeochemical programmes. The audience target here is global change scientists
and ocean biogeochemists. A much shorter and less technical version with simplified figures is
also being published in the IGBP Science Series. The target here is IGBP scientists, sponsors,
and funding agencies.
The second JGOFS synthesis book featuring chapters by keynote speakers at the Open
Science Conference in Bergen (April 2000) edited by Fasham et al. is underway, it will be
published by Springer-Verlag and should be out in 2002.
Progress towards North Atlantic synthesis at each national level
France (Laurent Mémery, Véronique Garçon)
In France, an important programme is underway in the Northeastern Atlantic Ocean (19992002: POMME: Programme Océan Multidisciplinaire Méso Echelle, PIs: L. Mémery and G.
Reverdin). « To understand the processes that drive the composition of thermocline water masses
in the North East Atlantic Ocean » summarises the main objectives of the POMME programme.
The area studied by POMME is the region of discontinuity of the winter mixed layer depth,
where subduction tends to occur, between 38°N -45°N, 15°W-22°W.
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In order to achieve the POMME objective, emphasis is put on three major issues:
- ventilation, subduction and bloom,
- export and fate of organic matter in the 11-12°C NE Atlantic mode waters,
- impact of the meso-scale activity.
POMME is therefore based upon an integrated strategy combining dynamical and
biogeochemical observations and modelling. The main goal will be to constrain transformation
rates of inorganic matter into organic matter (production), as well as the inverse reaction
(mineralisation), with a focus on the coupling with ocean dynamics at meso-scale. On an annual
time scale, one looks for quantifying the ventilation rate of 11°C North East Atlantic mode
waters, the major dynamical and biogeochemical tracer fluxes, and the impact of meso-scale
turbulence on these rates and fluxes on a regional scale.
The observation strategy is based upon continuous measurements and several cruises. During
2001, the region will be sampled using a meteorological buoy mooring, surface drifters (of which
4 Cariocas, with pCO2 and fluorescence sensors) and floats (of which 20 PROVOR, which give
vertical profiles of T – and conductivity - every 10 days), currentmeter moorings (5 of which 3
with surface ADCP), sediment trap moorings (4), a Yo-Yo mooring, tomography, satellite data
(altimetry, sea colour, etc.). In 2000, two POMMIER cruises, done by the French Navy - SHOM,
aimed at testing new floats and the real time data assimilation system. In September and October
2000, POMME 0 took place on the R/Vs Thalassa (Ifremer) and d’Entrecasteaux (SHOM). This
cruise was the first regional hydrological survey, with some basic biogeochemical measurements.
Half of the floats, as well as the currentmeter moorings - tomography moorings were deployed.
The preliminary results show that:
- the meso-scale activity of the area is quite high (higher than expected a priori, which is in fact a
positive point), with rather stable anticyclonic patterns,
- water masses characterised by a vorticity minimum are found around 300-400 m, signature of
the last mode water formation during the 1999-2000 winter,
- the region is mostly heterotrophic during that period of the year,
- a chlorophyll maximum at 75 m in the south and 50-40 m in the north can be seen, with
increasing concentrations toward the north (up to 0.6 mgChla m-3).
Three cruises with two vessels will take place in 2001, divided into two legs. The first one will
survey the POMME area with CTD - Rosette (+ optical sensors and Video Camera Profiler) with
a resolution of 50 km between stations. During the second leg, one ship (Ifremer) will be
dedicated to Tow-Yo lines (horizontal resolution of 4 km, down to 700 m) and four process
study stations lasting 48 hours each, aiming at quantifying the main biogeochemical fluxes
(productions - new, regenerated, community; respiration; mineralisation; bacterial activity;
organic matter lability; grazing; particle export) inside and outside meso-scale structures. The
other vessel will deploy or re-position floats, and undertake Seasoar-OPC lines. POMME 1 will
occur in February - March 2001 (winter time conditions: pre-conditioning of the subduction and
of the bloom), POMME 2 in March - April - May 2001 (subduction and bloom), and POMME 3
in September - October 2001 (end of the oligotrophic period: organic matter accumulation in the
surface layer). Just after POMME 3, a cruise will be dedicated to recover the currentmeter and
tomography moorings, as well as floats. After having been visited during POMME 3, the 4
sediment trap moorings will be recovered only in mid 2002 in order to get an annual cycle of
particle export: basic biogeochemical observations of dissolved (organic and inorganic) matter
will be made also during this last survey.
There are several WEB sites dedicated to POMME (presently in French).
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• http://www.ipsl.jussieu.fr/POMME/: general information concerning the scientific objectives,
the implementation plan, internal reports, and links to other WEB sites.
• http://www.omp.obs-mip.fr/omp/pomme/: real time data WEB site, with presentation of data
(float trajectories, CTD, XBT, etc...), model results, re-analysis, figures.

• http://www.cnrs.fr/cw/fr/pres/Pomme/: public relations toward the media (newspapers, TV)
explaining the objectives of the programme and the progress of the operations (popularisation).
Another synthesis activity concerns the Annual Synthesis and Modelling Meeting of the French
PROOF programme, which took place in Arcachon on January 17-19, 2001 and was organized
by François Carlotti and Patrick Monfray (see http://www.ipsl.jussieu.fr/~pmsce/WWWPROOFMOD/Journees00/Journees.00.html for summaries of communications). These three
days included a workshop on foodweb structure representation and on the links between
GLOBEC and JGOFS models (chaired by François Carlotti) and oral presentations on four
scientific themes. The themes selected are listed below:
• ANTARES Cruises synthesis. Data and Modelling (chair: Paul Tréguer)
• Remineralisation in the twilight zone (chair: Véronique Athias)
• Towards a representation of co-limitation by N, P, Si, Fe and CO2 (chair: Olivier Aumont)
• Role of various types of mesoscale activity (chair: Marina Lévy)
The last afternoon was devoted to new projects, and discussion on the future of ocean
biogeochemistry.
First elements of national prospective aim towards an integration of the subsystem ocean in the
Earth system via exchanges with the atmosphere, land and sediments. In particular:
- The role of oceanic circulation (mesoscale and submesoscale) in biogeochemical processes
- What controls the blooms of key phytoplankton species and what controls shifts in their
dominance?
- What controls the occurrence of typical grazer communities and how are they related to
specific phytoplankton communities?
- What are the relevant transport processes that affect the export efficiencies of different types of
food webs to the twilight zone and the deep ocean?
- What are the links between phytoplankton typology, food web structure and export efficiency
on a global scale?
- What is the link between food webs in key areas and material fluxes from the sea surface to the
sea floor?
- How do ecosystem structures change in response to natural and anthropogenic forcings?
- Influence of climate change on CO2 fluxes and on the physical CO2 pump
The French community should take advantage of the existence of oceanic observatories (OISO,
KERFIX, DYFAMED) and of the development of operational oceanography
(GODAE/MERCATOR). In that respect, the Southern ocean, the Mediterranean Sea, the
Northeast Atlantic Ocean, and the tropical Pacific Ocean are privileged studies sites in the future.
A document of national prospective is under construction under Yves Dandonneau’s
responsibility.

30

United Kingdom (Mike Fasham)
The British contribution to the Joint Global Ocean Flux Study currently consists of several
funded Joint Research Projects, PRIME, DISCO and AMT. In situ work for the PRIME
(Plankton Reactivity in the Marine Environment) took place in April-May 1997 with a highresolution mesoscale Seasoar survey together with classical hydrography work. 3D modelling
work with PRIME data is ongoing, in collaboration with A. Robinson’s group (Harvard
University). An SF6 release experiment occurred during the last DISCO cruise (June 1999). A
special Deep Sea Research II, 48(4-5), 2001 (Guest Editors Graham Savidge and Peter J. Le B.
Williams) and a CD-ROM on PRIME data issued by BODC are now available.
As for the AMT (Atlantic Meridional Transect, PI: J. Aiken, see http://www.pml.ac.uk/AMT),
eleven North-South Atlantic cruises (mainly along 20°W) have been carried out and future
schedule should not undergo major change (frequency twice a year). The AMT programme
measures physical, biological and bio-optical properties and processes through the diverse
ecosystems of the North and South Atlantic Oceans, with a primary objective to improve the
understanding and interpretation of the functional relationships between biological particles and
processes and ocean colour. Modelling work includes a North Atlantic open ocean model
including shelf waters. A special issue of Progress in Oceanography (Guest Editors: Jim Aiken
and Anthony Bale) Volume 45, Nos 3-4 in 2000 is devoted to the Atlantic Meridional Transect.
The funding agency NERC has just authorized a second round of funding for the Marine
Productivity Programme (the UK contribution equivalent of the GLOBEC programme) and the
focus will be on modelling Calanus dynamics in the North Atlantic. Another new project to be
funded is called ‘Abrupt Climate Change’ and this will focus on temporal variations (past and
future) in the Thermohaline Overturning. However, this last project has no biogeochemical
component.
Canada (Glenn Harrison)
Following the failure of efforts to fund a 3rd Phase of the Canadian JGOFS programme,
momentum for a nationally coordinated synthesis of data collected in the North Atlantic during
Phases 1 & 2 was lost. Three ongoing and independent activities in Canada, however, are
relevant to this issue and are providing a broadened perspective of biogeochemical cycles on
regional (i.e. the NW Atlantic) to global scales.
Foodweb Studies
Foodweb control of heterotrophic microbial processes in the upper ocean: patterns and
processes: Although the causative mechanisms for the relationships among food web structure,
carbon cycling and export are not well understood, several models that incorporate community
structure characteristics have had some predictive success. We have recently described a carbon
cycling model where phytoplankton, the microbial food web (MFW), and large zooplankton are
the three food-web control nodes for the four major fluxes of carbon: photosynthetic uptake of
carbon by phytoplankton, respiration back to CO2, and downward dissolved (DOC) and
particulate (POC) organic carbon export. The four carbon fluxes are controlled by three foodweb nodes, i.e. phytoplankton, the MFW and large zooplankton. In this model, the bacterial
component of the MFW is responsible for all the food-web uptake of DOC and essentially all the
biogenic carbon remineralisation to CO2. Thus, the MFW has a central role in the cycling and
Remineralisation of dissolved and particulate organic carbon, which in turn significantly
influences the magnitude and composition of sinking fluxes, and the CO2 exchange between
atmosphere and ocean. Bacterial biomass, productivity and growth have been routinely
determined in various marine systems for over two decades, however relatively little is known
about the basin- to global-scale distributions of these properties and how these vary over large
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space and time scales. In order to assess the patterns of bacterial distribution, production and
growth in the World Ocean, and define the relationships among key bacterial processes and their
controlling environmental variables over global spatial scales, we assembled a large data-base
(>25 000 observations) of concurrent measurements of bacterial abundance, biomass, production
and growth rate, temperature and concentration of DOC in the upper 200 m of the World Ocean.
Data were gleaned from >200 published papers, technical reports, and web sites.
We also analysed the relationship between temperature and growth efficiency for marine
bacterioplankton from a wide range of oceanic sites was assessed using data extracted from
published papers. We restricted the data set to bacterial growth efficiency determined from
concurrent measurements of bacterial production and DOC uptake or bacterial production and
size fractionated (<1.0 or 0.8 µm) O2 uptake (assuming that <1.0-µm community respiration was
equivalent to bacterial respiration). Bacterial growth efficiency estimated from the metabolism of
single - or simple combinations of radiolabelled substrates (e.g. 14C-labelled glucose, amino
acids, etc), or computed from bacterial production (BP) and non-size fractionated community
respiration were not included in our analysis. We used the relationship between temperature and
bacterial growth efficiency (BGE) to estimate bacterial respiration (BR; i.e. BR = (BP / BGE) –
BP). We found a number of surprising trends:
There was a significant (P < 0.001) inverse relation between temperature (T) and growth
efficiency with temperature alone explaining 54% of the variation in bacterial growth efficiency.
Moreover, temperature-dependence of growth efficiency is not unique for bacteria. Phagotrophic
protists, a major group of heterotrophic microplankton in the sea, show a similar temperaturedependence of growth efficiency. The slopes of the regressions of growth efficiency on
temperature were not significantly different (α = 0.05) for phagotrophic protists and bacteria,
suggesting a similar temperature-dependence for these two groups of ecologically important
microheterotrophs. This suggests that there is a latitudinal gradient in the partitioning of the
assimilated (bacteria) or ingested (phagotrophic protists) carbon between biomass production
and respiration, i.e. a larger fraction of this carbon is respired at lower latitudes. Thus for the
same level of bacterial or phytoplankton production, both the biomass of metazoan consumers
that could be supported and the magnitude of biogenic carbon exported to depth, would be
greater in polar than tropical regions. Moreover, since bacterial growth and production rates can
be similar in high- and low-latitude oceans, the higher growth efficiencies at low ambient
temperatures suggests that the overall activity of bacterial-based food webs in polar waters
would be significantly greater than predicted from temperature-dependent models developed
from studies in temperate oceans. Incorporation of this new relationship into biogeochemical
models could profoundly influence our estimates of global carbon cycling and remineralisation
by marine food webs.
Region- to basin-scale estimates of community respiration and primary production can constrain
both net community production (NCP) and export (i.e. NCP = E = PP – CR). However, because
measurements of respiration are scarce relative to primary production, the application of this
approach will require the development of models to estimate community respiration over
relevant spatial and temporal scales. Empirical models of community and bacterial respiration
have been developed with phytoplankton or bacterial production or biomass as predictors.
However, to our knowledge, the predictive abilities of the empirical models of respiration have
not been assessed using independent data sets. If bacterial respiration computed from bacterial
production and growth efficiency does indeed represent a large or constant portion of community
respiration, it may be possible to estimate carbon remineralisation rates for large regions of the
World Ocean from bacterial production (which is reasonably well characterized for coastal and
oceanic environments) and temperature. Using a dataset that was completely independent from
that used to assess the relationship between temperature and growth efficiency, we found that the
functional relationship between computed bacterial respiration and field-measured community
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respiration was significant over a wide range of observed temperatures (-1.4 to 29oC), rates of
bacterial production (0.2-415 mgC m-3 d-1) and community respiration (1.8-2300 mgC m-3 d-1).
Richard B. Rivkin -- Ocean Sciences Centre, Memorial University of Newfoundland, St. John’s,
Newfoundland A1C 3T3 Canada
Louis Legendre -- Laboratoire d’Océanographie de Villefrance-sur-Mer (LOV), BP 28, 06234
Villefrance-sur-Mer CEDEX, France

Modelling
Biogeochemical modelling: We are working on improved model parameterisations for key
processes involved in carbon cycling and export in the N Atlantic in general, but with a special
attention to the Labrador Sea. One process of interest is the formation and utilisation of dissolved
organic matter (DOM) in the surface ocean since areas of deep winter convection such as the
Labrador Sea may contribute significant export of DOC to the deep ocean. We have developed a
new model of DOC/DON dynamics that attempts to reconcile recent observations on the
seasonal evolution of the structure and biochemical composition of DOM. We hope that this
model will provide more realistic and robust depictions of the interactions between DOM(C),
temperature and CO2 and allow us to explore potential feedbacks with climate. We are also
working on modelling size-dependent effects on particle aggregation, sinking and grazing using
the formalism developed by Kriest and Evans. We found these processes to be particularly
critical in modelling seasonal bloom dynamics in high-latitude environments. These
parameterisations will be evaluated using data sets gathered in the Labrador Sea by BIO
(BRAVO and AR7W line) and with JGOFS time series and process experiment results (e.g.
BATS, NABE, etc.).
Basin-scale modelling: We are also initiating a programme to model seasonal bloom dynamics at
basin scales in the NW Atlantic. This is a collaboration between the Bedford Institute of
Oceanography and Dalhousie University where we will attempt to join the ecosystem model
developed under the previous project to the three-dimensional POP circulation model. Our major
objectives are to reproduce the ocean colour data as closely as possible and to develop a scheme
for joint assimilation of ocean colour and physical data in the models. We hope that this will lead
to a better understanding of the physical factors that regulate upper ocean productivity,
particularly the interannual variability detected in SeaWiFS records, and also provide improved
constraints on the representation of upper ocean mixing in these models. We have begun
collaborating with M. Fasham (Southampton) who is working on a similar project but centred on
the NE Atlantic and exchange visits are planned. We see this as a potentially important
contribution to the synthesis of ocean colour information that provides the major link from the
scale of observational studies to the regional and global scales.
Alain Vézina -- Fisheries and Oceans Canada, Ocean Sciences Division, Bedford Institute of
Oceanography, Box 1006, Dartmouth, NS B2Y 4A2, CANADA

Remote-Sensing
We have been working with the SeaWiFS data since it came on stream in September 1997.
Activities have centred on: (1) refinement of algorithms for generating realistic chlorophyll
fields for the NW Atlantic and (2) development and implementation of protocols for deriving
primary productivity maps for SeaWiFS ocean colour data. The operational production of biweekly composite images of chlorophyll and primary productivity for the NW Atlantic (3963°N, 42-71°W) has been accomplished and continuously updated data products are posted on
the Bedford Institute of Oceanography’s Ocean Science Division website: http://www.mar.dfompo.gc.ca/science/ocean/ias/remotesensing.html.
Trevor Platt -- Fisheries and Oceans Canada, Ocean Sciences Division, Bedford Institute of
Oceanography, Box 1006, Dartmouth, NS B2Y 4A2, CANADA
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USA (Hugh Ducklow)
Hugh Ducklow presented the general structure of the US JGOFS Synthesis and Modeling Project
(SMP, figure below) (see http://usjgofs.whoi.edu/).

34

He then showed the links (see figure below) between the hierarchy of models (diagnostic,
prognostic, process, regional, global) and all data sets (satellite, in situ).
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The regional distribution of Synthesis and Modelling projects within the US is illustrated below.
Global Modeling

Regional Modeling

Caldeira
Najjar et al.
Doney
Sarmiento
Marshall et al.*

Arrigo, Robinson*
Christian, Letelier
Hood et al.
Hofmann
Hofmann et al.

Basin & Global Synthesis

Ocean Margins

Conkright
Dickson
Gardner et al.*
Honjo et al.
Jahnke
Hofmann et al.
Keeling C.
Keeling R.
Key et al.
Lee et al.
Najjar et al.*

Carr, Keannes*
Muller-Karger*
Walsh*
Verity

Nelson et al. / Nelson et al.
Peng et al.
Quay, McNichols
Robbins, Dickson
Sabine et al.
Sarmiento et al.
Siegel*
Talley, Johnson
Wanninkhof et al.
Yoder*

McClain et al.*
McGillicuddy
McGillicuddy, Anderson
Marshall et al.*

Process Study & XCutting Time-Series

* Projects with strong emphasis on satellite data

Towards North Atlantic Synthesis in the larger global context
Role of the North Atlantic in the uptake and storage of anthropogenic carbon (Véronique
Garçon presenting some material from Doug Wallace’s JGOFS/WOCE CO2 survey synthesis
chapter: Storage and transport of excess CO2 in the Oceans: The JGOFS/WOCE Global CO2
survey, In: Ocean Circulation and Climate, Eds. Siedler, G., Church, J. and Gould J., Academic
Press, pp 489-521.)
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Most estimates of excess CO2 storage in the oceans are based on models of ocean uptake (e.g.
Sarmiento et al., 1992; Stocker et al., 1994; Caldeira and Duffy, 2000). These studies have
converged on similar global storage estimates of about 2 PgC yr-1. An independent approach to
estimating oceanic excess CO2 uptake, using measured time series of O2/N2 in the atmosphere
(Keeling et al., 1993; Bender et al., 1996; Battle et al., 2000) supports the consensus modelbased estimate of about 2 PgC yr-1.
On the issue of where the excess CO2 is taken up and stored in the oceans there is much less
consensus among models. An extreme example is to compare carbon storage from a 2D zonally
averaged model of Stocker et al. (1994) with distributions predicted by the 3D ocean
biogeochemistry general circulation model of Sarmiento et al. (1995). The overall inventory for
the North Atlantic north of 24°N is nearly identical for both models, but the latitudinal
distributions of the inventory differ very greatly.
The North Atlantic regional budget based on transport calculations suggests that the net air-sea
flux of CO2 within the North Atlantic has not increased over time as much as one might expect
based on the observed storage of excess CO2 within the basin. The reason for this is presumably
that a large portion of the upper layer waters that are presently entering the North Atlantic have
already had enough time to approach equilibrium with the contemporary atmospheric pCO2 prior
to their transit across the equator. Hence, the potential for these waters to absorb further
additional excess CO2 during their transit through the North Atlantic is limited. Given that there
is likely to be additional excess CO2 uptake across the air-sea interface between 20°S and the
Equator, the transport estimates imply that most of the excess CO2 currently stored within the
North Atlantic water column will have actually crossed the air-sea interface in the southern
hemisphere ocean prior to being carried northwards by the ocean circulation. Present carbon
cycle models do not replicate this situation and this requires further investigation.
References
Battle M., Bender M., Tans P.P., 2000. Global carbon sinks and their variability, inferred from atmospheric O2 and
∆13C, Science, 287, 2467-2470.
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Stoichiometry of the biological pump in the North Atlantic Ocean (Wolfgang Koeve)
The elements from which oceanic plankton is composed have similar mean relative abundances
both in the plankton itself and, as inorganic compounds, in the deep ocean. This constancy in the
stoichiometry of the major elements (C, N, P, O2) of living organisms, the Redfield paradigm,
used to be one of the central themes of our understanding of the functioning of the biological
pump. Circumstantial evidence were presented from various ocean regions (Sambrotto et al.,
1993) and the North Atlantic in particular (Kähler and Koeve, 2001; Körtzinger et al., 2001)
showing significant departure from this rule if the C:N ratios of new production are evaluated on
the basis of a careful analysis of the temporal changes of DIC and nitrate in the surface ocean.
Recently Körtzinger et al. (2001) have suggested that systematic variations of the C:N ratio of
new production occur in the northeast Atlantic, with low elemental ratios (lower than and close
to 6.6) under nitrate replete conditions and high ones (up to 15-18) during nitrate depletion.
Along the same line, low C:N uptake ratios have been observed in the Southern Ocean
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(Hoppema & Goeyens, 1999) and during iron addition experiments in the equatorial Pacific
(Steinberg et al., 1998) and a considerable biogenic carbon uptake under oligotrophic conditions
has been reported from the BATS time series station (Michaels et al., 1994; Marchal et al., 1996;
Gruber et al., 1998). In order to test the general validity of the findings of Körtzinger et al.
(2001), a subset of the publicly available data from the joint JGOFS/WOCE-CO2 dataset has
been analysed (Koeve & Garçon, in prep). From this first assessment, a basin scale (15°N to
65°N) mean annual C:N uptake ratio of 9.2, equivalent to a carbon overconsumption of about
40%, is estimated for the North Atlantic Ocean.
Excess and fate of the excess carbon is not well understood. N2-fixation is one possible
explanation (Michaels et al., 1996) in the western North Atlantic. However, we still lack direct
experimental evidence which supports the high rates of N2-fixation which has been suggested by
tracer analysis (Gruber et al., 1997) and which is needed to explain the observed levels of carbon
overproduction. Seasonal accumulation of N-poor DOM is evident in data from the northeast
Atlantic (Kähler and Koeve, 2001) but accounts only for 25 ± 10% of the excess carbon. Some
of this DOM has the potential to be exported away from the surface layer on decadal time scales
after winter time convection and mode-water formation, a process to be studied in the near future
by the French POMME programme (Mémery & Reverdin, 2000). Evidence from the Pacific
indicates that remineralisation of DOM contributes significantly to oxygen consumption on
shallow isopycnals within the subtropical thermocline (Emerson et al., 1995; Abell et al., 2000;
Doval and Hansell, 2000). Non-Redfieldian elemental ratios of remineralisation are to be
expected on these isopycnals.
References
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A Reassessment of Bacterial Production Rates in the North Atlantic: Measurements and
Modelling (Hugh Ducklow, Tom Anderson)
The first new determinations of bacterial production (BP) rates in JGOFS were made in the
North Atlantic Ocean, at the BATS station (Carlson et al., 1996) and in NABE (Ducklow et al.,
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1993; Li et al., 1993; Kirchman et al., 1994), in 1988-89. Estimates from BATS were low,
averaging 10-15% of the simultaneous primary production (PP), while estimates from NABE
were higher, averaging 18 mmol C m -2 d -1 in the upper 30 m and ranging from 10-40% of PP. At
the time, literature values for marine and freshwater studies averaged 30% of PP (Cole et al.,
1988), and the high rates at NABE were not thought unusual. However subsequently many BP
estimates from other JGOFS process studies tended to agree more with the BATS rates,
averaging about 10-15% of PP (Ducklow, 1999). Anderson and Ducklow (submitted) developed
a steady-state plankton model to estimate BP:PP in oceanic systems lacking external subsidies of
organic matter for bacterial utilization. H. Ducklow presented here a reassessment of the NABE
estimates of BP:PP in light of other BP estimates, other measurements made in NABE and the
aforementioned model.
BP estimates are based on indirect indices of secondary carbon production, thymidine (TdR)
incorporation into DNA and leucine (Leu) incorporation into protein, and converted to BP using
empirical conversion factors (CF; Ducklow and Carlson, 1992). Thus, one source of error in
estimating BP is error in CF values. One approach to assessing BP estimates is to compare the
measured rates with those given by models using realistic values of the ecosystem processes
which supply organic matter to the bacterial, resulting in PP. Organic carbon for bacterial
consumption comes in two physical forms, particulate and dissolved (POC, DOC), and the DOC
can be either small- or large molecular weight (SMW, LMW). Both LMW DOC and POC must
be broken down by extracellular enzymes elaborated by bacteria, into SMW DOC before
passage across bacterial membranes. Exoenzymatic hydrolysis of POC and HMW DOC can be
estimated using fluorescent enzyme substrate analogs, as was done for NABE by Hoppe et al.,
(1993).
The model of Anderson and Ducklow (submitted) generates a flux of LMW carbon to bacteria
given various parameter values and a (measured) PP. A steady-state network model of DOC
flux, it does not address internal subsidies of POC breakdown, which might flow to BP for
example, during the decline of blooms. The original NABE BP estimates based on TdR fall well
outside the BP allowed by reasonable parameter values, while other JGOFS BP estimates,
including BATS, seem closer to model-estimated rates (Fig. 1). Even using high values for
extracellular DOC release from phytoplankton (PER=40%) and high bacterial growth
efficiencies (BGE=0.15-0.2) leaves many of the observed values outside the envelope of BP
supported by the LMW DOC flux (Fig. 1). BP estimates from Leu, derived using a low CF value
fall largely within the range allowed by the model (Fig. 2). Thus one scenario for NABE is that
BP of 0.05-0.15 * PP was supported by LMW DOC flux arising the steady-state « background »
processes underlying transient ecosystem dynamics during the bloom (e.g., Ducklow et al.,
1989).
Enzymatic hydrolysis rates measured in NABE yield a flux of LMW DOC from POC or HMW
DOC supporting BP of ca. 5 mmol C m -2 d -1 in the upper 30 m (recalculated from Hoppe et al.,
1993), or about 30% of the total BP derived from TdR estimates (Table 1). Daily variability of
POC stocks is consistent with such a yield, but the POC varies in phase with the changes in BP,
rather than preceding increases in BP, which would be expected if decomposing POC were
harvested by bacteria. Since the model supported BP ranging ca. 6-10 mmol C m -2 d -1 (Table 1),
another scenario for the NABE BP is that total rates of 11-14 mmol C m -2 d -1 in could have been
supported by a mixture of LMW and HMW DOC plus POC fluxes (Table 1). These latter rates
are roughly consistent with BP derived from Leucine incorporation with a CF of 3 kgC mol-Leu1
(Simon and Azam, 1989). Thus, NABE remains somewhat anomalous in JGOFS in that BP:PP
is potentially high, in contrast to non-blooming sites (Ducklow, 1999) and Antarctic bloom
systems (Ducklow et al., 2001; Karl and Bird, 1999).
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Figure 1. Relationships between ratio of
bacterial production to primary production
(BP:PP) and bacterial growth efficiency
(BGE). The curves are generated by a
foodweb
model.
Solid
lines
for
phytoplankton
DOC
exudation
(PER)=10% of the total PP. Dashed lines,
PER=40%. The three lines in each family
present a range of values based on
zooplankton release of DOC. Solid circles,
original BP:PP from NABE thymidine
incorporation data, plotted against the
measured BGE of ca. 0.05. Open circles,
same data plotted against BGE=0.15.
Letters, observed means for BATS,
EqPAC and Station P.

Figure 2. As in Figure 1, but showing the
BP:PP estimated from leucine
incorporation using a low conversion
factor value for translating leucine
incorporation to bacterial carbon
production.
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Table 1. Summary of bacterial production estimates for 47 North, 20 West, in May 1989 during
the North Atlantic bloom Experiment.
Estimate (upper 30 m)
Original BP (TdR) 1
Original BP (Leu) 2
Revised BP (Leu) 3
Supported by POC (BGE=0.15) 4
Supported by modelled LMW DOC
Sum of BP from POC and DOC

mmol C m -2 d -1
18
11
6
5
6-10
11-15

1

Estimated from thymidine incorporation using 2-4 1018 cells mole-1 TdR incorporated (Ducklow et al., 1993).
Estimated from leucine incorporation using 3 kgC mole-1 Leu incorporated (Simon and Azam, 1989).
3
Estimated from leucine incorporation using 1.5 kgC mole-1 Leu incorporated (Simon and Azam, 1989).
4
Recalculated from nitrogen-based estimates (Hoppe et al., 1993) using observed POC:PN ratios and BGE=0.15.
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Basin-wide particulate carbon flux in the Atlantic Ocean: regional export patterns and
potential for atmospheric CO2 sequestration (Wolfgang Koeve, Avan N. Antia)
As a contribution to the synthesis of ocean carbon fluxes currently carried out by the JGOFS
programme, particle flux data from 27 sites in the Atlantic Ocean have been compiled with a
view to determining regional variations in the strength and efficiency of the biological pump and
quantifying basin-wide fluxes and the potential oceanic sequestration of atmospheric CO2 (Antia
et al., subm.).
For a subset of these particle flux studies, 230Th budgets have been used to estimate the trapping
efficiency (Scholten et al., 2001) under the given experimental conditions. From these Thcalibrated datasets an algorithm is derived relating annual flux to primary production (Antoine
and Morel, 1996) and depth. For the Atlantic Ocean (between 65°N and 65°S), this algorithm is
applied to estimate the basin scale distribution of the particle flux at 125-m depth (J125) and at the
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regionally varying winter mixed layer depth (Jwml). The antagonistic effects of organic carbon
production and calcification on ∆pCO2 of surface seawater are considered to calculate an
effective carbon flux at the depth of euphotic zone and the base of the winter mixed layer. Of the
export flux at the base of the euphotic zone, amounting to 3.14 GtC yr-1, 5.7% is remineralised
above the winter mixed layer, and thus not available to sequestration on climatically relevant
time scales.
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Preliminary results on POMME Modelling efforts (Laurent Mémery)
The modelling approach in POMME is based on three complementary types of work.
In order to guide the vessels, real time data assimilation is planned (and has been successfully
tested during POMMIER and POMME0): it is based on a Quasi Geostrophic model
(SOPRANE), assimilating altimetry. Re-analyses, combining XBT and CTD data, and float
trajectories with SOPRANE results, are undertaken in real time as well. It gives a synoptic view
of the meso-scale activity and the position of the eddies in the POMME area. Complementary to
this work, real time data assimilation using an eddy resolving Primitive Equation model (OPA in
the MERCATOR project) will be operational during the 2001 cruises.
A Primitive Equation model (OPA) with a horizontal resolution of 5 km will be run using
the first leg as initial conditions. After assimilating of altimetry and SST data, realistic 3D
simulations will give a description of the time evolution of the regional meso-scale dynamics
during and between the different cruises. This model will be coupled to different types of
biogeochemical and ecosystem models: validation, synoptic view of the tracer distributions and
fluxes will then be obtained, and sensitivity studies on ecosystem models and/or model
parameters will be undertaken. Sea colour data, as well as some in situ data, will also been
assimilated by 4D VAR techniques in order to get realistic balances and fluxes of biogeochemical
tracers in the POMME region.
Finally, linked to CLIPPER and MERCATOR projects, the entire North Atlantic will be
simulated with « eddy permitting » models (1/3° or 1/6° of horizontal resolution) in order to
integrate and extrapolate the POMME area at the basin scale, and therefore to be able to follow
the fate of the subducted water masses and the matter transported into the main thermocline, and
to investigate the interannual variability.
Update on coupled modelling and assimilation efforts in the North Atlantic (Véronique
Garçon)
The challenge we are facing is to use the constraining power of ocean colour data (OCTS,
POLDER, SeaWiFS, etc.) at the basin scale on different ecosystem parameterisation. Towards
this objective, we have deployed floats at the surface within a 3D coupled physical/ecosystem
(N-P-Z-D) model of the North Atlantic and have followed their Lagrangian trajectories. Floats
were seeded in varying dynamical biogeochemical provinces of the North Atlantic domain over a
six-month period. Twin experimental results showed that, for the given functional forms of
growth, mortality and grazing, the following parameters can be successfully recovered from
simulated satellite ocean colour data (Gunson et al., 1999): nitrate and detrital recycling
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parameters in the trade wind domain, zooplankton parameters at higher latitudes (westerly wind
and polar domains), and the phytoplankton mortality rate in all regions.
We are currently applying the same approach with the SeaWiFS archive (Level 2 Global Area
Coverage) from October 1997 until July 1998. SeaWiFS data are sampled along the trajectories.
The atmospheric forcing used is no longer climatological but corresponds in daily outputs from
the NCEP atmospheric model predictions over that time period. Examples of chlorophyll a
concentrations modelled and SeaWiFS data sampled along several floats trajectories within the
North Atlantic Drift and Atlantic Arctic provinces were shown and discussed. These results will
be presented at the 33rd International Liège Colloquium on Ocean Hydrodynamics in May 2001
(see http://modb.oce.ulg.ac.be/Colloquium).
Schartau et al.. (2001, Deep Sea Research II, 48(8-9), 1769-1800) have also performed
parameter estimations of a zero-dimensional ecosystem model applying the adjoint method with
BATS data (1989-1993). Experiments showed either bottom-up or top-down controlled
ecosystem dynamics, depending on the deep nutrient availability. To confine the solutions, an
additional constraint on zooplankton biomass was added to the optimisation procedure. This
inclusion did not produce optimal model results that were consistent with observations. The
modelled zooplankton biomass still exceeded the observations. From the model-data
discrepancies, systematic model errors could be determined, in particular when the chlorophyll
concentration started to decline before primary production reached its maximum. A direct
comparison of measured 14-C production data with modelled phytoplankton production rates is
inadequate at BATS, at least when a constant carbon to nitrogen C: N ratio is assumed for data
assimilation.

Tuesday 16 January
Modelling in GLOBEC and the links with JGOFS (François Carlotti)
F. Carlotti shortly recalled the objectives of GLOBEC and presented a synthesis of the first
meeting of the GLOBEC Modelling and Predictive Capabilities Working Group, held at the
University of North Carolina, Chapel Hill, 9-12 July 2000. A complete report of this meeting is
available on the web page http://www.unc.edu/~cisco/F3WG.html.
The objective of GLOBEC modelling is to simulate the variability in populations of fish and
zooplankton, evaluate the causes of this variability, and ultimately to develop a predictive
capability. The required models must link different trophic levels, temporal and spatial scales,
and levels of ecological integration. They focus on the links from secondary production of
zooplankton to tertiary production of fish. The links with the lower trophic levels, which greatly
influence the type of food web, have to be adequately represented or parameterised. These
models have the goal to bring information on intra-annual biophysical dynamics at the mesoscale
to its interannual or decadal consequences at the basin scale.
The distribution of a species' abundance over space is a key focus of these models. This includes
the response of populations to horizontal spatial heterogeneity-as physical and biological
conditions at lower levels change. However, whilst there are a number of models of individual
fish and zooplankton taxa, with an increasing number resolving 3-dimensional spatial variability,
there are few examples where such models have been successfully coupled to dynamic
representations of lower or upper trophic levels.
The GLOBEC working group listed what makes GLOBEC modelling different from what has
been done before and what are the potential connection with JGOFS models
• Zooplankton and fish populations have structure which is integral to their dynamics
• In the NPZ approach, dZ/dt = α Z, and α is assumed constant for a state variable.
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•

In fact α is a function of for example, species, stage, temperature and food. We cannot
measure α at the community or even the species level, i.e., biomass alone is not adequate to
represent populations of higher trophic level species – 1 gram of juvenile Calanus behaves
quite differently from 1 gram of adults.
• Variability in α is also a problem for the phytoplankton component of NPZ models. For this
reason, JGOFS developed increasingly structured representations of phytoplankton.
• Phytoplankton species compete for nutrients, but there is no predator-prey structure within
the autotrophs.
• So we need to do something different – which recognises variability in α , ideally in more
than an ad-hoc empirical way.
Resolving these problems has a high potential interest for JGOFS models: it will help to better
parameterisations of two key processes which strongly influence the dynamics of simplified
ecosystem models: the grazing function and zooplankton mortality.
There are presently many different groups working on biological and physical modelling.
GLOBEC has not sought to develop any single model, or set of models for ecosystem studies,
but has instead supported a pluralistic approach to modelling, encouraging the development of
models where appropriate to the regional issues.
Many of the problems of GLOBEC, which seeks to understand how marine ecosystems respond
to variability in the physical environment, are at two spatio-temporal scale ranges which are
critical scales for JGOFS purposes, and for which several models are already developed.
(1) Meso spatial scale and seasonal scale. Resolving variability in physical and biological
dynamics at mesoscale emerged in many JGOFS projects within the last decade.
(2) Large spatial scales and long time scales. Real understanding of these problems will
require the development of basin scale models coupling the biology and physics. Relatively few
such models exist at present, although there are attempts underway and some examples at the
global scale for lower trophic levels, e.g., global biogeochemical models and global primary
production models.
Even if the scientific objectives of GLOBEC and JGOFS are distinct, modelling approaches and
techniques, as well as reciprocal scientific benefits should increase potential collaboration
between scientists working in these two programmes.
Brief overview of the OMEX results in the Gulf of Biscay (Roland Wollast, Université Libre de
Bruxelles)
The main objective of the OMEX project was to evaluate the exchanges of carbon and nutrients
between the shelf and the open ocean at the European shelf break. Two contrasting areas where
selected:
§ The Goban Spur/La Chapelle bank area in the Northern part of the Gulf of Biscay
characterized by a broad continental shelf and far from any river input; which was covered
during OMEX I (1993-1997).
§ The Iberian coast, with its narrow shelf where upwelling is known to occur during the
summer, and also under the influence of rias, which was studied during the second phase of
OMEX (1998-2000)
Remote sensing images show that there is a large band of cold water corresponding exactly to
the 200-m isobath, as soon as the water column becomes stratified in the Gulf of Biscay. It has
been shown that this nutrient-rich cold water, results from the mixing of deep ocean water due to
the huge internal waves generated by the tides at the steep topographic discontinuity represented
by the continental slope. The internal waves have a maximum amplitude (up to 50 m) at the shelf
break and are rapidly damped on the shelf. They are responsible for the continuous transfer of
the deep nutrient rich water to the euphotic zone, when the water column is stratified in the open
ocean and on the shelf.
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Wind constitutes another source of the transport across the shelf break. The trajectories of
drogued buoys and long term mooring of current metres indicate that the main component of the
residual currents is at the shelf break along the slope with a smaller component towards the open
ocean.
Due to the internal waves, the shelf break area is characterized by an enhanced primary
production increasing from 160 g C m-2 y-1 at Goban Spur to 240 gC m-2 y-1 at La Chapelle Bank
where vertical mixing is maximum. Measurements of 15N incorporation of NH4 and NO3 indicate
an f-ratio close to 0.4 - 0.5 for the entire shelf break area. The new production corresponds well
to the export of organic carbon out of the euphotic zone, which represents a mean flux of 100 gC
m-2 y-1 for a mean primary production of 200 gC m-2 y-1 for the area between Goban Spur and La
Chapelle Bank. Around 50 gC m-2 y-1 of the export production is respired in the aphotic shallow
water, around 30 gC m-2 y-1 is exported to the continental slope and only around 20 gC m-2 y-1 is
deposited at a depth of 200 m. The deposited organic carbon is very reactive and almost entirely
respired by benthic organisms. At the shelf break, as well as on the slope and on the adjacent
continental rise, the rate of burial is small and similar (around 0.1 - 0.2 gC m-2 y-1). Comparison
of fluxes recorded by sediment traps in the water column to the fluxes deposited at the benthic
boundary layer, indicate that there is a significant lateral transport of resuspended material in a
bottom nepheloid layer.
To summarize, internal waves are responsible for significant input of nutrients to the euphotic
zone at the margins. The resulting organic matter is respired either in intermediate waters or at
the benthic boundary layer. It can be also partly be exported either to the adjacent open ocean
supporting recycled production. This type of margin does not constitute an organic depocenter.
The results of the study along the Iberian margins have not yet been fully interpreted. The
preliminary results indicate that this area, under the strong influence of seasonal upwelling, is
characterized by a primary production of about 360 gC m-2 y-1 on a narrow shelf of which a large
fraction is rapidly exported to the slope and open ocean where the productivities are equal to
about 270 and 200 gC m-2 y-1 respectively. Most of the slope and open ocean production is
recycled production resulting from the export by filaments of organic carbon produced on the
shelf.

Update on data management and availability (Roy Lowry)
Roy Lowry (BODC) made a report on the last DMTT meeting, which took place in Kiel last
June 2000, summarised the present status of data availability and discussed future developments.
The JGOFS DMTT met at IfM Kiel in June 2000. The DMTT members presented national data
management progress reports, which are summarised below:
Canada
Graham Glenn (glenn@meds-sdmm.dfo-mpo.gc.ca) continues working towards delivering the
Canadian data on CD-ROM, but no prototype is available. He reported that data reports were
available on www.meds-sdmm.dfo-mpo.gc.ca. Graham is the best contact for Canadian JGOFS
data: if he does not have them then he knows where they are.
Australia
Brian Griffiths (Brian.Griffiths@marine.csiro.au) has the preparation of a CD-ROM containing
the Australian Equatorial Pacific data well advanced and a prototype copy was circulated for
comment at the meeting. He is also bringing together the Australian Southern Ocean data in
readiness for a second CD-ROM product.
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USA
Chris Hammond (chris@dataone.whoi.edu) is responsible for US JGOFS data management and
has made the data available through the site usjgofs.whoi.edu. A data source of particular interest
to JGOFS Synthesis is the US-JGOFS Live Access Server (usjgofs.whoi.edu/las) that provides
access to global data sets.
Germany
The German JGOFS data manager is now Joachim Herrmann (d-jgofs-dm@ifm.uni-kiel.de). A
Web site is available (http://www.ifm.uni-kiel.de/jgofs/dm/index.html), but contacting Joachim is
recommended for anyone interested in German JGOFS data.
UK
The contact for UK JGOFS data is Roy Lowry (rkl@bodc.ac.uk). The main development since
the Toulouse meeting is that the PRIME CD-ROM has now been published. Copies are available
free of charge to JGOFS researchers. The data for the second phase of the EU Ocean Margin
Exchange Project, an intensive study of the Iberian Margin, are currently in the final stages of
preparation and will be published in July 2001. BODC is currently working to bring together the
AMT data set. A summary of the data currently held is appended to this report (Appendix 1).
Further systems to provide detailed metadata Web access are under development. The latest
system, providing an on-line CTD inventory, is due to go on-line in the spring of 2001.
Japan
The Japanese Oceanographic Data Centre (JODC) is making efforts to assemble the Japanese
JGOFS data set. Currently, the officer responsible is Takeharu Miyake (miyake@cue.jhd.go.jp).
Various Pacific data sets have been published on CD-ROM, although some have not been made
available for general distribution.
India
Jaswant Sarupriya (sarujs@csnio.ren.nic.in) has published the JGOFS India data, comprising a
series of cruises in the Arabian Sea, on CD-ROM. The product may be obtained from the Indian
NODC in Goa, but copies are also held by BODC and WDC (A) Oceanography.
Norway
A project is underway to make the Norwegian JGOFS data (from the Greenland, Iceland and
Norwegian Seas) available on-line. Although Beatriz Baliño (beatriz.balino@bjerknes.uib.no)
has changed job, she is to continue as a key player in the project and is the recommended contact
for Norwegian data.
France
Marie-Paule Labaied (labaied@obs-vlfr.fr) holds significant amounts of French JGOFS data.
There is a Web site but this is not complete and has some restrictions. It is therefore
recommended that JGOFS scientists contact Marie-Paule for data.
DMTT Plans
The primary responsibility of the DMTT is to assure the long-term stewardship of JGOFS data.
It was decided that the easiest way to achieve this was to deposit all JGOFS data with WDC-A
Oceanography, which we should aim to achieve within existing funding. However, restricting
our activities at this level risks the JGOFS data losing their identity as a coherent data set and
may cause access difficulties for some parameters. Consequently, the DMTT Chair is making
strenuous efforts to secure funding within the US to integrate the JGOFS data into a definitive
project data set. If successful, the output from the project could be either published on CD-ROM,
or posted on the Web. Either way it will provide JGOFS with the data legacy it deserves.
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During this coming year, the DMTT will identify the cruises and data activities that form the
JGOFS legacy. Criteria were defined to identify “official” JGOFS cruises such as activities from
a clearly defined national JGOFS programme and activities with JGOFS credentials that have
measured JGOFS core variables.
The DMTT decided to develop a set of JGOFS metadata on the NASA Global Change Master
Directory. This work is strongly dependent on input from the AEO at the JGOFS IPO. It is
hoped to resume progress once Beatriz Baliño’s replacement is in post.
Upcoming events
Several upcoming events are of interest to our JGOFS community. There are listed below:
At Duke University, USA, 26-29 May 2001, the first Workshop on Non-Linear Dynamics
(across IGBP core projects) will take place. The objectives are:
To better understand our systems resulting from non-linear behaviour with a special emphasis on
« critical feedbacks and thresholds » for the Earth system, Terrestrial systems, Aquatic (ocean
and freshwater) systems, Coupled socio-economic/biophysical systems.
In Amsterdam in July 2001, the JGOFS SSC 16th Meeting (7-8 July) will be followed by A
global Change Open Science Conference: Challenges of a Changing Earth (July 10-13)
(see: http://www.sciconf.igbp.kva.se/fr.html). Conference objectives are:
§ To present the results of the last decade of global change research, emphasizing the results of
the IGBP synthesis project,
§ To present the rich variety of research that contributes to and supports the international
programmes,
§ To point the way forward towards the next decade of Earth System Science.
An International Summer School on Dynamical Barriers, Stirring and Mixing in
Geophysical Flows -Mathematical Models and Applications Geomix will be held in Cargese,
Corsica, France, from 19 Aug. - 1 Sept. 2001. This a Euro Summer School sponsored by the
European Union, CNRS, Météo France and NSF (http://gershwin.ens.fr/geomix/).
During the IAPSO/IABO General Assembly to be held in Mar del Plata, Argentina, 21-28
October 2001 a special symposium entitled "The Joint Global Ocean Flux Study" (Convenors:
Hugh Ducklow and Karin Lochte) will be organized. Invited are contributions addressing our
current understanding of ocean biogeochemistry. Specific emphasis on JGOFS investigations in
the Southern Hemisphere will be encouraged. This does not exclude contributions from other
regions of the world’s ocean, but it may provide a forum to present data and new insights from
less well-studied areas.
A special session on Ocean/Atmosphere Biogeochemical Coupling “In Honour of Professor
Roger Chesselet” (Convenors: Bob Duce and Peter Liss) will also be organized. Countless
biogeochemical cycles involve air-sea exchange. For example, the atmosphere redistributes and
deposits ammonia that has been emitted from the ocean. Base cations from sea salt deposit on
land and support terrestrial productivity. Iron from deserts makes productivity possible in some
distant marine ecosystems. DMS emitted from the ocean forms particles that control the
reflectivity of marine clouds before being returned to the ocean. Air/sea exchange limits the rate
of numerous processes in the ocean, on land and in the atmosphere. Yet in all but a few cases,
the uncertainties in these air/sea fluxes and in our understanding of the processes that control
them is large. In this session, the central role of air/sea exchange in marine biogeochemical
cycles will be examined and ways to increase our understanding of ocean/atmosphere
biogeochemical coupling will be considered.
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Information about the meeting, registration and submission
be found at the web site: http://www.criba.edu.ar/2001_ocean.
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Towards a strategy for a North Atlantic Ocean Observing System: from JGOFS to the
Future of Ocean Biogeochemistry
Our community is in a very intense, complicated phase of planning programmes to succeed
JGOFS and complement SOLAS, CLIVAR, and GLOBEC in ocean biogeochemistry. A series
of ocean planning meetings has taken place in the past year. A EU/US Ocean Carbon Cycle
Science Research Workshop carbon was held in Paris in September 2000 (see Appendix 2).
Reports from that meeting will be published in the JGOFS Report Series.
SCOR/IGBP sponsored a workshop on the Future of Ocean Biogeochemistry (FOBGC) in
Plymouth, UK in September 2000. A Report of that meeting will be available shortly. An interim
planning group is being formed to look at specific research needs and how they can be
addressed. SCOR is the lead body for this effort.
A large workshop was held in Durham, NH in October 2000 just before the JGOFS Executive
Meeting, bringing together atmospheric, terrestrial and ocean people as well as climatologists
and human dimensions scientists (see Appendix 3). A small team will meet later to draft a
Research Framework Document. Bronte Tilbrook will represent the ocean community in that
group.
Links to new US Programs are at http://www.carboncyclescience.gov/planning.html#efforts.
Which action to encourage NA synthesis in 2001-early 2002?
With the successful OSC and the book and brochure moving ahead, JGOFS is near completion
of Phase 2 of its synthesis, articulated at the workshop in Southampton in autumn, 1998. (Phase
1 is the synthesis groups) (see Diagram below adapted from Hugh Ducklow). The JGOFS Exec
reviewed the current and future synthesis needs of the programme. It tentatively decided that
most of the regional synthesis groups should be in position to finish up their work by late 2001 early 2002. It is hoped each group will have tangible products like books, DSR-II volumes or
other publications. The funds currently devoted to these groups will be redirected to new
synthesis efforts. Several task teams or synthesis groups will not be finished with their work and
will continue to function: these include the NPTT (now NPSG), CMTT, PJTT, JGTT, and of
course DMTT, CO2 Panel and IOCCG. A new group, the Global Synthesis Working Group
has been set up. A suggested initial focus for this group might be to compare in detail global
estimates of new production/export from coupled, global prognostic models, global inverse
models and satellite maps. Reiner Schlitzer is the chairman of this new group, possible names for
membership are being sought.
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JGOFS Synthesis (JGOFS Exec Meeting, Durham, NH, 22 October 2000)
Phase 1 (1998-2001)
Regional/Disciplinary
syntheses
NASG (DSR volume)

Phase 2 (1998-2003)
Programme-wide
Synthesis
Southampton workshop

EPSG (DSR volume)

Bergen OSC

IOSG (Report and Book ?)

Springer Book

SOSG (Report, Book, DSR ?)

Brochures

NPSG
CO2 Panel

Contributions to IGBP
Synthesis

CMTT (Book)
PJTT

Washington OSC

Phase 3 (2001-2003)
Global Synthesis
DMTT
IOCCG

GSWG

JGTT
OCMIP

Final Book ?
There has been a discussion on how the group could further the aims of JGOFS synthesis in the
North Atlantic until mid 2002. The conclusions were:
1) Perform a joint synthesis work and publication in late 2001-mid 2002
2) Establish strong links with new JGOFS Global Synthesis Group (Reiner Schlitzer)
3) To organize a Joint North Atlantic Biogeochemistry (JGOFS Synthesis-AMT POMME)
session during the next 2002 EGS Meeting (Nice, France, 22-26 April 2002,
http://www.copernicus.org/EGS/egsga/nice02/overview.htm). This has been agreed by the EGS
Ocean programme team and will be called ‘Biogeochemistry of the carbon cycle of the Atlantic
ocean’ (Convenors: W. Koeve and J. Aiken). It will replace the 2001 session OA8 ‘The role of
physical processes in ocean biological cycles’ convened by Rik Williams and Véronique Garçon.
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Regarding the idea of a joint synthesis work, it was thought to design a simple two (or six?) box
model (see figure below) to describe the relative abundances of NO3, PO4, DIC and DOC in the
North Atlantic Ocean (excluding the equatorial region).

Phosphorus

Nitrogen
65N
12N

BU

BU

O

AN

FIX

BU

BU

O

NF

CP

CN

SR

NF

SR
DN

K

K
DRP

DRN

SF

SF

North Atlantic ocean (12°N-65°N) following Tyrell (1999).
NF: nitrogen-fixers; O: other phytoplankton; K: mixing; CP, CN: continental input of P and N; BU: biological
uptake; SR: surface regeneration of nutrients
DRP, DRN: deep regeneration of P and N; SF: sedimenting fraction
AN: atmospheric nitrogen input; FIX: nitrogen fixation

Following Tyrrell’s approach (1999), a representation of the ecological competition between two
types of phytoplankton: the nitrogen fixers and those that cannot fix N2 from the air will be
inserted into the North Atlantic ocean box model.
After convergence of the model to steady state, one will investigate whether the steady state
solution has reasonable concentrations, fluxes, and stoichiometry. Sensitivity to initial
conditions, boundary conditions (South and North), and to perturbed parameter values will also
be examined.
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Appendix 1: AMT Data held by BODC
Cruise BODC Reference
AMT 1
pml980093
pml000108
pml000111
pml000112
pml000113
pml010014
pml010015
AMT 2
pml980063
pml980090
pml980093
pml000108
pml000111
pml000112
pml000113
pml010014
pml010015
AMT 3
pml980093
pml000108
pml000109
pml000110
pml000111
pml000112
pml000113
pml010014
pml010015
pml980094
AMT 4
pml000109
pml000110
pml000111
pml000112
pml000113
pml010014
pml010015
AMT 5
pml980094
pml000110
pml000113
pml010011
pml010015
AMT 6
pml000105
pml010013
pml010011
AMT 7
pml010013
pml000106
AMT 8
pml000111
pml010011
pml010013
AMT 9
pml010011
pml010013

Data Description
CTD-profile, nav, multimet, tsg, fluor, sim, wind
AC-9 (absorption and attenuation meter)
CTD/Optics station listings
Primary production and chlorophyll
XBT-profile
CTD and underway inorganic nutrients
CTD and underway chl-a and phaeo
Underway inorganic nutrients
Profiling radiometer
CTD-profile, nav, multimet, tsg, fluor, sim, wind
AC-9 (absorption and attenuation meter)
CTD/Optics station listings
Primary production and chlorophyll
XBT-profile
CTD inorganic nutrients
CTD and underway HPLC
CTD-profile, ADCP, nav, multimet, tsg, fluor, sim, wind
AC-9 (absorption and attenuation meter)
Surface chlorophyll
Surface chlorophyll
CTD/Optics station listings
Primary production and chlorophyll
XBT-profile
CTD inorganic nutrients
CTD chl-a
CTD-profile, ADCP, nav, multimet, tsg, fluor, sim, wind
Surface chlorophyll
Surface chlorophyll
CTD/Optics station listings
Primary production and chlorophyll
XBT-profile
CTD inorganic nutrients
CTD chl-a
CTD-profile, ADCP, nav, multimet, tsg, fluor, sim, wind
Radiosonde
XBT-profile
CTD-profile resubmitted
CTD and underway chl-a
CTD-profile
XBT-profile
CTD-profile
XBT-profile
CTD-profile
Station listings
CTD-profile
XBT-profile
CTD-profile
XBT-profile
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Appendix 2: Ocean Carbon Cycle Process Studies
(EU/US Ocean Carbon Cycle Science Research Workshop, Paris, September 2000)

• Continue time series observations at the BATS and ESTOC sites, solidify its core support
and augment the routine measurement suite.

• Initiate new time series sites along latitudinal gradients and a network of autonomous,
moored time series nodes:

• AMT section along 20°W September/October (boreal fall, North Atlantic) and April /May
(spring conditions, Northern Hemisphere) since 1995, visit of 47°N 20°W, ideally up to 60°N
(see Progress in Oceanography, 45(3-4), 2000)

• Design and implement a new process study to estimate the contribution and interannual
variability of the spring phytoplankton bloom to annual carbon storage, and to determine the
importance of active nutrient transport and nitrogen fixation in the supply of nutrients to the
euphotic zone.

• Use new studies of the North Atlantic Oscillation to understand the potential for climate
change-induced modifications in the carbon cycle of the N. Atlantic basin.

• Coordinate with parallel efforts involving studies of the distribution of CO2 and related
tracers in the atmosphere, which are aimed at constraining basin-scale carbon fluxes and their
interannual variability.

Appendix 3: The Global Carbon Cycle: An International Strategy
(Durham, USA, October 2000)
The Vision:
Goals
• To steer and coordinate internationally, regional and national carbon research towards a
quantitative understanding of the dynamics of the linked (natural + human) carbon cycle
patterns
• Driving mechanisms
• Feedbacks and thresholds
• Role of carbon in the Earth system
Products
• Synthesis of observations, process understanding, models, with diagnostic models as a
fundamental synthesis tool
• Internationally coordinated observing system (through IGOS-P)
• Enhanced prognostic expertise to provide suites of ‘plausible futures’ to guide GHG
regulation bodies/institutions
Roadmap for the Framework:
• What are the current spatial and near-term temporal patterns of carbon sources and sinks,
and what are the biophysical drivers of these patterns?
• What are the control and feedback mechanisms - both anthropogenic and nonanthropogenic - that determine the dynamics of the carbon cycle on millennial time
scales?
• What are the likely dynamics of the global carbon cycle into the future?
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Each question then structured around:
A conceptual diagram showing the approach towards the question, and the integration needed;
The tools needed to attack the question – process studies, observations, diagnosis, and prognosis
Question: What are the current spatial and near-term temporal patterns of carbon
sources and sinks, and what are the biophysical drivers of these patterns?
Emphasis on observations and diagnostic models
3-year metrics: Resolve longitudinal distribution of NH sink
3-5 year metrics: Resolve importance of C dynamics in coastal zones
5-year metrics: Update decadal global C budget from 1980 - 2005 based on 3, 3-5 year
metrics
Question: What are the control and feedback mechanisms - both anthropogenic and
non-anthropogenic - that determine the dynamics of the carbon cycle on scales of
millennial time scales?
Strong emphasis here on process studies, paleo, diagnostic models
3-5 year metrics:
Simulate and understand general features of glacial-interglacial dynamics
Simulate interactive human-natural terrestrial C cycle processes and the interactive
ocean biology-carbonate chemistry-circulation system
5-10 year metrics:
Development of linked terrestrial-human-ocean models
Question: What are the likely dynamics of the global carbon cycle into the future?
Emphasis here on prognostic models including feedbacks and human dimensions
(particularly perception of risk/policy implementation), based on improved process level
understanding of crucial C-cycle processes
5-year metrics:
Simulate the transition from pre-industrial to the current state, and also simulate
Earth’s changing land cover for the past 300 years. Test against available data
Scenario generation/use - regional scenarios integrated and tested for global
consistency.
5-10 year metrics:
Development of improved decision support tools in collaboration with Integrated
Assessment (IA) community
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