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APN Project 2003-15 
Travel Support for Asia-Pacific Marine Scientists to Attend the Final 
JGOFS Open Science Conference 
 
Abstract 
 
Launched in 1987 under the auspices of the Scientific Committee on Oceanic Research 
(SCOR), the Joint Global Ocean Flux Study (JGOFS) became the first core project of 
the International Geosphere-Biosphere Programme (IGBP) two years later as its first 
field studies were getting underway. Global in scope and multinational and 
interdisciplinary from its inception, JGOFS adopted two major goals: to understand the 
processes controlling the cycling of carbon and other biogenic elements in the ocean 
and their exchange with the atmosphere and the seafloor, and to advance our capacity to 
predict the response of ocean systems to anthropogenic perturbations. 
 
Over the years since it was launched, JGOFS has sponsored a series of symposia 
designed to measure the advance of scientific knowledge against the questions the study 
was designed to address. The final open science conference, "A Sea of Change: JGOFS 
Accomplishments and the Future of Ocean Biogeochemistry," was held May 5-8, 2003, 
at the U.S. National Academies facility in Washington, D.C., the site of the first 
international JGOFS meeting in 1990. 
 
Project Information 
Project Leader: 
Mary Zawoysky  
U.S. JGOFS Planning and Data Management Office 
Woods Hole Oceanographic Institution MS #43 
Woods Hole, MA  02543-1057 
Phone: 508-289-2834 
Fax: 508-457-2161 
E-mail: mzawoysky@whoi.edu
 
The total amount of APN Funding awarded during the entire funded period: $12,000 
 
The duration of the project: May 5-8, 2003 
 
Collaborating APN approved countries included the following: 
Australia 
Bangladesh 
Korea 
China 
India 
Japan 
New Zealand 
Pakistan  
Russia 
USA 
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Introduction 
 
The Joint Global Ocean Flux Study (JGOFS) has been the most ambitious ocean 
biogeochemistry project ever undertaken. The goal of this project has been to 
understand better the processes controlling the cycle of carbon and associated elements 
in the open ocean, including the ocean margins. This knowledge must now be 
synthesized and transferred to the next generation of ocean biogeochemists who will 
endeavor to predict the ocean’s response to global climate change and variability, and to 
deliver this information to policy makers who will establish better-informed policies 
that are aimed at protecting our Earth systems. 
 
New paradigms regarding the ocean carbon cycle have been formed, and improved 
methods for conducting integrated biological, chemical, physical and sedimentological 
studies of ocean processes have been developed. Two recent publications have 
dedicated an entire issue to the accomplishments of JGOFS. An AMBIO issue provided 
a broad overview of its international accomplishments to global change research 
scientists (Fasham et al, 2001) and The Oceanography Society (TOS) Magazine 
presented a more detailed review of U.S. JGOFS accomplishments (Buesseler, 2001). 
 
This conference is the third in the series of JGOFS Open Science Conferences.  The 
first was held in Villefranche-sur-mer, France, at the mid-term review under the 
auspices of ICSU in 1995, and the second was held in Bergen, Norway, in 2000 at the 
culmination of the fieldwork that formally initiated the synthesis, interpretation and 
modelling phase. These conferences led to a Cambridge University Press (Hanson et al., 
1999) and a Springer-Verlag (Fasham et al, 2003) book on ocean biogeochemistry. 
 
Several goals were accomplished for the Final Open Science Conference. The 
conference brought together all marine scientists that have been actively involved in the 
project since its inception. Second, it presented the major accomplishments of the 
national and international JGOFS process studies, time-series stations, ocean surveys, 
and ocean modelling. Third, it reached out to the broader global change programs in 
climate, human dimension and biodiversity research by linking conference themes to 
emerging issues in the global carbon cycle. Fourth, it included science and educational 
activities for the public. Finally, it offered the scientific community and public an 
opportunity to discuss ocean-related issues and concerns with renowned JGOFS 
scientists and notable national officials.   
 
Much of the fieldwork completed under the project concerns the priority activities and 
special emphasis within APN—particularly ”Climate Change and Variability”. Many 
cruises took place in the Asia-Pacific area and were related to key processes of major 
interest to the APN and related populations (e.g., El-Niño – Southern Oscillation). 
Within the project, there are well-defined elements on coastal zones and continental 
margins, biodiversity, and atmosphere. JGOFS research included regional process 
studies and encouraged strong regional collaboration among its partners over the past 
decade and a half. With APN co-sponsorship, the conference furthered past regional 
collaborations and facilitated future collaborations among scientists and institutions in 
developing countries throughout the Asia Pacific Network and the global change 
research communities (IGBP, WCRP, IHDP, and Diversitas).  
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JGOFS devoted resources, time and effort to capacity building and educating the next 
generation of ocean biogeochemists and global change scientists. Many conferences, 
symposia, and meetings were specifically held throughout the world for this purpose. 
JGOFS involved 22 countries and educated undergraduate and graduate students from 
around the world. In the U.S. alone over 300 students participated in the program. APN 
travel support for scientists to participate in the conference promoted quality as well as 
future collaborative research proposals, and helped to build strong regional 
infrastructure to conduct global change research.  
 
The International Geosphere-Biosphere Programme (IGBP) and the Scientific 
Committee on Ocean Research (SCOR) have backed a strong bottom up effort by the 
international scientific community for the continued development of a new project, 
Ocean Biogeochemistry and Ecosystems, as part of the next phase of IGBP. This project 
will have strong collaborative links with the ongoing projects, like SOLAS (Surface 
Ocean Layer and Atmospheric Study), LOICZ (Land-Ocean Interactions in the Coastal 
Zone) and GLOBEC (Global Ocean Ecosystem Dynamics), and will build on the results 
of JGOFS and other global change research. 
 
Activities Conducted 
 
The U.S. JGOFS Planning and Data Management Office planned and coordinated 
activities for the highly successful final international JGOFS Open Science Conference 
“A Sea of Change:  JGOFS Accomplishments and the Future of Ocean 
Biogeochemistry”, May 5-8, 2003, at the National Academy of Sciences in Washington, 
D.C. This was a major activity, requiring 3 years of planning for a wide range of 
logistical (hotels, meeting rooms, social events, travel awards, registration, web info), 
scientific (poster abstracts, talk formats) and publicity related activities (conference 
announcements, posters, emails, mailings, advertisements, letters, newsletter).   
 
The conference with its 34 plenary talks focused not only on JGOFS highlights bringing 
together all the various scientific accomplishments of the various national and 
international JGOFS studies, time series efforts and model results, but our schedule also 
included talks on the connections between JGOFS and other science programs, as well 
as a look forward to new programs in ocean sciences.  Poster sessions in the afternoons 
allowed the opportunity to see the latest JGOFS synthesis efforts and individual 
contributions arranged across regional and cross-cutting scientific themes in 196 posters. 
The talks and posters summarized the fundamental results of more than 15 years of 
JGOFS-related science. U.S. and international data management efforts were showcased 
during the week and conference delegates all received CDs and DVDs of current 
JGOFS data compilations. 
 
332 conference delegates participated, representing 31 countries and the U.S., having 
backgrounds ranging from past and present JGOFS “heroes” to the 71 young students 
who represented the next generation which will carry on this work in future programs. 
This included a successful parallel program specific to minority students: 21 students 
were matched up with 21 mentor/scientists participating in the conference. 
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Outcomes and Products 
 
The main product of the conference, all of the plenary talks and many of the posters are 
now on line via the U.S. JGOFS web site, where they will serve for a long time to come 
as a community resource and ultimately reach the widest possible audience and have the 
largest impact. To view and download the talks in original PowerPoint and PDF formats 
and posters in PDF format, see our revised conference web site: 
http://usjgofs.whoi.edu/osc2003.html 
 
Conclusions 
 
This section and the next section are excerpted from the EOS article (Steinberg et al., 
2003) because they succinctly cover the conclusions and future direction that derived 
from the conference. 
 
Conference presentations highlighted JGOFS contributions to a better understanding of 
the ocean's role in the global carbon cycle and likely responses to changing climate 
conditions in at least three broad areas. How much carbon is taken up and stored in 
various regions of the ocean, and how might this change in the future? What role do 
food web structure and biological processes play in the partitioning of carbon into 
different pools? How does carbon get from the surface waters to the deep ocean and 
seafloor, where it can be sequestered for millennia to eons?  
 
Data amassed during the JGOFS survey and previous ocean studies indicate a globally 
integrated net CO2 flux into the ocean of roughly 2.1 petagrams of carbon per year. This 
flux varies greatly from one region to another; the largest uptake occurs in the North 
Atlantic and Southern Ocean, whereas the equatorial regions, particularly in the Pacific, 
show a substantial net release of carbon into the atmosphere. The ocean is the largest 
sink for anthropogenic CO2 at present, taking up more than one-third of total emissions 
from human activities. Modeling studies suggest the possibility of positive feedback 
with atmospheric warming, reducing the ocean's capacity to take up CO2. 
 
JGOFS studies demonstrated links between changes in large-scale climate patterns, such 
as the North Atlantic Oscillation and the El Niño-Southern Oscillation, and variations in 
the exchange of CO2 between the ocean and atmosphere. They also indicated the 
importance of the continental margins in ocean CO2 uptake, a critical issue for future 
study. 
 
JGOFS process and time-series studies showed that plankton food web structure and 
dynamics have significant effects on the size and partitioning of the ocean carbon flux 
among organic and inorganic, dissolved and particulate forms. Phytoplankton size 
classes differ greatly in their contribution to surface blooms and to the timing and 
volume of material exported from the surface ocean to the meso-pelagic zone and 
deeper waters. 
 
Zooplankton measurements showed that although larger species add variability and 
dominate the export of material from the euphotic zone, the micro-zooplankton provide 
the background that ultimately dominates the cycling of carbon and other elements 
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through the water column. JGOFS studies also documented the overall domination of 
ocean biomass and flux by microbes, including autotrophic pico- and nanoplankton, 
Archaea, bacteria, and protozoan grazers. 
 
New discoveries about the role of element limitation on phytoplankton growth and 
abundance emerged from a number of studies. Open-ocean experiments tested the 
hypothesis that iron limits phytoplankton growth and abundance in regions with 
sufficient supplies of nitrogen and phosphorus. Data from time-series studies in 
oligotrophic ocean gyres show a long-term shift in the ratio of nitrogen to phosphorus in 
particulate matter and suggest a link between the warmer, calmer conditions that 
accompany a high frequency of El Niño events and the growth of nitrogen-fixing 
cyanobacteria. 
 
The quest to understand how carbon gets from the ocean surface to the seafloor 
sediments produced a number of lessons for JGOFS scientists. Just as it is insufficient to 
rely solely on satellite data on pigments as a measure of surface productivity, so too is it 
insufficient to rely solely on particulate organic material collected in sediment traps at 
various depths as a measure of ocean export flux. 
 
A significant discovery was the importance of dissolved organic carbon (DOC), which 
comprises 20% of the total ocean export flux on the global scale. Although processes 
governing DOC formation, export, decomposition, and geographic distribution are not 
well understood, it is interesting to note that the cycling and export of carbon south of 
the Antarctic Polar Front is dominated by particle fluxes; almost no carbon is exported 
in the form of DOC in that region. 
 
JGOFS field and modeling studies have yielded insights into the importance of the 
inorganic fractions of the particle flux. Inorganic "ballast" protects organic material 
from decomposition in the water column and affects the rate and extent of particle 
sedimentation and re-mineralization. Food web structure and windborne materials have 
an impact on the formation and effects of this ballast. 
 
Among the lessons learned during JGOFS is the importance of improving methods of 
measurement and establishing common standards that permit effective comparison of 
results. Measurements of both DOC and dissolved inorganic carbon (DIC) benefited 
from the development of reliable seawater standards. Advances in trace-metal free 
sampling techniques made it possible to carry out effective iron-enrichment experiments 
in the open ocean. Improvements in remote sensing technology, autonomous 
underwater vehicles, and sensors for long-term deployment on buoys also advanced 
biogeochemical research during the JGOFS era. 
 
Another lesson learned is the importance of determining temporal and spatial scales 
relevant to particular questions. Long-term studies and the development of continuously 
recording instruments have made it possible to capture small and meso-scale events in 
time and space that have a disproportionate effect on variability in ocean properties. 
 
In her keynote lecture, former Environmental Protection Agency administrator Carol M. 
Browner discussed the role of scientists in the formulation of governmental climate 
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policies. In her concluding address, Margaret Leinen of the National Science 
Foundation applauded JGOFS for broad goals and focused vision, noting the 
importance of intertwining observations and experiments with modeling, the value of 
cooperation among large ocean programs such as JGOFS and WOCE, and the utility of 
the data management system created under JGOFS as a model for future programs.  
 
Future Directions 
 
Directions for future research emerged from presentations at the conference. Plenary 
sessions with keynote speakers and commentators addressed a series of broad topics, 
including ocean color observations from space, air-sea fluxes of CO2, ocean carbon 
transport and storage, ecosystem community structure and dynamics, ocean margins and 
benthic processes, the paleoceanographic perspective, data assimilation and modeling, 
iron limitation, particle export flux, and new technologies for biogeochemical 
observations. JGOFS history, links between JGOFS and other major ocean programs 
past and present, ocean biogeochemistry in the context of Earth system science, and 
future ventures in ocean biogeochemistry were explored as well.  
 
The International Geosphere-Biosphere Programme (IGBP) and the Scientific 
Committee on Ocean Research (SCOR) have backed a strong bottom up effort by the 
international scientific community for the continued development of a new project, 
Ocean Biogeochemistry and Ecosystems, as part of the next phase of IGBP. This project 
will have strong collaborative links with the ongoing projects, like SOLAS (Surface 
Ocean Layer and Atmospheric Study), LOICZ (Land-Ocean Interactions in the Coastal 
Zone) and GLOBEC (Global Ocean Ecosystem Dynamics), and will build on the results 
of JGOFS and other global change research. 
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Appendix 1: Conference Program 
See file program.pdf on this CD. 
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Appendix 2: Participants List  
See file participants.pdf on this CD. 
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Appendix 3: Funding Sources outwith APN  
 
U.S. National Science Foundation $105,191 
 
U.S. National Oceanic and Atmospheric Administration $34,999 
 
U.S. National Aeronautics and Space Administration $24,958 
 
U.S. Office of Naval Research $24,991 
 
Scientific Committee on Oceanic Research $11,999 
 
International JGOFS Project Office (Research Council of Norway) $80,808 
 
Global Change System for Analysis Research and Training (START) $10,000 
 
Inter-American Institute for Global Change Research (IAI) $3,000 
 
The Ocean Studies Board of the U.S. National Academy of Sciences cosponsored the 
conference and allowed us to use their facility at cost only of staff support and catering 
costs. 
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Appendix 4: Glossary of Terms 
 
APN:  Asia-Pacific Network 
CD:  compact disk 
CO2:  carbon dioxide 
DIC:  dissolved inorganic carbon 
DOC:  dissolved organic carbon 
DVD:  digital versatile disc 
GLOBEC:  Global Ocean Ecosystem Dynamics 
IAI:  Inter-American Institute for Global Change Research 
IGBP:  International Geosphere-Biosphere Programme 
IHDP:  International Human Dimensions Programme on Global Environmental Change 
IOC:  Intergovernmental Oceanographic Commission 
JGOFS:  Joint Global Ocean Flux Study 
LOICZ:  Land-Ocean Interactions in the Coastal Zone 
PDF:  Portable Document Format 
SCOR:  Scientific Committee on Oceanic Research 
SOLAS:  Surface Ocean Layer and Atmospheric Study 
TOS:  The Oceanography Society 
WCRP:  World Climate Research Programme 
WOCE :  World Ocean Circulation Experiment 
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Sunday, 4 May: Early Registration and Reception

1730-1930 JGOFS Registration and Reception (U.S. National Academy of Sciences)

Day 1–Monday, 5 May

0730-0830 REGISTRATION 

0830-0900 WELCOME AND INTRODUCTION 
Robert Hamilton, Acting Director, Ocean Studies Board
Hugh Ducklow, Virginia Institute of Marine Science
Mark Abbott, Oregon State University

Session I. OCEAN COLOR TO OCEAN DYNAMICS
Chair: Trevor Platt, Bedford Institute of Oceanography

0900-1000 Reenvisioning the Ocean: The View from Space
Speaker: Mark Abbott, Oregon State University 
Commentator: Dave Siegel, University of California, Santa Barbara

1000-1030 BREAK

1030-1130 Constraining Fluxes at the Top: Advances in Quantifying Air-Sea Carbon Dioxide Fluxes during the 
JGOFS Decade
Speaker: Rik Wanninkhof, AOML/NOAA
Commentator: Richard Feely, PMEL/NOAA

1130-1230 Storage of Carbon in the Oceans: Observational Constraints
Speaker: Nicolas Gruber, University of California, Los Angeles
Commentator: Nick Bates, Bermuda Biological Station for Research, Inc.

1230-1400 LUNCH

Session II. JGOFS CONNECTIONS
Chair: Robert Anderson, Lamont-Doherty Earth Observatory

1400-1430 WOCE – Links to JGOFS Biogeochemistry 
Carl Wunsch, Massachusetts Institute of Technology

1430-1500 GLOBEC – Links to JGOFS Biogeochemistry
Roger Harris, Plymouth Marine Laboratory

1500-1530 SOLAS – Links to JGOFS Biogeochemistry
Peter Liss, University of East Anglia

1530-1730 Poster Session I:
Theme 1: Carbon Dioxide, Chair: Bronte Tilbrook, CSIRO Marine Research
Theme 2: Ocean Color, Chair: Daniela Turk, Canadian SOLAS Secretariat
Region 1: North Atlantic, Chair: Véronique Garçon, LEGOS, Centre National de la Recherche 
Scientifique 
Region 2: Equatorial Pacific, Chair: Robert Le Borgne, Centre Institut de Recherche pour le 
Developpement
Region 3: North Pacific, Chair: Toshiro Saino, Nagoya University



Day 2–Tuesday, 6 May

Session III. ECOSYSTEM STRUCTURE AND DYNAMICS 
Chair: Bernt Zeitzschel, Institut für Meereskunde an der Universität Kiel

0800-0830 REGISTRATION

0830-0930 Does Biological Community Structure Influence Biogeochemical Fluxes? JGOFS Says Yes!
Speaker: Tony Michaels, University of Southern California
Commentator: Deborah Steinberg, Virginia Institute of Marine Science

0930-1030 Co-limitation of Major Phytoplankton Groups by Light and Multiple
Nutrients as Control of the Marine Carbon Cycle
Speaker: Hein de Baar, Royal Netherlands Institute for Sea Research
Commentator: Ed Laws, University of Hawaii

1030-1100 BREAK

1100-1200 Linking Surface Ocean and the Deep Sea
Speaker: Richard Lampitt, Southampton Oceanography Centre
Commentator: Susanne Neuer, Arizona State University

1200-1300 Climate Sensitivity: What Observations Tell Us about Model Predictions 
Speaker: Corinne Le Quéré, Max-Planck Institut für Biogeochemie
Commentator: Jorge Sarmiento, Princeton University

1300-1430 LUNCH

Session IV. OCEAN MARGINS AND BENTHIC PROCESSES
Chair: Kon-Kee Liu, National Taiwan University

1430-1500 Examining Human Impacts on Global Biogeochemical Cycling Via the
Coastal Zone and Ocean Margins
Liana Talaue-McManus, University of Miami

1500-1530 Benthic Processes 
Rick Jahnke, Skidaway Institute of Oceanography

1530-1600 Seeing the Past through JGOFS Spectacles
Thomas Pedersen, University of British Columbia

1600-1630 Discussion/Question Period – Kon-Kee Liu, National Taiwan University

1630-1830 Poster Session II:
Theme1: Plankton Community Structure, Chair: Renato Quiñones, University of Concepción
Theme 2: Euphotic Zone Production/Export, Chair: Patrick Monfray, Centre National de la Re-
cherche Scientifique
Theme 3: Time-Series Studies, Chair: Tony Knap, Bermuda Biological Station for Research
Region1: Ocean Margins, Chair: Hema Naik, National Institute of Oceanography



Day 3–Wednesday, 7 May
Session V. DATA ASSIMILATION AND MODELLING
Chair: John Steele, Woods Hole Oceanographic Institution

0800-0830 REGISTRATION

0830-0900 Modelling Biogeochemical Fluxes in the Ocean – How Far Have We Gotten?
Andreas Oschlies, Institut für Meereskunde an der Universität Kiel

0900-0930 The Internal Weather of the Sea and its Influences on Ocean Biogeochemistry: Findings from JGOFS Studies 
Dennis McGillicuddy, Woods Hole Oceanographic Institution

0930-1000 Using Inverse Models to Estimate Biogeochemical Fluxes – Achievements and Limitations
Reiner Schlitzer, Stiftung Alfred-Wegener-Institut für Polar- und Meeresforschung

1000-1030 Discussion/Question Period – John Steele, Woods Hole Oceanographic Institution

1030-1100 BREAK

Session VI. HIGHLIGHTS OF THE JGOFS ERA, Chair: John Field, University of Cape Town

1100-1130 Iron Limitation – Phil Boyd, Univerity of Otago

1130-1200 The Life and Times of Marine Particles: The JGOFS Story
Ken Buesseler, Woods Hole Oceanographic Institution

1200-1230 New Technologies and their Roles in Advancing Biogeochemical Science during the JGOFS Era 
Tommy Dickey, University of California, Santa Barbara

1230-1300 Discussion/Question Period – John Field, University of Cape Town

1300-1430 LUNCH

Session VII. FUTURE PROGRAMS, Chair: Peter Burkill, Southampton Oceanography Centre

1430-1450 Ocean Futures in Biogeochemistry
Julie Hall, National Institute of Water and Atmospheric Research

1450-1510 Role of Ocean Observing Systems in Ocean Research - Larry Atkinson, Old Dominion University

1510-1530 Oceans in the Earth System: Sailing into the Sea of Excitement
Will Steffen, International Geosphere-Biosphere Programme

1530-1730 Poster Session III
Theme 1: Mesopelagic, Chair: Richard Lampitt, Southampton Oceanography Centre 
Theme 2: Deep Ocean/Benthos/Paleoceanography,
Chair: Anitra Ingalls, Harvard University
Theme 3: Global Synthesis/Ecosystem Modeling,
Chair: Scott Doney, Woods Hole Oceanographic Institution
Region 1: Arabian Sea, Chair: Sharon Smith, University of Miami
Region 2: Southern Ocean, Chair: Paul Tréguer, Institut Universitaire Européen de la Mer

1700 & 1745 Buses will leave the National Academy for the Smithsonian

1800-1930 Smithsonian National Museum of Natural History, Baird Auditorium
Welcome and Introduction: David Evans, Smithsonian Institution
Deborah Steinberg, Virginia Institute of Marine Science
Keynote Lecture“Global Climate Policy: Where is the World Headed?”
Speaker: Carol M. Browner, The Albright Group

1930-2100 Please join us for hors d’oeuvres and drinks in the Museum Rotunda and viewing of select galleries.

2030 & 2115 Buses will return to the Melrose and State Plaza Hotels



Day 4–Thursday, 8 May

Session VIII. OCEAN DYNAMICS IN EARTH SYSTEM SCIENCE
Chair: Hugh Ducklow, Virginia Institute of Marine Science

0800-0830 REGISTRATION

0830-0900

0900-0930

Why and How We Created JGOFS and the Lessons Learned
Peter Brewer, Monterey Bay Aquarium Research Institute
James McCarthy, Harvard University

0930-1015 Ocean Biogeochemistry in the Earth System 
Berrien Moore III, University of New Hampshire

1015-1030 Further Discussion/Questions
Hugh Ducklow, Virginia Institute of Marine Science

1030-1100 BREAK

1100-1200 JGOFS Accomplishments and New Challenges
Speaker: David Karl, University of Hawaii
Commentator: Mark Abbott, Oregon State University 

1200-1215 Epilogue
Margaret Leinen, National Science Foundation

1230 Buses depart National Academy for the Nina’s Dandy

1300-1600 CONFERENCE BANQUET
(Potomac River Lunch Cruise) 

Buses will return after the cruise to the Melrose and State Plaza Hotels
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