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Abstract:

The International Ocean Carbon Coordination Project (IOCCP) and CLIVAR, with the
leadership and support of JAMSTEC, developed this workshop to address these issues and to
examine potential ways and means for developing the kind of coordination structure foreseen
by OceanObs’99 as the next generation of hydrography. One of the immediate goals of the
workshop was to lay the foundations for the development of a robust and comprehensive
information system about on-going and planned hydrographic activities, and to actively
publicize the need and enthusiasm for a new era of integrated hydrographic research. A
longer-term goal is to develop an international hydrography program that has a sustained
coordination mechanism for data / information management and data synthesis activities, yet
remains driven by science through national, regional, and global research programs.
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1. INTRODUCTION TO THE CONFERENCE

During the decade of the 1990s the World Ocean Circulation Experiment (WOCE) conducted
an extensive survey of hydrographic properties in the global ocean in an effort to develop a
global picture of ocean properties that was as synoptic as possible. In collaboration with the
WOCE global survey, the Joint Global Ocean Flux Study (JGOFS) ensured that inorganic
carbon measurements were made on a majority of the cruises. The WOCE/JGOFS effort lead
to numerous scientific advances in understanding the physical and biogeochemical state of the
global ocean. However, this work also lead to the realization that the effect of climate
variability on the ocean is still poorly understood. An international conference, entitled “The
Ocean Observing System for Climate” (or OceanObs’99), set the initial scientific and
implementation framework for post-WOCE hydrography. It was recognized that, while
hydrography provides a critical and unique platform for ocean observations that will be
required for the foreseeable future, understanding of ocean variability on basin and global
scales is still emerging and will require the development of new techniques, integration with
other observing platforms, and close scientific scrutiny to ensure the highest possible data
quality and scientific interpretation. For this reason, it was suggested that the hydrography
program would sit more appropriately within the framework of a research program such as
the Climate Variability and Predictability (CLIVAR) program rather than the sustained
observing systems (e.g., GOOS, GCOS). However, it was also recognized that the CLIVAR
program at that time did not include some key aspects (such as CO, measurements) that are
essential to understanding the ocean’s role in climate. The OceanObs’99 conference thus
highlighted the need for an umbrella structure to more closely link the future global programs
and optimise the ocean sampling scheme (Gould et al., 1999).

Recently, both the CLIVAR community and the ocean carbon community have recognized
the urgent need for better coordination of planning, implementation, standardization, and data
synthesis and interpretation efforts for hydrography. It was also recognized that today’s
hydrography programs address different issues than were addressed during the WOCE era;
issues that require a more integrated approach both in terms of variables measured, sampling
strategy, and integration of ship-based sampling with other platforms such as Argo and time
series stations.

The International Ocean Carbon Coordination Project (IOCCP) and CLIVAR, with the
leadership and support of JAMSTEC, developed this workshop to address these issues and to
examine potential ways and means for developing the kind of coordination structure foreseen
by OceanObs’99 as the next generation of hydrography. One of the immediate goals of the
workshop was to lay the foundations for the development of a robust and comprehensive
information system about on-going and planned hydrographic activities, and to actively
publicize the need and enthusiasm for a new era of integrated hydrographic research. A
longer-term goal is to develop an international hydrography program that has a sustained
coordination mechanism for data / information management and data synthesis activities, yet
remains driven by science through national, regional, and global research programs.

The workshop brought together 49 participants from 11 countries, with expertise covering
carbon, hydrography, tracers, prognostic modelling, data assimilation, and the Argo profiling
float program, along with data and information management experts (Annex I).

2. SCIENCE HIGHLIGHTS : FINDINGS AND INTRIGUING ISSUES FROM
REPEAT HYDROGRAPHY

The workshop began with opening remarks from Masao Fukasawa highlighting the
significance of this meeting, which brought together the physical and biogeochemical
communities to discuss the status of the repeat hydrography program. This program is an
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area of mutual benefit and true collaboration between the communities. Richard Feely
followed this up with a discussion of the primary goals of the workshop, which included:

1. Review post-WOCE global ship-based hydrography activities;
2. Review the extent to which these observations are accessible;
3. Identify global priorities for ship based hydrography to fulfill the specific

science aims of CLIVAR and the ocean carbon and tracer community, and in light of
the existence and needs of Argo;

4. Establish a robust mechanism to compile information on future ship-based
hydrography plans and to ensure that data from these observations are rapidly made
available; and,

5. Take steps to publicize to the wider science community, the continuing
importance of carrying out ship-based hydrography.

Feely also reviewed the core objectives of the repeat hydrography program: to provide data
for carbon system studies, heat and fresh water storage and flux studies, deep and shallow
water mass ventilation studies, model calibration and validation, and for calibration of
autonomous sensors. He pointed out that the international program to date has completed
roughly one half of the decadal survey and is meeting nearly 100% of the core objectives.
Most of the data are being submitted to data centers at much faster rates than in the past and
preliminary results indicate substantial changes in many observed properties, suggesting that
there will be many exciting discoveries coming from this program. Some of the challenges
facing the program are continued support for funding and ship-time needed to complete the
first global decadal survey by 2012 as planned, and the need to continue to foster
collaborations with national and international partners to coordinate the modeling and
synthesis of these results with the growing international data set. Feely also highlighted the
links between the repeat hydrography program and other international programs like Argo
and promoted the development of a joint team to investigate the feasibility and benefits of
adding oxygen sensors to Argo floats. Additional specific recommendations included the
testing and implementation of new methods for high-resolution O, and CO, profiling on
repeat hydrography cruises, increasing repeat hydrography cruise coverage in areas where
active ventilation is occurring, the development of basin-scale carbon models that accurately
reproduce gas exchange, ventilation and biogeochemical processes, and additional support for
international data synthesis and exchange efforts.

After these introductory talks, there was a series of plenary talks that summarized some of the
physical and biogeochemical lessons learned from the WOCE/JGOFS global survey, as well
as a summary of the intriguing new findings from the current repeat hydrography program.
Brian King presented the first science talk and pointed out that perhaps one of the most
important lessons learned from WOCE and other associated studies is the idea that the ocean
is not a slowly evolving animal with smooth decadal trends that can be detected in a
straightforward manner as part of patterns of global change. Examples from cruises in the
southern Indian Ocean and North Atlantic that were occupied multiple times over two
decades indicated significant changes in circulation and variations in several physical and
biogeochemical tracers. These changes were not always of the same character and in some
cases not even in the same direction as one might have predicted from secular trends related
to anthropogenic forcing. Some of these variations (e.g. circulation changes and variations in
bottom water properties) could only be seen with high-resolution repeated hydrographic
sections. Furthermore, a proper interpretation of these changes can only be made with full
water column boundary-to-boundary sampling made over multiple decades.

Doug Wallace pointed out that the WOCE/JGOFS survey data were successful in answering
the first order question of what is the global ocean inventory of anthropogenic CO, and how is
it distributed, but also raised many other questions about how the ocean uptake of carbon will
change in the future. There is still a lot of work that must be done to better understand what
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controls the distribution of natural and anthropogenic carbon in the ocean. Model
development, inverse calculations and transport estimates are helping to improve our
understanding of these processes, but periodic reassessments of the carbon and related tracer
distributions are critical for improving our understanding of the mechanisms controlling the
ocean sink for anthropogenic CO,. As more data become available, new techniques for
examining the different components of the total carbon signal must be investigated and the
methods for estimating the anthropogenic carbon increase should be re-evaluated. Wallace
also encouraged the repeat hydrography community to start thinking about how recent
technological advances might be used to expand the capabilities beyond what was
accomplished with WOCE. He promoted establishing closer ties with the Argo community to
directly relate the changes observed on the hydrographic sections to the growing temporal
data set collected by Argo, particularly if additional parameters such as oxygen could be
included on the profiling floats. Shipboard measurements will still continue to be critical, but
by making closer connections with other observational approaches (e.g. time series stations)
and alternative platforms (e.g. profiling floats or gliders), we can improve our ability to
interpret the shipboard data and potentially minimize biases in the temporal resolution of the
data.

Terry Joyce’s presentation focused on intriguing new findings from the current repeat
hydrography program. The US repeat hydrography effort started in the North Atlantic, where
substantial changes have been seen in water mass distributions since WOCE. These changes
are observed in several tracers and are found throughout the water column. It appears that
these changes may be related to variations in the North Atlantic Oscillation (NAO) and the
advective timescales for the gyres and deep western boundary currents. Joyce pointed out
that many of the historical North Atlantic measurements were made in the 1960s and 1970s
when the NAO was generally low. The WOCE North Atlantic work was in the mid 1990s
during a period of very high NAO. Without a proper understanding of the impact of large
scale climate phenomena on water mass properties it would be impossible to interpret the
changes that might be observed. The North Atlantic work also showed the importance of
understanding changes in the Arctic, a region that was not well represented in WOCE. We
are still working to understand the changes that have been observed with the repeat
hydrography cruises now that the NAO is once again decreasing. The repeat hydrography
program has shown us the importance of repeated measurements for properly attributing
changes to the correct mechanisms and has illustrated the need for much more research in this
area.

Scott Doney also presented results showing significant changes in the biogeochemical
measurements coming from the repeat hydrography program. The complicated patterns of
these changes clearly show that these properties are being influenced by more than simple
secular changes in anthropogenic tracers. Preliminary results indicate that we need a better
understanding of natural variability, perhaps related to climate modes like NAO, and
improved definitions and techniques for isolating the anthropogenic and natural components
of the observed variability. For example, one intriguing finding from the recent cruises is the
suggestion that the anthropogenic carbon inventories are increasing in the Pacific at about
twice the rate of the Atlantic over the last 10 years. This is in contrast to the long-term
anthropogenic CO, inventory that shows larger column inventories in the North Atlantic. The
answer to this finding may lie in the effects of climate modes like NAO or PDO on the
decadal scale circulation.

Masafumi Kamachi discussed the advances being made in physical data assimilation into
models and the importance of getting hydrographic section data. The GODAE system
accepts data from a wide variety of sources, but the repeat hydrography data fill an important
niche in the data assimilation process as these are an important source of high resolution
boundary current and deep ocean data. The assimilation models can also be useful for
identifying key areas where additional sections would be useful.



10C Workshop Report No.213
page 4

Keith Rodgers presented some model analyses for the North Pacific in an attempt to address
the extent to which the rate of uptake of anthropogenic CO, in the North Pacific is varying
with the phase of the Pacific Decadal Oscillation. The primary findings from this study were
that there was a strong seasonal component to the North Pacific uptake of anthropogenic CO,,
but that there did not seem to be a strong interannual correlation with the Pacific Decadal
Oscillation. This appears to be in conflict with CO, flux observations that have indicated a
shift in the North Pacific uptake rate, and preliminary repeat hydrography results showing
larger recent inventory changes in the Pacific relative to the Atlantic. The models do not
seem to reproduce this finding. It should be noted however, that the model results may be
sensitive to the fact that the models are not eddy resolving and that mixed layer depths may be
biased in the models. There is a strong need for a better evaluation of model biases and a
close comparison of decadal trends observed from the repeat hydrography program and the
decadal trends inferred from models.

The final presentation of the introductory session, by Gregory Johnson, examined the
relationship between the Argo program and the repeat hydrography program. A comparison
of the type of information gained from the two approaches shows that they are clearly
complimentary. The Argo data can provide the large-scale context for the limited number of
repeat hydrography lines. At the same time the repeat hydrography cruises provide an
opportunity for deploying the profilers, provide calibration data for the floats, and can resolve
many features like boundary current regions and deep water changes that cannot be properly
addressed with Argo profilers. Johnson pointed out that there is an opportunity for the Argo
community to establish even closer ties to the repeat hydrography program by including
additional sensors on the profilers that will allow the Argo data to be interpreted in a manner
more similar to the shipboard data. He showed that oxygen sensors have been successfully
deployed on profiling floats and that they allow a greatly expanded interpretation of the data
including the possibility of estimating carbon distributions using multiple linear regression
techniques. Although there are addition financial resource requirements, limitations on float
power, and concerns about sensor stability that still need to be addressed, the benefits of such
closer interaction could be substantial for both communities.

3. STATUS OF POST-WOCE REPEAT HYDROGRAPHY

Speakers in the section provided brief overviews of post-WOCE hydrography, focusing
mainly on new activities and future plans in each basin. The following information is in no
way a comprehensive listing of all post-WOCE hydrographic activities. It was felt that such a
compilation was definitely needed, but was far beyond the scope of this workshop to produce.

3.1 GLOBAL OVERVIEW

The most comprehensive view of post-WOCE hydrography has been compiled by Masao
Fukasawa and colleagues as part of the CLIVAR GSOP activity. The map below shows the
hydrographic sections that have been implemented or planned since the year 2000 (last
updated in September 2005). The map indicates which sections were occupied with carbon,
without carbon, which lines have been planned but not yet funded, and which WOCE lines
have not been scheduled for reoccupation. This compilation does not include information
about coastal sections, marginal seas sections, or one-off process studies. Much of this
information exists in the Basin Groups (see below), but has not been integrated into a global
view.
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CLIVAR Global Repeat Hydrography Map

Information and data from these cruises is available at the CLIVAR and carbon hydrographic
data office (CCHDO) at : http://whpo.ucsd.edu/index.htm.

For carbon, the Carbon Dioxide Information and Analysis Center (CDIAC) Ocean CO,
program ( http://cdiac.esd.ornl.gov/oceans/home.html ) and the IOCCP jointly maintain up-to-
date compilations of hydrography lines on which carbon parameters have been measured, and
include several lines not shown on the CLIVAR map. The IOCCP map (top) shows the
cruises that are on-going or planned (2005 and on-ward), and the CDIAC map (bottom)
shows all past, post-WOCE cruises. The solid lines indicate cruises for which carbon data are
available, while the dashed lines indicate that the cruise has taken place but data are not yet
available.
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While the CLIVAR CCHDO and CDIAC have a joint data and information management
plan, the CLIVAR center has only been dealing with those transbasin sections that are
considered part of the repeat global survey, while CDIAC maintains a comprehensive
collection of all ocean carbon data. The joint Data and Information Management Plan can be
found at:

http://cdiac.esd.ornl.gov/oceans/RepeatSections/ CDIAC_WHPO_plan.pdf.

A more comprehensive and integrated system is needed, but will require new strategies and
new resources to develop. Participants at this workshop emphasized that one of the most
important aspects for coordinating and integrating hydrographic activities is a comprehensive
and up-to-date information system, making such an activity a top priority for any future
hydrography program. (see Section 4 for more discussion).

The following basin reviews highlight plans for future hydrographic activities in each basin
that were presented at the workshop. While these should not be considered as comprehensive
reviews, the compilation does provide useful information for the development of an eventual
hydrography information database.

3.2  ATLANTIC BASIN

The CLIVAR Atlantic Basin panel maintains a compilation of hydrographic sections,
including carbon, at: http://www.clivar.org/organization/atlantic/IMPL/index.htm. This site
also links to the IOCCP/CDIAC hydrographic information pages for further details about
carbon cruises:  http://ioc.unesco.org/ioccp/HydrographyMap.htm, with links to table
information for each basin. Unfortunately, as with the global overviews, the two sites are not
synchronized and provide information and maps in different formats and are updated on
different timescales.

Doug Wallace (Germany, Leibniz-IfM) provided an overview of several Atlantic basin
hydrography programs and future plans. He also presented some work in the Atlantic sector
of the Southern Ocean, which we have grouped with the other Southern Ocean cruises for this
report.

OVIDE (Observatoire de la Variabilité Interannuelle 8 Décennale du gyre subpolaire de
I'Atlantique Nord et des mers nordigues).
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Implementation: Laboratoire de Physique des Océans,
France, and the CO, group of the Instituto de
Investigaciones Marinas, Spain. Implemented in the
framework of CLIVAR.

Section Information:

= Occupations in 2002, 2004;
] Plans: 2006 (repeated every 2 years)
= Number of stations: 96

Variables measured: T, S, O,, CFCs,
nitrate phosphate, silicate, pH, alkalinity, pCO,.

More information:
http://www.ifremer.fr/Ipo/ovide/ovide04/ovide04.htm

FICARAM (Flujos de Intercambio aire mar en una
seccion meridional en el océano Atlantico )

Implementation: CO2 group of the Instituto de
Investigaciones Marinas, Spain

Section Information:

N

. Occupations : 2001 (FICARAM
. 1), 2002 (FICARAM IV), 2003
ol (FICARAM VI)
- . Plans: 2007 (planned each 3 years)
- = Number of Stations: 2001 (29),
? 2002 (19), 2003 (9)
f:__ = Variables measured: T, S, O,,

nitrate, phosphate, silicate, pH, alkalinity,

pCO,. Gaps: CFCs, CT (planned to include

since 2007)More information:
http://www.iim.csic.es/~rbos/grupoCO2_e.htm

K

W d
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Meteor 2006 Equatorial Atlantic

Crulse Track METEOR 2006

Implementation: IfM-Geomar
Section Information:
Occupations: 2000, 2002, 2004
Plans: 2006

More information:

http://www.ifm-
geomar.de/index.php?id=1185&L=1

AMMA / EGEE - Analyse Multi-échelle de la Mousson Africaine / Etude de la Circulation
oceanique et de sa Variabilite dans le Golfe de Guinee

EGEE cruise trackline & PIRATA buoy position
10°M

SN |

1078} 2

Implementation: France, IFREMER

Section Information:
= Occupations: 2/year x 3 years
=  Plans: 2006
=  Variables Measured: hydrography, nutrients, CO,, upper 1000m

More information:

http://www.brest.ird.fr/actualites/EGEE-2.htm
http://www.brest.ird.fr/actualites/EGEE-1a.htm
http://www.brest.ird.fr/activites/act LEGOS_Brest.htm

Chief Scientist: Bernard.Bourles@ifremer.fr and Bernard.Bourles@ird.fr
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33 PACIFIC BASIN

The Pacific Basin overview was presented by Dick Feely (US, NOAA/PMEL). The table
(taken from information provided by Masao Fukasawa) outlines the sections that were
occupied during WOCE, which were recommended for reoccupation by the OceanObs’99
conference, and the current status of implementation. The bold numbers in the column
“occupied year” indicate that carbon measurements were also taken or proposed.

Section WOCE | Frequency Recommended | Occupied Year
Ref. Recommended by OceanObs99

50N P1 5-7 years yes 1999; proposed 2007

24N or 30N P3 5-7 years yes 2005

32S or 43S P6/P7 5-7 years yes 2003

137E (3N-30N) P9 Annually /| yes Quarterly, not full depth;

quarterly proposed 2005

144E (Eq—35N) | P10 Annually yes 2005

165E(3S-45/50N) | P13 Annually yes 2001; proposed 2007

170W P15 5-7 years yes North 2003, 2004; South
2001, proposed 2008

150W P16 5-7 years yes North proposed 2006; South
2005

110W P18 5-7 years yes Proposed 2008

24N or 30N P2 5-7 years yes 2004

145E (40S-70S) P12 2001

Gulf of Alaska P17N 2001

18S P21 Proposed year?

Comparisons of repeat hydrography in each basin show that there has been relatively little
hydrography in the Pacific:

Basin Occupied Occupied more than 2 times With Carbon
Atlantic 18 11 12

Indian 6 2 5

Pacific 9 1 6

Arctic 1 1 0

Antarctic 3 3 0

However, future plans include 9 lines to be reoccupied before 2008 and details of these plans
can be found on the CLIVAR composite map and on the IOCCP site and tables. Along most
of the lines occupied in the Pacific after 1999, carbon variables and tracers have been
incorporated into the cruises.

There are an extensive number of hydrographic stations in the Pacific being implemented as
part of process studies or on-going hydrographic programs that were not part of the WOCE
reoccupations. The most complete information about these is provided on the CLIVAR
Pacific Basin Panel, although this information is not specific to hydrography and has not been
updated for some time. It is unclear from the present compilation how many of these plans
were implemented and what the current state of hydrographic activities is for the Pacific.
(http://www.clivar.org/organization/pacific/)

34 INDIAN BASIN

CLIVAR and the IOC established an Indian Ocean Panel in 2004, and the panel has compiled
information on  observation activities and plans on the Panel @ site:
(http://www.clivar.org/organization/indian/).
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Bernadette Sloyan (Australia, CSIRO CMAR) presented the Indian Ocean hydrography
overview. The table below shows the summary of post-WOCE activities. All listed cruises
measured carbon variables except for the 2002 UK occupation of 105.

Section Occupations Plans Status / Comments
DOTSS — 110, | 2000 (Aus) 2010, Aus Request not submitted;  Australia
102(E), 105(E) committed to repeat hydrography in the
eastern Indian Ocean but international
coordination is needed. Questions now
raised whether the planned reoccupation
of DOTSS is best use of resources if US
occupy I9N in 2009. Cruise most likely
2009/2010 given Australian planned IPY
Southern Ocean cruises in 2008. Australia
also need international support for CFC
measurements
109S 1995 (US), 2005 | 2012, Aus Request not submitted;
(Aus)
107N 1996 (US) 2009, US Proposed
109N 1995 (US) 2009, US Proposed
108S 1994 (US) 2009, US Proposed
105 1987 (US), 1995 | 2010, US Proposed
(US E/W ends),
2000 (Aus, E
end), 2002 (UK)
OISO 1998 — ongoing | 2/year, France Funded / Implemented on schedule.
(Reunion, Crozet, Large station spacing as no ship time
Kerguelen, given to CTD/Carbon program.
Amsterdam)
106 1993  (France), | 2008, US Funded.
1996 (France)
103/104 1993 (US), 2003 | None
(Japan)
3.5 ARCTIC

CLIVAR did not establish a separate Arctic Panel, but rather includes information about

Arctic observations through the other panels.

However, in planning for the International

Polar Year (2007/08), a comprehensive compilation of activities and plans is emerging for
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Arctic
observations.

Ocean research and
Lisa Miller (Canada,

ISO) provided an overview of
several programs that are underway
or planned.

Baffin Bay (US and Canada)

These Davis  Strait  sections,
maintained by Craig Lee (University
of Washington) and Brian Petrie
(BIO, Canada) started in 2004 and
field work has been funded for 2005,
2006, and 2007. During each cruise,
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the four sections depicted in the map will be occupied. (Hollow marks = hydrographic
stations, the light blue marks indicate mooring positions). Extra time will be used to focus on
specific circulation features. Sampling includes standard CTD, trace metals (Phil Yeats), total
inorganic carbon, total alkalinity, and oxygen isotopes (Kumiko Azetsu-Scott), CFCs (Mark
Warner), iodine (John Smith), dissolved oxygen and nutrients (Craig Lee and Brian Petrie).
Chemical parameters are mostly constrained to the section following the mooring line (blue
dots). This group will propose to continue this work for an additional 3-5 years, extended the
current program until 2012. More information on this project can be found at:
http://iop.apl.washington.edu.

Barrow Strait (Canada)

Three CTD lines in the Barrow
Strait have been repeated since
1998: the “Eastern and Western
Barrow Strait Lines” at 91° W and
94° W, and the “Wellington
Channel Line” at 74° 50’N, for a
total of 35 stations. It is expected
that these lines will continue in
the future. Contacts: Jim
Hamilton, Simon Prinsenberg,
Kumiko Azetsu-Scott, Bedford
Institute  of  Oceanography,
Canada).

sy vy Py 2w et B0
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The MERICA program is a research and monitoring study of climate and productivity in the
Hudson bay that began in 2003. The long-term objective of the program is to establish an
integrated Observation / Modelling System for detecting, following and predicting ocean and
ecosystem changes in the Hudson Bay Complex. Key oceanographic and living resource data
sampled comprise variables such as temperature, salinity, current, nutrients, oxygen,
abundance and biodiversity of the planktonic and benthic biota, particle sedimentation,
contaminants, paleo-environmental and paleo-climatic proxies. Contact information: Azetu-
Scott, BIO; Michel Starr, IML Canada).

Canadian Archipelago

As part of the Joint Western Arctic Climate Study (JWACS) and the Beaufort Gyre
Exploration (BGEP) study, scientists from the US, Canada, Japan, and China are carrying out
shipboard hydrographic sampling at about 30 sites on each cruise. Temperature, salinity,
oxygen, and nutrients, CFCs, carbon tetrachloride, total alkalinity, dissolved inorganic
carbon, Tritium-"He and 8'*0 will be measured and analyzed at the locations along each
section.

More information: http://www.whoi.edu/beaufortgyre/

Study of Environmental Arctic Change (SEARCH, US) (information provided by Peter
Schlosser)

SEARCH is a system-scale, cross-disciplinary, long-term Arctic research program that began
in 2005 with currently over 40 core projects funded through NSF, NOAA, and NASA.
Observation plans for the program are shown in the figure below.

The highest priority for SEARCH is long-term and large-scale observations of environmental
change. Observation requirements include those related to physical/chemical ocean,
geophysical sea ice, biological/chemical, and stakeholder-relevant variables; sensors and
measurements should be co-located to the extent possible. Key regions include: Beaufort
Gyre, North Pole, Bering Strait, Canadian Archipelago, and Eurasian Basin slopes and
shelves; Alaska near-shore observations in the Bering, Chukchi and Beaufort Seas
(stakeholder priority areas, purple shading); and the Chukchi/Beaufort shelf-slope area.
Priority observation activities include: repeat hydrographic/tracer surveys across frontal
features (yellow dotted lines) and sea ice and ocean sampling along transects (blue line) via
ship, aircraft, AUVs, and submarine; boundary flux sections (red dotted lines, additional
boundary flux moorings denoted by purple squares); drifting buoys for marine and sea ice
measurements (yellow/red triangles); sea ice and ocean observations via land-based platforms
(orange polygons) and upward-looking sonar on moorings (white starts); and long-term
observing stations (green dots). Eurasian observations (gray shaded areas will focus on
Arctic / Atlantic linkages, with some explicit U.S. collaborations assumed. The locations of
all SEARCH sections, buoys, and moorings in this figure are meant only as general
suggestions of deployment schemes. SEARCH will contribute to the IPY project to develop
an International Arctic Ocean Observing System.
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SEARCH Observation Plans

More information:

SEARCH: http://www.arcus.org/SEARCH/index.php

TIAOOS: http://www.ipy.org/development/eoi/proposal-details.php?id=14

The IPY proposal site provides the most comprehensive documentation on these activities
(http://www.ipy.org/development/eoi/proposal-details.php?id=48).

Proposed projects that will include repeat hydrography are:

" International Arctic Ocean Observing System (1IAOOS)

. Bipolar Atlantic Thermohaline Circulation Study

. Developing Arctic Modelling and Observing Capabilities for Long-term
Environmental Studies (DAMOCLES)

. International Study of Arctic Change (ISAC)

International Pan-Arctic Shelf-Basin Exchange (SBE) study

This multi-national project, initially coordinated through the Arctic Ocean Studies Board,
focuses on studies at the shelf break to investigate potential changes with ice retreat
northward over the shelf break, changing seasonality of shelves and shelf break upwelling,
thus CO, budgets and shelf-basin fluxes. Measurements will include : Standard suite
measurements(temperature, salinity, transmissivity, fluorescence, PAR, currents, nutrients,
oxygen, carbon measurements (DIC, DOC, pH), atmospheric measurements from ship, and



http://www.arcus.org/SEARCH/index.php
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chlorophyll biomass. It will contribute to the IPY through the International Arctic Ocean

Observing System. More information: More Information: http://www.aosb.org/SBE.htm

IPYOT /08
International Pan-
Arctic Shelf-Basin
Exchange (SBE) study
regions for
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Thas 15 the wish hist of sections az 1t stands today for the SBE propram (compiled by
Jackie Grebmeser). All the hnes are just indicated and wall be dafferent when o comes
to reality. So they only represent the general area.
The red ones are what we think about for the icebreaker Oden, but we hope to conduct
these in a Nordic context.

3.6 SOUTHERN OCEAN

Jim Swift (USA, Scripps) presented an overview of Southern Ocean activities. The following

table outlines both WOCE reoccupations and some one-off process study activities.

Country Cruise Name Years Frequency | Status
Australia SR3 (P12) 2001, 2007- | 7 years Committed
2008
Australia 109 2004, 2005 5 years
Brazil PATEX /PATEX I 2004, 2005
Chile ENOS Cruise 2006-2007 Biannually | Planned
China Amery Ice Shelf 20067 Annually? | Ongoing
China Prydz Bay 20067 Annually? | Ongoing
France Goodhope / Bonus 2008
France Goodhope 2004
France IPY: Cross-Kerguelen Exchange 2008 IPY Proposed
Germany ANT XX/2 2003
Germany ANT XXII/3 2005
Germany CASO, GEOTRACES, XXIV/3 2008
Germany CRYONWD — ANT XXII1/7 2006
Germany Eisenex-ANTXVIII/2 2000
Germany ISPOL (Ice Station Polarstern) — | 2004-2005
ANT XXI1/?
Germany S02/A12 1998, 1999, | 2-3 years
2000,2002,
2005, 2008
Germany S04A 2005
Germany SRO1 2008 Committed
Germany SR04 1998, 2005, | 2-3 years
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German y /| ANT XXIII/3 2006
France ?
Italy Balleny Trough 2006
2007
Italy IPY: Ross Sea 2008 IPY
New Zealand East Auckland Current 1998, 1999,
2000
New Zealand | STF sections over Chatham Rise Annually
New Zealand Subantarctic 1998, 2000,
2001
Russia A21(SRO1) (A17) 2003, 2004,
2005
Spain FICARAM 2007
Spain / Russia | SR02 2007
UK - NOC Al10 2008 One-off Proposed
UK-NOC SRO1 2002-2004, Annual Funded
2005-2011
UK-NOC SRO1 (A21) 1997, 2000,
2001, 2003,
2004, 2005
UK -UEA Albatros — JCR40 1999
USA A16S 2005 Occupied
USA A21/S04A 2011
USA 1068 2008
USA P16S 2005 Occupied
USA S04A 2010 One-off Planned
USA S04P 2007 10 years

This compilation does not include the French OISO station in the Indian Sector of the
Southern Ocean (see Indian Ocean compilation for details).

The CLIVAR Southern Ocean Panel maintains information about plans for the International
program “Climate of Antarctica and the Southern Ocean (CASO)”;
http://www.clivar.org/organization/southern/CASO/index.htm.

Polar Year

committed a planned lines for that program:

This

map

shows the
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POLARSTERN Cruise ANT XXIII/3
Implementation: Germany: IfM-Kiel and AWI ?

Section Information:
= Occupations: 21 January — 6 April, 2005; Follows parts of A13.5S and A21/S04A
=  Plans: See plans for reoccupation of A13.5 and A21/S04A
=  Number of Stations: ~150
=  Variables Measured: hydrography, nutrients, carbon variables.

50

?

Drake Passage

Implementation:
UK, USA, Germany (A21 and S04A)

More information: http://cdiac.ornl.gov/oceans/RepeatSections/
clivar_s04a.html

3.7 HYDROGRAPHIC PROGRAM MANUALS AND GUIDES

The WOCE hydrographic program manual was developed in 1994 and is available on-line at:
http://whpo.ucsd.edu/manuals2.htm. Much has changed since that time, and participants



http://cdiac.ornl.gov/oceans/RepeatSections/
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strongly urged for this manual to be updated. For ocean carbon variables, a handbook was
also developed in 1994 and is available on-line at:
http://andrew.ucsd.edu/co2qc/handbook.html. Andrew Dickson (UCSD Scripps) is finalizing
preparation for a “Guide of Best Practices for Oceanic CO, Measurement and Data
Reporting”, which should be published by PICES and the IOCCP early next year.

The manuals provide a framework for international cooperation by defining how to make
measurements and how to report measurements. There have been many changes in methods
and data management practices in the 10 years since WOCE, and we can expect more, and
more rapid, changes in the future. We need to ensure a system of regular revision and
international agreements on best practices as the technology evolves. Participants agreed that
the manuals should be published on-line in individual chapters covering each measurement
type. These chapters would then be updated as appropriate and by the appropriate group
charged with establishing international agreements. Such a system would keep the manual
up-to-date without putting an undue burden on any one group charged with managing the
whole manual. CCHDO agreed to be the home site for the on-line manuals.

Participants also noted that there is an urgent need for agreed standards for nutrients. There
are currently accuracy problems for both silicate and phosphate. While accuracy for nitrate is
good, there are still questions about whether nitrate and nitrite should be measured separately.
Improved total nitrogen measurements is also a goal.

IOCCP and CLIVAR representatives informed the meeting that plans for a revision of this
manual had been discussed earlier in the year and initial preparations had been made. They
agreed to pursue this rapidly as an action item from this workshop.

3.8 INTERNATIONAL PROGRAMS

CLIVAR

The CLIVAR/carbon repeat hydrography program is coordinated in close collaboration
between CLIVAR’s Global Synthesis and Observations Panel (GSOP), which provides the
general oversight, and the International CLIVAR Project Office (ICPO), which manages and
compiles the information on past, present and future post-WOCE cruises. The ICPO
maintains a database with information on cruises, which can be accessed through a password-
protected webpage on the CLIVAR website (www.clivar.org/carbon_hydro/). PIs and chief
scientists can, and indeed are encouraged to, input new and updated information themselves
about their cruises. This database is intended to hold information not only on cruises that
follow former WOCE lines, but is also open to include details on any scientific cruises that
make physical and/or carbon measurements. Currently, the whole CLIVAR website is being
redesigned, aiming for an improved navigability and access to information.

The hydrography datasets acquired on the scientific cruises will have a final repository at the
CLIVAR and Carbon Hydrographic Data Office (CCHDO) (http://cchdo.ucsd.edu). The
CCHDO, in close collaboration with ICPO, is working to gather data from the scientific
community and from national data centres, where PIs will primarily submit their datasets. The
CCHDO also merges and makes freely available quality-controlled data, improves the
adherence of data to original WOCE format and content specifications, and assembles and
provides relevant documentation. The scientific expertise in interpreting the hydrography
datasets resides in the four CLIVAR Ocean Basin Panels (for more information on the
CLIVAR Ocean Basin Panels, see http://www.clivar.org/organization/index.htm). In
collaboration with GSOP, the Basin Panels aim at international coordination and facilitation
of activities to develop the global and regional scientific understanding of oceanographic
processes.

Who’s who:


http://andrew.ucsd.edu/co2qc/handbook.html
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ICPO — Director: Howard Cattle, Website manager: Nico Caltabiano
GSOP - Co-chairs: Detlef Stammer and Dean Roemmich
CCHDO - Director: Jim Swift, Data manager: Steve Diggs

Ocean Carbon Community

For carbon, several programs work together to provide technical coordination, data
management, and scientific oversight for ocean carbon observations and research. Technical
coordination is provided by the IOCCP, which compiles information about ocean carbon
observations being carried out in national, regional, and global research programs to create a
continuously-updated global view of the ocean carbon observation network. The IOCCP also
brings together the community periodically to analyze this information and to ensure that a)
the coverage from this combined network is sufficient to meet research needs for basin and
global scale issues, b) the data from individual activities are comparable (e.g., through use of
standards and reference materials, qc/qa procedures, best practices, etc.), and c¢) the data
management practices of each program are compatible and coordinated. CDIAC Ocean CO,
program serves as the international data center for ocean carbon, and also hosts the GLODAP
data synthesis project, which is compiling data from all existing programs that have measured
water column ocean carbon variables into a single format data set and gridded data product.
These data will soon be made available through Live-Access Server in partnership with
NOAA PMEL. The SOLAS / IMBER Carbon Implementation Group provides scientific
guidance at the international level and leads the coordination of data synthesis activities.

These groups, which plan and implement activities jointly, work together to provide both a
sustained organization for technical coordination and data and information management
(IOCCP and CDIAC), and a science driver that evolves as the science issues and research
programs develop (SOLAS / IMBER from ~ 2004 — 2014).

Who’s who:

IOCCEP - Chair: Chris Sabine, Project Coordinators: Maria Hood, Roger Dargaville

CDIAC Ocean CO, — Alex Kozyr

SOLAS/IMBER Carbon Implementation Group — Arne Koertzinger and Truls Johannessen
(Co-Chairs); Niki Gruber (ocean interior working group leader)

4. WORKING SESSION I: ASSESSMENT OF CURRENT PROGRAM AND
PROPOSALS FOR IMPROVEMENTS

Participants at the meeting were asked to evaluate the successes and failures of the post-
WOCE hydrographic program thus far and to consider what improvements are needed
immediately and longer-term. The participants broke out into two groups, one for physical
hydrography and the Argo Program, and the other for carbon and tracers, and then compared
assessments in plenary discussions.

1. Is the current design of the hydrographic program appropriate, and is there a need to
better coordinate the design and planning of the cruises ?

The < 10 year repeat strategy has been successful in permitting us to see significant changes,
but we currently have a problem in maintaining synopticity in the repeat sections. From the
number of repeated sections that have already been implemented, we can see significant
changes and are beginning to understand what processes are responsible for them. This is
also true for carbon inventories. For both physics and carbon, however, interpretation and
attribution of changes is still a challenge, either due to sparse sample spacing or inability to
distinguish between physical and biogeochemical processes that control the distributions.
There are problems with the synopticity of the global survey, with sections being completed
many years apart whereas the goal should be to complete the survey within a 2-3 year time
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period. Accomplishing this requires tight international coordination that doesn’t exist at
present.

Based on what we learned from the WOCE program, science questions have evolved and a
new strategy is needed. While property transport calculations still need to be a core aspect of
the hydrography program, we need a new emphasis on detecting and attributing inventory
changes and accumulation rates of globally significant water masses. The current sampling
strategy is well suited for transport calculations but is less well-suited for quantifying
inventory changes. There are a number of hydrographic programs that have been carried out
since WOCE that do not form part of the OceanObs’99 strategy, yet provide extremely useful
information for interpretation of processes and filling gaps in sparse sampling. In addition,
there have been many technological advances since WOCE that offer new possibilities for
science, including a broader suite of freons, high-quality DIC and DOC with certified
reference materials, and lowered ADCP. The relevance of time series observations to the
goals of this new program cannot be overstated and should be considered an integral part of
this program, through integration of time series stations and survey lines as well as a common
data management structure. There are also new programs being developed to look at other
issues that will also be critical for understanding carbon, such as the proposed GEOTRACES
program for trace metal processes and inventories. It is also extremely important to make
critical linkages with the Argo program and to pursue the potential to extend Argo to measure
O, and possibly other biogeochemical parameters.

Having up-to-date _and comprehensive information is crucial to plan, implement, and
coordinate hydrography. Information is critical, and at present, there is either too much
unstructured information about specific programs or not enough information about the global
suite of programs that could contribute to hydrography. Resources are needed to focus efforts
at an international office or data center, with more effort to maintain up-to-date information
and someone to serve as a pro-active coordinator to chase down information and data. If
comprehensive information about programs were available, joint planning and synthesis
efforts could be implemented through existing groups and would not require a new
international program. A small committee with representatives from existing groups should
be established to provide guidance on these immediate coordination issues as well as strategy
issues mentioned above, and resources should be found in the project offices and/or data
centers to establish the necessary information system.

2. Is there a basic set of requirements for a cruise to count as a repeat hydrography line ?

Repeat hydrography can no longer be considered to be just ship-based surveys. Repeat
hydrography is implemented through time series stations, through Argo, and through ship-
based hydrographic programs that have not traditionally been included in the global survey
strategies, such as sections in marginal seas, coastal regions, or those carried out as part of
process studies. Many countries are implementing programs that are extremely useful for
interpretation, but many of these programs may not be able to adhere to a set of requirements
that is too prescriptive.

We can define a set of goals for a core ship-based hydrography program, recognizing that
other cruises and platforms form critical partnerships for meeting science goals of the
program. The goal for a post-WOCE international hydrography and carbon program should
be to quantify and contribute to the understanding of decadal changes in the inventory and
transport of heat, fresh water, carbon dioxide (CO2), and related parameters in the ocean. The
approach involves multidisciplinary shipboard hydrographic survey cruises that are
reoccupied, in close collaboration with other platforms and programs, such as time series
stations and Argo. While it is recognized that ship-based hydrography alone cannot meet the
science goals, it still remains the only means of directly measuring the full suite of ocean
water properties at high-vertical resolution. There is a need to define the core set of ship-
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based hydrographic cruises that will form the hydrography component of this larger observing
network.

The core ship-based hydrography program should focus on laying down a baseline for the
future, where lines with a variety of sampling resolutions can contribute to the global survey
as long as they are repeated. The participants defined two broad categories of lines that
contribute to a ship-based repeat hydrography program: 1) high-resolution cruises for
transport calculations that follow the traditional WOCE sample spacing of 30 nautical miles
with full water column sampling; and 2) repeated lines (not one-off lines) with varying
resolution. There are currently many repeat sections being implemented that provide useful
information, but are either higher frequency cruises without carbon or lower resolution cruises
with carbon. These provide critical information for interpretation and filling gaps in the
global network. For carbon, a minimum criteria would be one station at least every 400 km
with casts below the mixed layer and repeated regularly.

Defining a core set of measurements is important for developing a cohesive program with
agreed goals and priorities, but should not be so prescriptive as to exclude groups from
participating as full partners in the global network. Participants felt that it was important to
set goals for recommend core measurements that should be included on cruises, which may
provide some countries the leverage they require to get the measurements included.
However, it is equally important not to make the list so prescriptive that some groups would
not be able to meet the requirements and thus would not consider their cruises as a
contribution to the program. Ideally, core program lines should measure temperature,
salinity, pressure, nitrate, phosphate, silicate, oxygen, chloroflurocarbon tracers (CFC-11, -12,
-113), shipboard and lowered ADCP and at least 2 carbon parameters (e.g., DIC, Alk, pCO,,
pH). All measurements should be made with the highest resolution possible with WOCE-
level precision and accuracy. The type of carbon measurements and their quality need to be
sufficient to determine DIC and Alkalinity to approach the accuracy goals of the program
(2umol kg™ for DIC; 4 umol kg for ALK). Also recommended are an occasional third
carbon parameter for internal consistency purposes, separate measurements of NO, and NO;
(and at least clear reporting of what was measured), organics (POC, DOC), "*C, and underway
surface measurements (including pCO,, pigments, and related biological parameters at the
surface).

The frequency of repeat sections should be designed to resolve both natural and
anthropogenic changes. Anthropogenic climate change is not the only driving force of
interest that should be addressed with ship-based hydrography. Natural variability and
regional climate phenomena are often driving changes on shorter timescales than
anthropogenic forcing. In the North Atlantic, the dominant period is 10-12 years; for the
Pacific, it is about 15 years; for the Indian, we do not actually know very much, but this also
argues for a higher frequency repeat. With Argo, we will learn more about the dominant
variability in each basin, but we won’t learn this for possibly another 10-20 years. This
argues for a global repeat frequency for ship-based hydrography of no more than 5-7 years.
As mentioned earlier, synopticity issues will be critical and tight coordination at the
international level will be required.

There is a need to agree on a consistent definition for this new period of post-WOCE
hydrography.  Currently at the international level, the program is referred to as
“CLIVAR/Carbon Repeat Hydrography”, which is both misleading and inappropriate.
CLIVAR is a program, and carbon is a parameter that we measure. There is also a need to
define this future activity independently of research programs having a finite lifetime.
Participants agreed that an appropriate definition would be the “International Repeat
Hydrography and Carbon Program”. While keeping the word carbon in the title may appear
to be redundant, some participants noted the importance of keeping the word carbon explicitly
in the definition to signal that this is not simply a mapping activity.
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5. WORKING SESSION II: APPROACHES FOR DATA MANAGEMENT,
SYNTHESES AND INTERPRETATION

Participants were asked to consider the best approaches for synthesis and interpretation of
international data sets, and how to ensure that proper credit is given to data collectors.
Meeting science goals of the program requires a clear strategy for data synthesis and
interpretation, and participants were asked to evaluate how syntheses could be carried out
systematically for a sustained program. This necessarily involves discussions of data and
information management.

Data syntheses from a sustained observation activity requires a different approach than has
been traditionally carried out through research programs. Participants recognized that any
synthesis mechanism that is developed must address new realities of working within the
framework of a sustained observation program that has no “sunset clause”, but which also
will have a requirement to produce scientific products on a timescale that is much shorter than
the traditional 10-year approach carried out by global research programs in the past. The
repeat hydrography program will need to continually justify its value through publications
and data products, and a mechanism for data syntheses must be developed to address these
needs.

Data syntheses activities should be driven by the science. Participants recognized the
continued importance of keeping the repeat hydrography program focused on addressing
science questions, and noted that attempts to carry out data syntheses are only successful
when there is a clear science issue to be resolved through standardizing and merging of basin
and global scale data sets. Participants at the meeting also emphasized that ship-based repeat
hydrography data will increasingly be synthesized with data from other platforms to address
specific scientific issues, which requires a bottom-up science approach rather than a top-down
data management approach.

Data syntheses are best carried out using an ocean basin approach. This is an approach that
has been used successfully in the past by many programs, is a convenient scale to define
many scientific issues, and basin groups already exists for most areas. Participants agreed
that there should be 4 groups: Atlantic (which would include the Arctic), Pacific, Indian, and
Southern Ocean. The products of these basin syntheses would address both specific scientific
questions and contribute to an ever-growing global synthesis product.

A 3-step basin synthesis approach was outlined, bringing together interdisciplinary science,
the data synthesis activity, and the interpretation and products development. Several
participants provided overviews of recent synthesis activities that were conducive to both
science and contributing to the development of a continuously growing global synthesis.
Participants discussed how to adapt current approaches to deal with issues of larger
integration between physics and biogeochemistry, other measurement platforms,
observationalists and modelers, etc., and outlined the following potential approach:

1. For each basin, develop a science workshop to bring together observations,
models, and ideas around a particular science issue that sets the framework for the
data synthesis activity. These issues will evolve over time with the science and with
the state of the observing system, and may include topics such as the value of adding
new biogeochemical sensors to profiling floats, looking at what we know about
decadal variability, or comparisons between observations and models, etc. This
would involve (and may be led by) existing global or regional research programs,
where appropriate.
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2. From this workshop, develop a list of the collaborative projects to be carried
out to address the science issues, and establish a working group that will carry out the
necessary data synthesis activities. Technical coordination groups such as the
IOCCP, the Ocean Observations Panel for Climate (OOPC), the North Pacific Marine
Science Organization (PICES) Carbon and Climate (Pacific), and research program
based groups such as CarboOcean (Atlantic), and the CLIVAR Basin Panels could
provide support for these activities.

3. Hold a smaller follow-up workshop to present results and outline product
development, including scientific journal articles (e.g., papers contribute to a special
issue of a journal) as well as publication and release of the data synthesis and merging
these data with the global dataset.

Participants stressed that this 3 step procedure should take no more than 2-3 years from first
workshop to final product delivery to be able to show continued progress and justification of
the continued program. A process like this would provide flexibility for science issues to
evolve over time and foster integration among a wide range of communities (physics,
biogeochemistry, observationalists, modelers, etc). Moreover, it would also provide a more
sustained and continual framework for producing coordinated basin and global scale data
products on a regular basis.

There are many data and information management activities operating at the national,
regional, and international level, but there is a need to establish a single coordinated service
for repeat hydrography. Presentations on data and information services were provided by the
following groups: CLIVAR and Carbon Hydrographic Data Office (Swift), Carbon Dioxide
Information and Analysis Center (CDIAC) Ocean CO, program (Kozyr), the US-National
Oceanographic Data Center / World Data Center A (Garcia), the Argo data system (King),
PICES CO, Related Data Integration for the North Pacific (PICNIC) (Suzuki), World Data
Center for Marine Environmental Data (WDC-MARE) (Dittert), EU-CarboOcean (Pfeil),
International Ocean Carbon Coordination Project (Hood), CLIVAR International Project
Office (Caltabiano). While all agree that a one-stop-shopping system for information and
data from hydrography is desirable, there is also a strong need to keep all of the carbon data
together with carbon data from other platforms. The carbon community is relatively well-
organized, with national and regional data centers working closely with CDIAC to provide
global and comprehensive carbon data and information. For hydrography, CCHDO and
CDIAC have developed a joint data management plan
(http://cdiac.esd.ornl.gov/oceans/RepeatSections/CDIAC_WHPO plan.pdf), where CDIAC
makes all repeat hydrography carbon data available to CCHDO as it becomes available.
However, these collaborations need to be reinforced and cruise information on CCHDO needs
to be modified to include information in the general description of the cruise to indicate if
carbon variables were measured. For information management, the IOCCP and CDIAC have
developed a single system maintained by CDIAC to provide up-to-date information, maps,
and tables about on-going and planned ocean carbon activities and data. For physical
hydrography variables, the CCHDO and CLIVAR IPO currently have similar information on
their respective web-sites, but use different metadata standards. The CLIVAR IPO site is
currently undergoing revisions to improve navigation and information access, but still relies
on individual PIs to update information. Participants emphasized the need for a more pro-
active approach to keeping information up-to-date, stating that a good information system can
often replace the need for establish new international oversight and planning committees.

Developing a sustained program requires regular and frequent product development to justify
the program’s continuing value. This will only be possible through rapid data release. The
US repeat hydrography program currently sends a data manager on the ship for every cruise
to make the data available as soon as the ship returns home. This has been a tremendous aid
to the scientists and has significantly improved the overall quality of the program. In
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addition, a major portion of the program’s value will be the rapid (near-real time) data
availability for other research and observing programs like Argo. Suggestions have been
made for all future lines to submit temperature and salinity data in real-time via TESAC on
the GTS. The CLIVAR GSOP developed a CLIVAR Data Policy
(http://www.clivar.org/data/data_policy.htm) that addresses issues of data quality and timely
release of data relevant to hydrography. This policy should be re-examined to ensure that it
considers issues of data quality and release for carbon and biogeochemistry parameters.

To facilitate rapid release of data, we need to develop a system to appropriately recognize the
efforts of data contributors. While the system of having data contributors participate in
synthesis activities for co-authorship may resolve many of these issues, there will be cases
where data contributors may not be able to participate actively in the synthesis work. And
ultimately, the system needs to evolve to the point that data sets are released as soon as
possible without waiting for the start-up of another 2-3 year synthesis activity. In the carbon
community there has been a persistent phobia that data made public will be used without
recognizing the contribution made by the contributor, although participants emphasized that,
in practice, there are very few examples of this ever happening. However, participants felt
that it is still important to establish community-wide practices to standardize how to
appropriately acknowledge data contributors. Nicolas Dittert described a system currently
being used by WDC-MARE that involves identifying data sets with DOI identifies (Digital
Object Identifiers). The DOI system provides a framework for identification and
management of intellectual content across all forms of electronic media (e.g., electronic
publications as well as data sets). Once a data set has been given a DOI, it can be referenced
in the same manner as a publication in a journal article. Participants also recognized the
importance of requesting reviewers of journal articles to insist that data sets are appropriately
recognized in publications using this DOI reference system.

6. SUMMARY AND ACTIONS

Participants summarized the following immediate coordination needs and actions resulting
from discussions at this workshop.

Establish a small advisory group to develop a cohesive and comprehensive international
repeat hydrography and carbon program:
" Oversee the writing of technical white papers to highlight successes and
needs for a sustained and integrated international repeat hydrography and carbon
program;
. Facilitate linkages with critical partners such as Argo and OceanSITES time
series network;
. Provide oversight and feedback to data and information management system;
. Provide oversight of basin synthesis activities to encourage multi-disciplinary
and multi-platform integration;
. Serve as an international focal point for the development of this program and
lobby for its support.

Immediate Actions:

Establish the International Repeat Hydrography and Carbon (IRHC) Advisory Group, to be
co-sponsored by IOCCP, CLIVAR-GSOP, and SOLAS/IMBER Joint Carbon Coordination
Group (S.1.C.). Suggested names put forward at the workshop include scientists working in
CLIVAR-GSOP, Argo, SOLAS/IMBER Carbon Implementation Group, CarboOcean, US
Ocean Carbon and Climate Change (OCCC) program, IOCCP, and the CLIVAR International
Project Office.


http://www.clivar.org/data/data_policy.htm
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Responsible for Action Item: Maria Hood (IOCCP), Nico Caltabiano (CLIVAR-IPO), and a
S.I.C. representative (to-be-determined) to provide oversight and technical support.

Timeframe: 1% quarter 2006 to establish group and agree on working arrangements and
actions to address coordination needs listed above.

Establish closer links with Argo:

. Increase the emphasis on deep salinity data in the repeat hydrography
program in key areas;
" Encourage and facilitate rapid release of CTD data;
= Investigate the feasibility and mutual interest for O, sensors on a subset of
Argo floats.

Immediate Actions:
. Establish a “Friends of Oxygen” working group to develop plans and
proposals for inclusion of O, on Argo Floats;
" Working Group to draft a technical white-paper on Argo-O, to present the

utility and practicality of adding O, sensors to a portion of the Argo array as a pilot
project. Issues to be addressed include the number of sensors required, interpretation
of the resulting data, and technical issues such as the sensor design, calibration
accuracy and stability, power usage, satellite communication requirements, and
additional costs;

. Working Group to present an overview of the science of O, from profiling
floats at the 2™ Argo Science Workshop in Venice, March 13-18 (Koertzinger);
= Working Group to organize a “Friends of Oxygen” mini-workshop in

conjunction with the First North Atlantic Basin Synthesis meeting, tentatively
planned for June 2006 in Iceland;

. Address other issues of concern for Argo and Repeat Hydrography (e.g., deep
salinities, rapid release of CTD data, etc) via the Advisory Group.

Responsible for Action Item: Niki Gruber (S.I.C.) has agreed to lead the working group;
Roger Dargaville (IOCCP) will assist with oversight and technical support of Friends of
Oxygen working group; Greg Johnson and Nico Caltabiano (CLIVAR-IPO) will assist with
linkages to Argo on other issues.

Timeframe: Friends of Oxygen Working Group = Immediate. Actions already underway
December 2005: Establishment of the writing group has begun and plans for the way forward
have been agreed. Contacts have been made with John Gould and Dean Roemmich (Argo),
who welcome and support the initiative. Other collaborative issues between Argo and IRHC
group will be a priority activity for the Advisory Panel upon its establishment.

Improve data and information coordination:
" Develop a more coordinated system between CCHDO, CDIAC, and WDC-A
for information, data management, and data archival for repeat hydrography,
including both physical and chemical variables;

. Update the hydrographic program manuals;
" Establish internationally-agreed standards for nutrients;
= Establish a regular practice of using DOIs for data sets and enforcing their

use in journal articles.

Immediate Actions:
" Develop an agreed plan on how to meet DIM needs expressed at this
workshop for the developing IRHC program, and define the ways and means of
implementing these activities;
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n Set up a small working group to establish internationally-agreed standards for
nutrients based on existing best-practices;

. Identify lead authors for updating chapters of the manual and work through
CCHDO to make these updated methods readily-available on-line;

n Define and develop a way forward to establish the use of DOIs for data sets
and publish this information widely to lobby for adoption and application.

Responsible for Action Items: The IRHC Advisory Group, Jim Swift and Steve Diggs
(CCHDO), Alex Kozyr (CDIAC), Hernan Garcia (WDC-A), and Nicolas Dittert (WDC-
MARE); Maria Hood and Nico Caltabiano for oversight and technical support of the group.

Timeframe: priority activity for the Advisory Panel upon its establishment.

Establish a mechanism for integrated data syntheses:
. Develop synthesis activities around scientific issues and through science
workshops using an integrated approach (physics, chemistry, observations and
models) for each basin, facilitated through existing global and regional research

programs;
" Follow-up these science workshops with collaborative data synthesis
activities carried out by data contributors;

" Finalize the synthesis activity with a small follow-up workshop to present

results of the synthesis and to plan publications and merging of the data product with
the global data synthesis.

Immediate Actions:

" Encourage and facilitate a science workshop focused on the North Atlantic
from which synthesis activities may be planned;
. Ensure that data synthesis activities are compatible with existing global data

synthesis activities, formats, etc.

Responsible for Action Item: IRHC Advisory Group to work with existing research programs
to facilitate and encourage this activity.

Timeframe: Immediate for North Atlantic. Actions already underway December 2005:
CarboOcean has initiated a First workshop for the North Atlantic Synthesis in partnership
with SOLAS/IMBER Carbon Implementation Group and US Ocean Carbon and Climate
Change program. The workshop will tentatively be scheduled for late June 2006, following
the early-June release of the Carbon in the North Atlantic (CARINA) data set, which is being
merged with the GLODAP global synthesis. CLIVAR will be invited to co-sponsor this event
to encourage and facilitate an integrated synthesis. A “Friends of Oxygen” workshop is being
planned as a follow-on to this meeting.
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ANNEX II

AGENDA

November 14

9:00-9:10 Welcome and local arrangements (Fukasawa)
9:10-9:30 Introduction to the Workshop: Scientific Goals and Objectives (Feely)

9:30-9:50 Changes in ocean properties on transocean sections before, during and since the
WOCE Hydrographic Programme (King)

9:50-10:10 What was learned from WOCE/JGOFS global CO2 survey, what intriguing issues
were raised? (Wallace)

10:10-10:30 Current status of repeat hydrography program and interesting preliminary
findings. (Joyce)

10:30-11:00 Break

11:00-11:20 Decadal-scale changes in ocean biogeochemistry: First results from the
CLIVAR/CO2 Repeat Survey. (Doney)

11:20-11:40 Impacts of ship-based observation on ocean re-analysis (Kamachi)

11:40-12:00 Anthropogenic CO2 uptake in the North Pacific: A modeling perspective
(Rodgers)

12:00-12:30 Complementarity of the Repeat Hydrographic and ARGO Programs (Johnson)
12:30- 13:30 Lunch

13:30- 15:00 Review and discussion of the plans for future ship-based hydrography (show
map of cruises, briefly describe activities, get input from audience on changes) 20 min:
Atlantic (Joyce/Wallace) 20 min: Pacific (Fukasawa/Feely) 20 min: Indian (Sloyan/Metzl) 15
min: Southern (Swift/Tilbrook) 15 min: Arctic (Schlosser/Miller)

15:00-15:30 Break

15:30-17:00 Open discussion of current status (Sabine) How well do these plans (together
with Argo) meet the needs of: - Carbon community (global inventories, decadal variability,
tracer relationships) - CLIVAR hydrographic community (deep and upper ocean variability,
heat storage and transport) - Argo (deployment opportunities, calibration points) 17:00 Close
Day 1

17:30- Ice Breaker Reception

November 15th
9:00-9:15 Opening plenary to set agendas for two breakout sessions (Fukasawa)

9:15-12:00 Breakout groups meet (break from 10:30-11:00 for coffee)

Groupl - CLIVAR observationalists and modelers (Joyce / Awaji) Group2 - Carbon
observationalists and modelers (Wallace/Doney) Both groups are asked to evaluate the
successes and failures of the program thus far and consider what needs to be done to improve
the program from this point on. Potential questions to ask are:

[0 Is the current design of the hydrographic program appropriate?

[ Is there a need to better coordinate the design and planning of the cruises?
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[0 Is there a basic set of requirements for a cruise to count as a repeat hydrography
line (e.g. station spacing, maximum sampling depth, parameters measured, boundary-
to-boundary coverage, historical context, reoccupation plans)?

[J How to reconcile frequency of reoccupation with global coverage (e.g. do we do
the Indian Ocean every 15 yrs so we can do the NAtl every 5 yrs?)

[J What is the role of CLIVAR Process Studies in the global hydrographic
programme (physical and biogeochemical)?

12:00-13:00 Lunch

13:00-14:00 Meet in plenary to find common ground and differences between two groups
(Sloyan/Sabine)

14:00-16:30 Breakout groups meet (break from 15:00-15:30 for coffee)
Groupl - CLIVAR observationalists and modelers (Sloyan/Awaji)
Group?2 - Carbon observationalists and modelers (Saino/Feely)

Both groups are asked to consider the best approaches for synthesis and interpretation of
international data sets; Should this be done individually or through an internationally
coordinated effort? How do we divvy up responsibility for synthesis? How do we ensure
proper credit is given to data collectors?

16:30-17:00 Break

17:00-18:00 Meet in plenary to find common ground and differences between two groups
(Tilbrook/Schlosser)

18:00 Close Day2

November 16th
rd
9:00-9:15 Opening plenary to set agenda for the 3 day (Fukasawa)

9:15-10:45 Data and information management - 10 minute summaries of existing operations
and how they are currently dealing with repeat hydrographic data:

[0 CCHDO (Swift)

[J CDIAC (Kozyr)

[J US NODC -WDC(A) (Garcia)
[J The Argo data system (King)
[0 PICNIC (Suzuki)

[1 WDC-MARE (Dittert)

[0 CARBOOCEAN (Pfeil)

[J IOCCP (Hood)

[1 CLIVAR - ICPO (Caltabiano)

10:45-11:15 Break
11:15-12:00 Open discussion on coordination issues (Hood/Caltabiano)

[1 How do we keep track of what data has been collected and what cruises are
planned?
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[0 How do we ensure that the various user communities have access to the data they
need?

[1 Do we continue with Carbon representatives to CLIVAR basin panels or should we
only work through the GSOP?

12:00-13:00 Lunch
13:00-13:30 open discussion of standardizing observations (Dickson/Kozyr)
[J updating of carbon and WOCE handbooks

[0 standardized data and meta-data reporting

13:30-14:00 open discussion of standardizing data submission (Swift/Suzuki)
[J data submission policies

[J centralized or coordinated data access

14:00-15:30 Plenary discussion of workshop report (Fukasawa/Sabine)
[0 determine which actions need to be taken as an immediate priority
[J determine follow-up priorities

[0 discuss possible Joint International Science Meetings and Publications

[J discuss need for follow-up data management meeting(s)
15:30-16:00 Break
16:00-17:00 Summary discussion and concluding remarks (Hood)
17:00 End of Workshop
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Japan, 27-31 March 1980, = .
Workshop on the Inter-calibration
of Sampling Procedures of the
I0C/ WMO UNEP Pilot Project on
Monltorlng Background Levels of
Selected Pollutants in Open-Ocean
Waters; Bermuda,

11-26 January 1980.

10C Workshop on Coastal Area
Management in the Caribbean
Region;

Mexico City,

24 September- 5 October 1979.
CCOP/SOPAC-IOC Second
International Workshop on
Geology, Mineral Resources and
Geophysics of the South Pacific;
Nouméa, New Caledonia, 9-15
October 1980.

FAO/IOC Workshop on the effects
of environmental variation on the
survival of larval pelagic fishes.
Lima, 20 April-5 May 1980. .
WEST] Workshop on Marine
Biological Methodology;

Tokyo, 9-14 February 1981,
International Workshop on Marine
Pollution in the South-West
Atlantic; Montevideo,

10-14 November 1980.

Third International Workshop on
Marine Geoscience; Heidelberg,
19-24 July 1982.
UNU/IOC/UNESCO Woaorkshop on
International Co-operation in the
Development of Marine Science.
and the Transfer of Technology in
the context of the New Ocean
Regime; Paris, France,

27 September-1 October 1982.

Papers submitted to the UNU/IOC/
UNESCO Workshop on
International Co-operation in the
Development of Marine Science.
and the Transfer of Technology in
the Context of the New Ocean
Regime; Paris, France,

27 September-1 October 1982.
Workshog on the IREP Component
of the I0C Programme on Ocean
Science in Relation to Living
Resources (1OSLR); Halifax, 26-30
September 1963. .

10C Workshop on Regional Co-
operation in Marine Science in the
Central Eastern Atlantic (Western
Africa); Tenerife,

12-17"December 1963.
CCOP/SOPAC-IOC-UNU
Workshop on Basic Geo-scientific
Marine Research Required for
Assessment of Minerals and
Hydrocarbons in the South Pacific;
Suva, Fiji, 3-7 October 1983.
I0C/FAO Workshop on the
Improved Uses of Research
Vessels; Lisbon, Portugal, 28 May-
2 June 1984.

Papers submitted to the IOC/FAO
Workshop on the Improved Uses of
Research Vessels; Lisbon,

28 May-2 June 1984
IOC/UNESCO Workshop on
Regional Co-operation in Marine
Science in the Central Indian
Ocean and Adjacent Seas and
Gulfs; Colombo, 8-13 July 1985.
I0OC/ROPME/UNEP _Symposium on
Fate and Fluxes of Oil'Pollutants in
the Kuwait Action Plan Region;
Basrah, Iraq, 8-12 JanuarE1984.
CCOP (SOPAC)-IOC-IFREMER-
ORSTOM Workshop on the Uses
of Submersibles and Remotel
Operated Vehicles in the Sou
Pacific; Suva, Fiji,
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Intergovernmental Oceanographic Commission — UNESCO

Title

24-29 September 1985. .
10C Workshop on the Technical
Aspects of Tsunami Analysis,
Prediction and Communications;
Sldneg, B.C., Canada,

29-31 July 1985. .

First International Tsunami
Workshop on Tsunami Analysis,
Prediction and Communications,
Submitted Papers; Sidney, B.C.,
Canada, 29 July-1 August 1985.
First Workshop of Parficipants in

the Joint
FAOQ/IOC/WHO/IAEA/UNEP
Project on Monitoring of Pollution
the Marine Environment of the
West and Central African Region
gNACAF/Z); Dakar, Senegal, 28
ctober-
1 November 1985.
10C Workshop on the Results of
MEDALPEX and Future Oceano-
%aphlc Programmes in the
estern Mediterranean; Venice,
Italy, 23-25 October 1985.
10C-FAO Warkshop on
Recruitment in Tropical Coastal
Demersal Communities;
Ciudad del Carmen, Campeche,
Mexico,
21-25 April 1986.
10C-FAO Warkshop on
Recruitment in Tropical Coastal
Demersal Communities, Submitted
Papers;
Ciudad del Carmen, Campeche,
Mexico, 21-25 April 1986. .
IOCARIBE Workshop on Physical

in

Oceanography and Climate;
Cartagena, Colombia, 19-22
August 1986.

Reunion de Trabajo para =~ .
Desarrollo del Programa "Ciencia
Oceanica en Relacion alos
Recursos No Vivos en la Region
del Atlantico Sud-occidental'; Porto
Al%gere, Brasil, 7-11 de abril de

1986.
10C Symposium on Marine
Science in the Western Pacific:
The Indo-Pacific Convergence;
Townsville, 1-6 December 1966
IOCARIBE Mini-Symposium for the
Regional Development of the I0C-
UN (OETB) Programme on '‘Ocean
Science in Relafion to Non-Living
Resources (OSNLR)'; Havana,
Cuba, 4-7 December 1986.
AGU-I0C-WMO-CPPS Chapman
Conference: An International
Symposium on 'El Nifio';
Guayaquil, Ecuador,
27-31 October 1986. .
CCALR-IOC Scientific Seminar on
Antarctic Ocean Variability and its
Influence on Marine Living
Resources, particularly Krill
gjr anized in collaboration with
CAR and SCOR); Paris, France,
2-6 June 1987,
CCOP/SOPAC-IOC Workshop on
Coastal Processes in the South
Pacific Island Nations; Lae, Papua-
New Guinea,
1-8 October 1987. .
SCOR-IOC-UNESCO Symposium
on Vertical Motion in the Equatorial
Upper Ocean and its Effects upon
Living Resources and the
Atmosphere; Paris, France, 6-10
May 1985. ) .
10C Workshop on the Biological
Effects of Pollutants; Oslo,
11-29 August 1986.
Workshop on Sea-Level
Measurements in Hostile
Conditions; Bidston, UK, 28-31
March 1988.
IBCCA Workshop on Data Sources
and Compilation, Boulder,
Colorado,
18-19 July 1988.
10C-FAO Workshop on .
Recruitment of Penaeid Prawns in
the Indo-West Pacific Region
5PREP ; Cleveland, Australia,
4-30 July 1988. .
10C Workshop on International Co-
operation in the Study of Red Tides
and Ocean Blooms; Takamatsu,
Japan, 16-17 November 1987.
International Workshop onthe
Technical Aspects of the Tsunami
Warning Ssys em; Novosibirsk,
USSR, 4-5 August 1989.
Second International Workshop on
the Technical Aspects of Tsunami
Warning Systems, Tsunami
Analysis, Preparedness,
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Observation and Instrumentation.
Submitted Papers; Novosibirsk,
USSR, 4-5 August 1989.
I0C-UNEP Regional Workshop to
Review Prioritiés for Marine
Pollution Monitoring Research,
Control and Abatement in the
Wider Caribbean; San José, Costa
Rica, 24-30 August 1989.
10C Workshop to Define
IOCARIBE-TRODERP proposals;
Caracas, Venezuela,
12-16 Segtember 1989.
Second I0C Workshop on the
Biological Effects of Pollutants;
Bermuda, 10 September-
2 October 1988. -
Second Workshop of Participants
in the Joint FAO-IOC-WHO-IAEA-
UNEP Project on Monitoring of
Pollution in the Marine
Environment of the West and
Central African Region; Accra,
Ghana, 13-17 June 1988.
IOC/WESTPAC Workshop on Co-
operative Study of the Continental
Shelf Circulation in the Western
Pacific; Bangkok, Thailand, 31
October-3 November 1989.
Second I0C-FAO Workshop on |
Recruitment of Penaeid Prawns in
the Indo-West Pacific Region
PREP); Phuket, Thailand,

5-31 September 1989.

Second 10C Workshop on
Sardine/Anchovy Recruitment
Project (SARP) in the Southwest
Atlantic; Montevideo, Uruguay,
21-23 August 1989. ;
10C ad hoc Expert Consultation on
Sardine/ Anchovy Recruitment
Programme; La Jolla, California,
U.S.A,, 1989 .
Interdisciplinary Seminar on
Research Problems in the
IOCARIBE Region; Caracas,
Venezuela, 28'November-

1 December 1989. .
International Workshop on Marine
Acoustics; Beijing, China, 26-30
March 1990.

I0C-SCAR Workshop on
Sea-Level Measurements in the
Antarctica; Leningrad, USSR, 28-
31 Ma%1990.

I0C-SCAR Workshop on Sea-
Level Measurements in the
Antarctica; Submitted Papers;
&Sgl(?grad, USSR, 28-31 May

I0C-SAREC-UNEP-FAO-IAEA-
WHO Workshop on Regional
Aspects of Marine Pollution;
Mauritius,

29 October - 9 November 1990.
I0C-FAO Workshop on the
Identification of Penaeid Prawn
Larvae and Postlarvae; Cleveland,
Australia, 23-28 September 1990.
IOCNVEéTP_AC Scientific Steering
Group Meeting on Co-Operative
Study of the Continental Shelf
Circulation in the Western Pacific;
Kuala Lumpur; Malaysia,

9-11 October 1990.

Expert Consultation for the 10C
Programme on Coastal Ocean
Advanced Science and Technology
%éugdly; Liége, Belgium, 11-13 May

IOC-UNEP Review Meeting on
Oceanographic Processes of
Transport and Distribution of
Pollutants in the Sea; Zagreb,
Yugoslavia, 15-18 May 1989.
10C-SCOR Workshop on Global
Ocean Ecosystem Dynamics;
Solomons, ari/land, US.A,
29 April-2 May 1991.
IOC/WESTPAC Scientific
Symposium on Marine Science and
anagement of Marine Areas of
the Western Pacific;
?gglang, Malaysia, 2-6 December

I0C-SAREC-KMFRI Regional
Workshop on Causes and
Consequences of Sea-Level
Changes on the Western Indian
Ocean Coasts and Islands;
Mombasa, Kenya,
24-28 June 1991.
I0C-CEC-ICES-WMO-ICSU Ocean
Climate Data Workshop Goddard
Space Flight Center; Greenbelt,
aryland, U.S.A.,
18-21 February 1992.
IOC/WESTPAC Workshop on
River Inputs of Nutrients to the
Marine Environment in the
WESTPAC Region; Penang,
Malaysia,
26-29 November 1991.
I0C-SCOR Workshop on
Programme Development for
Uasrrr/]\ful Algae Blooms; Newport,

2-3 November 1991.

Joint IAPSO-IOC Workshop on
Sea Level Measurements

and Quality Control;

Paris, France, 12-13 October 1992.
BORDOMER 92: International
Convention on Rational Use of
Coastal Zones. A Preparatory
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Meeting for the Organization of an
Internafional Conference on
Coastal Change;

Bordeaux, France,

30 September-2 October 1992.
10C Workshop on Donor
Collaboration in the Development
of Marine Scientific Research
Capabilities in the Western Indian
Ocean Region; Brussels, Belgium,
12-13 October 1992.

Workshop on Atlantic Ocean
Climate Variability; .
Moscow, Russian Federation, 13-
17 July 1992

10C Workshop on Coastal
Oceanography in Relation to
Integrated Coastal Zone
Management; Kona, Hawaii, 1-5
June 1992.
International Workshop on the
Black Sea; Varna, Bulgaria, 30
September —
4 October 1991
Taller de traba#o sobre efectos
biologicos del fenémeno «El Nifio»
en ecosistemas costeros del
Pacifico Sudeste;
Santa Cruz, Galapagos, Ecuador,
5-14 de octubre de 1989.
I0C-CEC-ICSU-ICES Regionall
Workshop for Member States of
Eastern and Northern Europe
GODAR Project);

bninsk, Russia,
17-20 May 1993.
I0C-ICSEM Workshop on Ocean
Sciences in Non-Living Resources;
Perpignan, France,
15-20 October 1990.
I0C Seminar on Integrated Coastal
Management;
rleans, U.S.A,,

17-18 July 1993, L
Hydroblack’91 CTD Intercalibration
orkshop; Woods Hole, U.S.A.,

1-10 December 1991.
Réunion de travail IOCEA-OSNLR
sur le Projet « Budgets .
sédimentaires le long de la cote
occidentale d'Afrlque » Abidjan,
cote d'lvoire, 26-28 juin 1991.
I0C-UNEP Workshop on Impacts
of Sea-Level Rise due to Global
Warming. Dhaka, Bangladesh,
16-19 November 1992
BMTC-IOC-POLARMAR .
International Workshop on Training
Requirements in the Field of
Eutrophication in Semi-enclosed
Seas and Harmful Algal Blooms,
Bremerhaven, Germany,
29 September-3 October 1992.
SAREC-IOC Workshop on Donor
Collaboration in the Development
of Marine Scientific Research
Capabilities in the Western Indian
Ocean Region; Brussels, Belgium,
23-25 November 1993. .
I0C-UNEP-WMO-SAREC Planning
Workshop on
an Integrated Approach
to Coastal Erosion, Sea Level
Chan%es and their Impacts;
Zanzibar, United Republic of
Tanzania, 17-21 January 1994.
I0C-UNEP-WMO-SAREC
Planning Workshop on an
Integrated Approach to Coastal
Erosion, Sea Level
Changes and their Impacts;
Submitted Papers .
1. Coastal Erosion; Zanzibar,
United Republic of Tanzania 17-21
January 1994.
10C-UNEP-WMO-SAREC
Planning Workshop on an
Integrated Approach to Coastal
Erosion, Sea Level Changes and
their Impacts;
Submitted Papers .
2. Sea Level: Zanzibar,
United Republic of Tanzania
17-21 January 1994.
10C Workshop on Small Island
Oceanol rapEy in Relation to
Sustainable Economic
Development and Coastal Area
Management of Small Island
Development States; Fort-de-
France, Martinique,
8-10 November, 1993.
CoMSBIlack '92A Physical
and Chemical Intercalibration
Workshop; Erdemli, Turkey,
15-29 Januarélg%. .
I0C-SAREC Field Study Exercise
on Nutrients in Tropical Marine
Waters; Mombasa, Kenya,
5-15 April 1994, ]
I0C-SOA-NOAA Regional
Workshop for Member States of
the Western Pacific - GODAR-II
Global Oceanogkraphlc Data
rcheology and Rescue Project);
Tianjin, China,
8-11 March 1994. .
10C Regional Science Planning
WorkshoKJ/lon Harmful Algal
Blooms; Montevideo, Uruguay,
15-17 June 1994.

First IOC Workshop on Coastal
Ocean Advanced Science and
Technology Study (COASTS);
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Llége, Belgium, 5-9 May 1994.
10C Workshop on GIS Applications
in the Coastal Zone Management
of Small Island Developing States;
Barbados, 20-22 April 1994.
Workshop on Integrated Coastal
Management; Dartmouth, Canada,
19-20 September 1994.
BORDOMER 95: Conference on
Coastal Change; Bordeaux,
France, 6-10 February 1995.
Conference on Coastal Change:
Proceedings;
Bordeaux, France,
6-10 FebruarX 1995
IOC/WESTPAC Workshop
on the Paleographic Map; Bali,
Indonesia, 20-21 October 1994.
I0C-ICSU-NIO-NOAA Regional
Workshop for Member States o
the Indian Ocean - GODAR-III;
Dona Paula, Goa, India,
6-9 December 1994.
UNESCO-IHP-IOC-IAEA |
Workshop on Sea-Level Rise and
the Multidisciplinary Studies of
Environmental Processes in the
Caspian Sea Region;
Paris, France,
9-12 May 1995.
UNESCO-IHP-IOC-IAEA |
Workshop on Sea-Level Rise and
the Multidisciplinary Studies of
Environmental Processes in the
Caspian Sea Region; Submitted
Pagers; Paris, France, 9-12 May
1995,
First IOC-UNEP CEPPOL
Symposium; San José,
Costa Rica, 14-15 April 1993.
I0C-ICSU-CEC regional Workshop
for Member States of the
Mediterranean - GODAR-IV
Global Oceano%aphw Data
rcheology and Rescue Project)
Foundation for International
Studies, University of Malta,
Valletta, Malta, 25-28 April 1995.
Chapman Conference on the
Circulation of the Intra-Americas
Sea; La Parguera, Puerto Rico,
22-26 January 1995.
I0C-IAEA-UNEP Group of Experts
on Standards and Reference
Materials (GESREM) Workshop;
Miami, U.S.A., 7-8 December
1993. .
10C Regional Workshop on Marine
Debris and Waste Management in
the Gulf of Guinea; Lagos, Nigeria,
14-16 December 1994
International Workshop on
Integrated Coastal Zone .
Management (ICZM) Karachi,
Pakistan;
10-14 October 1994.
I0C/GLOSS-IAPSO Workshop on
Sea Level Varl,ablllg/ and Southern
Ocean Dynamics; Bordeaux,
France, 31 January 1995
IOC/WESTPAC International
Scientific Symposium on
Sustainability of Marine
Environment: Review of the
WESTPAC Programme, with .
Particular Reference to ICAM, Bali,
Indonesia,
22-26 November 1994.
Joint IOC-CIDA-Sida (SAREC)
Workshop on the Benefits of
Improved Relationships between
International Development
Agencies, the I0C and other
Multilateral Inter-governmental
Organizations in the Delivery of
Ocean, Marine Affairs and
Fisheries Programmes;

Sidney B.C., Canada,
26-28 SeEptember 1995.
|I0C-UNEP-NOAA-Sea Grant

Fourth Caribbean Marine Debris
Workshop; La Romana, Santo
Dom\l/r\wlgo, 21-24 August 1995.

10C Workshop on Ocean Colour
Data Reguirements and Utilization;
Si/dne% .C., Canada,

21-22 September 1995.
International Training Workshop on
Integrated Coastal Management;
Tam&a, Florida, U.S.A., 15-17 July

1995.

Atelier régional IOC-CERESCOR
sur la gestion intégrée des zones
littorales (ICAM), Conakry, Guinée,
18-22 décembre 1995
10C-EU-BSH-NOAA-(WDC-A)
International Workshop on
Oceanographic Biological and
Chemical Data Management,
?g&burg, Germany, 20-23 May

Second I0C Regional Science
Planning Workshop on Harmful
Algal Blooms in South America;
Mar del Plata, Argentina,

30 October—1 November 1995.
GLOBEC-IOC-SAHFOS-MBA |
Workshop on the Analysis of Time
Series with Particular Reference to
the Continuous Plankton Recorder
%gsra\éey; Plymouth, U.K.,4-7 May

Atelier sous-régional de la COI sur
les ressources marines vivantes du
Golfe de Guinée ; Cotonou, Bénin,
1-4 juillet 1996.
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IOC-UNEP-PERSGA-ACOPS- |
IUCN Workshop on Oceanographic
Input to Integrated Coastal Zone
Management in the Red Sea and
Gulf of Aden. Jeddah, Saudi
Arabia, 8 October 1995.
10C Regional Workshop for
Member States of the Caribbean
and South America GODAR-V
Global Oceanogkraphlc Data
rcheology and Rescue Prog},ct);
Cartagena de Indias, Colombia,
8-11 October 1996.

Atelier IOC-Banque Mondiale-.
Sida/SAREC-ONE sur la Gestion
In;e%/rlee des Zones Cotieres ; Nosy
Bé, Madagascar,
14-18 octobre 1996.
Gas and Fluids in Marine
Sediments, Amsterdam, the
Netherland’s; 27-29 January 1997.
Atelier régional de la COI sur
'océanographie cétiere et la .
estion de la zone cdtiere ;Moroni,
A FI des Comores, 16-19 décembre

996.
GOOS Coastal Module Planning
Workshop; Miami, USA, 24-28
February 1997
Third IOC-FANSA Workshop;
Egg%a-Arenas, Chile, 28-30 July

Joint IOC-CIESM Training
Workshop on Sea-level
Observations and Analysis for the
Countries of the Mediterranean and
Black Seas; Birkenhead, U.K., 16-
27 June 1997.
IOC/WESTPAC-CCOP Workshop
on Paleogeographic Mapping .
g—lqlocene Optlmum&; Shanghai,
hina, 27-29 May 1997.
Regional Workshop on Integrated
Coastal Zone Management;
Chabahar, Iran; February 1996.
10C Regional Workshop for
Member States of Western Africa
GODAR-VI); Accra, Ghana, 22-25
pril 1997. ~
GOOS Planning Workshop for
Living Marine Resources,
Dartmouth, USA; 1-5 March 1996.
Gestion de Sistemas
Oceanogréficos del Pacifico
Oriental; Concepcion, Chile, 9-16
de abril de 1996.
Sistemas Oceanograficos del
Atlantico Sudoccidental, Taller,
MA;Furg, Rio Grande, Brasil, 3-
11 de noviembre de 1997 .
10C Workshop on GOOS Capacity
Building for the Mediterranean
Region; Valletta, Malta, 26-29
November 1997.
IOC/WESTPAC Workshop on Co-
oge[atlve Study in the Gulf of
Thailand: A Science Plan;
?gggkok, Thailand, 25-28 February

Pelagic Biogeography ICoPB II.
Proceedings of the 2nd .
International Conference. Final
Report of SCOR/IOC Workin:
Group 93; Noordwijkerhout, The
Netherlands, 9-14 July 1995.

Geosphere—blos%ere coupling:
Carbonate Mud Mounds and Cold
Water Reefs; Gent, Belgium, 7-11
Februar]\glg 8.

10C-SOPAC Workshop Report on
Pacific Regional Global Ocean
Observing Systems; Suva, Fiji, 13-
17 Februarg 1998. |

I0C-Black Sea Regional
Committee WorkshoE: ‘Black Sea
Fluxes’ Istanbul, Turkey, 10-12
June 1997.

Taller Internacional sobre
Formacion de Capacidades para el
Manejo de las Costas y los Oéanos
en le Gran Caribe, La Habana, —
Cuba, 7—10 de Juiio de 1998 /
International Workshop on_
Management Capacity-Building for
Coasts and Oceans in the Wider
Caribbean, Havana, Cuba, 7-10

Julg 19 . o
I0C-SOA International Training
Workshop on the Intregration of
Marine Sciences into the Process
of Integrated Coastal Management,
Dalian, China, 19-24 May 1997.
IOC/WESTPAC International
Scientific Symposium — Role of
Ocean Sciences for Sustainable
Development Okinawa, Japan, 2-7
February 1998. .
Workshops on Marine Debris &
Waste Management in the Gulf of
Guinea, 1995-97.

First IOCARIBE-ANCA Workshop
Havana, Cuba, 29 June-1 July
1998. o

Taller Pluridisciplinario TEMA
sobre Redes del Gran Caribe en
Gestién Integrada de Areas
Costeras Cartagena de Indias,
Colombia, 7-12°de septiembre de

Workshop on Data for Sustainable
Integrated Coastal Management
SICOM) Maguto, Mozambique,
8-22 Juéyl_l 98
IOC/WESTPAC-Sida (SAREC)
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Workshop on Atmospheric Inputs
of Pollutants to the Marine,
Environment Qingdao, China, 24-
26 June 1998
I0C-Sida-Flanders-SFRI Workshop
on Ocean Data Management in the
IOCINCWIO Region (ODINEA

gro ect) Capetown, South Africa,

0 November-11 December 1998.
Science of the Mediterranean Sea
and its a%pllcatlons UNESCO,
Paris 29-31 July 1997
10C-LUC-KMFRI Workshop on
RECOSCIX-WIO in the Year 2000
and Beyond, Mombasa, Kenya, 12-
16 April 1999 )

’98 I0C-KMI International
Workshop on Integrated Coastal
Management (ICM), Seoul, .
Republic of Korea 16-18 April 1998
The IOCARIBE Users and the
Global Ocean Observing System
(GOOS) Capacity Building ™
Workshop, San José, Costa Rica,
22-24 April 1999

Oceanic Fronts and Related
Phenomena (Konstantin Fedorov
Memorial Symposium) —
Proceedings, Pushkin, Russian
Federation, 18-22 May 1998
Under preparation

Under preparation

Workshop report on the Transports
and Linkages of the Intra-americas
Sea (IAS), Cozumel, Mexico, 1-5
November 1997

Under preparation .
I0C-Sida-Flanders-MCM Third
Workshop on Ocean Data
Management in the IOCINCWIO
Region (ODINEA Pr%e?\?, Cape
Town, South Africa, 29 November
— 11 December 1999

An African Conference on
Sustainable Integrated
Mana%ement; Proceedings of the
Workshops. An Integrated
Approach, (PACSICOM), Maputo,

ozambique, 18 —25 JL\,I/|\}/ 1998
I0C-SOA International Workshop
on Coastal Megacities: Challenges
of Growing Urbanization of the
World's Coastal Areas; Hangzhou,
P.R. China, 27 —30 September

1999

I0C-Flanders First ODINAFRICA-II
Planning Workshop, Dakar,
Senegal, 2-4 May

Geological Processes on European
Continental Margins; International
Conference and Eight Post-cruise
Meeting of the Trammg-Through-
Research Programme, Granada,
%8&5[1, 31 January — 3 February

International Conference on the
International Oceanographic Data
& Information Exchange in the
Western Pacific IODE-WESTPAC)
1999, ICIWP '99, Langkawi,
Malaysia, 1-4 November 1999
IOCARIBE-GODAR-|

ggétéelgenas, Colombia, February

Ocean Circulation Science derived
from the Atlantic, Indian and Arctic
Sea Level Networks,
Toulouse, France, 10-11 May 1999
%_Under preparation) .
he Benefits of the Implementation
of the GOOS in the Mediterranean
Region, Rabat, Morocco, 1-3
November 1999

I0C-SOPAC Regional Workshop
on Coastal Global Ocean
Observing System (GOOS) for the
Pacific Regzlon, Apia, Samoa, 16-
17 August 2000
Geolo%lcal Processes on Deep-
water European Margins, Moscow-
Mozhenka, 28 Jan.-Z Feb. 2001
MedGLOSS Workshop and
Coordination Meeting for the Pilot
Monitoring Network System of
Systematic Sea Level
easurements in the
Mediterranean and Black Seas,
Haifa, Israel, 15-17 May 2000
(Under preparation)

(Under preparation)
(Under preparation)

Abstracts of Presentatiops at
Workshogs during the 7 session
of the 10C Group of Experts on the
Global Sea Level Observing
Sgstem (GLOSS), Honolulu, USA,
23-27 April 2001

(Under preparation)

%Jnder preparation)

eosp here/Blosphere/_H)édrosphere
Coupling Process, Fluid Escape
Structures and Tectonics at
Continental Margins and Ocean
Ridges, International Conference &
Tenth Post-cruise Meeting of the
Training-through-Researc
Programme, Aveiro, Portugal,
30 January-2 February 2002
Under preparation
Under preparation
Under preparation
Under preparation
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Geological and Biological
Processes at deep-sea European
Margins and Oceanic Basins,
Bologna, Italy, 2—6 February 2003
Proceedings’of ‘The Ocean Colour
Data’ Symposium, Brussels,
Belgium, 25-27 November 2002
Workshop for the Formulation of a
Draft Project on Integrated Coastal
Management ﬂCM) in Latin
America and the CarlbbeanéLAC),
Cartagena, Colombia, 23-2
October 2003 y
Taller de Formulacion de un
Anteproyecto de Manejo Costero
Integrado (MCIéen América Latina
el Caribe (ALC), Cartagena,
2(())(I)%mbla, 23-25 de Octubre de

First ODINCARSA Plannin:
Workshop for Caribbean Islands,
Christchurch, Barbados, 15-18
December 2003

North Atlantic and Labrador Sea
Margin Architecture and
Sedimentary Processes —
International Conference and
Twelfth Post-cruise Meeting of the
Training-through-research
Programme, Copenhagen,
Denmark, 29-31 January 2004
Regional Workshop on Coral Reefs
Monltorlng and Management in the
ROPME Sea Area, Iran |.R., 14-17
December 2003 .
Workshop on New Technical
Developments in Sea and Land
Level bservm%Systems Paris,
France, 14-16 October 2003
IOC/ROPME Planning Meeting for
the Ocean Data and [nformation
Network for the Central Indian
Ocean Region

Workshop on Indicators of Stress
in the Marine Benthos,
Torregrande-Oristano, Italy, 8—-9
October 2004 o .
International Coordination Meeting
for the Development of a Tsunami
Warning and Mitigation System for
the Indian Ocean within a Global
Framework, Paris, France, 3-8
March 2005 | .
Geosphere—Blosgl)_here Coupling
Processes: The TTR
Interdisciplinary Approach Towards
Studies of the European and North
African Margins; International
Conference and Post-cruise
Meeting of the Training-Through-
Research Programme, Morocco, 2-
5 February 2005 o
Second International Coordination
Meeting for the Development of a
Tsunami Warning and Mitigation
System for the Indian Ocean .
Grand Baie, Mauritius, 14-16 April

2005

International Conference for the
Establishment of a Tsunami and
Coastal Hazards Warning System
for the Caribbean and Adjacent
Regions, Mexico, 1-3 June 2005
Lagoons and Coastal Wetlands in
the Global Change Context:
Impacts and Management Issues
— Proceedings of the International
Conference, Venice, 26—-28 April
2004 (ICAM Dossier N° 3)
GEO|O%IC3| processes on deep-
water European margins -
International Conference and 15th
Anniversary Post-cruise Meeting of
the Training-Through-Research
Programme, Moscow/Zvenigorod,
Russian Federation, 29 January—4
Februag_/ 2 o .
Proceedings of 'Ocean Biodiversity
Informatics": an international
conference on marine biodiversity
data management Hamburg,
Germany, 29 November—1
December 2004

10C-Flanders Planning Workshop
for the formulation of a regional
Pilot Project on Integrated Coastal
Area Management in Latin
America, Cartagena de Indias,
Colombia, 16—18 January 2007
Geo-marine Research along
European Continental Margins,
International Conference and Post-
cruise Meeting of the Training-
through-research Programme,
Bremen, Germany, 29 January—1
Februa&y 2007

IODE/ICAM Workshop on the
development of the Caribbean
marine atlas (CMA), United Nations
House, Bridgetown, Barbados, 8-
10 October 2007

IODE/JCOMM Forum on
Oceano%raphlc Data Management
and Exchange Standards, Ostend,
Belglum, 21-25 January 2008
SCOR/IODE Workshop on Data
Publlshmzq, Ostend, Belgium, 17—
18 June 2008 |

JCOMM Technical Workshop on
Wave Measurements from Buoys,
New York, USA, 2—3 October 2008
(I0C-WMO pubilcatlon)
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E

E
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(electronic
copy only)

E

(electronic
copy only)

E
(under
Ereparatlon)

(electronic
copy only)
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(electronic
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E

(electronic
copy only)

(Under |
preparation)

(Under |
preparation)

(Under |
preparation)
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Title

Collaboration between IOC and
OBIS towards the Long-term
Management Archival and
Accessibility of Ocean
Biogeographic Data, Ostend,
Belgium, 24-26 November 2008
Ocean Carbon Observations from
Shg)s of Oﬁportum_ty and Repeat
Hydrol ra? ic Sections (IOCCP
Reports, 8 Paris, France, 13-15
January 2003

Ocean Surface pCO, Data
Integration and Database
Development (IOCCP Reports, 2),
Tsulf‘uba, Japan, 14-17 January

200:

International Ocean Carbon
Stakeholders' Meeting, Paris,
France, 6—7 December 2004

International Repeat Hydro« ralghy
and Carbon Workshop’ ?IO C
Reports, 4), Shonan Vil a%e,
Japan, 14-16 November 2005

Languages

(Under .
preparation)

E

(electronic
copy only)

E

(electronic
copy only)

E
(electronic
copy only)

(electronic
copy only)
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