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Project Summary:
Determination of regional sources and sinks of carbon dioxide in the ocean are of critical importance to international policy decision making, as well as for forecasting long term climate trends.  The oceans are the largest sustained sink of anthropogenic carbon and changes in this sink will be determined by monitoring regional and seasonal patterns of carbon uptake and release.  In this project NOAA investigators and academic partners are outfitting research and commercial vessels with automated carbon dioxide sampling equipment to analyze the carbon exchange between the ocean and atmosphere.  This task is coordinated at national level with the U.S. Carbon Cycle Science Program and its subcommittee on Ocean Carbon and Climate change (OCCC). We work with the International Ocean Carbon Coordination Project (IOCCP) for international coordination exercises.  The IOCCP is a joint endeavor of the SCOR/IOC CO2 panel and the IGBP-IHDP-WCRP Global Carbon Project.  Collaborative efforts are underway to combine datasets in the Atlantic through a Memorandum of Understanding with the European Union project Carbo-Oceans.   Pacific collaboration is established through the PICES working group 13.  In addition there are one-on-one interactions with investigators in Iceland, France, the United Kingdom, Australia, New Zealand, and Japan on reciprocal data exchange and logistics support.

Documenting carbon sources and sinks relies critically on other efforts undertaken under sponsorship of the Office of Climate Observations (OCO) including implementation of the ship lines, and moored and drifting buoys.  The surface water pCO2 programs support climate services by providing knowledge and quantification of climate forcing of the radiatively important gas, carbon dioxide. The near-term focus is on completion of the Northern Hemisphere ocean carbon observing system to provide data for quantifying carbon dioxide sources and sinks over the coterminous United States through inverse modeling in collaboration scientists involved in the atmospheric CO2 observing system.

The project is a partnership of AOML, AOML/GOOS, PMEL, LDEO of Columbia University, RSMAS of the University of Miami, and the Bermuda Biological Station for Research (BBSR).  The partners are responsible for operation of the pCO2 systems on the ships, auxiliary measurements, data reduction, and data management from all ships. The following ships have pCO2 systems on them:  NOAA ship Ronald H. Brown, NOAA ship Ka'imimoana, RVIB Palmer, cruise ship Explorer of the Seas, container ship Columbus Waikato, container ship Skogafoss, and container ship Oleander.  

 Data from the project is being served from three websites that are linked and accessible from each site. 

1. http://www.aoml.noaa.gov/ocd/gcc

2. http://www.pmel.noaa.gov/co2/uwpco2/

3. http://www.ldeo.columbia.edu/res/pi/CO2/

The final datasets are combined and sent to CDIAC for dissemination and archival.

All work follows established principles of monitoring climate forcing gases and biogeochemical cycles. 
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FY 2005 Progress:

Acquisitions, deployments and data return: 

The following number of cruises with pCO2 observations from research ships and VOS have been completed during the performance period.  In most cases, these are the cruises for which data has been posted on the web.

· NOAA ship Ka’imimoana: 5 cruises servicing the TAO mooring in the Equatorial Pacific

· NOAA ship Ron Brown: 12 cruises in South Atlantic and Eastern Equatorial Pacific

· RVIB Palmer: 10 cruises in the Southern Ocean

· Royal Caribbean Cruise Line Explorer of the Seas: 72 cruises in the Caribbean Seas

· Container ship Skogafoss: 11 cruises  between Iceland and Boston 

· Container ship Oleander  (pCO2 measurements commenced October, 2005)

· Container ship Columbus Waikato: 11 cruise between Long Beach Ca and Australia
The number of days at sea for the research ships was similar to the previous year.  The tracks for 2004 - March 2005 are shown in Figure 1. Data return from the ships is over 90 %; the minimal data loss that did occur was due to instrument malfunction. Accurate records of malfunction are being kept such that we can get a better appreciation when systems need to be refurbished and to improve weak links.    Although the systems are fully automated, all systems except that of the Skogafoss have a person on board for periodic checks.  The Skogafoss operations have been problematic because of intermittent failures of the different component, and errors by the [untrained] persons servicing the system in ports. 
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Figure 1.  Lines occupied by the ships. The Skogafoss and Columbus Waikato tracks are monthly repeat occupations. The Explorer of the Seas are weekly occupations. The other tracks are one-time occupations during 2004 and beginning of 2005. 

As part of the outreach efforts of pCO2 on ships project, we found a manufacturer who will build autonomous pCO2 systems for the community. A contractor Craig Neill at the University of Bergen built previous units.  However,  he could not continue producing and servicing them.  An arrangement has been established in which General Oceanics Inc. of Miami Fl will build the systems patterned after the previous systems built by Craig Neill to assure uniformity of instrumentation.  Scientists at AOML and RSMAS will oversee production of the first 10 units and provide product support.  Participants in the project ordered four systems of the first production.  

The outfitting of ships with systems continues with the recent completion of installation of a system on the Oleander that sails weekly between Newark and Bermuda. A second system has been installed on the R/V Weatherbird II.  The systems were installed and will be maintained by the Bermuda Biological Station (Nick Bates).  

There was a setback with outfitting a ship for the important trans-Atlantic transect (AX8) between the East Coast of the US and South Africa in that the ship was sold and its route was changed to the far-East after much of the installation was completed.  The replacement ship used for the high density XBT work on this transect underwent a similar fate. The GOOS center is currently seeking another ship for the work.

A short summary of the efforts on each ship along with a small picture of the vessel are listed below:

NOAA ship Ronald H. Brown- AOML lead
[image: image3.wmf]
Data Site:  http://www.aoml.noaa.gov/ocd/gcc/rvbrown_introduction.php

Number of cruises with data posted on web site (Jan 2004- March 2005): 12

Number of data points: ≈ 46 K

Causes for non-return:  The underway pCO2 system on the Brown enjoyed over a 90 % data return.  At the end of 2004 there were periodic system failures due to unknown problems in communication between computer and pCO2 instrument.  The thermosalinograph on the Brown yielded poor data on several of the cruises complicating data reduction.  

Description: In the beginning of 2004 the Brown was involved in studies in the Caribbean and off of West Africa. This was followed by a series of cruises off the coast of New England. In the late fall the ship performed the annual servicing of the Equatorial Pacific moorings and sailed south to start the CO2 CLIVAR repeat hydrography cruise A16S in the South Atlantic.  A compilation of the cruises can be found in Appendix A, Table A3). During A16S several other underway pCO2 systems were tested and compared against our system.  The comparison with the SAMI unit (Mike DeGrandpre, PI, U. Montana) and a system developed at the University of South Florida (R. Byrne, PI) are shown in figures 2 and 3.
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Figure 2. Comparison of new system design (a spectrophotometric shipboard SAMI system) funded by the Global Carbon Project of NOAA (GCC) with our analyzer on the cruise A16S.  The two new prototype systems showed good high frequency resolution but experienced longer-term drift.

[image: image5.wmf]
Figure 3. Comparison of new system design (a spectrophotometric shipboard multi-carbon species analyzer) funded by a NOAA appropriation to the University of S. Florida Center for Ocean Technology with our analyzer on the cruise A16S.  The new prototype system showed good correspondence with our system. The USF system  has higher temporal resolution due to the higher sampling rate (1-minute vs. 5-minutes).

NOAA ship Ka'imimoana- PMEL lead
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Data Site:   http://www.pmel.noaa.gov/co2/uw

Number of cruises: 5

Number of pCO2w data points: 63,160
% Data return: 90%.

Causes for non-return:  The underway pCO2 system on the Ka’imimoana resulted in a 90 % data return during 2005. There were periodic system failures due to problems from water vapor removal.  There were also problems associated with low water and gas flow.  The thermosalinograph information must be integrated into the data files after the cruises which complicates data reduction.  

Description: During 2005 the Ka’imimoana was involved in studies in the Equatorial Pacific between 95°W and 165°E (Figure 4).  The cruise data can be obtained from our website located at:   http://www.pmel.noaa.gov/co2/uw. A summary of the cruise results from November 1997 through August 2005 is shown in Figure 5.  The results show weak seasonal and strong interannual variability of CO2 fluxes from the oceans to the atmosphere.  These results are described in detail in a manuscript recently submitted for publication by Feely et al., (submitted). The data will undergo further quality control testing by LDEO scientists before it is submitted to CDIAC for archiving.
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Figure 4.   Ka’imimoana track lines which are operated twice per year. 
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Figure 5. Time-Series of surface water pCO2 levels in the tropical and subtropical Pacific Resulting from Ka’imimoana repeat observations from 1997 thru 2005.

RVIB Palmer-  LDEO lead
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Data  Site:    http://www.ldeo.columbia.edu/res/pi/CO2/

Number of cruises: 10

Number of pCO2w data points: ≈ 134K

Description:

The Lamont group is  responsible for the acquisition of the surface water pCO2 data aboard the RVIB Palmer.  Our pCO2 system has been upgraded with the support from NOAA for the past two years, and some new modifications are being added in order to make the system more stable and reliable.  As the data are obtained, they are processed and added to our global database, which consists presently of about 1.9 million pCO2 measurements in surface waters plus supplemental information including the SST, salinity, wind speeds, barometric pressure and atmospheric CO2 concentration.  

The locations of our data obtained aboard the RVIB Palmer since the beginning of this project in 2001 are shown in figure 6.  The dates, location and number of measurements, which have been added to the web site during the present funding period, are listed in Appendix A, Table A1.  A total of about 290,000 surface water pCO2 measurements were processed and added during the first three years of this project (January, 2001 – December, 2003), and additional 134,000 have been processed and added to our database  during this funding period, January 2004 through the end of April, 2005.  The expeditions of the Palmer during 2004 included a circumnavigation of the entire Southern Ocean between approximate latitudes 35°S and 50°S.  We also added several north-south transits of the Southern Ocean at several different longitudes.  In 2005, Palmer resumed her normal operations in the New Zealand-Ross Sea areas after transiting from Chile in the early months of the year.
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Figure 6.   The locations of surface water pCO2 measurements made aboard the RVIB Palmer since 2001.  Colors indicate the years when the measurements were made.  Note, that our observations during 2004 include a circumnavigation of the entire Southern Ocean between approximate latitudes 35°S and 50°S.  The 2005 observations are mostly in the New Zealand-Ross Sea and Drake Passage areas.

Further details can be found in the progress report from Dr. Takahashi, Appendix A

Cruise ship Explorer of the Seas-AOML lead
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Site:  http://www.aoml.noaa.gov/ocd/gcc/explorer_introduction.php
Number of cruises (Jan, 2004- August, 2005): 78

Number of pCO2w data points: ≈ 128K

% Data return: >90 %

Causes for non-return: Some loss of data occurred because of automatic system shutoff due to stoppage of drain. The overflow of the equilibrator drains into the same holding tank as deck runoff. During periods of heavy rains the holding tanks overflow and the drain backs up. This causes an automatic shutoff of the pCO2 system.   A faulty circulation pump caused 1 weeks loss of data.

Description: The Explorer of the Seas alternates cruise tracks in the Eastern and Western Caribbean on a weekly basis (Figure 7).  This yields excellent temporal and spatial coverage.  The area has been used as a test bed to create flux maps  utilizing remote sensing (see research highlights).
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Figure 7. Eastern and Western Cruise Tracks of the Explorer of the Seas with surface water pCO2 levels for January 2004. 

Container Ship Skogafoss- AOML & RSMAS lead
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Data Site: http://www.aoml.noaa.gov/ocd/gcc/skogafoss_introduction.php

Number of cruises: 24

Number of pCO2w data points: ≈ 75 K ( ≈ 24K points are on the on web but not final)

% Data return: 70 %

Causes for non-return:  This has system run unattended or with untrained observers except for 3 cruises when AOML or RSMAS personnel were onboard.  Data gaps have occurred for a variety of reasons, including failure by ship's personnel to open the seawater valves, leaks in the system that caused an automatic shutdown,  a faulty leak sensing unit, and computer failure due to incorrect re-installation of a memory card.  The problems have resulted in frequent trips by AOML and RSMAS personnel to the ship.  We anticipate less loss of data in the coming year because of improved coordination with observers from France, an arrangement with the Icelandic Marine Institute to service the system in Reykjavik, and four transits with trained RSMAS/AOML personnel.

Description: The Skogafoss sails between Iceland and Boston and covers a critical high latitude region that has been shown to be a large CO2 sink.  Large seasonal variations are observed as shown in figure 8.  During the late spring pCO2 values close to atmospheric levels are measured over the open ocean transect but low values are observed in the coastal region likely as a result of high biological productivity during this time.  The transect in late fall shows lower values over the open ocean section but significantly higher values in the coastal regions.
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Figure 8. pCO2 levels along the transect of the Skogafoss in May and October 2004 (figures from http://www.aoml.noaa.gov/ocd/gcc/skogafoss_data2004.php)

Container Ship Oleander-   BBSR lead
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Number of cruises: In operation October, 2005(anticipate 100 cruise over the next year)
Number of pCO2w data points: n/a
% Data return: n/a

Installation Progress: The pCO2 system has finally been installed on the MV Oleander. Due to port security, installation (and subsequent maintenance) of the system was not possible at the port of New Jersey. The short turnaround of the ship at Hamilton, Bermuda has made the installation process slow, but there will be sufficient time for maintenance every week. By the beginning of November 2005, the only remaining components required for completion is the installation of the GPS system and cable through the ship to the bridge. On the MV Oleander, the equilibrator is located in the Engine Room near the seawater system and TSG. It is located ~5' below the water line, requiring the equilibrator waste seawater to free drain into a waste reservoir, which in turn will be drained by a new pump back into the seawater line downstream of the tap off to the pCO2 system. Care was taken with the installation that there is no interference with the TSG system. The seawater and atmospheric pCO2 data will also be served at the following site (http://www.bbsr.edu/Labs/co2lab/vos.html).
Description: The MV Oleander crosses weekly between New Jersey and Hamilton, Bermuda. Given the ~100 crossings a year, this gives excellent temporal and spatial coverage of the North Atlantic subtropical gyre, Gulf Stream, middle Atlantic Bight and coastal zone. The MV Oleander transits the region of Subtropical Mode Water (STMW) formation during the winter southeast of the Gulf Stream, and the highly productive coastal zone of the Eastern Seaboard.

R/V Weatherbird II- BBSR lead

[image: image15.wmf]
Number of cruises: Anticipate 150-220 ship days in 2006
Number of pCO2w data points: n/a
% Data return: n/a

Installation Progress: A pCO2 system has been installed on the R/V Weatherbird II (BBSR's UNOLS research vessel, based in Bermuda) in October 2005. Although not directly part of the NOAA VOS program, pCO2 data from the R/V Weatherbird II will be directly fed into this project. The data will also be served at the following site (http://www.bbsr.edu/Labs/co2lab/vos.html).
Description: The R/V Weatherbird II operates in the North Atlantic Ocean (zone NA6), servicing four oceanographic time-series (e.g., Bermuda Atlantic Time-series Study, Hydrostation S, Bermuda Testbed Mooring, Ocean Flux Program) and other research projects. This data stream provides groundtruthing pCO2 datasets for the subtropical gyre of the North Atlantic Ocean.  In early 2006, the pCO2 system will be transferred to BBSR's new ship (the renamed 168' Seward Johnson II), and we anticipate 200-220 ship days per year. The pCO2 system for both vessels will be maintained at BBSR's dock before and after each cruise, depending on schedule.

Container ship Columbus Waikato - PMEL lead
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Number of cruises: 11
Number of pCO2w data points: 153049
% Data return: 96
Causes for non-return:  The underway pCO2 system on the Columbus Waikato resulted in a 96 % data return during 2005. There were minor system failures due to problems associated with water vapor removal. 

Description: During the fall of 2004 and 2005 the Columbus Waikato was involved in studies in the tropical and subtropical Pacific (Figure 9).  This research is done in collaboration with Drs. Paul Quay of the University of Washington and Bronte Tilbrook of the CSIRO in Hobart, Australia.  In addition to supporting our underway pCO2 measurements, they are also collecting samples for carbon isotope measurements (Quay) and DIC and nutrients (Tilbrook).  For this reason, we have combined resources to place ship riders on each of the cruises. They maintain the underway systems and collect the discrete samples. The cruise data can be obtained from our website located at:   http://www.pmel.noaa.gov/co2/uw. A summary of the cruise results from February 2004 thru September 2005 is shown in Figure 10.  The results show strong seasonal variability of CO2 fluxes in the subtropics.  These results are described in the AGU/ASLO abstract by Cosca et al., (submitted). The data will undergo further quality control testing by LDEO scientists before it is submitted to CDIAC for archiving.
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Figure 9. Cruise Tracks of the Columbus Waikato for 2004 and 2005. 
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Figure 10. Time-Series of surface water pCO2 levels in the tropical and subtropical Pacific Resulting from Columbus Waikato repeat observations during 2004 and 2005.

Adherence to monitoring principles

The efforts of the NOAA VOS pCO2 group have met the important monitoring principle of uniform instrumentation with a quantifiable accuracy. All systems are calibrated with standards that are traceable to the WMO scale.  The first units were delivered in the summer of 2003, within a year of receipt of program funding.  In FY05 one additional VOS ships was outfitted (the Oleander).   We are actively involved in assuring uniform instrumentation, through interactions with the manufacturer GO, uniform operating protocol, and uniform data reduction procedures.

Data management and dissemination:

An important part of the VOS effort is to disseminate quality controlled data to the community at large in an expedient fashion.  The LDEO group, in close interaction with the data acquisition groups, oversees shipboard quality control so that the quality of data and consistency is monitored for the whole group.  This close coupling of the data acquisition with data processing/evaluation and interpretation will guarantee high quality field observation data.  The LDEO group also coordinates submission of the collated data to the underway pCO2 data center at CDIAC for community access.  They participate in data interpretation with the data acquisition groups.  This will facilitate discussions about data quality and insure that the observationists will be engaged in the interpretation processes.  

Data obtained from the research ships are currently served from the institution responsible for the measurement.   The data from the research ships are currently being ingested by the LDEO group for the release to CDIAC.  This component was added to  the LDEO data management responsibilities in the project.

CDIAC has just implemented a Live Access Server (LAS) for the data with funding from a companion effort. The LAS at http://cdiac3.ornl.gov/underway/servlets/dataset is being populated.  Investigators, and the oceanographic community use the data extensively.  This data is also used for national and international assessments such as the IPCC.

Good progress has been made to post the pCO2 data on the web sites.   A listing of current updates is provided below.  A major change has been the formatting. Based on a meeting in Japan sponsored by IOCCP in January 2004, an international standard of data formatting was adapted for this program.  AOML and PMEL have reformatted most of their data to this format over the past year.  

Latest updates (as of September 2005):

 http://www.aoml.noaa.gov/ocd/gcc
Brown: 


March 2005

Explorer:  


August 2005

Skogafoss: 


November 2004

http://www.pmel.noaa.gov/co2/uwpco2/ 

Ka'imimoana:

 
June 2004

Columbus Waikato:

July 2004

http://www.ldeo.columbia.edu/res/pi/CO2/

Palmer



March 2005

Gould



March 2005

In several instances, several years of data have been posted over the last year.  Further details on data management can be found in the progress report from Dr. Takahashi, Appendix A

Problems:

The late receipt of funds from NOAA, in particular for our academic colleagues slowed down the work schedule.  Access to ships has been difficult at times, which has hampered installation efforts, particularly for the MV Oleander.  In this instance, installation of the pCO2 system on the MV Oleander in the port of Newark became very problematic (due to port security and uncertain berthing locations due to the relatively small size of the vessel). At the request of the owners and captain, installation has shifted to Hamilton, Bermuda.  Routine data downloads from the Skogafoss have sometimes not occurred in port because personnel of the GOOS/SEAS group, who are partners in this effort, were not available.   The problems is associated with lack of personnel resources have been addressed by including needed personnel in the budgeted request.

Systems on the ships have worked very well, except for the Skogafoss.  The Skogafoss is the only ship without a person on board for periodic checks.  The  Skogafoss operations have been problematic because of intermittent failures of the pumped waste water system that automatically shuts the system down to avoid flooding of the bilges. Never-the-less data has been obtained on 70 % of the ship transects.  On the MV Oleander, the equilibrator (located in the Engine Room and ~5' below the water line) will free drain into a waste reservoir, which in turn will be drained by a new pump back into the seawater line downstream of the tap off to the pCO2 system.  A new equilibrator was placed on the Explorer of the Seas.  We have determined that a ship rider is required to attend the underway system on the Columbus Waikato because of the difficulties associated with the language differences between the scientists and the crew.  We found that by working with scientists from the University of Washington, CSIRO in Hobart and the University of Southern California we can accomplish that task, provided we continue our subcontract with the University of Southern California.

Project costs:

Anticipated- Anticipated data costs include data reduction, dissemination, interpretation, and data archiving.  Anticipated instrument costs include design, purchase, installation and maintenance.

Unanticipated- Unanticipated costs included higher maintenance costs, instrument development costs, and personnel and travel costs to repair and maintain systems.

Logistical considerations- Work on the research ships proceeded as planned.  The Brown was used for the several coastal cruises in the NE Atlantic that will provide important baseline considerations for the anticipated coastal carbon program.

Research highlights;

1. It is widely recognized that robust methods to interpolate CO2 measurements in time and space are needed to produce CO2 flux maps from measurements along a line.  Publications by Cosca et al.  (2003) and Feely et al.  (2004) for the Equatorial Pacific and Olsen et al. (2003) for the Caribbean Seas show how temperature can be utilized to produce regional flux maps. The algorithms are area specific but show a robust predictive capacity and provide a way to utilize remote sensing to produce flux maps with high spatial and temporal resolution.  The data used to create the algorithms were obtained on the ships funded under this effort.  Examples of application of these procedures are listed below.

2. Air-Sea CO2 fluxes in the Caribbean: Air-sea fluxes in the Caribbean Sea are determined from 2002-2004 based on data from an automated system onboard the cruise ship Explorer of the Seas.  The partial pressure of CO2 in seawater, pCO2sw, and values are used to develop algorithms of pCO2sw based on sea surface temperature (SST) and position.  Regressions are applied to assimilated SST data and remotely sensed winds on a 1˚ by 1˚ grid to estimate the fluxes on weekly timescales in the region.  The positive relationship between pCO2sw and SST is lower that the iso-chemical trend suggesting counteracting effects from biological processes.  The relationship varies systematically with location with a stronger dependence further south.  Furthermore, the southern area shows significantly lower pCO2sw in the fall compared to the spring at the same SST, which is attributed to differences in salinity.  The annual algorithms for the entire region show a slight trend between 2002 and 2004 suggesting an increase of pCO2sw over time.  This is in accord with the increasing pCO2sw due the invasion of anthropogenic CO2.  The annual fluxes of CO2 yield a net invasion of CO2 in the ocean that ranges from -0.04 to -1.2 mol m-2 yr-1 over the three years.  There is a seasonal reversal in the direction of the flux with CO2 entering into the ocean during the winter and an evasion during the summer.  Year-to year differences in flux are primarily caused by temperature anomalies in the late winter and spring period resulting in changes in invasion during these seasons (Figure 11).  (Reference:  Wanninkhof et al. 2005).

[image: image19.wmf]
Figure 11. Weekly flux maps for the Caribbean Sea for 2002-2004 based on observations of the Explorer of the Seas and algorithms using remotely sensed SST (Wanninkhof et al., 2005).

3.  As part of our continuing effort to understand decadal changes in the carbon fluxes of the equatorial Pacific, we developed seasonal and interannual fCO2-SST relationships from shipboard data that were applied to high-resolution temperature fields deduced from satellite data to obtain high-resolution large-scale estimates of the regional fluxes.  The data were gathered onboard research ships from November 1981 through June of 2004.  The data were collected during repeat transects of the equatorial Pacific between 95°W and 165°E, and included five El Niño periods (1982–1983, 1986–1987, 1991–1994 and 1997–1998 and 2002–1903) and three La Niña periods (1988–1989, 1995–1996 and 1998–2000).  Data were collected during the warm boreal winter-spring season (January through June) and during the cooler boreal summer-fall season (July through December) of each year making it possible to examine the interannual and seasonal variability of the fCO2-SST relationships. A linear fit through he data sets yields an inverse correlation between SST and fCO2, with both interannual and seasonal differences in slope. In particular, the results indicate a strong interannual (ENSO) note, spell out ENSO, PDO  and weaker seasonal variability. There is also a slight increase (~27%) in the out-gassing flux of CO2 after the 1997–1998 PDO mode shift.  Most of this increase is due to increase in wind speeds after the spring of 1998.  These increases are consistent with the recent rebound of the shallow water meridional overturning circulation in the tropical and subtropical Pacific after the PDO shift. (Reference: Feely et al., 2005)

4.  Using the observations made since the 1970's we have investigated increases in pCO2 in surface water in the North Pacific Ocean. In 19 areas that are located in the open North Pacific, the surface water pCO2 values have been increasing at a rate similar to the mean atmospheric CO2 increase of about 1.5 ppm/yr.  Although surface waters are out of equilibrium with atmospheric CO2 because of the seasonal swing of SST, biological production and deep-water upwelling, the ocean surface waters appear to take up CO2 from the air keeping up with the atmospheric CO2 increase. In contrast, in four areas located near and within the Bering and Okhotsk Seas, the surface water pCO2 have been decreasing with time, in spite of the fact that surface water temperatures have been increasing.  This may be attributed to an increase in photosynthesis in the high latitude northern North Pacific, that have been reported by Gregg et al. (2003) on the basis of remote-sensed ocean colors. (Reference: Takahashi  et al., 2005)

5. We have initiated plans with General Oceanics  to supply pCO2 systems for use in this program.  The systems are patterned after the Neill pCO2 system and six systems are presently under construction.  Dr. Denis Pierrot and Mr. Kevin Sullivan are overseeing the construction, and the calibration of this system.  Commercial systems should be available next year.
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Sabine, C.L., R.A. Feely, G.C. Johnson, P.G. Strutton, M.F. Lamb, and K.E. McTaggart (2004): A mixed layer carbon budget for the GasEx-2001 experiment. J. Geophys. Res., 109(C8), C08S05, doi: 10.1029/2002JC001747.. 
Takahashi, T., Sutherland, S. C., Feely, R. A. and Wanninkhof, R. (submitted). Decadal change of the surface water pCO2 in the North Pacific: A synthesis of 35 years of observations. J.. Geophys. Res.
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Wanninkhof, R., Olsen, A., Triñanes, J., Air-Sea CO2 Fluxes in the Caribbean Sea from 2002-2004. Journal of Marine Systems Proceedings of the 37th International  Colloquium on Ocean Dynamics: Gas Transfer at Water Surfaces 2005, accepted.

Reports and non-refereed articles:

Doney, S.C., R. Anderson, J. Bishop, K. Caldeira, C. Carlson, M.-E. Car, R. Feely, M. Hood, C. Hopkinson, R. Jahnke, D. Karl, J. Kleypas, C. Lee, R. Letelier, C. McClain, C. Sabine, J. Sarmiento, B. Stephens, and R. Weller, Ocean Carbon and Climate Change (OCCC): An Implementation Strategy for U.S. Ocean Carbon Cycle Science, 108 pp.,  A report of the University Corporation for Atmospheric Research, Carbon Cycle Interagency Working Group, National Science Foundation, 108 pp.

Millero, F.J., T. Graham, X. Zhu, W. Hiscock, M. Trapp, D. Valdes and V. Koehler, Global Ocean Repeat Hydrographic Study: pH and Total Alkalinity Measurements in the North Atlantic (A16N Cruise June – August 2003), University of Miami Technical Report, No. RSMAS-2004-05. 
Millero, F. J. , T. Graham, X. Zhu, M. Chanson and V. Koehler, Global Ocean Repeat Hydrographic Study:  Total Alkalinity Measurements in the North Atlantic (A22 Cruise October – November 2003), University of Miami Technical Report, No. RSMAS-2004-06.

Millero,F.J. , T. Graham, M. Chanson, W. Hiscock, M. Trapp and D. Pierrot, Global Ocean Repeat Hydrography Study: pH and Total Alkalinity Measurements in the South Atlantic A16S January – February 2005, University of Miami Technical Report, No. RSMAS-2005-04.

Peltola, E.; Wanninkhof, R.; Feely, R.; Castle, R.; Greeley, D.; Zhang, J.-Z.; Millero, F. J.; Gruber, N.; Bullister, J. L.; Graham, T. "Inorganic carbon, nutrient, and oxygen data from the R/V RONALD H. BROWN repeat hydrography cruise in the Atlantic Ocean: CLIVAR CO2 section A16N_2003A (4 June -11 August, 2003)," ORNL/CDIAC-149 NDP-085, 2005.

Sabine, C.L. , R.M. Key, R.A. Feely, R. Wanninkhof, F.J. Millero, T.-H. Peng, J.L. Bullister, K. Lee and A. Kozyr, Global Ocean Data Analysis Project (GLODAP): Results and Data,  ORNL/CDIAC-145, NDP-083., April 2005

Wanninkhof, R. and F.J. Millero, Seakeepers network to study sea's role in absorbing greenhouse gases, Showboats International, 71, Jan. 2004.

Meeting reports and pamphlets:

Report of the Miami data reduction systems meeting Oct. 5 & 6, 2005. Compiled by Lueger

Ship rider's rules.  Compiled by Cooke

Introductory brochure of project for ship owners and command. Compiled by Wanninkhof

Community Service, Conferences attended, and Outreach: 

Nicholas R. Bates:

   Outreach and Meetings: SOLAS-IMBER Carbon Implementation planning meeting (Miami, December 2005); Ocean Carbon Cycle and Climate (OCCC) meeting (WHOI, August 2005); North American Coastal Carbon meeting (Boulder, Co; Sep 2005); International Carbon Dioxide Conference (Boulder, Co; Sep 2005); invited talk at Princeton University (Oct. 2005), 

Committees Scientific steering group member for the IOC-SOCR International Ocean Carbon Coordination Project (IOCCP); International Advisory Member of the European CarboOcean project; working group member for the SOLAS-IMBER carbon implementation plan; member for SOLAS-IMBER carbon working group on "Surface Observations".

Richard A. Feely:

 Outreach and Meetings: Testimony on impacts of Anthropogenic CO2 in the Oceans before the Senate Commerce Committee, September 21, 2004. 5/05  Presentation at NOAA COSP Annual Meeting. 6/05: Presentation at Princeton cooperative institute carbon meeting, Princeton NJ. 8/05:  Presentation at the OCCC Summer Workshop, Woods Hole MA. 9/05: Coastal carbon meeting. Boulder CO – Presentation on OCCC Program. 9/05: 7th International Carbon Dioxide Conference, Boulder CO – Program Committee and panelist on air-sea fluxes of CO2.

Committees: Co-chair Repeat Hydrography CO2/tracer Program Oversight Committee; Co-chair of NOAA Carbon Steering Committee; Member of International Ocean Carbon Coordination Project; Member of International Pacific CLIVAR Panel, Member of Carbon Cycle Science Program Science Steering Group, Team Member of the European CARBOOCEANS, Member of PICES Working Group 17: Biogeochemical Data Integration and Synthesis. Member of U.S. SOLAS Advisory Committee.

Frank J. Millero : 

Outreach – Sloan Conference Mentor, 2004; 

Meetings – F.J. Millero, J.W. Morse, H. Bustos-Serrano, The formation of whitings on the Little Bahama Bank, ASLO Summer Meeting, June 19-24, 2005, Santiago de Compostela, Spain; J. M. Santana-Casiano, M. González-Dávila and F. J. Millero, Oxidation of Fe(II) in seawater, ASLO Summer Meeting, June 19-24, 2005, Santiago de Compostela, Spain; Invited lecturer,  “The Carbon Dioxide System in the Oceans,” Florida State University, Tallahassee, FL, April, 2005.; Invited lecturer, Chemical Oceanography Course, Universidad Politecnica de Catalunya, Barcelona, Spain, June 25 to July 1, 2005; Invited lecturer, F.J. Millero, Chemical Oceanography, Universidad de Las Palmas, Las Palmas de Gran Canaria, Spain, July 2 to 12, 2005; Invited Lecturer, F.J. Millero, “Carbonate Parameters (pH Alkalinity, Total CO2, Conductivity), Advanced Training Workshop on Southeast Asia Regional Carbon and Water Issues at the National Central University, Chung-Li and San Yat-Sen University, Kaohsiung, Taiwan, November 15-28, 2005.

Editorial:

1993-  present, Editor-in-Chief, Marine Chemistry
1995 – present, Associate Editor, Aquatic Geochemistry

2004-2007, Editorial Board, Indian Journal of Marine Sciences
Committees - Oversight Committee for the Repeat Hydrography Program (CLIVAR, CO2/SCC) 2002-2004; Clair C. Patterson Award Committee, 2004; ACS Geochemistry Division Medal Committee, 2004; Sigma Xi, President-Elect, 2004-2006; AMLC Executive Board, 2004.

Rik Wanninkhof:

Community Service and Outreach:  SOLAS implementation group 2 member; SOLAS implementation team 2, data liaison; SOLAS summer school organizing committee; Liege Colloquium Series on fluid dynamic: air-sea gas transfer- Scientific steering committee; Guest editor, special section Journal of Marine systems  air-sea gas transfer (Liege Colloquium Series);

Thesis committee- William Hiscock, RSMAS; Hector Bustos, RSMAS; Qan Li, RSMAS; chair, PhD thesis committee Rob Masserini USF; examiner Habilitation J. Boutin, Paris; Reviewer of NOAA cooperative institute at Scripps (JIMO) Participant Cooperative Sensor Development Laboratory for Oceans of the University of South Florida; Meeting of CO2 data reduction; Partner in the European Union Carbo-Ocean Project

List of Conferences/Workshops  Attended

10/04: First International SOLAS science meeting, Halifax, Canada

10/04: International air-sea interaction conference Kyoto, Japan - invited speaker

12/04: Fall meeting AGU, San Francisco - presentation 

4/05:  Calcification workshop St Petersburg FL

5/05:  Liege Colloquium Series on fluid dynamic: air-sea gas transfer- presentation

6/05:  Princeton cooperative institute carbon meeting, Princeton NJ

9/05: SOLAS summer school. Cargèse, Corsica, France - lecturer

9/05: Coastal carbon meeting. Boulder CO - invited participants and breakout session chair

9/05: International carbon dioxide conference, Boulder CO - poster presentation

Taro Takahashi: 

Community Service: Member of the State Of the Carbon Cycle Report (SOCCR) writing team, chapter lead; Member of the Ocean Sciences sub-committee, the AGU Fellows Committee, American Geophysical Union.

Presentations at meetings and workshops:(Taro Takahashi)

Taro Takahashi (Key note address), Global and regional distribution of surface water pCO2 over the oceans. International Conference on the Ocean CO2, Tsukuba, JAPAN, Jan., 2004.

Taro Takahashi (invited presentation), Decadal Time Scale Change of the Surface Water pCO2 over the North Pacific.  the North Pacific Carbon Chemistry Workshop, Seattle, WA, June, 2004.

Olafsson, J., Takahashi, T., Olafsdottier, S. R. and Danielsen, M. (2004). Carbon dioxide and nutreints in Atlantic, Arctic and Polar waters of the N-Atlantic. Challenger Conference on Marine Sciences, Liverpool, UK, Sept. 15, 2004. 

Matter, J., Goldberg, D. and Takahashi, T. (2005). In-situ testing of geological carbon dioxide sequestration in basalt aquifers: Results from a pilot study in the Palisade diabase (New York). Chapman Conference, San Diego, CA, Jan., 2005. 

Fladeland, M. M., Dobosy, R. Takahashi, T. and Sullivan, D. (2005). Eddy flux measurements in the Southern Ocean marine boundary layer using long-duration, low-altitude robotic aircraft. NASA Suborbital Flight Program meeting, Washington, D. C.,  January 31, 2005.
Takahashi, T., Feely, R. A., Wanninkhof, R. and Sutherland, S. C. (2005). Decadal change of the surface water pCO2 in the North Pacific: A synthesis of 35 years of observations. European Geophysical Union meeting, Vienna, Austria, May, 2005.

Matter, J. M. , Goldberg,  D. S. and  Takahashi, T. (2005). Tests of In-Situ CO2-Water-Rock Reactions During Carbon Dioxide Injections in Basaltic Rocks: Toward permanent sequestration of CO2.  Annual Meeting, DoE Carbon dioxide Sequestration conference, Washington, D. C.

Feely, R. A., Takahashi, T. and Wanninkhof, R. Sources and Sinks of Carbon Dioxide in the Surface Oceans (2005). Goldschmidt Conference, Moscow, ID,  August, 2005.

Gruber, N., Mikaloff-Fletcher, S. E., Jacobson, A. R., Gloor, M., Sarmiento, J. L. and Takahashi, T. (2005). Oceanic sources and sinks for atmospheric CO2. 7th International Carbon Dioxide Conference, Boulder, CO, September, 2005.

Corbière, A,   Metzl,  N.,  Reverdin, G. , Brunet, C. , Ramonet, M. and  Takahashi, T. (2005). Interannual variability of the carbon dioixde system and air-sea CO2 fluxes in the high latitude of the North Atlantic Ocean: 1993-2004 (SURATLANT Program). 7th International Carbon Dioxide Conference, Boulder, CO, September, 2005.

FY 2006 Plans:

Requirements to maintain the network at status quo:

pCO2 on research ships:  The requested funding level can maintain status quo but focus will have to be on upgrading instrumentation that is beyond the useful lifespan. We will continue to operate the systems on the research ships Brown, Ka'imimoana, and Palmer.  The data from the will be reduced and quality controlled and passed on to LDEO for final quality check before submission to CDIAC.  The system on the Ka'imimoana was replaced during FY-05 and we anticipate replacing the system on the BROWN during this fiscal year.  The instrumentation cost will be recovered, in part, through reduced personnel cost currently expended on emergency repairs. 

VOS:  We will continue to operate the systems on the Explorer,  Columbus Waikato,  and Skogafoss.  The Oleander system has just been installed and will commence operation.  The data from the VOS will be reduced and quality controlled and passed on to LDEO for final quality check before submission to CDIAC. The VOS effort is not yet fully operational and is still missing one VOS from the East Coast of the US to South Africa proposed  originally.  No replacement ship has been found after the original ship was pulled off the line.    Scheduled outfitting can be completed with funds requested.   In addition to the  underway pCO2 system operation we will take bottle samples 4 times a year on all transects to be analyzed for DIC and TA on shore.  These data will assist in understanding the causes of variation in pCO2.  This increases the utilization of the observer that has to sail to keep an eye on the pCO2 system. 

See add task for requested augmentations.

Logistics requirements:

Research ships: The underway CO2 efforts have been one of the first chemical measurements to run nearly unattended on the research ships.  However, several of the ships have instrumentation for other projects. This has put a strain on space and ship resources since these measurements are not an integral part of the ship's projects, and there are increasing pressures maintaining these efforts.  More formal arrangements regarding sustained operations on research ships should be implemented onboard the  Brown and Ka’imimoana. 

VOS: Installation and maintenance of pCO2 systems on VOS has proven to be a more substantial task than anticipated.  There are a significant amount of uncertainties regarding interactions with ship's command, space availability, and access to ships that make the effort more time consuming and costly than originally anticipated.  For example, in most cases ship riders are required to provide support for the instrumentation during the voyages. Despite this, ships have been found to carry our equipment and observers on the proposed lines.  For these efforts, auxiliary measurements (air flask measurements, XBT, fluorometry, plankton recorders, meteorology) are very beneficial for interpretation of results.  In some cases this is becoming problematic because of overburdening the ships with projects.  

To improve the coordination and efficiency of the program several formal collaborations have been established to facilitate the operational aspect of obtaining the pCO2 data with groups in Iceland, New Zealand and Australia.  

The NOAA COSP underway pCO2 program is the largest coordinated effort in the world. A major responsibility the group has taken on is to promote uniform instrumentation and data reduction and data dissemination protocols through informal and formal avenues.  The formal mechanism has been through the IOCCP, Carbo-Oceans and PICES working group 13.  We have been successful in  finding a commercial vendor to build the instruments and to find innovative means for product support.  A small international workshop was held in Miami in Oct. 2005  to discuss automation and unifying data reduction routines.

New data collection methods:

The second generation of autonomous pCO2 systems has been designed and built which, in time, will be capable of operating autonomously on VOS. The system has been designed such that data can be telemetered to shore and two-way communication allows instrument commands can be sent to the instruments on the ships.  Systems on the research ships will be upgraded to this new system when funding allows.

Expected scientific results:
The work is in support of creating:

1. Seasonal CO2 flux maps 

2. Improving mechanistic understanding of the controls on pCO2.

3. Increasing data coverage in regions with limited observations to improve the global pCO2 climatology.

The mechanistic studies have a focus on providing input for modeling and empirical studies to improve methods of extrapolating/interpolating pCO2 data in time and space.  The papers presented in the reference and research highlight sections are testament to our progress in all three subject areas. 

FY 2006 Budget and Budget Discussion:

FY 2006 budgets includes the efforts of measuring pCO2 on research ships and the work on the VOS. 

Budget Discussion for AOML (Wanninkhof)

AOML is responsible for operating and maintaining pCO2 system on NOAA ship Brown, the Explorer of the Seas of the Royal Caribbean cruise lines, and the Skogafoss. The Skogafoss is operated jointly with the group of Prof. F. Millero of RSMAS, U. Miami.  In addition AOML has the lead in the VOS efforts and provides advice and support for installation of systems on ships, trouble shooting of instrumentation, and providing guidance and information exchange on operations. A major time expenditure will be overseeing the transition of the building of underway pCO2 systems from a private contractor to the manufacturer General Oceanics Inc. (GO). Scientists at AOML and RSMAS are consulting with GO engineers on improving system design.  Theywill be heavily involved in product support of the first units over the first year. 

Peltola is in charge of purchasing and shipping.  Huss is responsible for weekly data reduction of data from the Explorer of the Seas and maintains the web site.  Castle is in charge of maintenance and data reduction for the Brown. The chief survey technician operates the Brown system and we provide him a small enumeration ("cash in a flash") for these efforts.  Castle is also in charge of maintenance of the system on the Explorer of the Seas which requires visits to the ship on weekends when the ship is in port in Miami.  He also supplies software and instrument interface support for all our systems.  Sullivan is the lead of operations on the Skogafoss and installation efforts on the VOS including outreach to other VOS participants. He is responsible the transition of pCO2 instrument assembly to GO and will assist in product support for the first units.  Dr. Heike Lueger, a post-doc, will assist in the operation and trouble shooting of the VOS systems and lead the effort to create uniform data reduction procedures for this project and the community at large .  The second half of her salary is covered by a proposal from OGP to create flux maps using remotely sensed data.

Two new systems will be procured in FY-2006 from General Oceanics, Miami to replace the systems on the Brown and Explorer.
The request for expendable equipment is for maintenance costs of these complicated systems that run continually in hostile environments.  We also take DIC samples on the Skogafoss and Explorer and request coverage of reagent costs for the SOMMA.

We anticipate four trips total to the ships in foreign ports to maintain the Skogafoss and Brown.  Domestic travel is to service the ships in the US.  The Brown homeports in Charleston while the other VOS stop in Boston and Baltimore. Six visits total are anticipated.

We have contracted the Iceland Marine Institute to run salinity samples and to download data from the system on the Skogafoss and perform system maintenance when it reaches Iceland.  A scientist from the Iceland Marine Institute and the chief survey tech from the Brown  will visit Miami in FY2006 for training in maintenance and trouble shooting of the systems to enhance data return.

Shipping is to get systems to the ships and transport of sample bottles to and from the different ships.

We anticipate sending AOML riders on six trips of the three ships and overtime is required for these efforts that require round-the clock checks and sampling.

AOML Budget:





A. and B. Salaries



2006


AOML





months
$

P.I.






Wanninkhof




2


N/C


Peltola





1


  5401


Huss





4


23676

Subtotal








78085


Benefits



24.0%



18740

Subtotal








96825


Indirect (1)



41.0%



39698

Total FTE







          136524

CIMAS II






Post-doc Heike Lueger


6


21216


Sullivan




6


32532

Subtotal








53748


Fringe Benefits


27.6%



14834

Subtotal








68582


Indirect



26.0%



17831

Total CIMAS








86414

A. and B. Total Salaries





          222938

C. Permanent Equipment






Lab view software






 1800


pCO2 analyzers (w/o LICor)





90000


(General Oceanics)





mass storage device






 1000



C. Total Permanent Equipment





92800

D. Expendable Equipment






software licences (Lab view 2 X)




 1750




spare mechanical parts





 2000


coulometer solution, plus other SOMMA material 


  659


reagents & chem supplies





  700


installation hardware






5000




Standard gas







1000


installation subcontracts





4000

D. Total Expendable Equipment




           15109

E. Travel
Domestic travel to cruise (@ 1500)



 9000


Foreign Travel to cruise (4 RT)
$2500 Air+ 1000 perdiem
14000


scientific meeting






 1500


Invitational travel training





 4000

E. Total Travel







28500

F. Publication 








 1000

F. Total Pub.








 1000

G. Other Costs






Suncontract  Iceland Marine Institute




 5000


Cash in flash for survey tech. Brown 




 1500


port passes







  320


Shipping







 3000


Overtime ( inclusive (3 FTE, 3 CIMAS)240hr)


14500


Haz mat. Disposal






 1500


Computer Services






 1000

G. Total other costs 







26820

Total Costs
AOML-CO2






$387,167 

Budget Discussion AOML /GOOS (COOK): 
The GOOS center coordinates installation of pCO2 systems on the high-density XBT lines and maintains the thermosalinographs on the ships.  They also assist with routine maintenance of pCO2 systems while the ships are in port.  An added focus in the coming year is to improve the dissemmination and quality control of the temperature and salinity data from the ships.  This will include obtaining data in near real-time and performing automated quality checks.  Bottle samples for salinity will be taken on the lines at a frequency of at least four times a year and TSG instruments will be swapped out semi-anually.  The final quality control and data reduction will be done after the post-cruise calibration of the TSG.  To facilitate the increased focus on the data reduction and data quality of the thermosalinograph data, Dr. Gustavo Goni will devote 1 month per year to oversee this component.

TSG budget



Labor





mm

Cost

Gustavo Goni




1

NC

Technicial support



3.50

18,739

Engineering support



0.25

 2,475

Sec't support




0.25

    950

Total





4.00

22,164

Fringe





24%

  5,319

Total Labor + Fringe





27,483

Indirect Labor Cost



39%

10,717

Total Labor






38,200

Travel





  6,300

Hardware 




23,500

Calibration 




12,000

Installations (Ships personnel/contract)
  8,000

Total Costs AOML-GOOS




$88,000

Budget Discussion PMEL (Feely) 

The PMEL CO2 Group will continue to process the Ka’imimoana and Columbus Waikato cruise data sets. Support is requested for supporting ship riders for each of the Columbus Waikato cruises to be shared with Paul Quay of the University of Washington and a subcontract to the University of Southern California. Our request for $339,050 in FY 2006 is for the cruise activities and data processing. The salary costs in the FY2006 budget include 12.0 months for Cathy Cosca (PMEL; 1.0 Federal FTE) 3 months for Dana Greeley (PMEL; 0.25 Federal FTE), and 3 months for Dave Wisegarver (PMEL; 0.25 Federal FTE); and 3 months for Paul Covert ((JISAO; 0.24 non-Federal).  

C. Cosca:         12 months for processing of the Ka’imimoana and Columbus Waikato
                         data sets and  providing maintenance of the underway systems at ports of     


 call;

D. Greeley:       3 months for providing maintenance of the underway systems; 

D. Wisegarver:
3 months for participating on cruises and upgrading of the underway systems.

P. Covert     2 months for participating on cruises and upgrading of the underway systems.

Travel is to participate on the cruises and/or provide maintenance of the systems at US and foreign ports and planning and national meetings for Dr. Feely.  Shipping is for transport of equipment to and from ports.  This budget covers the shipping of the PMEL underway systems and replacement parts. Equipment costs are for the Licor CO2 analyzer, computer support, standards, and replacement parts for the underway systems. In order maximize the utility of these data sets, careful data quality evaluation is required.  This includes examination of the internal consistency of the data sets, comparison with complementary parameters collected on the expedition and comparison with existing and historical data using statistical methods.  Dr Richard Feely and Cathy Cosca are experienced in these techniques and will apply these methods to improve data quality evaluation.  The methods developed should be of great value for the community in the future.  Richard Feely and Cathy Cosca will process the data sets Ka’Imimoana and Columbus Waikato.

The PMEL carbon budget is apportioned roughly 60% to operations and 40% to data management.  The program is primarily funded to collect, calibrate, and process underway carbon data, which is an operational function. PMEL will contribute 2 months of Dr. Feely’s salary towards this project. 

PMEL CO2 Group 




 


A
Senior Personnel







Months
   Cost



Principal Investigators






NOAA
R. Feely/Oceanographer



 2
  
NC

B
Other Personnel







NOAA
D. Greeley/Physical Scientist


3

 20,016


NOAA
D. Wisegarver/Research Chemist


3

 22,959


NOAA
C. Cosca/Physical Scientist



12

 75,360


JISAO/P. Covert/Research Asst.




3

 11,904

   Subtotal Salaries and Wages







130,239






C.
NOAA
Benefits @ 23.4% of Sal





 27,690


JISAO  Benefits @ 26% of Sal






  3,095

    Subtotal Benefits









 30,785          

       TOTAL Benefits, Salaries and Wages





161,024

D.
PERMANENT EQUIPMENT








Licor 7000 CO2 Analyzer






14,500

      TOTAL Permanent Equipment





 
14,500







E.
TRAVEL




 


Domestic
2 to Planning meetings






   4,000



1  National meeting







   6,000


Foreign
To and from cruises






 16,000

      TOTAL Travel









 26,000

F.
OTHER COSTS







*Materials and Supplies




 


Subcontract to SCMI for ship riders





 63,500


Gas Standards









   8,000


Transportation/shipping







   4,000


Valves, regulators, tubing, swagelock, plumbing supplies  

   2,099
TOTAL Other Costs








 92,099

G.
INDIRECT COSTS







NOAA F&N 41.82% of Sal+Ben






 54,466


JISAO F&N 24.5% of Sal+Ben; 15% of Sal




   5,460
      TOTAL Indirect Costs








 59,926

Total Costs PMEL-CO2








$339,050

Budget Discussion BBSR (Bates)
Salaries: Two months of support are requested for Dr. Nick Bates. Bates will be the lead P.I. on the project at BBSR and have overall management of the project. Two months of support reflect operational support for project management, pCO2 data QC and QA, and initial data analysis. Bates has 16 years of experience operating a CO2 laboratory at BBSR, and similar long-term involvement in the BATS oceanographic time-series program at BBSR program (last 7 years as a BATS P.I). High quality salinity, dissolved oxygen, inorganic nutrients, DIC, alkalinity, and pCO2 are measured in these labs at BBSR. Three and a half, and four months of support, respectively, are requested for technician support (Julian Mitchell and Brett Purinton). This reflects the operational support required for installing, operating and maintaining the pCO2 system on the M/V Oleander. This includes computer/physical oceanography technician support to integrate, distribute and disseminate datasets related to the project to the central data analysis lab (Takahashi). 

Fringe Benefits: Fringe benefits are calculated at a rate of 20% of the salary costs.

Major Equipment: No major equipment is requested

Travel: Travel support is requested for Bates to travel to one VOS pCO2 network Travel support is requested for a technician to travel to New Jersey to return to Bermuda as a ship rider on the Oleander. All travel from and to Bermuda is considered foreign travel.

Supplies and Materials: Material and supply support are based on historically derived estimates of the cost of such work. This includes CO2-in-air standards for the MV Oleander. Miscellaneous laboratory supplies required for the underway system are requested. Funds for shipping samples, equipment, materials and supplies, etc. between eastern seaboard and Bermuda are included

Other Direct Costs: The communication and computer services costs include phone, fax, Xerox charges, courier to BBSR, computer technician support and other costs associated with the management and data management of this portion of the project. This request is based on previous experience.

Indirect Costs: BBSR has an overhead rate of 46.9% on total direct costs.
BBSR Budget  FY-06
Sep 1, 2006 - Aug31, 2007

A. and B. Salaries


       months

$



P.I.
Bates




2

19,800




Mitchell



3.5

14,350


Purinton



4

14,800




Subtotal






49,400


Fringe Benefits
20.0%



  9,790

Subtotal






58,740


Indirect

46.9%



27,549

Total FTE






86,289

A. and B. Total Salaries




86,289
C. Permanent Equipment




         0




C. Total Permanent Equipment



        0

D. Expendable Equipment





Tubing/valves/IR supplies



  
  3,200


Chemicals





  1,000


compressed gas standards



  5,000

D. Total Expendable Equipment



  9,200




E. Travel






PI travel





  1,500


Scientist travel




  
  1,800

E. Total Travel





  3,300

F. Publication





  
  1,000
F. Total Pub.





  
  1,000



G. Other Costs






Shipping





  2,070


Computer Services & software


  1,000

G. Total Other costs





16,570

Indirect

46.9%



  7,771

Total Costs
BBSR



                     $ 110,630
Budget Discussion  RSMAS (Millero)

Salaries:  The principal investigator will spend at least one month working on this project at no cost.  He will oversee all the work on the project.  Dr. Denis Pierrot a research associate will continue to aid in the construction and calibration of the pCO2 systems.  He has experience making pCO2 measurements on NOAA, DOE and NSF funded CO2 programs and field work.  He will also do the screening of the pCO2 data before it is made available to the public.  A student will assist in the testing of the pCO2 systems before and during the program.  Both Pierrot and the student will go on cruises and do calibrations in the lab.

Capital Equipment:  The LICOR and Pressure transducers are to complete the pCO2 systems.  These items are not supplied by the manufacturer.  They also can be used as backups for the system on the ships-of-opportunity.  

Travel:  The domestic travel will be used to attend scientific meetings (AGU, ASLO).   Also the pCO2 groups will try to meet at scientific meetings to coordinate our fieldwork and to monitor our performance during the program.  The international travel is critical for the proposed budget to meet ships in foreign ports to equip and maintain the pCO2 system.

Other Costs:  All the other costs are used to keep the systems serviced and upgraded.  These costs are listed individually in the budget.

CIMAS Linkage:  All our fieldwork will be coordinated through the Cooperative Institute for Marine and Atmospheric Studies, Theme 5: Air-Sea Interactions and Exchanges.  This work is done in cooperation with Rik Wanninkhof of Atlantic Oceanographic and Meteorological Lab. 

RSMAS budget 

A.
Principal Investigator:








Millero



1.0 
0%

N/C

B.
Research Staff








D. Pierrot


12.0 
100%

38,253 


Staff







Graduate Students







 
Grad Students


3.6 
30%

6,813 


TOTAL SALARIES





45,066 

C.
Fringe Benefits





10,656 


TOTAL SALARIES & FRINGE 



55,722 

D.
PI Travel Domestic





3,000 


            Foreign
Travel International


6,000 

E.
Other Direct Costs:








Gases


 



3,000 



Calibration LICOR




3,000 



Chemicals





1,000 


 
Tubing, filters, Cables




2,000 



Equilibrator





1,000 



Repairs





3,000 



Computer Services




2,000 



Other





F.
Modified Total  Direct Costs: 



79,722 

G.
Indirect Costs




40%

31,889 

H.
Capital Equipment-No Indirect




 



LICOR (12,000/Pressure Transducer


16,500 

I.
Total Costs
RSMAS



       $128,111 
Budget Discussion  LDEO  (Takahashi ) Sept. 1, 2005-August 31,2006

We plan to continue our underway continuous measurements of pCO2, temperature sand salinity in surface waters and CO2 concentration in marine air aboard the RVIB Palmer, which is scheduled to operate in the Pacific sector of the Southern Ocean (New Zealand-McMurdo Station-Punta Arenas, Chile) through the period of September, 2005 – August, 2006.  In addition, we plan to collect a few hundred surface water samples for the determinations of the concentrations of  total CO2 and nutrients.

Taro Takahashi, Principal Investigator, will direct and coordinate the activities, and review and interpret the data.  He will spend 2.5 months during the year.  Stewart Sutherland (8.5 months), Computer technician, will be responsible for processing and quality control the data from the RVIB Palmer, and will quality control and manage the data from the participating VOS ships.  Timothy Newberger (4.0 months), Marine Technician, will be responsible for maintenance and repair of the shipboard pCO2 systems.  Whenever the RVIB Palmer undergoes periodical repairs, maintenance services and Coast Guard Inspections, the air sampling lines and pCO2 system are required to dismantled. and reinstalled.  He will be responsible for these operations to ensure sound operations of the pCO2 system at sea.  Sea Pay for 28 days work at sea is requested. 

 Because of his technical competence and timely assistance provided by the Palmer staff, our underway pCO2 system has functioned successfully for 98% of the time.  John Goddard (part time, Senior Technician) will be responsible for the calibration of the sea-going reference gas mixtures, and the determinations of the concentrations of TCO2 and nutrients in 300 or more bottled seawater samples collected during the period.

For Permanent Equipment, we are requesting a new PC, a printer and accessories to replace a five-year-old PC.  A faster machine with much greater data storage capacity is needed to process and manage a large volume of data that are anticipated from the VOS ships.  We propose to purchase a Dell Poweredge 2000 ($3,000) (XEON 2.8 Ghz processor; 146 Gbyte main drive; 2GB main memory); HP LaserJet 1012 printer (15 pages/min; 1200 dots/inch) ($200), a set of cables and stand ($300) and special softwares ($500).

For Travel, we request one round trip for PI to attend a PI meeting that will be held at PMEL, Seattle, WA.  In addition, we request two international round trips for Tim Newberger to travel to and from the RVIB Palmer at Punta Arenas, Chile.  He will service and test its performance at sea.

Other Direct Costs include $3,000 for data processing supplies; $6,500 for the supplies for shipboard operations of the pCO2 system; and $1,500 for the analysis of  discrete bottled samples for TCO2 and nutrients.   Shipping costs ($2,000) are for shipping of various supplies (including compressed gas cylinders for the reference gas mixtures) to and from the ship.  Communication costs include charges for telephone, FAX and postages.

The Total Direct Cost is $182,943 and the Indirect Cost is $91,261, with a total budget of $274,204. 

	Takahashi NOAA BUDGET FOR COMBINED PALMER/VOS PROJECT, 2005-06

	Grant Period: 9/1/2005 - 8/31/2006
	
	
	

	
	
	
	
	

	SALARIES AND WAGES
	
	Man-Mos.
	Salary

	A.  Senior Personnel
	
	
	

	T. Takahashi
	PI
	
	2.5
	

	B. Other Personnel
	
	
	
	

	S. C. Sutherland
	Computer tech.
	
	8.5
	

	Timothy Newberger
	Marine Tech
	
	4.0
	

	John Goddard
	Sr. Tech (Part time)
	
	2.0
	

	TBA
	Admin. Assist
	
	1.5
	

	
	Subtotal Salaries and Wages
	
	118,594

	C.  Sea Pay
	
	
	
	

	Newberger at sea for 28 days at $50/day
	
	
	1,400

	D.  Fringe Benefits
	
	
	
	

	26.4 % of S & W
	
	
	
	31,309

	
	Total Salaries, Wages and Fringe Benefits
	151,303

	
	
	
	
	

	PERMANENT EQUIPMENT
	
	
	

	A data processing computer and printer
	
	
	4,000

	TRAVEL-DOMESTIC
	
	
	

	One R/T Air fares for PI meeting at PMEL, Seattle, WA
	1,200

	Subsistence for 5 days at $150/day.
	
	
	890

	Ground transportation to and from airports
	
	
	200

	TRAVEL-INTERNATIONAL
	
	
	

	2 R/T NY-Punta Arenas, Chile
	
	
	6,300

	7 days per diem at $225/day, each of 2 trips
	
	3,150

	Ground transportation to and from airports, 2 R/T.
	
	400

	
	Total Travel and subsistence
	12,140

	OTHER DIRECT COSTS
	
	
	

	Shipping of supplies to and from the ship
	
	
	2,000

	Data processing supplies
	
	
	3,000

	Shipboard pCO2 system supplies 
	
	
	6,500

	Supplies for CO2 and nutrient analyses
	
	
	1,500

	Communications (telephone and postages)
	
	1,500

	Publication page charges
	
	
	1,000

	
	Total Other Direct Costs
	
	15,500

	TOTAL DIRECT COSTS
	
	
	182,943

	MODIFIED TOTAL DIRECT COSTS
	
	
	

	Excluding Permanent Equipment 
	
	
	178,943

	INDIRECT COSTS
	(51% of MTDC)
	
	
	91,261

	Total Costs LDEO 9/1/05-
	8/31/06
	
	       $ 274,204
	

	
	
	
	
	

	
	
	
	


Funding Requirements, Breakdown of Personnel and Source of Support

	


Funding requirements:

Funding is requested for outfitting ships, maintaining pCO2 analyzers on ships, ship riders support, data reduction, and data collation and dissemination.

Non-program support:  

Funding of the PI's who are federal employees is covered by NOAA research laboratory base funding as  required by OGP.  Prof. Millero allots one month of time to the project covered by the U. of Miami. 

Budget- operations, data management, R&D:

Research ships: operations 50 %, data management 30 %, R & D 20 %

VOS: operations 30 %, data management 20 %, R & D 50 %

Personnel support: (Months)




AOML
  AOML  BBSR   LDEO  PMEL  RSMAS 
TOTAL:





 (GOOS)




(Months)

PI,  base funded
      2
     2
       0
         0
         2
         1
     
 7

COSP/NOAA FTE
     15
     4             0
         0
         9
         0
     
 28

COSP/Academic
     12
     0
      10
         1
         12
17
 52

Add Tasks:

The add tasks listed below are in order of priority 

1.  Automated oxygen, chlorophyll and nutrient measurements $ 18 K - $ 77 K (per ship) An evolving development in the scientific objectives of the VOS work is to improve the mechanistic understanding of the underlying processes that control surface water pCO2. This need is highlighted in the OCCC report. Co-located measurements of DIC, TAlk, nitrate, chlorophyll, and O2 will offer valuable parameters to develop empirical extrapolation algorithms, improve remote sensing algorithms to predict surface water pCO2, and to provide inputs of prognostic and diagnostic models.  Moreover, the guidelines for VOS efforts of Carbo Ocean, our companion project in Europe, requires chlorophyll and O2 measurements from their ships.  We propose incremental implementation of this work on the Skogafoss, Columbus Waikato, and Oleander lines. The additional costs are primarily for instrumentation and shore-side calibration.   The listed priority sequence for the ships is based on the anticipated concentrations and variations in the regions, and the interests of the lead PI's in using the parameters to improve the production of flux maps.   The cost per ship per year is estimated as follows:

O2: One-time equipment cost  $ 15 K for an Andeeraa optrode, a new design of stable oxygen probe; and $ 3 K per year for maintenance and calibration, including sampling on ship.  Implementation priority: Skogafoss, Columbus Waikato, and  then Oleander
Chlorophyll: One time equipment cost equipment of $ 17 K ( Turner Designs fluorometer) and $ 8 K per year for calibration samples,  including sampling on ships. Implementation priority: Oleander, Skogafoss,  and  then Columbus Waikato,  

Nitrate: $ 25 K one time equipment cost and $ 10 K per year for calibration, discrete validation samples and maintenance. Implementation priority:  Columbus Waikato,  Skogafoss, and then  Oleander

2.     Autosampler for discrete samples. $27 K (per unit.)

       It will be desirable to be able to obtain water samples for measurement of parameters that cannot currently be done in automated fashion such as TCO2 and TAlk .  Observers currently do this sampling.  For ships with no observers such as the Oleander or for high frequency sampling automated sampling systems as currently are built for in situ deployment are requested.

3.    Additional line in the North Pacific $170K.
       For the objective of creating regional flux maps approximately 5 VOS ships are necessary per basin (Bender et al., 2002).  If the collaboration with CarboOcean is successful, our planned coverage in the North Atlantic needs one more line.  One to three more lines are necessary in the North Pacific depending on plans of international collaborators. The line P37/P10 between the West Coast of the US and Guam is the highest priority augmentation. Cost for installation and procurement of TSG and CO2 systems are estimated at $100 K and approximately $70 K for annual upkeep. The operation would be similar to the current effort.  If this ad-task is funded an additional PI will be entrained in the effort.

4.    Additional line in the North Atlantic (Miami- Spain, AX10) $120K.
       For the objective of creating regional flux maps approximately 5 VOS ships are necessary per basin (Bender et al., 2002).  If the collaboration with CarboOcean is successful, our planned coverage in the North Atlantic needs one more line in the southern part of the subtropical gyre. Cost for installation and procurement of TSG and CO2 systems are estimated at $100 K and approximately $20 K is needed for annual upkeep in the first year if we can rely on the observers for the high-density XBT deployments. The operation would be similar to the current effort.  If this ad-task is funded the investigators at RSMAS and AOML would be responsible for the upkeep.
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1. INTRODUCTION:

This report describes the progress made during the period May, 2004 through September 2005 under the two NOAA grants which are ending August 31, 2005: NA030AR4310043 entitled “Underway CO2 Measurements on the NOAA Ships Ka’imimoana and Ron Brown, the RVIB Palmer and the Explorer of the Seas” and NA16GP2001 entitled “Collaborative Research: Initial Steps Toward a Global Surface Water pCO2 Observing System, Quality Control and Processing of Data”.  No-cost extension for these grants have been requested.  After September 1, 2005, these two grants are combined to one grant NA03OAR432179 which is entitled “CICAR-Underway CO2 measurements aboard the RVIB Palmer and data management of the global VOS program”.

2. PROJECT OBJECTIVES:


The sea-air net flux of CO2 is governed by the pCO2 difference between surface ocean water and the overlying atmosphere and by the gas transfer rate across the sea-air interface.  The former depends primarily on the processes occurring within the sea (such as seawater temperature, biological productivity and upwelling of deep waters), and the latter is controlled mainly by ocean-atmosphere interactions including wind-induced turbulence above and below the interface.  The primary objective of this proposed investigation is to determine the space-time distribution of the sea-air pCO2 difference.  In conjunction with CO2 gas transfer coefficients which are being improved by other scientific groups,  a reliable net sea-air flux of CO2 estimate over regional to global scales can be obtained using improved sea-air pCO2 difference data.  The results will give us an improved understanding of geographical and interannual variability of the sea-air CO2 transfer flux. .   

For our proposed work, we operate a semi-automated surface water pCO2 system  aboard the RVIB Nathaniel Palmer with vital operational assistance from the Raytheon Polar Support group. Since RVIB Palmer, an ice-breaking research vessel, is one of the few research ships which are operated in high latitude areas of the Southern Ocean even during winter months, our CO2 program aboard this vessel allows us to make observations in hostile environments of the high latitude oceans, where deep and intermediate water masses are formed. Although the Palmer spends a large fraction of year in the Weddell and  Ross Seas, Antarctica, she has taken a few long trans-oceanic cruises over warmer oceans during the past three years.  Therefore, in addition to seasonal and interannual observations over the high latitude Southern Oceans, we have been able to make measurements along long transects over  the central Pacific from Antarctica to the Bering and Arctic Seas during the previous funding period,  as well as along a complete circumpolar path around the Southern Ocean during the current funding period (see Fig. 1).  We continue to acquire the surface ocean pCO2 and associated SST and salinity data aboard the RVIB Palmer during this coming investigation period.

Our proposed work is a part of a consortium of investigators who operate their respective pCO2 systems aboard other research and commercial vessels.  The consortium includes the following groups: Richard Feely and his PMEL/NOAA group investigate mainly the equatorial Pacific aboard the NOAA ships; Rik Wanninkhof and his group at AOML/NOAA are primarily responsible for measurements over the Atlantic Ocean; Nick Bates of the Bermuda Biological Station for Research makes measurements in the western North Atlantic between Bermuda and N. America; Frank Millero and his group at the University of Miami investigate coastal waters and the Caribbean Sea.   Pooling of the data among the participants will allow us to cover a large part of the global oceans.  The data produced by the NOAA-supported groups as well as those from international collaborators from Japan, Iceland, Germany and France, are being processed into a single format at the Lamont-Doherty Observatory, and are made accessible to the participants via our web site (www.ldeo.columbia.edu/CO2).  In addition, we have initiated the transfer of the data to the Carbon Dioxide Information and Analysis Center (CDIAC) at the Oak Ridge National Laboratory, for the permanent archive and ready access to the public.  Research papers on the interpretation of the data are being written with collaborating researchers.


3.  PROGRESS TO DATE:

3-a)  Field Program aboard the RVIB Palmer:

The Lamont group is primarily responsible for the acquisition of the surface water pCO2 data aboard the RVIB Palmer.  Our pCO2 system has been upgraded with the support from NOAA for the past two years, and some new modifications are being added in order to make the system more stable and reliable.  As the data are obtained, they are processed and added to our global database, which consists presently of about 1.9 million pCO2 measurements in surface waters plus supplemental information including the SST, salinity, wind speeds, barometric pressure and atmospheric CO2 concentration.  

The locations of our data obtained aboard the RVIB Palmer since the beginning of this project in 2001 are shown in Figure. A1.  The dates, location and number of measurements, which have been added to the web site during the present funding period, are listed in Table A1.  A total of about 290,000 surface water pCO2 measurements were processed and added during the first three years of this project (January, 2001 – December, 2003), and additional 134,000 have been processed and added to our database  during this funding period, January 2004 through the end of April, 2005.  The expeditions of the Palmer during 2004 included a circumnavigation of the entire Southern Ocean between approximate latitudes 35°S and 50°S.  We also added several north-south transits of the Southern Ocean at several different longitudes.  In 2005, Palmer resumed her normal operations in the New Zealand-Ross Sea areas after transiting from Chile in the early months of the year.
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Figure A1-   The locations of surface water pCO2 measurements made aboard the RVIB Palmer  since 2001.  Colors indicate the years when the measurements were made.  Note that our observations during 2004 include a circumnavigation of the entire Southern Ocean between approximate latitudes 35°S and  50°S.  The 2005 observations are mostly in the New Zealand-Ross Sea and Drake Passage areas.

Table A1 – List of the RVIB N. B. Palmer expeditions and the number of surface water pCO2 measurements obtained  since the inception of this project in 2001 through May, 2005.

	CRUISE
	PROJECT NAMES
	DATES
	NO. OF

	DESIGNATION
	
	
	PCO2 OBS.

	NBP 01/1
	East Antarctic Margin
	30 Jan - 20 Mar 2001
	12,300

	NBP 01/2
	South West Pacific
	01-19 Apr 2001
	6,541

	NBP 01/3
	SO-GLOBEC
	23 Apr - 06 Jun 2001
	20,446

	NBP 01/4
	SO-GLOBEC
	21 Jul - 01 Sep 2001
	14,960

	NBP 01/5
	Antarctic Peninsula
	07 Sep - 26 Oct 2001
	27,312

	NBP 01/6
	SO-GLOBEC
	09 Nov- 01 Dec 2001
	10,317

	NBP 01/7
	Antarctic Peninsula
	05 Dec 01 - 12 Jan 02
	22,627

	NBP 02/1
	Antarctic Peninsula
	18 Jan - 04 Mar 02
	24,542

	NBP 02/2
	GLOBEC III
	09 Apr - 21 May 2002
	25,327

	NBP 02/4
	GLOBEC IV
	31 Jul - 09 Sep 2002
	29,640

	NBP 02/5
	Transit along W. South America
	23 Sep - 19 Oct 2002
	8,317

	NBP 02/6
	USCG Inspection
	30 Oct - 08 Nov 2002
	6,732

	NBP 02/7
	Reconst. of Paleo S. Pac.
	10 Nov - 06 Dec 2002
	5,702

	NBP 02/9
	ANSLOPE, from Lyttleton to McMurdo
	11 Dec 2002 - 03 Jan 2003
	6,925

	NBP 03/1
	Ross Ice Shelf Survey
	5 - 30 Jan 2003
	8,062

	NBP 03/1A
	Ross Sea Research
	2-20 Feb 2003
	7,227

	NBP 03/2
	Ross Sea Research
	25 Feb - 09 Apr 2003
	13,897

	NBP 03/4
	Transit N.Z to Alaska
	23 May - 02 Jul 2003
	9,864

	NBP 3/4A
	Alaska North Slope
	06 Jul - 18 Aug 2003
	17,136

	NBP 03/5
	Southern Ocean near 175E
	26 Oct - 13 Dec 2003
	7,427

	NBP 3/5A
	Ross Sea Research
	18 Dec 2003 - 02 Jan 2004
	4,501

	TOTAL 2001-2004 (Previous  reporting periods)
	
	289,802

	
	
	
	

	NBP 04/1
	Western Ross Sea
	20 Jan - 19 Feb 2004
	12,299

	NBP 04/2
	ANSLOPE III
	26 Feb - 11 Apr 2004
	17,708

	NBP 04/3
	Transit New Zealand to Chile
	16 Apr - 12 May 2004
	9,463

	NBP 04/4
	Transit Chile to South Africa
	18 May - 19 Jul 2004
	22,755

	NBP 04/6
	Transit South Africa to New Zealand
	27 Jul - 20 Aug 2004
	14,227

	NBP 04/8
	ANSLOPE IV
	06 Oct - 10 Dec 2004
	21,958

	NBP 04/9
	Antarctic Research
	15 Dec 2004 - 23 Jan 2005
	14,443

	NBP 05/1
	Transit McMurdo to Chile
	17 Jan - 16 Feb 2005
	5,736

	NBP 05/1B
	Transit New Zealand to Chile
	03 Mar - 24 Mar 2005
	7,494

	NBP 05/2
	Tidewater Glaciers
	31 Mar - 24 Apr 2005
	8,235

	NBP 05/5
	Antarctic Research
	23 Jun - 14 Jul 2005
	In Prep.

	TOTAL 2004-2005 (Current Reporting Period)
	
	134,368


3-b)  Upgrading of the pCO2 System aboard the RVIB Palmer:


In the two previous grants, we requested funds for replacing the old system, which had been in use since 1992.  The old system has been completely replaced with a new system, which includes many improved features for operational ease and reliability.  Additionally, an improved software will be installed by Tim Newberger during the next few months.  A no-cost extension of the grant has been requested for this purpose. 
3-c) pCO2 Data Processing and Management:


The Lamont group is responsible for quality control (QC) and management of the surface water pCO2 data acquired by the members of the VOS consortium, so that the participants of the VOS program are able to access the data which are listed in an uniform format.  For this purpose,  we have established an open web site at the following URL:   http://www.ldeo.columbia.edu/CO2.  The site provides not only the numerical data, but also maps showing the ship’s tracks for each data file.  The new data will be accessible only to the VOS participants for a set period agreed on by the PIs, and will be sent to the Carbon Dioxide Information and Analysis Center (CDIAC), Oak Ridge, TN, for the permanent archiving and distribution to the public.  The formats for the data and the metadata are being formulated by Stew Sutherland of LDEO and Alex Kozyr of CDIAC.  
3-d) Data from the NSF’s LTRE Program in the Drake Passage Area:


As a part of the VOS program, we processed and added to our database 38 cruises from the R/V Laurence M. Gould, which is supported by NSF as a part of the Long-Term Research in Environmental Biology (LTRE) program.  For most of the time, the Gould  transits across the Drake Passage, but for two legs, she sailed from Chile to Louisiana and return (Fig. 2).  Since part of the southbound transit was within the Exclusive Economic Zones of South American Countries, observations were not allowed.  During the present reporting period, about 61,000 new surface water pCO2 data have been added to our database.  A total of 215,000 surface water pCO2 data representing observations made during March 2002 through June 2005 has been contributed from the LTRE program.  The locations and year of the measurements are shown in Fig. A2, and the number of the measurements and the dates of each leg are listed in Table A2.  
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Figure A2 – The locations of the surface water pCO2 measurements obtained aboard the RV Gould during this project, January, 2001 through May 2004.  The years of the measurements are color-coded.  
Table 2 – List of the R/V Laurence M. Gould expeditions and the number of surface water pCO2 observations added to the VOS database since the inception of this project in 2002.

Cruise








No. 
Annual

No.
Project Name
  

Dates



Obs.
  Total

2002

02/1
Antarctic Penninsula
 
07 - 18 Mar 02


 2731


02/2
Palmer Shuttle

  
22 Mar - 02 Apr 02

 1879


02/3
GLOBEC III


07 Apr - 20 May 2002

 8659


02/4
Palmer Shuttle

 
21 Jun - 22 Jul 2002

 4815


02/5
GLOBEC IV


29 Jul - 18 Sep 2002

 6787


02/6
Palmer Shuttle

  
23 Sep - 07 Oct 2002

 2332


02/8
Open Cape Shirreff
  
03 Nov - 17 Nov 2002

 3137


02/9
Scotia Arc GPS Project
  
23 Nov - 23 Dec 2002

 8209
   38,549
2003

03/1
LTER



31 Dec 2002 - 08 Feb 2003
13831


03/2
GLOBEC


13 Feb - 07 Mar 2003

 4167


03/2
Palmer Shuttle

  
12 Mar - 29 Mar 2003

 5721


03/4
Biological Research
  
05 Apr - 07 May 2003

 9334


03/4A
Biological Research
  
10 May - 05 Jun 2003

 4629


03/5
Palmer Shuttle

  
15 Jun - 29 Jun 2003

 2618


03/5A
Palmer Shuttle

  
15 Aug - 04 Sep 2003

 5774


03/6
Palmer Shuttle

  
23 Sep - 06 Oct 2003

 2495


03/7
Palmer Shuttle

  
10 - 22 Oct 2003

 3450


03/8
Palmer Shuttle

  
07 - 18 Nov 2003

 3758


03/9
Antarctic Penn Research
23 Nov - 29 Dec 2003

12288
   68,065
Table 2 (Continued)

2004

04/1
Antarctic Penn Research
01 Jan - 07 Feb 2004

12556


04/2
Antarctic Penn Research
12 Feb - 24 Mar 2004

14222


04/3
Antarctic Penn Research
28 Mar - 12 Apr 2004

 2100


04/4
Antarctic Penn Research
16 Apr - 10 May 2004

 5510


04/5
Antarctic Penn Research
14 - 24 May 2004

 3797


04/6
Palmer Shuttle

  
30 May - 09 Jun 2004

 2609


04/7
Palmer Shuttle

  
13 - 27 Jun 2004

 2835


04/8
Transit Chile to Louisiana 
06-16 Jul 2004


 3849


04/10
Transit Louisiana to Chile 
25 Aug - 12 Sep 2004

 4539
(Inside EEZ)

04/11
Palmer Shuttle


25 Sep - 12 Oct 2004

 3165
 

04/12
Palmer Shuttle


17 - 30 Oct 2004

 2091


04/13
Palmer Shuttle


08 - 18 Nov 2004

 4014


04/14
Palmer Shuttle


24 Nov - 31 Dec 2004

10916
   72,203
2005

05/1
LTER Palmer Penn.

31 Dec 2004 - 05 Feb 2005
14091

05/2
Paleohistory of Larsen Shelf
11 Feb - 12 Mar 2005

11411

05/3
Palmer Shuttle


15 Mar - 28 Mar 2005

  2398

05/4
Acoustic Census in W Antarc.
02 Apr -  15 Apr 2005

  1377

05/5
Evolution of Antarctic Fishes
20 Apr - 12 May 2005

  3674

05/6
Evolution of Antarctic Fishes
18 May - 09 Jun 2005

  3126

05/7
Tracers, Bio and Gas Exch.
13 Jun - 28 Jun 2005

in prep

05/8
Hazardous Waste Pickup
03 Jul - 31 Jul 2005

in prep

05/9
Palmer Shuttle


16 Aug - 02 Sep 2005

in prep
   36,076

Grand Total







 214,893


3-e)  Data from the NOAA’s AOML and PMEL:

 
During the current funding period, we have received a large number of surface water pCO2 data from the AOML and PMEL groups of NOAA.  These data have been examined at Lamont and added to our database.  The cruise designations, dates and the number of pCO2 measurements obtained are listed in Table A3.  Since the location map for these NOAA data are shown in the AOML and PMEL CO2 websites, they are not duplicated here. A total of about 275,000 pCO2 observations has been received from AOML/NOAA (R. Wanninkhof PI),  quality-controlled at Lamont and added to our database.  These data include about 32,000 pCO2 observations obtained in the Atlantic aboard the R/V Ron Brown during one year period (February, 2004 – February, 2005) and 242,500 pCO2 observations made aboard the Cruise Ship “Explorer of the Seas” in the Caribbean Sea and the western tropical Atlantic areas from March, 2002 to April, 2005.


Additional 13,750 pCO2 measurements have been received from PMEL/NOAA (R. A. Feely and C. Cosca) and added to our database after quality control.  These data have been obtained aboard the Ka’imimoana between March and August 2004.


These NOAA data will be transmitted to the CDIAC for archiving and public access.

Table A3 -  Surface water pCO2 data received from the AOML/NOAA and PMEL/NOAA groups for quality control and archiving.  

_________________________________________________________________________

SHIP

CRUISE NO.  
PROJECT NAME                DATES           
pCO2 Obs.

--------------
-----------------
------------------------
----------------------
 ------------


AOML/NOAA

Ron Brown
RB-04-01    
NTAS Mooring            
12-24 Feb 2004      
     2,301

Ron Brown
RB-04-02A   
Saharan Dust Leg A      29 Feb-15 Mar 2004  
     2,539

Ron Brown
RB-04-02B   
Saharan Dust Leg B      17-26 Mar 2004      
     1,776

Ron Brown
RB-04-03    
Windward Passage       29 Mar-12 Apr 2004  
     2,668

Ron Brown
RB-04-04A   
Ocean Expl. Transit 
29 Apr-03 May 2004   
        612

Ron Brown
RB-04-04B   
Ocean Expl. Mount.  
08-24 May 2004      
     2,818

Ron Brown
RB-04-05    
Ocean Expl. Titanic
27 May-10 Jun 2004 
     2,486

Ron Brown
RB-04-06
NURP Deep Sea Corals
17-28 Jun 2004

     2,032

Ron Brown
RB-04-07A
New England Air Qual
05-23 Jul 2004

     3,347

Ron Brown
RB-04-07B
New England Air Qual
26 Jul - 12 Aug 2004
     2,920

Ron Brown
RB-05-01A
CLIVAR A16S Trans.
20 Dec 04 - 05 Jan 05
     1,332

Ron Brown
RB-05-1B
Clivar A16S

11 Jan - 22 Feb 2005
     7.829

 Subtotal            







   32,363

Expl. Seas* 
EX0401      
Weekly Cruises
in
From 02 March 2002





Caribbean Sea and 
through 03 April 2005





Western Trop. Atlantic





2002: 30 Files




  39,262





2003: 39 Files




  76,322





2004: 50 Files




  82,025

Expl. Seas  
EX0517      
2005: 28 Files




  44,834

Subtotal








242,443

PMEL/NOAA

Ka'imimoana
KA2004_1    
TAO-TOGA Array
27 Mar-24 Apr 2004  
     3,696

Ka'imimoana
KA2004_2   
TAO-TOGA Array
28 Apr-31 May 2004  
     3,589

Ka'imimoana
KA2004_3    
TAO-TOGA Array
18 Jun-14 Jul 2004  
     2,999

Ka'imimoana
KA2004_4    
TAO-TOGA Array
12 Jul-15 Aug 2004  
     3,466

Subtotal








   13,742

*/ Cruise Ship “Explorer of the Seas”

__________________________________________________________________

3-f)  Data Analysis and Synthesis:


In collaboration with researchers, we have analyzed the data and the results have been published or submitted for publications in scientific journals.  A partial list of 2004-2005 publications and submissions relevant to the effort are listed in the publication section and  provided below.

Published:
Hales, B., Takahashi, T. and Bandstra, L. (2005). Atmospheric CO2 uptake by a coastal upwelling system. Global Biogeochem. Cycles, 19. doi.10.1029/2004GB002295.

Rangama, Y., Boutin, J., Etcheto, J., Merlivat, L., Takahashi, T., Delille, B., Frankingnoulle, M. and Bakker, D. C. E. (2005). Variability of the air-sea CO2 flux inferred from shipboard and satellite measurements in the Southern Ocean south of Tasmania and New Zealand. Jour. Geophys. Res., 110, C09005, doi:10.1029/2004JC002619, 2005.

Li, Z., Adamec, D., Takahashi, T. and Sutherland, S. C.  (2005). Global autocorrelation scales of the partial pressure of oceanic CO2.  Jour. Geophys. Res., 110, C08002, doi:10.1029/2004/C002723.

Patra, P. K., Maksyutov, S., Ishizawa, M., Nakazawa, T., Takahashi, T. and Ukita, J. (in press). Interannual and decadal changes in the sea-air CO2 flux from atmospheric CO2 inverse modeling. Glob. Biogeochem. Cycles
Submitted for publication:

Takahashi, T., Sutherland, S. C., Feely, R. A. and Wanninkhof, R. (submitted). Decadal change of the surface water pCO2 in the North Pacific: A synthesis of 35 years of observations. Jour. Geophys. Res.

Feely, R. A., Takahashi, T., Wanninkhof, R., McPhaden, M. J., Cosca, C. E., Sutherland, S. C. and Carr, M-E (submitted). Decadal variability of the air-sea CO2 fluxes in the equatorial Pacific Ocean. Jour. Geophys. Res. 

McKinley, G. A., Takahashi, T., Butenhuis, E., Chai, F., Christian, J. R., Doney, S. C., Le Quere, C., Lima, I., Murtugudde, R., Shi, L. and Wetzel, P. (submitted). North Pacific carbon cycle response to climate variability on seasonal to decadal timescales. Jour. Geophys. Res.
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