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Prog ram Objectives SCIentlfIC nghllghts Scientific highlights, continued
The repeat occupations have provided a wealth of observations on decadal variability and Anthropogenlc Changes
trends in the ocean, several which were unexpected. Highlights include: The CLIVAR CO2 repeat hydrography cruises have met their objectives of quantifying
changes in heat, fresh water, and carbon, and obtaining a mechanistic understanding
» Significantly greater variability in biogeochemical parameters at depth than anticipated of the changes. From the work on the P16 line in the North Pacific the decadal
» A measurable change of anthropogenic carbon in the surface and intermediate waters inventory change of anthropogenic CO, and that caused by natural variability have
» Warming of the deep ocean been determined showing that regionally natural changes can be larger than the
» A decrease of oxygen in the intermediate waters anthropogenic imprints (Sabine et al.2008). (see below)
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1-m resolution and taking 24 to 36 bottles throughout the water column (bottom panel). < 1500 l % and changes in biogeochemical cycles. suggest a decrease in uptake in the Northern hemisphere and an enhancement in the South
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of occupation in gray, and dates of future cruises in red). The cruises circled in red are decomposing organic particles. An example of decadal oxygen changes, expressed as basins
those lead by NOAA (A16, A13.5, and A10 in the Atlantic; P16N and P18 in the Pacific) apparent oxygen utilization (AOU), in the North Pacific along P16N Is shown to the left
Final data from cruises are provided to the community at large at two data sites: below (Sabine et al. 2008). A 60-yeartime series of oxygen levels in the Eastern tropical
The CLIVAR & Carbon Hydrographic Data Office: http://cchdo.ucsd.edu/: Atlantic thermocline is shown in the right panel suggesting a recent decline in oxygen From: Sabine et al. 2009] Atlantic (25°W) Pacific (152°W) Indian (90°E)
The Carbon Dioxide Information Analysis Center: http://cdiac.ornl.gov based on the A13.5 cruise of 2010 (C. Mordy, pers. com.).
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entering this realm. Improved international coordination and collaboration is needed to improve
efficiency of the program. The GOSHIP program (http://www.go-ship.org/ ) is actively pursuing
these goals in an international context.

New avenues to sample the ocean are being investigated including improved analyses
approaches and instruments on ships, and further development of biogeochemical sensors for
autonomous platform such as profiling floats and moorings.

These enhancements will be an important part of the third high-quality decadal survey that
will commence in the North Atlantic Ocean in 2012.

The increase AOU will correspond to an increase in DIC and this will impact the estimate
of changes in anthropogenic CO, inventory. The changes in AOU between the CLIVAR/
CO, cruises and the WOCE/JGOFS cruises can be used to evaluate the effects on the
DIC using the C:O elemental ratios corresponding to remineralization.

Subtracting these changes from the total change in DIC gives the inventory changes
resulting from the uptake of CO, from the atmosphere (i.e. anthropogenic CO2).
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