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Description

The oceans currently take up 25 to 30% of the annual anthropogenic CO2 emissions (Sabine et al., 2004; Canadell et al., 2007). Yet, global air-sea flux estimates on seasonal to interannual timescales remain uncertain, with strong indications that at regional scales at least, the variability of the annual fluxes is a substantial fraction of the mean. Additionally, recent indications of changes in the partitioning of the anthropogenic carbon between the atmosphere, terrestrial biosphere, and ocean (Canadell et al 2007), have heightened the need to independently constrain the global air-sea exchange of CO2.The underlying mechanisms driving this observed variability, and therefore the implications for future trends of the air-sea flux, are not fully resolved (e.g. SOLAS, 2004).

Sea surface carbon measurements started approximately 50 years ago (e.g. Keeling, 1963, Takahashi, 1961), and the prevalent measurement techniques have remained fundamentally unchanged.  In the last decade the number of routine sea surface pCO2 measurements on commercial ships, as well as on research vessels and autonomous platforms, has increased significantly in response to concerns about the uncertain impacts of rapidly rising atmospheric CO2 levels on global warming, climate, and ocean acidification. To build upon this work and move into the future, a co-ordinated strategy for global CO2 observations is required.
The main goals of a global network of sea surface carbon measurements on commercial ships (Ships of Opportunity, SOOP) are:

a) to reduce the uncertainty of CO2 air-sea fluxes on regional and ocean basin scales, and ultimately on a global scale to better than ± 0.2 Pg C yr-1 (~ 10%),
b) to create a sustained observation system to monitor trends and variability in sea surface partial pressures of carbon dioxide (pCO2) in response to climate variability and increasing atmospheric CO2 burden, and to determine the drivers of regional variability, the sensitivity of these drivers to climate change, and
c) to provide observations to constrain and validate hindcast and forecast numerical models, including those used to constrain the ocean-land partitioning of carbon.
The overall need and design of a global surface carbon observing network has been outlined in several planning and program documents ( e.g Bender et al., 2002).  These have recommended a combination of fixed platforms and ships covering the global ocean at spatial and temporal  scales of ≈103 km and  ≈ 30- 60 days, respectively. The initial systematic implementation was concentrated in the North Atlantic, and North and Equatorial Pacific Oceans,  utilising existing mooring infrastructure such as the TAO array and commercial shipping lanes.  In the North Atlantic, the measurements and innovative spatial and temporal interpolation techniques have shown that the target to constrain the regional air-sea flux to below 15 % can be achieved (e.g. Watson et al., 2009).  If the current observing network is expanded, similar targets maybe reached in the North and Equatorial Pacific Ocean, whilst other basins will require significant augmentation of the existing effort to achieve this level. 
Significant advances are being made by the international community to unify sampling protocols, data quality control, data archiving and access. The comparability of measurements is also being improved by commercialisation of instruments, sensor advancements, inter-comparison activities, traceable reference gases, and by homogenising measurements according to the updated Guide to Best Practice (Dickson et al., 2007).Takahashi and colleagues (1997, 2008) have assembled the first global surface CO2 dataset to quantify a climatological global air-sea CO2 flux. A new community based effort is now underway to establish a Surface Ocean Carbon ATlas (SOCAT, an IOCCP/UNESCO initiative), which will be routinely updated and archived centrally at the Carbon Dioxide Information Analysis Centre (CDIAC). 

Over the next decade, a co-ordinated strategy for global CO2 observations is needed  to detect changes in surface CO2 levels relevant to the global carbon budget, and to reduce the uncertainty of the global air-sea flux estimates to approx ± 0.2 PgC yr-1, Carbon cycle models are now starting to be utilised to optimise the network design (e.g. Lenton et al., 2006), but cannot fully capture the biological, physical, and chemical drivers of the observed interannual to decadal variability, nor all of the feedbacks due to increasing CO2 levels (cf ocean acidification).  To resolve and quantify these – drivers and climate feedbacks - a strengthening of the existing activities is required to measure sea surface pCO2, as well as parameters influencing the marine carbon cycle such as basic hydrography, alkalinity, dissolved inorganic carbon, nutrients, oxygen, and carbon isotopes. Our ship-based network will need to be augmented with further development of sensors, and increased deployments of autonomous platforms such as gliders, floats, buoys and moorings. These platforms will be particularly important in regions that are insufficiently covered by shipping routes (e.g. the Arctic, the South East Pacific and Southern Ocean), and regions with high variability such as the coastal oceans.
This white paper will summarise the advances in the last decade and provide a roadmap to meet the objectives including the scale and observational requirements needed to achieve the proposed reductions in uncertainties in air - sea CO2 flux estimates in the global ocean and coastal systems.
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