Alternative Proposal for Climate FY 12-15 Planning and Programming 
Title of Activity: 
Expanding the Global Ocean Observing System to understand climate change.
Program, Capability, and Theme: Climate Goal 
Objective and Statement of need: 
Most of the components of the present observing array have been focused on the upper ocean, which is  appropriate for climate studies on seasonal to interannual time-scales.  Roughly half of the ocean  is below 2000 m, however. To date this large fraction of the ocean is seriously under-sampled. In  the present observing system deep ocean observations are sparse in both space and time.   This  sparseness is not the result of a lack of effort or interest on the part of the community, but rather  is due to both the technical challenges of deploying and maintaining instruments in the deep  ocean and the high costs of ship time associated with collecting data and servicing instruments.  
The deep ocean plays a crucial role in aspects of the climate system on longer time-scales  including the global heat budget, sea level rise, potential variations in the meridional overturning circulation, and long-term storage of climatically relevant compounds such as CO2, among  others. Expanding the ocean observing system towards being truly global will include adequately  measuring the half of the ocean volume below 2000 m depth. This will require an increased  commitment to the design and implementation of technologies for collecting deep ocean data and  transmitting these data to shore in a cost effective manner. 

Fundamental areas where improvements to the observing system in the deep ocean are critical to  the advancement of our understanding of climate science include: deep circulation with  an emphasis on “strong flows”, ocean heat content, fresh water/salinity content, and CO2 content.  It is clear that to continue working towards understanding of climate variations and their impact  on society, it is imperative to maintain existing observing systems while improving and  expanding the deep ocean components of the Global Ocean Observing System. 
 It is critical to monitor flow rates and properties of deep water at sites where upper  ocean waters are injected into the deep ocean and where these waters are exchanged between  sub-basins. The injection sites are the areas where new deep and bottom waters enter the global  ocean circulation cell and it is important to monitor how the rates of deep water injection and  their properties are changing with time. The intra-basin exchange sites are regions where  different deep water masses separated by topographic features can mix and exchange properties. 
Quantification of ocean heat storage and its variability are vital for diagnoses and estimates of  global warming and climate change. The actual rate of heat transport by the deep ocean, and hence the true status of the global ocean- atmosphere-land heat budget, remains unquantifiable due to the paucity of measurements.  Most  of the global ocean heat content estimates are limited to the upper 700 m; one exception is an  estimate (Levitus et al., 2005) that extends to 3000 m at pentadal resolution.  This study suggests  that the heat content of the deep ocean between 2000 and 3000 m is increasing, but it does not  address changes in the abyssal layer below 3000 m. 

The possibility that increased freshwater input to the high latitude ocean could cause a slowing  of the thermohaline circulation, driving an abrupt change in climate, has attracted considerable  interest (Alley et al., 2003).   Changes in upper ocean salinity have been observed in each of the  ocean basins, with an increase in salinity in the subtropical evaporation zones and a decrease at  higher latitudes that is consistent with a more vigorous hydrological cycle and increased supply  of melt water at high latitudes (Bindoff et al., 2007). 

The deep ocean accounts for more than half of the total (natural) oceanic carbon inventory.  The  deep ocean reservoir is unique compared to the upper ocean, as it exchanges on longer time-  scales with the upper ocean compared with the exchanges between other reservoirs and sub-  reservoirs (Sarmiento and Gruber, 2002). As a result, it is believed that to date little of the  anthropogenic atmospheric CO2 from man's activities of consuming fossil fuels and land use  changes has entered the deep ocean. 

