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Statement of Problem—An essential prerequisite for managing and mitigating global climate change, related in part to net anthropogenic CO2 emissions, is an understanding of the carbon (C) budget, including knowledge of major C sources and sinks. To balance the carbon (C) budget for North America, improved estimates are needed of coastal sources of C and of nutrients, and better understanding is required of biogeochemical cycling in the coastal ocean (Ocean Carbon and Climate Change Program, Doney and others 2004). Furthermore, a mechanistic understanding must be developed of biogeochemical and physical feedbacks on delivery of C and nutrients as climate changes. Rivers and submarine groundwater discharge (SGD) supply direct inputs of terrestrial dissolved organic C (DOC) to coastal waters, and that C may be a major component of C transported off the shelf (McKee 2003). In addition, terrestrial nutrients likely play an important role in driving CO2 sequestration by photosynthetic organisms in coastal waters. SGD is a particularly poorly-constrained source for C and for nutrients that drive biogeochemical cycling of C in coastal margins. 


NASA scientists have developed ocean color satellite algorithms to quantify DOC and colored dissolved organic matter (CDOM), and have a broad effort underway to develop C budgets for the U.S. east coast through a coupled physical-biogeochemical model, satellite observations, historical datasets and field sampling (http://www.ccpo.odu.edu/Research/US-ECoS/index.html). Objectives are to quantify DOC fluxes from the U.S. east coast continental margin and subsequent transport off the shelf, in addition to quantifying role of nutrient loading and coastal photosynthesis in sequestering atmospheric CO2. Groundwater contribution to C and nutrient fluxes are not currently known, though our research and that of others suggests that it is significant relative to inputs from rivers. The USGS CMGP SGD Program is currently making estimates of fresh and saline SGD fluxes of C and nutrients in a range of locations, and is working to develop a mechanistic understanding of controls on those fluxes at regional scales. The SGD Program can provide critically-needed estimates of fluxes using approaches targeted to improve understanding of C in coastal oceans. A joint (USGS/NASA) funding proposal to NASA is currently in development.

Objectives—This project will be to evaluate the role of SGD relative to that of riverine discharge,  and examine the linkage between continental fluxes of DOC and nutrients to the coastal ocean and satellite images of chlorophyll, primary productivity, DOC and CDOM. In addition to estimates of SGD fluxes, the work will include use of hydrodynamic models to examine movement of coastal water masses. Finally, through retrospective analysis of the entire ocean satellite color record (1997 to 2009), we will examine correlations between changes in land use/precipitation/estimated SGD and river discharge rates and satellite images of chlorophyll, primary productivity, DOC, CDOM. 

Work Strategy—Initial work will occur in the Mid or South Atlantic Bight, where USGS WHSC and NASA already have current or pending research. Objectives can be accomplished by:

1) Testing/developing new approaches to measure groundwater fluxes through sediments by taking advantage of engineering expertise at the WHSC;

2) Working with the WHSC Carolinas Coastal Change Processes and Community Sediment Transport Modeling projects to evaluate the new technologies and SGD in the context of hydrodynamic modeling and measurements made routinely near the sea-bed and throughout the water column using the Center's existing pool of oceanographic equipment;

3) Coordinating with NASA remote sensing, modeling and field efforts.

Relevance and Impact—The proposed work would examine new hypotheses regarding role of SGD and the coastal zone in the C cycle and in global climate change. The project would develop and apply new approaches and techniques both for measuring SGD and relating SGD to satellite remote sensing. SGD is a critical but under-examined source of nutrients that contribute to loss of economic value of coastal resources due to eutrophication (degradation of water quality, algal blooms, hypoxia, harmful algal blooms), which is arguably the greatest human impact on coastal waters. 

Partnerships—This project would initiate collaboration with the NASA US ECoS Program. The proposed work would provide an ideal opportunity for collaborations at the USGS WHSC between the SGD Program, scientists examining sediment transport (Martini, Warner, others), and Sundquist at the WRD NRP. P. Swarzenski (FISC, St Petersburg) could contribute SGD expertise to this program. Other potential partnerships would be NASA Interdisciplinary Science Program, NOAA Climate Change Program, USGS Earth Surface Dynamics Program. Further, partnership is possible with NOAA (Wanninkhof, Feely) in examination of air/sea CO2 exchange.  This project would also involve academic collaborators at Woods Hole Oceanographic Institution, among others.  




