The role of submarine groundwater discharge in coastal ecosystems

Statement of Problem:

Coupling of watersheds and coastal waters by transport of freshwater and associated materials, particularly the nutrients nitrogen and phosphorus, is a fundamental process that affects productivity, water quality and general ecology of coastal waters.  Since submarine groundwater discharge (SGD) is commonly a major route of freshwater transport from land to sea, and since coastal groundwater commonly contains nutrients in concentrations that are in the range of 10 to 1000 fold higher than concentrations in coastal surface waters, the potential ecological and economic impacts of SGD are clear:  degradation of water quality, or eutrophication, in coastal waters due to freshwater-transported, non-point source land-derived nutrient loads is a worldwide phenomenon and perhaps the greatest agent of change altering their ecology.  Associated with eutrophication of coastal waters are changes in floral and faunal assemblages, increases in severity and frequency of bottom-water hypoxia, and increasing occurrence of harmful algal blooms such as red tides.  Such impairment affects utility of coastal waters for economically important activities including commercial and recreational fishing and tourism.  Furthermore, eutrophication decreases health and esthetic quality of coastal marine ecosystems, and impacts human health through associated harmful algal blooms.  

Despite its importance as a source of freshwater and associated materials necessary for coastal ecosystem functioning and of environmental contaminants transported from watersheds to coastal waters, SGD remains a poorly-understood and often overlooked process.

Objectives:
Specific examples of research areas where USGS SGD studies can address interdisciplinary coastal processes include: 
i) assessment of the redox- and microbially-controlled delivery of SGD-borne nutrients and trace elements (linking the fields of geochemistry/land-sea boundary material flux estimates to coastal hydrogeology)
ii) evaluation of coastal ecosystem change in response to variable SGD (linking the fields of biology, ecology, and biogeochemistry to coastal hydrogeology and meteorology)
iii) examination of SGD-breached shorefaces and the influence of SGD associated with paleo-channels on erosional hotspots (linking the fields of coastal geology and geomorphology to coastal hydrology), 

iv) developing the capability to predict/forecast SGD-associated processes and events (e.g., can we predict lag times between initiation of recharge to coastal aquifers associated with storm events and appearance of impacts of SGD-derived  nutrients on coastal ecosystems?)
v) quantification of groundwater discharge rate as a consideration in efforts to manage freshwater availability for ecosystem processes

Work Strategies
Research objectives will be achieved with a combination of novel geophysical and geochemical methods.  This approach will yield regional as well as highly localized estimates of both the saline and fresh water components of groundwater discharge.  Spatial variation will be determined by continuous measurements of radon and radium and streaming resistivity profiling surveys.  Local SGD flux rates will be determined over tidal, seasonal, and annual time scales.  Groundwater nutrient and trace element concentrations will be combined with the calculated rate of groundwater discharge to determine the groundwater loading estimates (e.g., nutrients, metals) to coastal waters.  

Relevance and impact

The coastal zone is an area of high human activity (agricultural, urban, and industrial), with attendant perturbations and high gradients in water and contaminant fluxes. Because SGD is essentially invisible, the problem that arises, from both a management and scientific standpoint, is determining how to avoid the error of ignoring an important process on the one hand, and wasting valuable resources on an unimportant issue on the other. Where SGD is a significant factor in maintaining or altering coastal ecosystems (either terrestrial, estuarine, or marine), coastal zone managers will need to consider management of water levels and fluxes through controls on withdrawal or alterations in recharge patterns, as well as groundwater quality management (e.g., through controls on land use, waste disposal, etc.).

Partnerships
Local water management districts, EPA, NOAA, municipalities, counties, USGS WRD, USGS Biology, universities, NSF
