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1.  Introduction
The San Francisco coastal region is notable for its abundant sand, high energy waves, and strong tidal currents.  With an offshore annual maximum significant wave height of approximately 8 m, a Bay tidal prism of 2x109 m3, storm winds commonly exceeding 30 km/h, and vast reservoirs of sand available from both erosion of the Sierra Nevada and local substrate and cliff erosion, this region has large rates of sediment transport through very complex pathways (Barnard et. al, 2010).  The combination of powerful natural processes with a large population center results in significant management activity by a variety of agencies concerned with navigation, construction, erosion, and environmental preservation.  These management activities have been guided in recent years by a number of scientific discoveries and improvements in the understanding of sediment transport pathways of the region (Hanes and Barnard, 2007).
2.  Scientific Advances
Recent research has identified the importance to coastal processes of the large ebb tidal delta (ETD) off of San Francisco, known locally as the “San Francisco Bar”.  Quantifying the morphology of the ETD and its influence on dynamics processes has been achieved using a combination of high resolution multibeam echo sounding surveys, process-based numerical modeling, beach and nearshore mapping, and field observations of waves and currents. The combination and integration of high resolution multibeam bathymetry with process-based numerical models has been a particularly productive combination (e.g. Hanes, 2009).  The ETD was found to exert considerable influence upon the hydrodynamics and sediment transport in the entire region as a result of the substantial changes in surface gravity waves as they propagate and evolve over the ETD.  
For example, one effect of the ETD on the nearshore wave field is similar to a simple lens, with waves refracting to form a focal region near the location of the delta reattachment region near the southern end of Ocean Beach (Shi et. al, 2010).  This results in a longshore gradient in breaking wave height, which causes a longshore gradient in water level setup in the surf zone, and drives a pressure-gradient forced longshore current.  This current and the resulting longshore sediment transport tends to diverge from the focal point, providing one of several possible explanations for the persistent erosion that occurs in the localized region.
A second example of  the effect of the ETD results from the relatively broad, flat, region of offshore bathymetry with depths in the range of 8 to 12 meters, somewhat akin to an offshore “table top”.  This unusual cross-shore bathymetry provides a large region over which waves evolve non-linearly through shoaling and refraction processes.  These asymmetric shaped, non-linear, waves likely drive significant shoreward sediment transport over the lobes of the ETD, providing an unusually strong onshore sediment transport pathway, and suggesting major sediment recirculation cells in the region (Elfrink et. al, 2006; Yu, Hsu, and Hanes, 2010).
The ETD itself is evolving over time, with erosion over its seaward edge and the effective radial contraction of the entire delta occurring over the last century (Dallas and Barnard, 2010).  The changing morphology of the delta modifies the coastal processes mentioned above, and raises interesting questions regarding whether this contraction has been caused by management activities or is a natural response to changing wave climate and sea level rise.  We address these possibilities through the application of a process-based numerical model, and find that the rise in sea level, the increase in wave height, and the decrease in tidal prism of San Francisco Bay all contributed to the contraction of the ETD over the past 50 years.
3.  Implications and impacts upon sand management
There are many ongoing sand management efforts in the San Francisco region. Foremost amongst these are 1) regular maintenance dredging to maintain the main ship channel entrance to San Francisco Bay (US Army Corps of Engineers); 2) reduction of coastal erosion at Ocean Beach that threatens the Great Highway, a major thoroughfare (City of San Francisco), 3) the mining of aggregate from central San Francisco Bay (State of California), and 4) maintenance of Crissy Marsh, a recently restored tidal marsh (National Park Service).   Despite their seemingly independent locations and management needs, each of these applications is in reality related to the others through sediment transport pathways that connect the regions over decadal time scales.  For example, the removal of coarse sediment from central San Francisco Bay is likely over time affect erosion in other areas.   
In recognition of the regional aspects to sand management, an experimental program conducted by the U.S. Army Corps of Engineers has discharged dredged sand from the main shipping channel close to the erosional region of Ocean Beach.  This is an effort to utilize dredged material in a beneficial manner to alleviate erosion at Ocean Beach and help protect the Great Highway.  The sand, which has been placed in approximately 10 meters depth, has slowly spread out and migrated slightly, but at this time it is not clear whether or not the new material has had a beneficial impact on the beach, which required approximately $ 5 million in remediation efforts this past winter.
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