SEACOOS NFS Lessons, Plans and Directions:

In the development and operation of the SEACOOS Nowcast-Forecast System (NFS) modeling system, several important lessons have been learned.  These lessons suggest improvements in future versions of the current operational system, as well as the need for improved skill assessment. 
Maintaining a quasi-operational system.  The implementation of the current operational system has involved the development of software to acquire and process the NCEP atmospheric products, prepare the models for execution, and post-process the system outputs.   However, once in operational mode and with demonstrated skill, groups that have more experience with operational system requirements might better handle maintenance of these systems.  It is thus critical to develop and provide documentation of this system to facilitate migration of technology to other groups.  Occasional network transfer delays can disrupt the daily operational model system cycle.  While these delays may be local to a particular model group, this can delay the time at which all system model results are available for dissemination and further processing.  A more robust method of gathering the meteorological forcing fields should be investigated, including possibly running a mesoscale atmospheric prediction model within the SEACOOS modeling groups.  Long-term computing resource issues will need to be addressed, particularly when baroclinic versions of the operating models are implemented.  These future systems will require increased storage and faster computational host machines.

Initializing the mass field. A primary difficulty in including baroclinic dynamics is the specification of accurate and realistic initial conditions for a particular forecast.  One possible method for such initialization is by one-way nesting of regional-scale baroclinic models to basin-scale models.   This issue raises several important questions.   How well do the basin-scale models represent the regional mass fields?  How will the regional models assess the usefulness of the basin-scale products as initial conditions?   Additionally, we will need to address the regions covered by each SEACOOS NFS model domain.  The current “sub-regional” approach, whereby each modeling institution has implemented their model in their part of the SEACOOS domain, may need to be redesigned.  One alternative approach is for each institution to implement their model over the entire SEACOOS region.   This would certainly mean increased computational resource requirements for each group, but would facilitate model comparisons as well as move open-boundary zones farther away from our primary regions of interest.  These are among the research questions that will need to be addressed in attaining this next level of modeling complexity. 

Skill assessment.  More rigorous skill assessment methods will also need to be addressed, particularly when observations become more routinely available.   This includes examination of available depth-averaged velocity records and correlation of these errors with errors in the forecast wind fields.   Additionally, we will need to develop methods for baroclinic model skill.  A principal difficulty with the latter will be acquiring temperature and salinity information both to provide needed skill metrics and to guide the future development of data-assimilating SEACOOS modeling systems.  Remotely sensed temperature, for example, provides good spatial coverage at the ocean surface for forecasting of surface temperature fronts. Subsurface measurements, however, are comparatively much more sparse, and yet are needed for verification of 3-dimensional model structure.  

The challenge of representing dynamics on narrow shelves. While barotropic dynamics (tidal and wind-forced responses on the continental shelf) can capture coastal water level dynamics and provide relatively good skill for water levels on wide continental shelves, the same is not true for narrow shelf regions like the northern SAB/Hatteras, East Florida Shelf, and the Florida Straits.  The next versions of the SEACOOS NFS system will begin to incorporate regional-scale mass fields into the model dynamics – an upgrade that is expected to provide additional skill in water level forecasting.  This is due to the strength of the mass field characteristics associated with these regions, as well as to the proximity of the baroclinic current to the coast.  

Three sub-regional versus one domain-wide model.  The three SEACOOS regions (the SAB, the EFS/FS and the WFS) are characterized by radically different geometries and forcings.  The shelf region from northern Florida to North Carolina is affected by freshwater discharges nearshore, Gulf Stream forcing near the shelf edge, and is strongly wind-driven in the mid-shelf.  Additionally, sounds and estuaries in Georgia and South Carolina require detailed geometric fidelity to capture the tidal/sea-level response along this coast.  The Florida Straits have a very narrow shelf and a steep continental slope.  The flow in the Straits is dominated by the Gulf Stream and its variability, requiring explicit inclusion of the forcing by the offshore currents.  The west Florida shelf is broad, and while strongly wind-forced, it also is affected by the variability of the Gulf of Mexico's Loop Current.  Each of the modeling teams (UNC, UM and USF) has worked to capture the essential details of each region.  The immediate next steps include consideration of how best to link model results of the individual study domains and provide a single integrated description of the circulation in the SEACOOS region.  

Linking the three domains dynamically is not straightforward.  Alternatively, the development of a single SEACOOS-wide domain may be attractive for several reasons and is being discussed by the modeling teams.  Among the desirable features are: the removal of boundary condition effects away from the local regions of interest and, if run simultaneously by the three teams (the meshes need not be the same with increased resolution varying according to the implementation), it would allow for model ensembles and other statistics to be estimated.  Thus forecasts could be issued with a probability associated with to them.  Additionally, in the event on any one model failing to complete, then there would be in effect a two model back-up built into the system.  The downside is the cost associated with a larger model domain maintained by each of the groups.
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