NCOM 
The Navy Coastal Ocean Model (NCOM) has a free surface and is based on the primitive equations with the hydrostatic, Boussinesq, and incompressible approximations.  The physics and numerics of NCOM are based largely on the Princeton Ocean Model (POM) with some aspects from the Sigma/Z-level Model (SZM) (Martin et al., 1998). The basic NCOM equations can be found in Barron et al. (2004) with a detailed description of the model found in Martin, (2002). The model equations are solved on an Arakawa C-grid and the horizontal grid is orthogonal curvilinear as in POM.  
The NCOM vertical grid uses sigma coordinate from the surface down to a user-specified depth and z-levels below.  Within the sigma portion of the grid, each level is a fixed fraction of the total thickness occupied by the sigma levels as in POM.  In the z-level portion of the grid, bottom depth is rounded to the nearest z-level.  In general, the use of combined sigma and z level coordinates in a single ocean model provides some flexibility in grid configuration.  For example, sigma coordinates in the upper levels improve resolution of changes in sea surface elevation and enhance representation of vertical shear and bottom depth in shallow regions.  Underlying z-levels below avoid the problems associated with sigma-levels in regions of steep topography and limit the combined thickness of all sigma-levels.  Since each sigma-level is a fixed fraction of the sigma total, the underlying z-levels enable NCOM to maintain consistent high resolution near the surface in deep-water regions, one important advantage of sigma/Z over pure sigma coordinates.  The vertical coordinate is logarithmically stretched to focus resolution near the surface with a maximum rest surface level thickness of 1~m.

NCOM's basic spatial averages and finite differences are mainly second order with some options for higher-order formulations.  The spatial differencing of the horizontal pressure gradient term on the sigma part of the grid is evaluated as in Blumberg and Mellor (1987).  Temporal differencing is leap-frog with an Asselin filter to suppress time splitting.  All terms are treated explicitly in time except for the solution for the free surface and vertical diffusion.  The free-surface evolution is calculated implicitly.  Hence, the surface pressure gradients and the divergence terms in the surface elevation equation have a component at the new time level being calculated.  These pressure gradient and divergence terms are incorporated according to user selectable weightings at the new (n+1), current (n), and previous (n-1) time levels.  The weighting currently being employed is an even split between n+1 and n-1. In the vertical diffusion terms, the field being diffused is taken to be fully at the new time level to avoid diffusive overshoots and vertical gradient reversals.

NCOM surface boundary conditions are the surface stress for the momentum equations, the surface heat flux for the temperature equation, and the effective surface salt flux for the salinity equation.  The bottom boundary conditions are the bottom drag for the momentum equations, which is parameterized by a quadratic drag law, and zero flux for the temperature and salinity equations. 

River inflow in NCOM is a positive mass flux, which in a closed domain like global NCOM would lead to a global net increase in SSH in the absence of a balancing evaporative flux. Since this net precipitation and evaporation are not presently included, a pseudo evaporative mass flux is uniformly applied over the ocean surface to balance the river inflow each time step and maintain at zero the global area--averaged SSH.

Regional and Coastal Modeling Strategy
The strategy for nested coastal modeling in the project will be to construct a triple-nested nowcast-forecast system.  The 1/12° (~8 km) Atlantic HYCOM will provide boundary conditions to a regional east coast HYCOM with 3 times the horizontal grid resolution, i.e. ~2.1 km.  The  regional model will cover ~37-45°N and 77-64°W.  The vertical resolution of the regional model will be modified to allow for more resolution near the surface and over shallow water.  This regional model will in turn be used to provide boundary conditions to a coastal system based on the NRL Coastal Ocean Model (NCOM).  NCOM uses a hybrid sigma-z vertical coordinate, although the coordinates are fixed in time. The reason for including the NCOM system is that NRL has an existing relocatable system based on NCOM.  It should be noted that the Atlantic nowcast-forecast system based on HYCOM and NCODA does not yet exist.  Although NRL and NAVOCEANO are committed to a real-time semi-opertaional system in FY06, the regional and basin scale models could use operational global NCOM if unforeseen circumstances arose with the HYCOM based system.  Regardless, because the surface and lateral boundary forcing will be identical in the inner most coastal nest, this will also allow us to evaluate system performance based on the different model design (HYCOM vs. NCOM).  Consistent with the Atlantic model, KPP will be used for the mixed layer sub-model in the HYCOM models, while the NCOM-based coastal model will use Mellor-Yamada 2.5.  All three models in the system will assimilate oceanic data using a multi variant optimal interpolation technique (described in detail later).  

NOGAPS DESCRIPTION FROM PAT HOGAN
The Navy Operational Global Atmospheric Prediction System (NOGAPS) is a primitive equation atmospheric nowcast-forecast prediction system  The horizontal resolution is T239 (spectral) although products are disseminated on a ~0.5 degree Gaussian grid.  6-day forecast fields of atmospheric wind and thermal fields are output every 12 hours (0 and 12Z).

Data Assimilation Methodology – HYCOM & NCOM
4DVAR METHODOLOGY FOR NCOM
Computationally intensive assimilation systems may not be feasible for large domains, but in small coastal regions, advanced assimilation is not only feasible, it is necessary.  An assimilation system that uses the 4DVAR assimilation approach has been constructed at the Naval Research Laboratory.  This assimilation system is an inverse ocean model based on NCOM dynamics and uses the weak constraint representer method.  In this method, information from in-situ observations is propagated backwards (by the adjoint) and forward in time and throughout space through the model dynamics to compute representer functions.  By assuming that the boundary conditions, initial conditions, model dynamics, and surface forcing are in error, the representer functions can be used to determine the solution that minimizes this error.  In other words, the end product of this assimilation system is a 4-D, dynamically consistent, inverse solution that best fits the model and data according to the specified error covariances.

This assimilation system is currently being constructed as part of a 6.1 NRL core project.  Currently, this system is being tested for the Mississippi Bight region and uses NCOM solutions for its initial conditions, boundary conditions, and background.  In its current state, assimilated solutions can be computed by only assimilating velocity measurements and correcting just the initial and boundary conditions of velocity.  This has been tested and shown to work properly using an older data set from the DeSoto Canyon Intrusion Study.  The work that is expected to be achieved by the end of the 6.1 project primarily consists of providing the capability for the system to correct the other diagnostic variables (temperature, salinity), forcing (wind stress, heat flux, …), and specific dynamical components (advection, vertical mixing, …).  Careful consideration and testing is required in the construction of covariances for each of the above listed variables that is treated as weak constraint.  In addition to the construction of covariances, future work on this system also includes the capability to assimilate other types of measurements (temperature, salinity, …) made from varying platforms (shipboard, mooring, CTDs, remote sensing, UAVs …).  Finally, this assimilation system will be given the capability to run sequentially so it can be used as a prediction system. Research is currently underway to determine the optimal time interval for the sequential implementation of the representer method.  This optimal time interval for each sequential step needs to be long enough to include the majority of the time correlation of the errors in the measurements and dynamics, and short enough for solutions to be stable and computed in a timely manner.

Additional work will primarily include more robust testing for various regions using different versions of NCOM as the background. This would be possible in this project using the in-situ data that will be available. NRL could use this technology in the final year of the project by setting up the NCOM adjoint in the same area as the coastal NCOM system described above. This system will be compared to the NCOM/NCODA system that will be developed and tested in the first two years of this project.
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