Establishment of a Model Evaluation Environment for Delaware River and Bay

1.0 Introduction


A major task of Office of Coast Survey’s Coast Survey Development Laboratory (CSDL) is the implementation, vetting, and transition to operational status of circulation models for critical regions of the U.S. Coastal waterways.  These models have multi-purposes, including being the methodology to establish nowcast/forecast systems of water levels and the three-dimensional structure of currents, temperature, and salinity in a region of interest; an important component in the framework to establish continuous bathymetric/topographic surfaces; and provide transport mechanisms to understand the fate of natural and anthropogenic organisms and chemicals in the water column.  As the needs and uses for these models increases, development and operational demands also increase.  

A modeling system is not just a single piece of scientific code.  The system includes:  methods to get the ancillary environmental data needed to impose synoptic conditions for the model simulation; standardization of these multitude of environmental data; configuration and execution of the model simulation; and finally archiving and dissemination of model forecasts.  To address all these components of a modeling system, CSDL, in conjunction with the Center for Operational Oceanographic Products and Services (CO-OPS), has developed and implemented a framework, called “COMF,” a Coastal Ocean Modeling Framework.  COMF is an integrated system both to implement a circulation model and transition the model for a coastal region of interest to operational status.  These operational nowcast/forecast systems are maintained by CO-OPS within NOS.


As described, the model itself is a component within COMF.  The compelling issue is the selection of appropriate circulation models that can seamlessly be integrated within COMF.  This is not a simple process.  The model selection criteria have many facets.   The initial criterion is the use of the model forecasts.  Will the model forecasts be used to support the traditional NOS need to support the navigational community, or to address inundation or ecological issues.   Is the forecast of total water levels the only variable required, or is the three-dimensional structure of currents, salinity, and temperature needed?  Secondly, what is the dynamic regime that requires a forecast?  Is it a shallow, meandering estuary, or is the region a long and open coast, etc?  What model resolution is needed?  Are inundation, or flooding and drying important to modeling the shoaling process? Finally, once a class of models is identified as being appropriate, other criteria are:  Has the model been validated?  Is the model user configurable?  Can the model be applied without modification?  Is the model documented?  Is the model supported by the developer, or a community of users in the likelihood that a problem arises?  Is the model computationally efficient? 


In order to address these issues, as well as other operational considerations, such as ancillary data and information needed to configure a nowcast/forecast system, an effective approach is to establish a Model Evaluation Environment (MEE), or perhaps a series of MEE’s.  An MEE is defined here to consist of sufficient data and information to configure, i.e., shoreline, bathymetry; execute, i.e., model initialization, and specification of synoptic environmental conditions at lateral open-ocean boundaries, river discharges, and at the air-sea interface, and determine model uncertainties, i.e., observations of water levels, currents, and C/T/D.  Each MEE is representative of a class of dynamic regimes, e.g., shallow, well-mixed coastal estuaries, tidal marshes, deep fiords.  This report is a summary status report on the implementation of the MEE for Delaware River and Bay.  Six community models are being evaluated, which include both 2-D and 3-D models that are defined on either structured (orthogonal) or unstructured (highly variable triangular elements) grids.  

2.0 Community Models

CSDL collaborates with CO-OPS in the establishment of nowcast/forecast systems for US coastal and estuarine system.  An important component of the process is the selection of the circulation model to employ.  Over the years, CSDL has and continues to use a variety of circulation models that have been developed in both the University and Private Sectors.  Each of these models has advantages and disadvantages over each other.  Some of these models are only two-dimensional, without any capability to include density effects, others are fully three-dimensional.  In addition, these model may be on either structured grids, i.e., orthogonal curvilinear grids or unstructured grids, i.e., on highly varying triangular elements.  Some models have special capabilities, e.g., allow for the process of wetting and drying, or adaptive grids.  The models that CDSL have used or are evaluating are:  the Princeton Ocean Model (POM), the Regional Ocean Model System (ROMS), the Finite Volume Coastal Ocean Model (FVCOM), the Advanced Circulation Model (ADCIRC), the Eulerian-Lagrangian Circulation Model (ELCIRC), and the Semi-implicit Eulerian-Lagrangian Finite Element Model (SELFE).  An additional advantage of establishing a MEE, is that each modeling community can be engaged and the MEE will be offered to evaluate modeling improvements, or to evaluate a new model which inevitably will be offered to the oceanographic community.

3.0 Methodology


The approach taken was to establish initially a MEE for the Delaware River and Bay (DRB), including adjacent shelf.  DRB was selected for a variety of regions.  The DRB is typical of several east coast estuaries, where a tidally dominant system can be significantly impacted by coastal storms that generates a water level surge at the entrance to the Bay which propagates up the system; the system can also be effected by freshwater events; and the C&D canal also influences the circulation response to tides, coastal surges, and freshets.  Secondly, NOS collected a comprehensive physical oceanographic dataset from February 1984 through May 1985.  The survey consisted of 23 water level gages; 45 current meter location, with many stations with observations at multiple depths; and an extensive Conductivity/Temperature/Depth (CTD) program.  This comprehensive circulation survey would allow a comprehensive, objective skill assessment to be made of a model capability to predict accurate tidal water levels and tidal currents, as well as total water levels, and a model capability to produce a realistic time-dependent, three-dimensional structure of velocities, temperatures, and salinities.


Once the DRB was selected to be the initial MEE, a series of tasks were established.  

· Task 1.  Historical Observation.  The initial effort was to recover, process, and organize the historical water level, currents, CTD, and meteorological data that were collected during the NOS circulatory survey of 1984-1985.  This process entailed obtaining the current/CTD/meteorological data from the CO-OPS archives; performing QC/QA on these observations and reformatting as needed; and designing and populating of these data in a relational database for subsequent data retrieval.  Also the water level data for 1984-1985 were obtained from the CO-OPS database.

· Task 2.  Bathymetry and Shoreline.  One of the most important components of configuring a model for a particular setting is the bathymetry and shoreline imposed for the domain.  Both the shorelines and digital bathymetry must be consistent with the model resolution.  Since the planned finest model resolutions would be in the order of 50 meters, a fine resolution bathymetry and shoreline was needed.  Therefore, the bathymetric databases and shorelines available in the Cartographic and Geospatial Technical Program (CGTP) within CSDL were retrieved for DRB.  In order to be as consistent as possible, the soundings were sorted by pre-1988 and post-1988.  If coincident geographic data were available, the pre-1988 data were selected.  In addition, to obtain the most accurate shoreline, CGTP re-digitized the shoreline with enhanced spatial resolution.

· Task 3.  Model Initial  and Synoptic Conditions.  In addition to constructing model domain and grid, the success of producing an accurate synoptic hindcast, the model requires accurate initial conditions (IC) of salinity and temperature; specification of conditions at the open-ocean lateral boundaries; river discharges; conditions at the Chesapeake side of the C&D Canal; and surface forcing, i.e., winds and heat fluxes.  The source of the IC of salinity and temperature was the NOS survey; salinity and temperature at the lateral boundaries was from the NOAA’s World Ocean Atlas 2001, which provides monthly varying climatological values; synoptic meteorological conditions were derived by blending NOAA’s reanalysis wind product on a 32 km grid with meteorological observations at NOAA buoys, C-Man stations and airports; and river discharge data, including water temperature, for 1985-1985 were obtained for the USGS.  One of the most challenging components of specifying realistic synoptic conditions is the determination of appropriate values of water levels and currents at the open-ocean lateral boundaries.  After exhausting the various possibilities of using current meter and water level observations , it was determined that the only possible method was to use the established ADCIRC model for the Atlantic Ocean (EC95) or possibly a finer resolution ADCIRC (EC2001).  The plan is to run the ADCIRC model, imposing the blended NCEP reanalysis wind product with available meteorological observations, and specifying the verified tidal constituents along the open-ocean boundary at 60◦ W.

· Task 4.  Model Grids.  Given the bathymetry, shoreline, and locations of lateral boundaries, i.e., open-ocean, rivers, C&D canal, a model computational grid is needed.  For the DRB MEE, it was agreed to by each of the modelers that the structured models, i.e., POM and ROMS, would use one grid and the unstructured grid models, i.e., ADCIRC, FVCOM, ELCIRC, and SELFE would use one grid.  The structured and unstructured grids would have comparable resolution, but the advantages of the unstructured to follow the shoreline and bathymetry would be permitted.

· Task 5.  Skill Assessment Metrics.  The value of the MEE is that each model will be run with as similar as possible boundary  conditions; however, each model has its own set of parameters, such as the use of friction coefficients, mixing parameterizations, numerical formulation, and various formulations for specifying lateral boundary conditions.  To ensure that each model be evaluated impartially, an objective set of skill assessment metrics is needed.  The baseline set of skill metrics to be incorporated into the MEE are those used by NOS in its nowcast/forecast systems.  This set of metrics are being enhanced to include comparison tables and plots to quickly see model skill versus NOS standards; various forms of profiles, and plots to compare model forecasts of salinity and temperature versus depth as compared to observed CTD. Another form of skill metrics that are being evaluated are co-phase and co-amplitude plots for each tidal constituent as constructed from the data using TCARI and those computed from the analyzed model water levels.  In addition to model-to-observations comparisons, model-to-model comparison will be made to evaluate the realism of the hindcasts, e.g., the coastal plume.

· Task 6.  COMF.  As stated in the introduction, CSDL has established a COMF as the infrastructure for running circulation models.  As new capabilities are developed as the MEE is established, wherever possible, these are to be incorporated into COMF.  One example is the access of the database created for the circulation data set for the NOS 1984-1985 survey.  This will be the basis for any future compilation of historical data sets for additional MEEs.

· Task 7.  Tools.  As observations are obtained, fields are produced, comparisons are needed and  additional requirements for graphical tools are identified.    In addition to graphic tools, other tools, such as analysis methods, filters, will be developed as needs are identified.  Wherever possible, as these new tools are developed, they will be made available to each of the modelers, and if appropriate included in COMF and become an integral part of the MEE.

4.0 Modeling Strategy

To evaluate each model, a systematic approach was established.  Each model experiment was designed to evaluate the capability to produce realistic results for a dynamic regime.

· Experiment 1.  Tidal Simulation.  The objective of this experiment is to see the models capability to reproduce the tides and tidal currents.  For this experiment, tidal water levels, and if needed, tidal currents were to be specified along the open ocean lateral boundaries based on a set of verified tidal constituents (Myers, 2006).  At the Chesapeake Bay side of the C&D canal, tidal heights, and if needed tidal currents would be imposed.  Additionally, for this experiment, density was held constant, and climatological river discharges were imposed.   Accounting for these three primary forcings would allow each modeler to evaluate the models’ ability to represent the tidal propagation and the models capability to predict any nonlinear interactions of various tidal constituents.  Each modeler could adjust tunable model parameters to improve model skill.  

· Experiment 2. Baseline Density Experiments.  A series of experiments were designed to evaluate the robustness of the model prediction in the presence of density stratification and the sensitivity of the model prediction to the imposition of the IC of the density.  For this experiment, three model ICs were specified whereby the location of the freshwater front on the Delaware was placed near, north, then south of the C&D canal.  In addition, an ideal sinusoidal elevation at a period of 12 hours is specified at the open-ocean lateral boundaries, with climatological rivers.  This experiment was to be run for 40 days to determine whether quasi-steady state is established and if the three IC converge to one solution.
· Experiment 3. High River Runoff.  The experiment is an extension of Experiment 2; however, starting with one case of the model IC for the location of the freshwater front, specify the river discharge to be the observed freshwater event that occurred in April 1984.  In addition, in lieu of imposing just the 12 hour sinusoidal variation of elevation, impose the full tide as done in Experiment 1.  The objective of the experiment is to validate that the model is stable and can simulate a realistic response to a strong freshet event, where the tidal ranges are attenuated due to nonlinear interactions between the river discharge and tides.
· Experiment 4. Hindcast.  The final experiment is a hindcast during the 1984-1985 NOS circulation survey.   The period for the hindcast will be March 21 – September 7, 1984.  The rationale for selecting this period is shown in the figures below.  During this period, three strong spring freshets occur, which are followed by decrease river discharges into the Fall; a late spring meteorological event occurs on March 31, 1984; and extensive water level, currents, and CTD data from the NOS Delaware Bay survey are available during this hindcast period.
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5.0 Conclusion

This summary provides a comprehensive overview of the establishment of the Model Evaluation Environment for Delaware River and Bay.  It is an ambitious program and requires a strong suite of modeling expertise, as well as the appropriate boundary conditions and observations required to configure, run, and skill assess candidate models.  One objective of the project is to provide this MEE, as well as future MEE’s, to various circulation model communities to support model development and evaluation so that existing and next generation models can be compared under common synoptic conditions. 
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