Numerical modeling efforts of HABs in the Gulf of Mexico at Coast Survey Development Laboratory (CSDL) of NOAA

The Harmful Algal Bloom (HAB) analysis and prediction studies at NOAA have two components associated with it : (i) measurements-based studies and (ii) numerical modeling-based studies.  Currently, a NOAA  HAB Bulletin for the Gulf of Mexico (GOM) is released twice a week based primarily on (i) which also contains some numerically predicted results based on a 1-D, Ekman transport type model employing wind velocity measurements from the VENF1 C-MAN station (Venice, FL) maintained by the National Data Buoy Center (NDBC) of NOAA.

To augment the 1-D modeling strategy, a NOS West Florida Shelf 2-D (NWFS-2D) was implemented whereby a cross-shelf transport model based on Rutgers University’s Regional Ocean Modeling System (ROMS) was implemented on the West Florida.  The computational domain is a transect perpendicular from the coast which emanated from a point approximately midway between Tampa Bay and Charlotte Harbor and extends approximately 875 km into the Gulf of Mexico.  The model is initialized using the temperature and salinity fields from the NOS/CSDL Gulf of Mexico model (NGOM) at http://chartmaker.noaa.gov/csdl/op/dgom.m.html that routinely produces daily Nowcast/Forecasts for the Gulf.  The NGOM model is based on the Princeton Ocean Model that was implemented and vetted by Dynalysis of Princeton.   The surface forcing for the model 2-D model is specified using a combination of wind data from the NDBC VENF1 C-MAN station and the North American Mesoscale (NAM) predictions.  The HAB particle movements were simulated in NWFS-2D using massless and point line Lagrangian particles.   This model is run on a daily basis at CSDL/NOAA and its output is emailed to several HAB investigators around the USA in the form of the graphic as shown in Figure 1.  The four panels represent the paths of four different particle ensembles (released 3.5 days apart and with the first ensemble being released 5.0 days after model initialization) for a duration of 3.5 days each. The blue squares represent the initial locations of the particles and the black circles their locations after a duration of 3.5 days.  The particle paths that correspond to an initial location of 10 km off-shore are green in color, those at 20 km are red and those at 30 km are blue.  Particle paths are shaded according to their initial depths with the color shades becoming progressively darker with increasing depth.  The grey-shaded area represents the shelf.  The bottom panel depicts the along-shore wind stress and the hourly averaged wind sticks plotted in black.  For this  model configuration, a positive stress (cyan; wind directed to the north) implies downwelling and a negative stress (red; wind directed to the south) represents upwelling.  The time (in GMT) at which the model begins imposing the NAM forecast winds  is high-lighted with a downward pointing magenta arrow.  Prior to this date, the model imposes surface forcing based on the observations at the VENF1 C-MAN station.  The lettering associated with the four particle path panels (A, B, C and D) correspond to the annotated wind stress plot segments to relate the upwelling/downwelling tendencies to the particle paths.  The filled magenta circles in particle path panel D indicate the cross-over point at which the surface forcing switches from observations at the VENF1 C-MAN station to predictions from the NAM model.  The WFS-2D model is currently being evaluated at NOAA’s National Centers for Coastal Ocean Science (NCCOS) and Center for Operational Oceanographic Products and Services (CO-OPS). 
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Figure 1.   A sample HAB graphic produced by the 2D cross-shelf transport model.

Even though the 2-D model may produce very useful insights, it cannot  simulate 3-D physical processes in the Gulf of Mexico, e.g. along shore transport and the effects of the loop current.   Therefore, a full 3-D shelf model has been implemented at CSDL/NOAA and is currently being evaluated.  This model is identified as the NWFS-3D; and its implementation is also based on the ROMS   It is fully coupled with the NGOM model so that the initial conditions, model surface and lateral boundary conditions are provided by the latter; the NGOM wind forcing is provided by a Coupled Ocean/Atmosphere Mesoscale Prediction System (COAMPS) product; and monthly climatological heat fluxes are imposed.  The NGOM computational grid is relatively uniform over the WFS with a model resolution of 5-6 km.  The NWFS-3D grid has a nominal grid resolution on the shelf of 800 m and is further refined in the Tampa Bay, Charlotte Harbor regions to a model resolution of 400 m.  For both the NGOM and NWFS-3D the bathymetry is derived from National Ocean Service (NOS) soundings.  The refinement of the NWFS-3D grid in Tampa Bay, Charolotte harbor, and along the coastline of the WFS is based on the medium resolution product from the National Geophysical Data Center (NGDC) of NOAA.  An innovative vertical discretization is used whereby the distribution of vertical resolution were chosen to obey a terrain-following σ-grid formulation such that a greater distribution is used in the shallow regions of the domain near the bottom to resolve boundary layer phenomena; however,  the vertical distribution in deeper regions is modified to resolve both bottom and surface processes.  Figure 2 illustrates the distribution of model resolution as a function of model depth.  
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Figure 2.  Vertical σ-grid point distributions for different bottom bathymetric depths.

The coupled model domains are shown in Figure 3.
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[image: image4.jpg]ROMS model domain (overlayed with NGOM grid points)
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Figure 3.  The NGOM model domain (left) with ROMS sub-domain and NWFS-3D model grid (right).  Red dots on figure on the right indicate NGOM grid locations.

One aspect of the coupling of NGOM/NWFS-3D was to conserve the total volume of water by (i) ensuring that the bathymetries of the two models are consistent at the coupling locations, and (ii) adjusting the velocities along the NWFS-3D to ensure that along the open-ocean boundaries the net integrated volume transport is zero.

The second important aspect of the coupling was use a lateral boundary condition that allows barotropic and other physical waves to enter and exit the computational domain.  After a series of numerical experiments, the ideal boundary condition set was found to be (a) baroclinic velocities clamped (to interpolated NGOM model values), (b) temperature and salinity clamped/advection (for inflow/outflow conditions respectively), (c) water level clamped, (d) tangential barotropic velocity clamped and (e) normal barotropic velocity employing the Flather boundary conditions.  Figure 4 shows the propagation of a discontinuity and the reflected waves when inappropriate boundary conditions (clamped barotropic velocities) are employed; with the use of the above ideal, non-reflecting boundary conditions, it is seen that wave reflections from the open boundaries are appreciably reduced.
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Figure 4.  Propagation of a discontinuity in the ROMS computational domain and the effect of open boundary conditions.

To test the effectiveness and accuracy of the model coupling strategy, a 15-days simulation of  NWFS- was conducted using (i) the NGOM bathymetry, (ii) the NGOM coastline and land/sea mask, (iii) the NGOM initial and boundary forcings; all of these fields were mapped on to the NWFS-3D computational domain by employing a numerical bilinear interpolation.  The NWFS-3D model grid consists of 300 x 250 grid points in the horizontal and 30 vertical terrain-following, sigma-levels, as shown in Figure 2.  The simulation time step was 240 seconds.  A comparison of the regional model solutions with those from the Basin model showed that there was a close correlation between them, with the former showing greater small-scale spatial details as expected.  Figure 5 shows are the salinity and meridional velocity comparisons after the 15 days simulation.
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Figure 5.  Comparison of salinity and zonal velocity between ROMS and NGOM after 15 days.

The future modeling plan includes:  (i) performing longer (e.g. 6-month) coupled simulations with ROMS to ensure that the coupling remains valid and accurate, (ii) adding rivers inflows, (iii) employing improved surface forcing meteorological fields, e.g., blending measured data with COAMPS winds and montly climatological heat fluxes), (iv) simulating of observed HAB events and iv) including behavior (eg. swimming, etc.) in the simulated HABs.  The strategy for (iv) is exemplified in Figure 6(b) where the HAB movements over a 7-day time interval are simulated using massless, point-like Lagrangian particle; the initial particle locations are in black and their final locations are in magenta.  It is seen that particles show movement, but remain confined to their respective patches.  The planned hindcast will be initialized with HAB concentrations based locations extracted from (digitized) daily satellite Chlorophyll concentration plots which indicate high levels of Chlorophyll and have been shown by independent measurement to represent Karenai Brevis.  An example of a satellite image is shown in Figure 6(a).
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Figure 6.  (a) Satellite image of Chlorophyll concentration and (b) sample 8-day ROMS particle simulation.

A Live Access Server (LAS) has been established whereby both the general public and scientific investigators can download the daily model products from the NGOM/NWDS-3D modeling system.  A schematic diagram of  the user interface is shown in Figure 7.  


Figure 7.  Schematic view of a potential internet-based Live Acess Server (LAS).

In summary,  NOS/CDSL  has implemented a modeling strategy to continue the evolution of circulation models from the initial 1-D approach, to 2-D, then fully 3-D models to address the challenging issues associated with the prediction of the initiation and fate of HABs along the West Florida shelf.  Modeling techniques developed for this region can and will be applicable for other regions with HAB concerns in U.S. coastal waterways. 
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