Future Modeling Enhancements

In other documents provided in this report, we have discussed the status of the various SEACOOS modeling efforts.  We discuss here modeling strategies that have not yet been implemented, yet are very much part of our discussion for future implementation.

Ensuring Robustness & Grid Technologies.  It is beneficial to have a distributed approach to running models, in general, and specifically during events (e.g., the recent hurricanes) that result in down-time for one or more modeling sites simultaneously.  The hurricanes impact during these past months revealed the benefits of duplication.  The node that loses power misses runs but the rest of the solutions are available.   The idea might be to duplicate runs for each domain creating multiple forecasts for each region.  A consideration is that robustness should be achieved while minimizing the number of runs.  However, the scale issue will remain, i.e., in the future we will need more resources ( more resolution, and thus more run-time.  One solution is to include a coarse resolution run at more than one site as a backup for failure. 
The long-term goal (in collaboration with SURA-SCOOP) is that software will be able to address some of the issues using grid computations and grid technologies.  The most difficult problem and the one that needs to be resolved before pushing forward is security.  The main conclusion is that robustness cannot be addressed locally; it has to be done somewhere else.  We should endorse approaches by SURA-SCOOP and pay attention to the results of their experiments.  One limitation is that, at this stage, IT (Information Technology) people have to control these applications.  The full potential of these techniques is likely to be available by 2007.  

Another advantage that grid approaches provide is that the source of, for instance, meteorological files might not matter (i.e., issues about file formats are taken care of somewhere else).   We are studying the possibility of translating this to SEACOOS, even though it might be problematic: lack of files, network connection between groups, change of formats, etc. We need to better define robustness needs of the system.  It is certain though that the solution to robustness must not be a duplication of the system, because even if it seems the obvious solution, it is not the most efficient way to do it.  We need to better define robustness and look for single point failure.  Find weak points and faults. The problem is that even people with a mandate of robustness, like the Weather Service, are not able to do it.  It is clearly a very difficult problem that needs further study.

The vision of SURA-SCOOP is inter-operability. Basically it means the possibility of working independently of the source of files. GRID (see above discussion) and Earth Science language might be part of the solution. Grid computing is not the panacea; it is just a way to interact between different groups.  

Ecosystem Models:  We are collaborating with colleagues of the National Marine Fisheries Service to study and quantify the transport of larvae of selected species on the SAB (see Lagrangian Modeling section of this report) shelf.  This effort considers the model flow fields in relation to the design of Marine Protected Areas (MPAs).  Additionally, exploratory studies have been carried out extending model solutions in the EFS to include a nutrient-phytoplankton-zooplankton-detritus (NPZD) ecosystem model, that has been partially validated through comparison of simulated phytoplankton fields to MODIS color imagery, representing chlorophyll-a concentrations (Fiechter and Mooers, in preparation).   Modeling efforts at USF are ongoing in the Monitoring and Event Response for Harmful Algal Blooms (MERHAB) and Ecology and Oceanography of Harmful Algal Blooms (ECOHAB) programs.  ECOHAB is focused on detection methodologies for HABs and their toxins, understanding of the causes and dynamics of HABs, developing forecasts of HAB growth, transport and toxicity, and predicting and ameliorating impacts on higher trophic levels and humans. One concern, in each of these case studies, is the difficulty to initialize and validate ecosystem models with appropriate observations. We need to continue to work with the Observational WG to address this. While satellite data might be the only data available at this point, in-water capabilities are essential.  

Wave Models: Several approaches are available to model waves (high frequency, deep water gravity waves) including WAM and SWAN which are 3rd generation spectral wave prediction models that do not introduce assumptions on the spectral shape.  An example from the Global WW3 forecast (https://www.fnmoc.navy.mil/PUBLIC/WAM/wam.html) is shown in Figure 1.  
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Although the agreement of most wave models with lab experiments is good, fundamental questions remain.  For example, wave-current interactions, e.g., as can be expected between the Gulf Stream and waves traveling from the open ocean onto the shelf regions is not well understood.  Going to 1km resolution has a big computational constraint that should be addressed before proceeding with making the wave model part of SEACOOS.  
Despite these issues, the message appears to be that the community can do wave modeling “reasonably well’.  The possibility presently considered is, instead of running our own wave modeling system, to download wave modeling products the same way we are downloading the atmospheric forcing.  The SEACOOS niche might be to provide a higher resolution wave product with a complementary observing system. The area should be the transition zone and the WFOs would use our product. 

Sediment transport models:  Establishing wave modeling capabilities (directly within SEACOOS or indirectly through collaborative efforts) would improve estimates of bottom stress in the circulation models and allow for estimates of sediment transport. Regarding to the latter, it may be desirable to collaborate with USGS’s efforts to establish a National Community Sediment Transport Model (NCSTM).  A description of the effort is given in http://woodshole.er.usgs.gov/project-pages/sediment-transport/, which includes among its goals to advance instrumentation and data analysis techniques for making measurements to test and improve sediment-transport models, advance software analysis and visualization tools that support model applications, and apply sediment transport models to benefit regional studies – each of which is complementary to SEACOOS objectives and approaches.
�


Figure 1. Wave height (feet) and direction for the North Atlantic for 27 Dec 2004.
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