Short Case Scenarios Demonstrating the Application of Advanced Cyberinfrastructure to Atmospheric Science

End-to-End Example

Suppose a graduate student wishes to understand why some severe thunderstorms produce a succession of mesocyclones
 and multiple tornadoes, while others do not.  The first step requires establishing a climatology of observed storm behavior for comparison with numerical simulations.  The Web-enabled portal allows the student to search and locate, access, and decode all required data – including ten years
 of NEXRAD Doppler radar data, along with upper air observations and NWS model forecasts, hourly surface observations, weekly land surface data, 6-minute precipitable water data from GPS satellites, and 15 minute satellite radiance data – all for the contiguous United States.  Because the study concerns only intense thunderstorms, a mining engine within the LEAD toolkit is applied to the NEXRAD data to identify only those dates and times when severe thunderstorms were present.  Using the portal, the student then accesses the appropriate subset of data, which are too voluminous to be stored locally and must be stored on a remote site.  There, the disparate, asynchronous and distributed observations are combined via a data assimilation system to yield a set of dynamically consistent, gridded, three-dimensional fields of all principal meteorological variables at five minute intervals.  Using feature detection and pattern recognition techniques, the student applies a data mining engine to the assimilated data sets to catalog all cyclic versus non-cyclic storms, the existence of tornadoes, and the surrounding environmental conditions associated with each.  The resulting metadata, along with the assimilated data sets, can then be made available on a federated server for use by the broader community, even though the data physically reside elsewhere.

The student then develops a parameter space of 500 idealized numerical simulations designed to provide a physical-dynamical understanding of the storm cycling process. The simulations produce hundreds of terabytes of output, and mining techniques are used to correlate cyclic storm behavior with environmental characteristics and internal storm dynamics.  The simulation output are automatically published to digital library catalogs [e.g., National Science Digital Library (NSDL) and Digital Library for Earth System Education (DLESE)].  To examine the predictability of cyclic storm behavior in an operational environment, the student, in collaboration with operational researchers at the NOAA/FSL, uses orchestration tools to configure a set of 50 real-time, high-resolution WRF ensemble forecasts.  Because she wants to run the ensembles only when thunderstorms are actually forming, the student applies data mining tools to streaming real time feeds of NEXRAD data from all 142 radars in the U.S. to identify storm locations.  The mining tools trigger the WRF ensemble system over appropriate domains, which in turn automatically requests Grid computing resources with sufficient priority to provide results significantly faster than the weather unfolds.  As storms form in new regions and intensify in others, additional ensemble forecasts are spawned and finer grids are emplaced to capture their evolution. This on-demand requirement for additional resources is handled automatically by the Grid. 

In this example, data mining, atmospheric modeling, and computing systems were interoperating and responding to the weather, whereas the observing systems were providing data independent of all other activities.  In contrast, arrays of dynamically adaptive, collaborating remote sensors – which reconfigure in real time to sense multiple phenomena – now are being developed to optimize the collection of atmospheric data.  In the scenario described above, once a data mining engine detected a severe thunderstorm, it could change the radar’s mode of operation to scan only that storm at high time resolution, or with different polarization diversity, so as to optimally provide observations for hazardous weather detection and model initialization.
Dynamic Nested Grid Modeling

A research university, working with the NOAA Forecast Systems Laboratory, wishes to run the WRF model in real time to refine optimal strategies for automated grid nesting across a broad range of time and space scales.  Overlapping nested grids extending from the continental scale (20 km spacing) down to the storm-scale (1 km) will be used and must initiate automatically over regions of developing weather and be removed over regions where weather is dissipating.  Each nested domain must be capable of running on any machine at any location within the Grid, and a user must be able to intervene in the model execution stream to initiate new grids, remove grids, change the observational data being used in any part of the calculation, or increase the frequency of successive forecasts – all without negatively impacting the throughput and synchronization of the entire computation.  This type of research must be performed in real time in order to utilize the real-time, on-demand allocation resources of the Grid, but most importantly in order for forecasters at the FSL to actively synthesize the model output with other available information in time-critical decision making.  Further, real time visualization and analysis tools are essential to fully assess the results of the simulations.
Radar Data Mining

A university doctoral student is using real time streams of data from all 141 continental US NEXRAD radars to develop detailed relationships among a variety of thunderstorm attributes including geographic origin, motion, duration, depth, intensity, transience, cellular structure, and relationship to properties of the underlying ground surface.  She runs several algorithms on each volume scan of data as they arrive at 5-minute intervals from all 141 radars to create metadata sets which then are mined in real time to produce statistical and physical relationships among identified features. These results are fed to a national repository and analyzed in a GIS system by the insurance industry for use in establishing city-by-city climatological patterns of societal vulnerability to weather hazards.   


















































































� A vertically oriented vortex that precedes, and within which is embedded, all large tornadoes.


� The longest time for which all required data are available, and the shortest period for which meaningful statistics can be created.





