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More Effective Data Usage

What I think would be very useful are strategies for extracting from data bases the necessary preconditions for an important event to occur.

I really don’t know the proper word for the issue I’m interested in.  For the moment I’ll call it phenomena recognition.  To make the issue more concrete consider the problem of predicting Solar Weather.  Solar Weather is caused by flares and coronal mass ejections.  So look at the solar flare problem.  Solar flares are the result of release of large amounts of magnetic energy.  It is relatively straight forward to measure the distribution of solar magnetic fields and identify regions with significant magnetic energy, but it has not been possible to reliably predict flare.  Why?  After two years of observations with the AIA and STEREO instruments full sun observations are available 24/7.  This has allowed us to look at the pre-flare conditions.  What has been discovered is that there are several mechanisms that have the potential to trigger flares.  Can these full sun situations be discovered by some type of conditional search?  Is there some way to search for preconditions remote from the flare site that give an estimate trigger potential?  

Knowing when a flare occurs allows one to work backwards to search for the conditions for remote triggers.  But how does one know that the same or similar situations occurs and flares are not triggered?  With a large number of flare cases it should be possible to recognize potential trigger situations and also to evaluate the number of false positives.

To simplify the data mining effort a number of tools have been developed.  The most basic is the creation of a set of metadata that identifies types of solar events.  But the metadata alone is not sufficient to uncover patterns in the evolution of solar processes.  Solar flares are easy to recognize, but the patterns in the solar data that reveal the causes and triggers of solar flares differ from flare to flare and are affected by the time in the solar cycle, the size of the region in which the flare occurred, the number of spots of the Sun at the time, and other presently unknown factors. Presently how to discover what the fundamentals of the flare build up and triggering process is not understood.  It would be a great step forward in efficiency if an algorithm existed that could extract the essence of “flaring” from a sampling of the hundreds of flares in the database.  In short a giant step forward would occur if we could extract the physics of an event from the condition in which the event occurred.

Numerical Simulations 

In addition modelers can now create numerical simulations that can be compare and significantly extend observations or measurements.  In Heliophysics  there are present more than 20 groups who run simulation that generate 20 to 50 terabytes of data per year.  The doubling time of computer capabilities is about 18 months.  So it is not unreasonable to expect that many petabytes per year will soon be generated.  There is increasing pressure to make these numerical experiments as open as the data generated by traditional physical hardware.

