5. Enabling the analysis, modeling, and visualization of solar system plasmas

The requirement to effectively model the physical processes controlling our planetary and interplanetary environment has become critical.  The traditional single-spacecraft is being replaced by multi-spacecraft, distributed data sources, communications and computation-intensive analysis methods, and adaptive mission architectures termed “Sensor Webs”.  Remote space weather predictive capabilities with real time data assimilative technologies will be required for explorers far from Earth.  In many missions (e.g. the Inner Heliosphere Sentinels, MagCon, or SEPM) modeling will be a critical element of the mission itself, while other modeling efforts will be required to assimilate the data collected by multiple missions into coherent visualizations of broader physical systems.  Critical to supporting this future mission operations approach is the development of the computing infrastructure that makes such synergism possible.  Well-managed archives, virtual observatory systems, and the vigorous application of knowledge support tools are considered to be central to many, if not most, of the major SSSC science and technology advances to be achieved in the coming decades.

Some groundwork for these activities has begun; a confluence of new technologies (internet, XML and web services, broadband networking, high-speed computation, distributed grid computing, ontologies and semantic representation) is dramatically changing the data landscape.  Distributed data and computing resources are being linked together for the purposes of enacting a more rigorous approach in the verification and validation of predictive models.  Examples include the Virtual Solar Observatory and Virtual Heliospheric Observatory, which will provide pattern and feature recognition to allow large datasets to be mined for events, particularly those detected by multiple platforms.  The Columbia supercomputer which uses 10,240 Intel Itanium-2 processors and provides an order of magnitude increase in NASA’s computing capability.  The VisBARD project, in which space science data is displayed three-dimensionally along spacecraft orbits allowing rapid determination of vector configurations, correlations between measurements at multiple points, and global relationships.  Organizations such as NASA’s Coordinated Community Modeling Center (CCMC), the NSF-funded Center for Integrated Space Weather Modeling (CISM) and the Center for Space Environment Modeling at the University of Michigan are producing integrated models, transitioning models into operational infrastructures, and building software frameworks that link models.  These efforts are by definition cross-disciplinary, requiring expertise in numerical analysis, high-performance computational science, and solar, interplanetary, magnetospheric, ionospheric and atmospheric physics.  Future programs will need to be structured to handle the demands of increasingly complex data sets and simulations that encompass the entire solar, heliospheric and geospace environments.

The future will require a careful systems architecture to provide the necessary synergism, illustrated in Figure X, between robust data sets (Data), state-of-the-art models and simulations (Model), high-data-rate sensors (Sensor), and high performance computing (HPC).  In the late 20th century, a major revolution in chaotic systems and nonlinear dynamics arose because of a new coupling of models and high-performance computing.  Similarly, we expect that the emerging linkage of rich data sets, high-performance computing, models and sensors will lead to even greater scientific understanding of how our solar system operates and how we can best operate within it.  It is within this context that the appropriate relationships and investments in planning, data access and preservation, and analysis and research are best coordinated to provide the research-supported space weather capability at the core of this roadmap.
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