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Description

Earthquakes in urban centers are capable of causing enormous damage. The recent January 16, 1995 Kobe, Japan earthquake was only a magnitude 6.9 event and yet produced an estimated $200 billion loss. Despite an active earthquake prediction program in Japan, this event was a complete surprise. The 1989 Loma Prieta and 1994 Northridge earthquakes were also unexpected and caused billions of dollars of damage as well as loss of lives. Future similar scenarios are possible in Los Angeles, San Francisco, Seattle, and other urban centers around the Pacific plate boundary.

We will develop simulation and analysis tools to study the physics of earthquakes using state-of-the-art modeling and data analysis tools. Two new technologies, one providing the data and the other the means, make it possible to pursue the development of complex, sophisticated models for predicting the behaviors of fault systems. Comprehensive, real-time datasets are being collected using NASA-developed space systems demanding new technologies for storage, handling, transmission, visualization and analysis. These include surface geodetic data, primarily space-based GPS and InSAR data collected under the auspices of the NASA Earth Science Enterprise, augmented by more traditional land-based datasets, such as seismicity, strong motion, and other remotely sensed data. These data provide the necessary constraints for carrying out realistic simulations of fault interactions. Information technology provides the means for clearly defined accessible data formats and code protocols as inputs to the simulations. It provides a framework for documentation of codes and standards as well as visualization and data analysis tools. Numerous codes and models are being developed to study the behavior of earthquake systems.  However, for further progress to be made these codes must be adapted to high-performance computers because the solid earth system is extremely complex and nonlinear resulting in computationally intensive problems with millions of unknowns.  Without such tools it will be impossible to construct the more complex models and simulations necessary to reduce future losses from major earthquakes.
Deliverables

· Fully three-dimensional finite element code with adaptive mesh generator capable of running on desktop workstations and on supercomputers for carrying out earthquake simulations.

· Inversion algorithms and assimilation codes for constraining the models and simulations with data.

· Object broker for allowing for seamless communication between codes, reference models, and data.

· Visualization codes for interpretation of data and models.

· Pattern recognizers capable of running on workstations and supercomputers for analyzing data and simulations.

· Disaster management system for response and analysis following earthquakes.
Rationale/Relevance

NASA has recently committed a great deal of effort and funding to develop the means to observe and characterize the movements of the earth's crust that arise from plate tectonics leading to catastrophic earthquakes. Recent research indicates that the phenomena associated with earthquakes occur over many scales of space and time. Understanding the dynamic processes responsible for these events will require not only a national commitment to develop the necessary observational datasets, but also the technology required to use these data in the development of sophisticated, state-of-the-art numerical simulations and models. The models can then be used to develop an analytical and predictive understanding of these large and damaging events, thus moving beyond the current, more descriptive approaches now routinely employed. Approaches emphasizing the development of predictive models and simulations for earthquakes will be similar to methods now used to understand global climate change, the onset of the El Niño-Southern Oscillation events, and the evolution of the polar ozone depletion zones.

One of the six major questions in the NASA Administrator's strategic outlook asks how we can develop predictive natural disaster models. These events (e.g. volcanic eruptions) are potentially catastrophic if not flagged quickly and reliably. The simulation, datamining, and pattern recognition software to be developed in this program will be directly applicable to early warning systems. Our approach is based on the development of simulations, data assimilation, general pattern recognition, and datamining. By integrating these concepts within an object-oriented framework based on open standards, we can provide a blueprint for the design of fully autonomous continuously monitoring systems of heterogeneous assets that will underpin much of NASA’s solid earth science needs in the future.

Anticipated Budget

Approximately $700K per year.

B&P Needed
· $5K (1.5 weeks)
