Opportunity #21. Research for Building New Holistic Earthquake Monitoring

We seek a postdoctoral fellow to engage in studies that will develop insights and strategies for the next generation of earthquake monitoring. Traditionally, detection and rapid characterization of earthquakes has relied exclusively on data from seismic networks, but the time is ripe also to employ data from Global Positioning System (GPS) networks. The research done in this project would test the hypothesis that geodetic and seismic data are complementary and can be used simultaneously for more robust monitoring, not only of earthquakes but also for other deformation transients that provide clues about the accumulation and release of tectonic stresses.  This hypothesis follows logically from the facts that seismic and GPS data measure different aspects of transient fault slip processes and that the sources of noise differ for each type of measurement.
Recent scientific discoveries and infrastructure enhancements make the Cascadia subduction zone in the Pacific Northwest the obvious place to study deformation associated with fault slip, the characterization of which is the scientific underpinning of earthquake monitoring.  Both state-of-the-art seismic and geodetic networks (the Pacific Northwest Seismic Network or PNSN, and the Pacific Northwest Geodetic Array or PANGA, respectively) operate in Cascadia, and the PNSN has just started receiving PANGA GPS data-streams.  Significant investments in both networks were made as part of NSF’s Earthscope program. American Recovery and Reinvestment Act (ARRA) projects underway include upgrading of the PNSN and, most significantly, conversion of 232 GPS stations to real-time telemetry and high-rate (1 Hz) sampling.  Much of this development has been motivated by the discovery of episodic tremor and slow slip in Cascadia. This has led to the recognition that significant fractions of stored up strain energy are released aseismically, so that both seismic and aseismic (geodetic) measurements are required to assess the complete energy budget involved in the earthquake cycle. Recognition of the enormity of the consequences of a major subduction interface earthquake in Cascadia makes research to improve our understanding of, and ability to monitor and respond to, earthquakes ever more necessary. 

Fortunately progress has sufficiently advanced that the proposed research may consider the conversion of ‘raw’ real-time, high-rate GPS data into estimates of the ground displacements at each receiver solved and focus on the interpretation of displacement measurements.  The development of strategies for discriminating and interpreting signals that reflect tectonic processes of interest from ‘noise’ sources is now a small but growing area of research among geodesists.  The research conducted under this Opportunity would extend these studies.  In addition, proposed research may explore how to use more accurate ‘network solutions’ even following earthquakes that perturb the entire network, which contaminates the usually-assumed-stable reference sites. 

Other research foci are possible, and as the discovery of episodic tremor and slow slip demonstrates, studies employing new data in new ways will likely lead to unanticipated findings and research paths. One example might be a study focusing on improved understanding and forecasting of aftershocks, noting that a number of studies have found aftershock rates track post-seismic geodetic deformation.  Another focus might be on rapid and accurate characterization of the rupture of finite-dimensional faulting, particularly for large complex earthquakes, which is needed to improve immediate ground motion maps and to make early warning possible.  While GPS displacements are most well-suited to constrain the details of larger earthquakes, they may be employed using simple metrics and model predictions to determine if even a moderate earthquake was likely to generate a tsunami or was an unusual and thus alarming event on the plate interface. Although such methods could be simple, research is needed to develop the models, correct metrics, and even testing procedures before considering implementation.

A richness of transient fault slip modes have been observed in the Pacific Northwest, but fault slip in moderate earthquakes occurs only every few years.  Moreover, the plate interface, where the largest earthquakes are expected, appears almost completely silent, breaking only in large very infrequent earthquakes.  Thus to study the deformation associated with large earthquakes will likely require using data from analog regions (e.g., the recent M8.8 Chilean earthquake) and from models.  The Fellow will be encouraged to explore both possibilities.  Analog studies require demonstration of the degree to which results are transferable to the Pacific Northwest and elsewhere.  In any research conducted under this Opportunity, investigation of the transferability of strategies and results to other regions and monitoring circumstances would be expected. 

USGS staff in Seattle and PNSN personnel work closely and are well integrated into the Dept. of Earth and Space Sciences at the UW. The Fellow would be encouraged to work with the geodesist mentors Murray-Moraleda and Langbein at the USGS in Menlo Park, CA and Melbourne at Central Washington University in Ellensburg, WA.
Proposed Duty Station: Seattle, WA

Areas of Ph.D.: Geology, geophysics, geodesy, seismology, physics (candidates holding a Ph.D. in other disciplines but with knowledge and skills relevant to the Research Opportunity may be considered)

Qualifications: Applicants must meet one of the following qualifications: Research Geologist, Research Geophysicist

(This type of research is performed by those who have backgrounds for the occupations stated above. However, other titles may be applicable depending on the applicant's background, education, and research proposal. The final classification of the position will be made by the Human Resources specialist.)

Research Advisor(s): Joan Gomberg, (206) 616-5581, Gomberg@usgs.gov; Jessica Murray-Moraleda, (650) 329-4864, jrmurray@usgs.gov; John Langbein, (650) 329-4853, Langbein@usgs.gov; Tim Melbourne, (509) 963-2799, tim@geology.cwu.edu; Paul Bodin, (206) 616-7315, bodin@uwas.edu; John Vidale, (206) 543-6790, john_vidale@mac.com.  

Human Resources Office contact: Candace Azevedo, (916) 278-9393, caazevedo@usgs.gov
