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Phil Resor (Wesleyan University) with minor revision by Vince Cronin (Baylor University) 
This exercise helps foster analysis and discussion of the Mw 6.0 August 24, 2014 South Napa earthquake using data from permanent GPS arrays. This earthquake was the largest event in the San Francisco Bay Area, home to more than 7 million people, since the 1989 Loma Prieta earthquake. The information provided could be presented as an instructor-led discussion or as part of a student-centered activity building on the GPS strain analysis process.
Instructor’s notes
The South Napa earthquake provides an excellent example for studying crustal strain associated with the earthquake cycle of a strike-slip fault with clear societal relevance. This example uses a single triangle of GPS stations, located to the west of the earthquake epicenter, to estimate both the interseismic strain rate and coseismic strain. The triangle was chosen based on its location relatively close to, but not crossing the surface ruptures. The GPS data for a suite of samples, including the chosen triangle are provided in attached spreadsheets. GPS time-series data are also readily available for two of the stations (P198, P200) from the UNAVCO Plate Boundary Observatory (http://www.unavco.org/instrumentation/networks/status/pbo).
We envision this example being used in one of two ways: 1) As a largely qualitative instructor-led discussion of the earthquake cycle using GPS time-series and velocity/offset data in map form or 2) As a student-centered activity in which the students complete the entire exercise. In both cases the suggested outline of the material would be 1) an introduction to the earthquake, 2) a review of the earthquake cycle as measured by GPS geodesy, 3) estimation of interseismic strain rate and coseismic strain, 4) comparison of these values and a discussion of their significance for rates of seismicity. The GPS network data are quite rich so that a variety of other topics could also be addressed. For example, the triangle defined by stations P202-P200-P264 could be used to explore along strike strain loading due to the event.
Related files:
· “Finding GPS data” – precursor exercise for learning how to download PBO data
· Strain calculator – two versions of the calculator are available: Excel and MatLab. The Excel version is more “black box” whereas the Matlab version would be more appropriate if instructor would like the students more involved in the mathematics and programing end.
· “Document: Explanation of calculator output” – runs through the different output parameters with explanations and images to aid in real world understanding of results.
· “Strain Ellipse Visualization” – this is Mathmatica code that can be run using a free reader called “Wolfram CDF Player” (http://www.wolfram.com/cdf-player/). There is a simple strain ellipse visualizer within the Excel GPS Strain Calculator. However, if you want your students to interact more with exaggerated ellipses, this viewer can help students gain more intuitive understanding of how the numbers relate to specific examples of strain.
Questions 4 and 5 of the student handout provide an example of an error associated with our incomplete knowledge of the system (I.e., epistemic uncertainty) rather than due to an inherent randomness in the system (aleatory uncertainty). When asked to assess sources of error students are often quick to assume that the causes are due to measurement error or mistakes in calculations. Questions 4 and 5 could be used as the starting point for a discussion regarding sources of errors and how identifying epistemic uncertainty can lead to an improved understanding of a system. In this case, the exclusion of other nearby faults led us to attribute all of the intersiesmic strain to the West Napa fault. An improved model would include all of the active faults in the region and would lead to a much longer recurrence time for the event, consistent with the historical observations.
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