
Introduction Dataset and Analysis
Santa Barbara, California, lies in a seismically active region, where the complex

interplay of faults generates significant earthquake hazards. Understanding

ground motions— the shaking intensity caused by earthquakes— is critical for

designing resilient infrastructure. The National Seismic Hazard Model (NSHM),

developed by the U.S. Geological Survey, provides the basis for building code

design ground motions. In Santa Barbara, these design ground motions are

notably high due to the region's proximity to local faults (Figure 1). With each

updated edition of the NSHM, advancements in seismic hazard modeling,

including refined fault characterizations and improved ground motion models,

have led to progressively higher design ground motion (Figure 2).

ObsPy (Beyreuther et al. 2010) and gmprocess are used to identify events in the

region from 2011 to the present and download/process records, respectively.

489 records are successfully downloaded and processed (Figure 4).

Figure 1: NSHM23 (Petersen et al. 2023) Site Class D Probabilistic Seismic Hazard PGA for
2% probability of exceedance in 50 years (2,475-year return period)

Figure 4: Earthquake epicenters from 2011 to the present and the PGA recorded at CI.USB.

Figure 7: Stations and earthquakes with recordings used for mixed-effects regression of residuals.
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Figure 2: PSHA response spectra (5% damped, 2,475-year return period) for UCSB East
Campus using different earthquake rupture forecasts

Several recording stations exist

in the Santa Barbara region, in

particular this study focuses on

CI.USB, a downhole strong

motion station located on

UCSB’s campus next to Webb

Hall (Figure 3).

CI.USB has VS30~300 m/s; the

subsurface is characterized by

shallow terrace deposits (~10ft

thick) overlying Sisquoc

formation siltstone Figure 3: CI.USB during ARRA project site
characterization (Yong et al. 2013).

A GMM (Boore et al. 2014) is used to predict IMs, and residuals (Ri,j) with

respect to recorded IMs are computed at CI.USB (Figures 5 & 6). Of particular

note is the 2013 M4.8 that occurred approximately 7km west of CI.USB and

caused significant PGA at the station.
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To examine the 2013 M4.8 event, gmprocess (Thompson et al. 2024) is used to

process 228 records (Figure 7) from the event and a large number of records

from several dozen events in the region. A mixed-effects regression is

performed to examine the event term (𝜂𝑖) and within event residual (𝛿𝑊𝑖,𝑗):

𝑅𝑖,𝑗 = 𝑐0 + 𝜂𝑖 + 𝛿𝑊𝑖,𝑗

The sum of the total bias and event term for the 2013 M4.8 is found to be -0.86,

meaning that on average the event is overpredicted and the recording at CI.USB

is shown to be a significantly larger PGA than expected for this event (Figure 8).

Figure 8: Within-event residuals with epicentral distance (colors indicate earthquake)

Earthquake Horizontal-to-Vertical Spectral Ratios (eHVSR) are computed for the

489 records at CI.USB to explore azimuthal dependence (Figure 9).

Figure 5: Residuals of PGA against earthquake magnitude at CI.USB.

Figure 6: Residuals of PGA against azimuth (for M>=3) at CI.USB.

Figure 9: eHVSR at CI.USB.
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