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Introduction
Detailed 3-D tomography models are vital to understanding 
earthquake processes, particularly in tectonically complex, seismically 
active regions like California. To produce a detailed model of the 
California region, we use multiscale full-waveform inversion (FWI); 
data processing, misfit calculations, and iterations are performed by 
Salvus, an end-to-end FWI software package. The resulting model is 
presented here.

Figure 1. Flowchart representing the workflow we use to calculate model updates at each period band of our 
model. The starting model for CANVAS is SPiRaL (Simmons et al., 2021), which is a global model calculated 
using P- and S- wave speeds and vertical transverse anisotropy at high spatial resolution. We calculate model 
updates in three period bands: 30-100 seconds, 25-100 seconds, and 20-100 seconds. We determine that the 
model has converged when the inversions stop reducing the time-frequency phase misfit value (Fichtner et 
al., 2009b).

Methodology

Data
§ 103 events, Mw 4.5-6.5, 

Jan 1, 2000 - Nov 30, 2020
§ 1,315 Unique stations 

contributing data to the 
model 

§ ~33,000 station-event pairs

Figure 2. (Right) Ray density coverage map at 
the surface. The bold black box denotes the 
domain we invert over. Each beachball 
represents one of the 103 events used in our 
inversions; the black triangles are stations 
that contribute data to the inversion. Each 
gray line is the great circle path of a station-
event pair that has at least one window 
picked (i.e. the data from that station-event 
pair is used to create model updates).
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Figure 3. Depth slices of absolute VSV velocity for the CANVAS model at three depths: 25km (Panel A), 50km (Panel B), and 100km (Panel C). The model shown is the final model after 
the 20-100 second period band and 53 total iterations. Red regions show slower velocities and blue regions show faster velocities. All three panels are on the same color scale. 
Colorblind-friendly versions of these figures are available; please contact claired@berkeley.edu for these versions of the figures.
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Results
The CANVAS model is inverted over three period bands: 30-100 seconds, 25-100 seconds, and 20-100 seconds. The overall 
time-frequency phase misfit is reduced by 37% over 17 iterations at 30-100 seconds, 45% over 17 iterations at 25-100 
seconds, and 20% over 19 iterations at 20-100 seconds. By the final model, wave speed anomalies reach up to 20% 
compared to the SPiRaL model. The velocity profiles of the model (Figure 5) show larger wave speed variations in the crust 
and uppermost mantle compared to SPiRaL. The changes to the anisotropy parameter (Figure 5c) are the most stark in the
upper mantle; the CANVAS model shows 3% higher anisotropy above 75km than SPiRaL does. Improved waveform fits are 
also seen with CANVAS, particularly in the horizontal component. Although the misfit function we choose is primarily 
sensitive to phase shifts, we see both phase and amplitude improvements in our waveform fits compared with SPiRaL.

Figure 4. Waveform data for station CI.PDE (Pasadena, CA) for the 
February, 2008 Mw 6.02 Wells, NV event. The observed data is plotted 
in black; the synthetics computed using the SPiRaL model are shown in 
red and the synthetics computed using the CANVAS model are shown in 
green. All waveforms are bandpass filtered between 20 and 100 
seconds. 

Figure 5. Velocity profiles for the SPiRaL model (black), CANVAS model at 30-100 sec (blue), CANVAS model at 
25-100 seconds (yellow), and the final CANVAS at 20-100 seconds (red). The three panels show the profiles for 
VSV (A, left), the Voight-Averaged VS (B, center), and the anisotropy parameter (C, right). The equations for the 
Voight-Averaged Vs and anisotropy parameter are shown in the bottom left of the panels B and C, respectively. 
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Comparing Results with Different Starting Models
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To determine whether we can produce analogous 
models with different starting models, we have 
run iterations on another model: WUS_AWT 
(Rodgers, this meeting). We use the same events 
and parameterizations for running inversions on 
WUS_AWT. The resulting models show broad 
similarities in structure and wave speeds. 
However, the WUS_AWT starting model shows 
more variation in wave speeds, particularly in the 
Central Valley area of California. The wave speeds 
along the northern coast of California are also 
faster/slower than they are in the SPiRaL starting 
model. These details are likely due to WUS_AWT 
benefitting from the iterative fitting of regional 
surface waves in the FWI approach.

SPiRaL Starting Model

WUS_AWT Starting Model

Figure 6 (Above). Depth slices of absolute VSV velocity at 25km depth for inversions using SPiRaL as a starting 
model (Panel A) and WUS_AWT as a starting model (Panel B). The models shown are for the period band of 25-
100 seconds. Both panels are on the same color scale. Colorblind-friendly versions of these figures are available; 
please contact claired@berkeley.edu for these versions of the figures.

Conclusion
We present CANVAS, an adjoint waveform tomography model of 
California and Nevada, down to 20 seconds period. The model shows 
improved waveform fits and greater detail in crust and upper mantle 
structure compared to our starting model. Since we only go down to 20 
seconds, we choose not to interpret any structure in our model until 
we can recompute source parameters and push our minimum period 
below 20 seconds. However, our model shows promise for better 
understanding crustal structure in California. Outside of CANVAS, we 
also compare different starting models for our inversion to investigate 
whether our methodology is reaching a global minimum. The 
comparison of inversions using SPiRaL and WUS_AWT shows that using 
WUS_AWT creates a model with larger wave speed variations than the 
model created using SPiRaL. We plan to continue inverting WUS_AWT 
down to 20 seconds, as well as using an independent starting model, 
SEMUM_NA14 (Yuan et al., 2014), to best understand how the starting 
model affects our final results.
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