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Motivation
Focal mechanism solutions are an important a priori parameter for 
seismic full waveform inversion (FWI); simulating seismic waveforms 
successfully requires accurate information on the earthquake source. FWI 
studies often use focal mechanism from the Global Centroid Moment 
Tensor (GCMT) catalog for their initial solutions. These solutions are often 
not updated with the 3D model due to the computational cost of 
recomputing moment tensors. We compute moment tensor solutions 
using CANVAS, an adjoint waveform tomography model of California and 
Nevada (Doody et al., in prep), to compute 3-D empirical Green’s 
Functions (GFs). The recomputed focal mechanisms highlight the 
benefit of using 3D GFs to model focal mechanisms as well as the 
necessity to update GCMT solutions in FWI models.

Dataset and Methodology
We recompute moment tensor solutions for over 100 events that were used in 
the inversion dataset or validation dataset of CANVAS. The events range from 
Mw4.5-6.5 and occurred between 1 January 2000 and 31 October 2020 for the 
inversion dataset, and 1 November 2020 and 31 March 2022 for the validation 
dataset. 3D Green’s functions and inverted moment tensors were computed 
using MTTime, a python-based time-domain moment tensor inversion code 
from Chiang et al., 2021. MTTime inverts for the moment tensor elements, 
moment, and depth for an event; locations remain fixed to the GCMT solution 
location. We inverted waveforms in a 20-50 second period band for all events.

To choose stations for our inversion, we binned all stations with available data 
by azimuth (30˚ bins) and distance (200km bins, with a maximum distance of 
1000km). Stations with the highest signal to noise ratio in each bin were used 
to compute moment tensors. We imposed time shifts to the data to maximize 
variance reduction in the recomputed solution. GCMT solutions were forward 
modelled on to the same set of stations and time shifts to be able to compare 
the two solutions.

Figure 1. A) GCMT solutions for CANVAS inversion dataset. Inversion domain for CANVAS is demarcated by the 
bold black line. B) Absolute velocity of CANVAS at 5km depth.

Waveform Fit Improvements with Reinverted Moment Tensor

Figure 3 (Top). Reinverted moment tensor for a 13 November 2020 event near Mina, 
NV (left) and the GCMT solution (right) forward modelled using the same set of 

stations.

We solved for 5-component deviatoric moment tensor solutions as all events of 
interest are tectonic, so we assumed no isotropic component. MTTime solutions 
were preferentially chosen based off high double-couple percentage and 
proximity of solution to the GCMT solution; if large changes to the GCMT 
solution were made, it was also cross-referenced against local catalog solutions 
from the USGS to ensure similarity with the local solutions.

Strike, dip, and rake angles are overall consistent between the reinverted 
solutions and the GCMT solutions; however, some events have strike angles that 
are 180˚ from the GCMT solution and rake angles that reverse polarity. P/T axis 
analysis would provide more insight on if the moment tensor has changed 
significantly in these case. Overall, the inverted solutions provide better fits to 
the data, as well as depths and mechanisms that better match local catalogue 
results.

Figure 4 (Top Left). Comparison of magnitude (A), double couple percentage (B), depth (C), and variance reduction (D) for the
reinverted solutions versus the GCMT solutions. The red dashed line shows the one-to-one line for each measure. Figure 5 (Bottom
Left). Comparison of strike (A,B), dip(C,D), and rake (E,F) values for the reinverted solutions versus the GCMT solutions on both fault 
planes. The red dashed line shows the one-to-one line for each measure.

Improved Fits Out to Large Distances

Figure 6. Comparison of waveform fits for distant 
(>600km) stations for a small event (November 13, 2014

near Fort Bidwell, CA). Ten stations that are within 
600km from the source are not shown.

The benefit of computing 3D GFs is the 
consistent high variance reduction (i.e.
good fit) of stations at great distance 
from the source. GCMT solutions often 
showed better fit to closer stations, and 
1D velocity models usually cannot 
resolve distant stations because the 
velocities vary too much.

Computing moment tensors using 3D 
Green’s Functions shows promise for 
moment tensor analysis of off-shore 
events and events that occur in areas 
with limited local station coverage in 
California and other parts of the world. 

Conclusions
Though more computationally expensive to compute than their 1D 
counterparts, 3D Green’s Functions (GFs) allow for the use of more and 
further stations than moment tensors computed using 1D models. Our 
recomputed moment tensor catalog also improves fits to the waveforms 
over the GCMT solutions, providing improved source information. The 
recomputed moment tensors allow us to model shorter periods in the 
CANVAS model (down to 10 seconds), as well as include more data in our 
adjoint inversions because of the improved fits of the synthetic data. The 
improved fits compared to the GCMT solutions also highlight the 
necessity of recomputing moment tensor solutions in regional-scale 
adjoint tomography studies. Especially for smaller events, the GCMT 
solutions often provide poor fits to the data; propagating those errors 
into shorter periods could lead to artefacts in models that would be 
resolved by recomputing moment tensors. 
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Results
• MTT solutions compared to GCMT solutions have:

• 45% higher variance reduction 
• 16% higher double couple percentage 
• Mw slightly lower for Mw4.5-5
• Depths shallower than GCMT by 4km on average

• 3D GF solutions require fewer and smaller time shifts compared 
to 1D solutions (Chiang et al., 2022)

Figure 2. Reinverted moment tensor for a 9 May 2013 event off the coast of the 
Channel Islands (left) and the GCMT solution (right) forward modelled using the 

same set of stations.


