
Online material of the paper: Seismic velocity precursors to the 2016 Central Italy seismic 

sequence 

Inversions details: 

For the three inversions presented in Figure 2, we used a total of 89815, 188238, 217123 P-wave, 

and 79043, 164847, 191358 S-wave arrivals at 60 seismic stations, from 5937, 12135 and 13667 

earthquakes, respectively (Figure SOM1).  

The final values of rms is 0.19 s and the variance reduction is 41, 39 and 39 % for the three 

inversions, obtained after four iteration steps done with the same damping factors of 300, 4500 and 

600 for Vp, Vp/Vs and station parameters, respectively. 

To address reliability of the velocity changes observed in proximity with the October 30 mainshock, 

and that at October 26, we inverted separately this smaller dataset (October 26-30). In this case, we 

used 29,616 P arrivals and 27104 S-P times from 1636 earthquakes, obtaining a final rms equal to 

0.20 s and a variance reduction of 39 %.  Values of variance improvements and final rms of all the 

distinct inversions are similar suggesting similar performance of inversions that are not affected by 

the choice of model regularizations.  
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Figure SOM1: Earthquakes hypocenters (blue dots) and seismic stations (yellow triangles) used for 

the three inversions. Note that the volume around the study fault (red box) is homogeneously 

covered by seismicity in the three periods.  

 

Model resolution 

 

We investigate the full resolution matrix, looking at averaging vectors and spread function (SF), 

and the performance of recovering similar synthetic features by the distinct inversions. First, we 

estimate how each parameter of the model is resolved and reconstruct the spatial characteristics of 

velocity estimates. The classic way to define reliable anomalies is plotting the value of SF, the 

smaller values of which indicate that the resolution of the parameter is high, with perturbations 

perfectly centered on the node. In our inversions, the entire volume interested by time change of 

velocity is well and similarly resolved by the different inversions. 



 
 
 
 
Figure SOM2 Plot of the percentage of recovered synthetic anomalies on the fault in the three 

inversions (Vp on the left panels, Vp/Vs on the right panels). The purple line is the iso-contour of 

the SF=2.0, volumes within this threshold are well resolved. Note that all the fault area is resolved 

in excellent way and similarly in the three inversions, as indicated by the SF and the percentage of 

recovered structure (always between 90 and 100 %). The stars are the hypocenters of the large 

magnitude earthquakes of the sequence, the yellow star is that of the Mw6.5 October 30 earthquake, 

the white box is the fault portion with the highest coseismic slip.  

 


