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In 2018-2019, USC student Haoran Meng has completed the development of a catalog of 
second moment estimates for a dataset of ~30 Mw>3.5 earthquakes in Southern California 
using the approach we developed with SCEC funding.   The new measurement approach 
which utilizes stacked Emperical Green’s Functions, results in many more observations of 
rupture duration per earthquake.   Figures 1 and 2 show examples of measurements of 
Apparent Source Time Functions (ASTFs) for two Mw 4.6-4.7 earthquakes in Southern 
California.   Using the new approach, we are able to get reliable measurements for upwards 
of 30 stations per earthquake.  The datasets span the entire azimuthal range and show clear 
spatial variations that illuminate relatively long ASTFs in the backward direction and relatively 
short ASTFs in the forward direction (Figures 1 and 2). 
 
Recently, we have implemented the inversion approach developed in McGuire and Kaneko 
2018 for this new dataset of ~30 earthquakes.  Figure 3 shows examples for the two 
earthquakes in Figure 1 and 2.  The two events show opposite directivity, one to the 
Northeast and one two the Southwest.  The azimuth and magnitude of the directivity are 
tightly constrained by the dense station coverage (Figure 3).   Figure 4 shows a compilation 
of directivity vectors for well constrained events in Southern California.  We are still 
completing the catalog, but initial observations suggest a correlation between our results and 
the expected preferred rupture directions on the San Jacinto fault.   
 
Our new inversion approach also tests for the minimum and maximum values of rupture area 
that are consistent with a given set of measurements at the 95% confidence level.   Both of 
the events in Figure 3 have stress drops of about 10 MPa.  In general our stress drop estimates 
are in the 10-50 MPa range, which is significantly higher than typical studies.  We are still 
evaluating this observation, but it likely results at least in part from having actual constraints 
on rupture area instead of assuming a circular model.  
 
Haoran Meng has nearly completed his paper on this work.  He defended his PhD thesis in 
April 2019, and presented the work at the SSA meeting.  We expect him to submit the paper 
to a journal shortly. 

 



 

	
	
Figure	 1.	 (a)	 Characteristic	 durations,	 (b)	 ASTFs	 and	 (c)	 normalized	misfits	 for	 the	 best	
performed	and	weighted	stacked	eGfs	for	the	2014,	Mw	4.6	event.	P	phase	in	vertical	and	S	
phase	 in	 transverse	 directions.	 Texts	 display	 the	 station	 names	 and	 corresponding	 back	
azimuths	for	all	stations.	Figure	Credit:	Haoran	Meng.	
 



	
	
Figure	 2.	 (a)	 Characteristic	 durations,	 (b)	 ASTFs	 and	 (c)	 normalized	misfits	 for	 the	 best	
performed	eGf	and	weighted	stacked	eGf	for	the	2013,	Mw	4.7	event.	P	phase	are	in	vertical	
and	S	phase	are	in	transverse	directions.	Texts	display	the	station	names	and	corresponding	
back	azimuths	for	all	stations.	Figure	Credit:	Haoran	Meng.	
 
 
 



	
	
Figure	 3	 a,	 b)	 Observed	 and	 predicted	 characteristic	 durations	 of	 the	 2014,	 Mw	 4.58	
earthquake.	The	colored	dots	denote	the	apparent	𝜏"	of	the	ASTFs.	(c)	Azimuthal	and	take-
off	angle	distribution	of	all	accepted	measurements.	The	black	arrow	denotes	the	rupture	
directivity.	(d),	(e)	and	(f)	are	the	same	as	(a),	(b)	and	(c)	but	for	the	2013,	Mw	4.7	target	
event.	Figure	Credit:	Haoran	Meng.	
 
 
 
 
 
 
 
 



 
Figure	4.	Directives	 in	horizontal	(a)	and	vertical	(b)	directions	of	analyzed	target	events	
shown	in	Figure	1.	The	arrows	show	the	centroid	rupture	velocities.	The	colors	denote	the	
directivity	ratio.	(This	is	still	on-going.	There	will	be	30	events	in	total	after	this	iteration	of	
processing.).		Figure	Credit:	Haoran	Meng.	
 
 


