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Abstract  

Southern California contains strongly heterogeneous structures that have been studied, 
mapped, and integrated into the SCEC CVMs. However, further refinement is required to 
achieve seismic wave propagation simulations that are accurate up to one second period, which 
would be a critical improvement for seismic hazard estimation.  

In the first stage of this ongoing project, we are comparing seismograms observed from five 
recent moderate magnitude earthquakes within the Los Angeles Basin with calculations 
incorporating the CVM-S4 and CVM-H models. The synthetic seismograms used for 
comparison are those simulated via forward modeling with the octree-based full-3D tomography 
Hercules toolchain (Taborda et al. 2016) and the finite-difference code developed and operated 
by Rob Graves. 

In Los Angeles basin, we see significant differences between the observations and predictions, 
even at periods longer than 5s.  We are still assessing how systematic the differences are, and 
which aspects of the structure cause them.  COVID disrupted our efforts, leaving us well behind 
schedule. 

 
Intellectual Merit  

Los Angeles mitigation is the primary rationale in the United States for understanding the 
amplification of shaking by large sedimentary basins.  The basins are deep and extensive.  The 
cities in the basin are replete with critical and aging buildings and infrastructure.  The 
earthquakes are frequent.  Lessons learned from Los Angeles will have application to similar 
earthquake-prone cities such as Seattle, Salt Lake City, and places with smaller basins such as 
the Bay Area and Portland.  Structural models are now approaching the fidelity needed to model 
shaking to estimate seismic hazard down to roughly three seconds period.  Engineers need 
estimates at even shorter period, which requires identification of shortcomings in the current 
models and paths toward improvement. 

 
Broader Impacts  

The ultimate goal of this ongoing project is identification of regions within existing seismic 
velocity models that are in need of further study and improvement, as well as improvement of 
seismic velocity models that can be incorporated into Cybershake calculations of the seismic 
hazard for Southern California. Our work thus far identifies significant misfit between empirical 
and synthetic seismograms, which demonstrates the need for a study of this kind. 



 
 
Preliminary Results 
We have collected data and synthetics for five of the earthquakes examined in Taborda et al. 
(2016) and are discussing with Rob Graves making similar synthetics for another five or so 
earthquakes that have happened after the initial set.  (See tables after References below.) 
 
Taborda et al. (2016) evaluated the engineering measures of shaking and measured waveform 
correlation, but did not examine the misfit in the waveforms to assess where the models 
performed poorly.  Lai et al. (2020) looked at two earthquakes with goals similar to ours; we are 
extending it to more stations, across the entire basin, and with more earthquakes. 
 
Figure 1 shows the station coverage.  There are several hundred seismic stations, most 
triggered, but some recording continuously.  Most are triggered by moderate earthquakes, and 
only stations from which we have data are plotted.  Earlier earthquakes were recorded on fewer 
stations in our dataset. 
 

 
Figure 1.  Map of strong motion stations in Los Angeles and recent moderate 
earthquakes. Red stars represent moderate earthquakes for which we currently have 
data and synthetics; magenta stars are more recent events which have not yet been 
simulated. Green triangles represent stations from the California Strong Motion 
Instrumentation Program; blue triangles represent stations from the Southern California 
Seismic Network; yellow triangles represent stations from the ANZA regional network 
and California Division of Water Resources. 



We are finding that the Los Angeles basin is not well-modeled by either CVM-S or CVM-H.  The 
example of the La Habra M5.1 earthquake is shown in Figure 2.  The upper row shows the 
comparison between CVM-S and the data in the passband 5-10s period, and while there is 
good agreement at stations away from the basin, stations amid the Los Angeles basin develop 
larger and longer period motions than predicted.  In the shorter-period 2-5s passband, only the 
initial S waves are well modeled, and both the amplitude and duration of shaking is 
underestimated.  

 

 
Figure 2.  Upper row:  5-10s period bandpassed sections of La Habra earthquake.   Left - 
radial component, middle - transverse, right - vertical, comparing data (red) and synthetic 
seismograms (green).  Lower row: same order for 2-5s period bandpassed sections.  
 
To clarify this, we plot only the stations well within the basin in Figure 3, again in the passband 2 
to 5 s period.  It is clear that there are late Love waves in the basin out to 25 km, then a mixture 
of radial and transverse waves, not forecast by the model, farther out in the basin.  The energy 
also persists far longer than forecast. 



 
Figure 3.  2-5s period bandpassed sections of ground motion through the Los Angeles 
basin from the La Habra earthquake.  Left frame is the radial component, right frame is 
the transverse, comparing data (red) and synthetic seismograms (green).  Notice the 
strong late-arriving Love waves out to 25 km, and waves with both Love and Rayleigh 
polarization 35 to 50 km, which are much larger than the simulations. 
 
This initial analysis only considered the select stations extracted from the simulation for the 
purpose of an ongoing study by Chukwuebuka Nweke and Jon Stewart.  We also have 
seismograms written on a 1-km grid during the simulation by Rob Graves, which we are nearly 
done sampling at the locations of the rest of the hundreds of stations for which we have data.  
The density of the stations we have in hand is illustrated in Figure 4. 

Figure 4. Sections with all 
the CE+CI data now in 
hand for the vertical 
component to illustrate the 
large number of available 
data.  Shown are (left) the 
2008 Chino Hills 
earthquake and (right) the 
2014 La Habra event.  We 
have in hand a complete 1-
km grid of the synthetic 
seismograms computed 
by Rob Graves for the 



CVM-S and CVM-H models to compare to these records. 

 
Figure 5.  Map view of the peak 
horizontal velocity seen at various 
stations in the Los Angeles region for 
data and synthetic seismograms in the 
2008 Chino Hills event (Mw = 5.39).  
Magenta star represents the event 
location. Top left: data. Top right: 
simulation using CVM-S4.  Bottom left: 
log ratio of data divided by simulation. 
Amplitudes were computed in the 
passband from 2-5 seconds. 
 

We will next compare Rob’s simulations with calculations done with Hercules at USC to ensure 
that the simulation results can be replicated. 
 
Our next step will be comparison of all the data with the grid of synthetics from Rob Graves’ 
simulation, as well as simulating and comparing more recent moderate magnitude events.  We 
will identify the Love and Rayleigh waves, identify their mode conversions, refraction, and 
focusing to better constrain the basin structures that modulate the strong motions in Los 
Angeles earthquakes. We also plan to do further quantitative comparisons between data and 
simulation predictions, starting with the goodness-of-fit methods outlined in Anderson 2004.  
 
Consistent methods for CVM comparison will be necessary as velocity models continue to be 
updated and tested. As the community models are improved, we will apply our methodology to 
evaluate their ongoing goodness-of-fit. 
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Events in hand 
Date  lat lon  depth mag ID 
2007/08/09 34.29 -118.61 7.58 4.66 14312160  Chatsworth 
2008/07/29 33.95 -117.76 14.7 5.39 14383980  Chino Hills 
2009/05/18 33.93 -118.33 13.8 4.70 10410337  Inglewood 
2001/09/09 34.05 -118.38  7.9 4.24  9703873  Beverly Hills 
2014/03/29 33.92 -117.93  5.0 5.10 15481673  La Habra 
 
Possible additional events 
2020-09-19 34.03 -118.08 16.87 4.54 38695658  
2020-04-22 33.98 -118.34 11.60 3.69 39400304 
2019-04-03 33.86 -117.72  4.75 3.61 37603458 
2018-08-29 34.13 -117.77  5.46 4.38 38038071 
2017-09-19 34.08 -118.47 10.48 3.61 37766535 
2015-05-03 33.99 -118.36 11.11 3.80 37374008 
2014-06-02 34.09 -118.49  4.25 4.16 15507801 
2014-03-17 34.13 -118.48  9.24 4.39 15476961 
2014-01-16 33.82 -117.68  9.95 3.63 11414394 
 


