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Under this grant we have developed the capability to use the ambient seismic field, 
sometimes referred to as ambient noise, to predict ground motion in earthquakes. 
Despite the complex and apparent random nature of the ambient field, it has a weak 
coherence that can be extracted even in the presence of multiple scattering.  In 
particular, the correlation of diffuse wavefields recorded at two receivers can be used to 
extract the impulse response (i.e., the Green’s function) for an impulsive excitation at 
one receiver, as recorded at the other. Figure 1 from Ma et al. [2008] compares all three 
components of the ambient-noise Green’s functions at station FMP with theoretical, 
finite-element Green’s functions calculated by applying a smooth vertical force with 
Gaussian time dependence at station ADO for SCEC CVM 4.0 and CVM-H5.2 
community velocity models.  The fit is limited primarily by our imperfect and incomplete 
knowledge of  crustal structure. 

 

 
 

Figure 1. Comparison of ambient field (gray) and finite-element seismograms (black dashed) at 
FMP for a vertical force at ADO. Finite-element seismograms are computed for two SCEC 
CVMs (left and right columns) using the method of Ma and Liu [2006].  Seismograms are band-
passed between 0.1 and 0.2 Hz, and normalized such that the vertical component has unit 
amplitude. Lag of the finite-element waveform relative to the noise waveform and the 
normalized correlation coefficient are shown in upper left. 
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We have used the ambient field to document basin amplification for seismic stations 

in the Los Angeles basin.  We use 31 days of non-overlapping 2-hour segments 
recorded during January 2007 and calculate the impulse response of the unaltered 
seismograms between all three components of velocity. We stack using coherence 
weighting to reduce the effect of incoherent data on the results, and use the closest 
station to the coast to deconvolve, since it is closest to the predominant microseism 
source. Figure 2 [Prieto and Beroza, 2008] compares the response to a horizontal 
impulse, using station BBR as a virtual earthquake source, at seismic stations across 
metropolitan Los Angeles with seismograms of the February 10, 2001 (Mw 4.63) Big 
Bear earthquake, which is within 4 km horizontally and 10 km vertically of station BBR. 
The horizontal impulse is applied in the fault normal direction, following the earthquake 
mechanism given by Graves [2008], who independently modeled ground motions. 

 

 
 

Figure 2. Ambient-noise Green’s functions (red) at 4-10s period for 5 stations in the Los 
Angeles basin and seismic station BBR, compared to ground motions from the 2001 Big Bear 
earthquake (black), located near station BBR.  Both the duration and relative amplitudes of 
ground motions across the Los Angeles Basin are recovered from ambient-noise observations.
 

In Ma et al. [2008], we used ambient-field Green’s functions to test the predictive 
value of SCEC community velocity models CVM4.0 and CVM-H5.2.  Figure 3 shows 
residuals for a virtual source at three stations as recorded across the Southern 
California Seismic Network.  There are large and systematic residuals, indicating that 
these data contain important information that can be used to improve seismic velocity 
models in Southern California.  Ma et al. [2009] found that CVM 4.0 had more 
waveform similarity, as measured by the normalized cross correlation coefficient than 
CVM-H5.2; however, CVM-H5.2 provided a better match to the observed travel times 
than CVM 4.0.   This opens a rich, and as yet unexploited, opportunity for improving 
these crustal velocity models for the Southern California.  
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Figure 3. Ray paths and time lags between the ambient-noise and finite-element Green’s 
functions are mapped on the Earth’s surface assuming that the virtual source is at station ADO, 
ALP, MOP, RPV, SDD, and RVR, respectively. Only paths with normalized cross correlation 
coefficient above 0.3 and interstation distance greater than 30 km are shown. Ray paths are 
approximated by straight lines. The negative time lags (ambient-noise arrivals later) are shown 
in blue and positive time lags (ambient-noise arrivals earlier) are in red. The amplitude of the 
lags is denoted by the radius of the circle. The scale is shown at the bottom. 
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We also used the ambient seismic field to estimate attenuation.  We can 

characterize the amplitude behavior in the frequency domain using the spatial 
coherency [Aki, 1957] and evaluate the phase velocity of the predominant surface 
wave – a technique known as the SPAC method.  We use both the phase and 
amplitude decay with distance in our analysis of attenuation.  Figure 4 compares the 
real part of the coherency between paths with strong sensitivity to major sedimentary 
basins, and paths that have little sensitivity to basins. The sedimentary basin paths 
have lower wavespeeds and more rapid amplitude decay of the Green’s function 
amplitude. Using the coherency of the ambient seismic field, we may study the 
Green’s function in either the frequency or the time domain. We compare the 
observed and predicted coherency assuming a 1D velocity structure for southern 
California. The fit is not good at long distances and high frequencies.  Superposing 
an exponential decay due to attenuation [Prieto et al., 2009] leads to a much better fit, 
and is consistent with independent estimates of attenuation from earthquake surface 
waves [Yang and Forsyth, 2008].   

 

 
Figure 4. Coherency of basin-crossing paths vs. other paths in southern California. Top panels 
show real part of the coherency for basin (red) vs. non-basin paths (black), showing significant 
difference in phase velocity at 7.5 s period (left panels). Shorter periods have greater sensitivity 
to shallower structures like sedimentary basins. In terms of amplitude decay (bottom) the basin 
paths are more attenuating and coherency decays more quickly with distance.  Each panel 
shows the estimated phase velocity and attenuation coefficient obtained for a 3-month stack. 
 

Taken together, these techniques form the kernel of an important new capability for 
SCEC.  Ambient-noise Green’s functions can be used to improve and test velocity 
models.  Because we can control the disposition of stations, we can test sites or paths 
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that are of particular interest or concern – for example the waveguide-into-basin effect 
that was seen in the TeraShake simulations.  The stations being deployed along the 
San Andreas Fault for earthquake early warning will be particularly helpful for studying 
scenario San Andreas Fault ruptures.  We can also use these observations to constrain 
crustal attenuation structure.  
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