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??  Mongolia...
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Errors are typically around 10 to 20 km
using traditional methods

(locating events one-at-a-time).

But precision at the level of a few hundred
meters, or better, can be achieved in areas of
dense seismicity when all events are located
with reference to each other

(many investigators).



As an example of improved event detection,
using waveforms, let’s look at

aftershocks of the Wenchuan earthquake
of May 2008

(work done in collaboration
between Lamont/Columbia University

and Sandia National Laboratories:
Heck, Richards, Schaff

Slinkard, Young):
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As an example of improved event location,
using waveforms, let’s also look at

small earthquakes in a swarm, west of
Beijing

(work done in collaboration
between Lamont/Columbia University

and Sandia National Laboratories:
Heck, Richards, Schaff

Slinkard, Young):
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10 events;   mean semi-axes of 95% error ellipses are   a = 0.72 km and  b = 1.15 km 
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9 events; mean semi-axes of  95% error ellipses are   a = 0.03 km  and   b = 0.04 km 
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9 events; mean semi-axes of  95% error ellipses are   a = 0.03 km  and   b = 0.04 km 

tens of meters!



crust

mantle

Source
Station

~ 3.5 km/s

The Lg-wave is transverse-wave (S-wave) energy,
trapped in the crust, having amplitudes that
decay exponentially with depth below the 
crust-mantle interface (the “Moho”).

The crust thus becomes an efficient waveguide
(just like the way an optical fiber carries light
efficiently).  But Lg is blocked if the crust becomes
thin (just as an optical fiber fails, if the fiber thins).
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•   The average of semi-major axes for the 3689
relocated events, is 420 meters.



To apply modern methods of event location in a particular region of
space and time, six separate steps can be identified:

1.  identify seismic events likely to be well recorded, using, for
example, a regional bulletin or detailed global bulletin;

2.  pull out waveforms to serve as templates (our work to date has
identified a few tens of seconds of the Lg wave as being
particularly suitable);

3.  cross correlate the template for each channel against the
continuous archive for that channel, and note detections (e.g.,
via CC values greater than a value identified via a
predetermined false alarm rate, as discussed in Slinkard et
al., 2014);

4.  validate such detections (via an association approach or against
a local bulletin); after a review of the quality of the detections

5.  measure the relative arrival times (via cross correlation) of pairs
of events that were not far apart from each other and were
recorded at common stations; and

6.  relocate as many events as possible using double-difference
methods.









LEB catalog (21,841 events, 12,599 from 2012 to 2017)
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detecting templates
all detections
two or more sta or ids
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Big data methods, applied with insight!


