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WINDOW LENGTH

Window length refers to the number of seconds of waveform captured for the master waveforms stored in the Master Waveform Library.
We found that this parameter has a significant effect on the number and quality of matches found. Too short leads to false matches - S
arrivals can correlated with a master waveform’s P arrival, short snipets correlate when the overall envelops don’t, etc. A longer than
necessary window wastes processing time (calculating correlations is computationally expensive), and, increases the probability of new
arrivals corrupting the signal. We found that a window length that includes the P arrival and beginning of the S arrival is the goldilocks
length. This also helps improve accuracy, since event to station distance is reflected in the P-S separation.

To test our automated WC Detector we used the Pakistan (Kashmir) earthquake.
*Occurred on October 8, 2005 in northern Pakistan.

*Mw of 7.6.

*70 km northwest-trending thrust surface rupture (Kaneda, et al., 2008)
*Strongest earthquake in area for 100 years.

Our approach: Given an station and an event region, we determine the difference between the theoretical P and S arrivals for «More than 75% of the aftershocks occur in a cluster around 30 km southwest of the strike of

historical events. We set the window length to 1.2 times the median P to S separation. the main rupture (Bendick, et al., 2007)
*Aftershocks used in our study were limited to a lat-lon box of 33-35°N and 72-74°E; the
W‘""“"Le"gs""“'“"g . diameter of the cluster is approximately 150 km.
H*P»WAWMHMWHWMMMM\% *According to the ID(.I-REB c.atalog there were 282 recorded events in the first 24 hours and
s ] 502 recorded events in the first 7 days.
vt *The time period used in our study was October 8 02:00 to October 13 02:00 2005; there
o ] were 462 aftershocks in the IDC-REB catalog for this period.
{WWMWWW\W“MMWM *We retrieved data from station AAK, 907 km away from the main shock.
r | W'"UW (oo lust o Figure 3: The same master waveform plotted at different

. window lengths. The green bar is the theoretical P arrival,
4 the red the theoretical S arrival. m
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The automated WC detector identified 47% of catalogued events as belonging to a family. It also found an additional 183 new, un-catalogued,

signals.
Compared to our previous WC Detector results, the results from the automated WC Detector are an improvement both in % of events found
FILTER BAND and # new signals found. The addition of code to remove bad matches also improved the quality of the families.
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almost always occurred when the incoming data window was very low amplitude except for an arrival at the end. We believe this is an
artifact of using the normalized correlation coefficent. To discard these false matches, we check that the energy distribution in the data Automated  AAK S e i 47% 183
s s . . : q q q q q q q . . . . . . . arameter auto auto
corr val 0.72 on 1/18/1994 at 3:47:35 . window is distributed appropriately for a seismic event. If the energy is disproportionately in the last half of the window, we discard it. :election (auto) (auto) e
_ Table2: Effectiveness of the WCD Detector on the Pakistan earthquake dataset, for 3 different ¢ SR et o vmi ) ca s
Master Event. orid: 3417693, lat. 34.7821, lon: 731778, corr threshold 0.2 combinations of parameters settings. We found our automated system performed substantially -
| — better than previous runs. b
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Figure 4. A typical family returned by the automated WC
Northridge 40 sec . 352 Detector. The top plot is the master waveform . Matches

(M, 6.7) S E LECTI NG TH E CO RRE LATI O N TH RESH O LD found py the detector are shown beIOV\{; black is the match,

green is the master shown for comparison. Some of the

mT;gan 90 sec ; 7> waveforms have an Orid associated with them, these are
pakistan [ 260 Selecting the correlation threshold is one of the most critical factors in the success and accuracy of the WC Detector. We wanted an catalog matches; some have a Detection ID, these are new
(M, 7.6) objective method for automatically determining a suitable threshold for each master waveform. Calculating the threshold for a Spals,

given probability of false alarm depends on the time-bandwidth product of the waveform’; thus, it depends on the window length

and filter band chosen. Using Wiechieki-Vergara’'s technique for determining a threshold given a suitable Pe, we originally used FUTURE WORK

station background noise. However, we felt the threshold returned was too low, and that the resultant families did not always look
similar to the eye. We decided to instead treat distant events as noise; This method raised the correlation threshold and yielded
resultant families that looked similar.

Automated parameter selection is an important step toward an operation system. However, much additional work needs to be done before that vision
can be a reality.

Method: Integrating Waveform Correlation Results across a Network: Our work to date has focused on using waveform correlation on a station-by-station
basis. For an operational system, waveform correlation must be used for a network of stations. In further research we plan to explore how to combine

Assume that events more than 50 km distant from each other are effectively noise. the results from multiple stations.

For each master waveform: Compare master to all other master events which are > 50 km away. Multiple Family Correlations: In our current project we have found several cases where an incoming waveform correlates with more than one master

Use Wiechieki-Vergara’s technique to figure out the threshold for a Pe which give 100 years between false matches. Take event waveform. It is not clear how to resolve this ambiguity because the highest correlation match does not always match an analyst’s choice for a

the mean of the results match. This situation typically, but not always, occurs when the new event is located geographically between the two master events - close enough to

both of them to correlate even though the masters aren’t close to one another.

Integrating a WC Detector with traditional event detection and identification: An operational system would require integrating with the existing
\ processing scheme. A WC Detector only finds repeated events; it will not replace traditional processing. /

\ For our dataset (described next), this returned correlation thresholds ranging from .26 to .39. /
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