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Finding aftershocks with waveform cross correlation
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For the International Monitoring System (IMS)
it 1s difficult to find low-magnitude aftershocks
of small underground nuclear tests using only
standard detection and phase association

stract

thousands of aftershocks per day following
Mw8+ earthquakes are difficult to separate,
and thus, to recover the whole sequence. Both
tasks are important for the International Data
Centre (IDC) of the Comprehensive Nuclear-
Test-Ban  Organization. The underlying
problems can be better solved with waveform

cross correlation (WCC), which is most
suitable for repeating events. The WCC
method can reduce detection threshold and
enhance phase association fully utilizing the
similarity of waveforms generated by spatially
close seismic events. In addition, the use of
WCC at seismic arrays of the IMS can reduce

station-specific detection thresholds, allow
accurate estimate of signal attributes, including
relative magnitude, and effectively suppress
irrelevant arrivals. Here, we test an aftershock
tool matching the IDC requirements for
seismic events. It includes creation of
waveform templates for master-events, cross

correlation (CC) of real-time waveforms with\

these templates, association of arrivals
detected at CC-traces in event hypotheses;
building events matching the IDC event
definition criteria; and resolution of conflicts
between events hypotheses created by
neighboring master-events.

e

onclusion

Bigger aftershock sequences and the
smallest aftershocks are a challenge
for IDC automatic and interactive

processing.

Waveform cross correlation is an
effective technique to accurately
recover even the  biggest
aftershock sequences with
thousands of events.

Cross correlation bulletin (XSEL)
includes only REB-compatible

(EDC) events.

« XSEL provides more
compatible events than GA.

* XSEL provides higher quality and
consistency (more arrivals primary
IMS stations) for the REB events.

* XSEL completeness grows with

REB-

time as new and higher quality
master events are available.

« XSEL events need no global
location and have  smaller
confidence ellipses as related to
the accurately located master
events.

WCC works best with arrays. \
WCC is an effective monitoring
method for weak aftershock
activity.

 The analysts’ workload may be
reduced by several times with
higher location accuracy and
bulletin completeness.

« WCC is a powerful tool for REB
quality check and expert technical
analysis.

Qethods. At the same time, signals from
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WAVEFORM CROSS CORRELATION AND AFTERSHOCKS
GLOBAL SEISMICITY MEASURED BY IMS NETWORK DETECTION USING CROSS CORRELATION COEFFICIENT
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AUTOMATIC RECOVERY OF THE BIGGEST AFTESHOCK SEQUENCIES
Nepal 2015, day 115 Tohoku 11.03.2011 (725 aftershocks)
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channels to get the aggregate CC. Selection of high quality and representative master events is crucial for the WCC

o IDC event definition criteria (EDC) are applied to these event hypotheses. When several masters compete
method.

for the same physical arrival, a conflict resolution (CR) procedure is applied as based on the event quality,
1.e. the number of phases and then the RMS origin time residual.

SELECTION AND CREATION OF MASTER EVENTS

Recovery of the aftershock sequence (blue circles)
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sources — earthquakes for earthquakes and explosions for
explosions. At the same time, all sources and their
seismograms can be simulated numerically. These synthetic
master events most useful in aseismic zones, where real
master events are not available and Grand Masters are not
efficient.

by an order of magnitude larger than that obtained by the

: : The local association grid around the DPRK4. The
WCC relative location method.

distance between circles and nodes is approximately
15 km. Red star shows the node with the
automatically found event hypothesis. The RMS

origin time residual for the two-station event is
0.054 s.

they must be found by one of the adjacent GG
masters.

aftershock (blue circle) with 90% confidence ellipses as
obtained by IDC location software LocSAT. The result of
aftershock relative location is shown by green circle.

When historical or automatic (SEL3) events are not available in the zones of interest (e.g.,
for seismic monitoring) one (Grand Master) or several high quality seismic events can be
moved from their estimated positions to the nodes of the Global Grid to cover these blind
spots. Grand Master creates a uniform master set with uniform resolution over the studied
area and can be extended to global level.
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