(B (sl o

L g
: T
Unesco: \-/ d

Category 2 Centre * Research Center on Earthquake

under the auspices *  Risk Management and Resilience
of UNESCO . for West and Central Asia

Detection of Earthquakes in Local
Networks using Waveform Cross
Correlation Method

Ehsan Karkooti
Assistant Professor, Seismology Research Center
ekarkooti@iiees.ac.ir

Anoshiravan Ansari, Iman Kahbassi

The first step in most seismological studies is to detect
and locate seismic events. In order to locate an earthquake,
the seismic waves must be recorded at least in three seismic
stations. Since the seismic wave propagation is attenuated,
and the amplitude of seismic waves decreases with time and
distance, increasing distances between stations reduced the
quality of detecting and locating seismic events. For each
station, the wave’s amplitude decreases due to attenuation,
and for small earthquakes, the final amplitude is comparable
with ambient noises. Therefore, seismic phase waves
are covered by station noises and will not be detectable
by conventional methods. This issue becomes more
problematic as the station noise level increases, reducing
the ability to detect events. This problem also increases the
magnitude of the network threshold and the incompleteness
of the earthquake catalogs. The immediate solution to
this problem is to increase the number and the density of
stations in the region. With this solution, the amplitude of
the smallest events is less affected by wave attenuation and
becomes detectable by the nearest stations. But this requires
to find the best location for seismic stations and also the high
cost of equipment, construction, maintenance, storage, and
data transfer imposes many financial constraints. Using the
waveform cross-correlation technique (Matched-Filter) is an
approach based on a signal processing method that is a very
powerful tool without the cost of building and equipment. It
just worked using existing stations and helped us achieve
better results in identifying and recording seismic events. In
order to identify the aftershocks of a seismic network using
the waveform cross-correlation method (matching filter),
we need continuous data from the seismic network and a
complete catalog of all previously identified earthquakes
and the arrival time of the phases of this network. For this
purpose, it is necessary first to detect all seismic events in
that network, by automated methods such as sta/lta or by
the user. The accuracy of the identified phases is crucial
in subsequent identifications, so it is better to review and
modify all phases by the user if automated methods are used.
Then, by using the detected seismic phases, some of their
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seismic phases are extracted and considered as references.
The waveform cross-correlation method works with the
similarity of these references in continuous record noise and
identification of seismic phases below the noise level. Finally,
this method helps us to detect fault planes and decreases Mc
in the region. This study was conducted using continuous
data from 95 days across 13 stations of a temporary
seismic network, installed by the International Institute of
Seismology and Earthquake Engineering for August 17,
2014, Mormori-llam earthquake with a local magnitude
of 6. The number of 838 aftershocks was determined by
conventional methods in this network. By referring to the
selected seismic phases of 838 earthquakes as references
earthquakes and measuring the similarity in recorded noise,
the number of detected aftershocks increased to 3575 (4.27
times). Also, by relocating these earthquakes, we find a good
estimation between the fault plane and detected aftershocks.
The strike of fault plane has to be identified as 15-30 SW. The
magnitude of these aftershocks is also relatively comparable
with the magnitude of the reference earthquakes and shows
us the capability of this method to identify the aftershocks
with a smaller magnitude of the magnitude of completeness
of previous catalog.

Keywords: Cross-correlation, Matched-Filter, Aftershock,
Murmuri-Ilam, Signal-processing
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