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INTRODUCTION

The detection of earthquakes
with magnitudes less than the
Mc is a challenging task,
because of seismic waves
attenuation and unavoidable
noise levels at seismic
stations.

Consequently, many
earthquakes with magnitudes
less than the Mc value of a
given seismic network may
remain undetected.
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METHODS/DATA

The Matched-Filter (MF) technique is
a signal processing approach, which
makes it possible to identify seismic
phases even with very low SNR in
case of repeating events.

We utilized the MF method on 95
days of continuous data with 13
temporary seismic stations
installed by the IIEES to monitor the
aftershock sequence of the August
2014 ML 6 earthquake in Mormori,
llam province.

RESULTS

Using the MF method and
838 reference earthquakes
(REQ), 3575 aftershocks
were detected (4.27 times the

REQ).

The detected aftershocks are
classified and interpreted
based on the quality of
location.
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International Institute of
Earthquake Engineering
and Seismology (IIEES)

CONCLUSION

Because each REQ can detect
new ones with maximum quality
and number of phases similar to
its own, the MF method shows its
best performance when REQ's
phases are picked completely
and accurately.

Due to the accuracy of phase
determination in this method, its
processing time is very suitable.
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The detectability of seismic events in a seismographic network depends on inter-station spacing (network density) and the level of noise at each station. When seismic wave

propagate, the amplitude of the waves decreases over time and distance from the epicenter due to the seismic attenuation. This effect, together with the unavoidable noise

level in the seismic stations caused seismic waves of many earthquakes with magnitudes less than the Mc of the network, buried in the noise. So, the buried seismic phases

are undetectable by observation or detectors that rely on signal energy. As a result, many small earthquakes remain undetected in the network. So, it is very advantageous to

use improved signal processing techniques to increase the efficiency and detectability of a seismological network.

We will explain why we are interested in the Matched-Filter (MF) technique:

1. The Matched-Filter method (using waveform Cross-Correlation as an identifier) enables the identification of seismic phases below the noise level in known source O
conditions (Schaff and Richards 2014).

2. The waveform Cross-Correlation technique can determine seismic phase time with great accuracy. Even phases with very low SNR or buried in the noise are detectable
accurately.

Considering the ambient vibrations as random or Gaussian seismic wave fields and the unique features of the earthquake waves, these waves are distinctive from other waves —

(natural or artificial). Therefore, any significant similarity resulting from the correlation of seismic waves and recorded earthquake data indicates a seismic wave with similar

characteristics (Schaff and Waldhauser 2010).

Energy detectors and manual event identification by specialists do not require prior information about the events. Unlike these methods, a priori information is crucial for

using the Matched-Filter technique, and identifying seismic phases is possible in the case of known sources. In other words, the reference signal utilized for similarity

detection acts as a filter on data, identifying bits of the continuous data that are similar to prior earthquakes.

The recorded seismic signal by a seismographic station is the result of the convolution of the instrument response, seismic §§ ;

attenuation, Green's function, and source function. So, these parameters control the similarity of the two seismic data. i?\ /
CC(01, 02) = CCI1#A1*G1+M]1, I2+42+G2+M2) \\ /
Two earthquakes with neighboring epicenters whose waves were detected using the same seismographic stations might be
assumed for this purpose. In this configuration, the effect of attenuation, Green's function, and instrument response are _
identical on both signals. So, the source parameter of two earthquakes controls the degree of similarity between their i

750

signals. (Zhang and Wen, 2015) 2

CC(O1, 02) = CC(M1, M2) = CC(S1, S2) ot JESHHIE
Therefore, having prior seismic phase data in a region as the references signal and calculating its correlation with the zgggewﬁ.%i
continuous data in the same network, will make it possible to identify new seismic phases. m_, augsg“rﬁa“yg%;'y
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In this study, we have implemented the Matched-Filter method in the Python environment with EQcorrscan library (Chamberlain et al. 2017)
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llam reference catalog

Objectives
How to we selected parameters of Matched-Filter?
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* Length of pre-phase:

The pre-phase parameter of earthquake templates is necessary to decrease the uncertainty of phase unset. To evaluate the effect of it on the

power of detections, we selected the references in four groups of pre-phase duration, including 0.1, 0.3, 0.5, and 1 second of pre-phases and 1 ¢
second of after-phase time. Based on the findings, as the pre-phase time increases, the ability to identify P phases decreases, while the ability :
to identify S phases increases. We utilized 0.1 s pre-phase in order not to lose the desirable ability to identify the P phases compression of S =

phases.

The normalized Sum of CC in the Phase-picking

* Template length:
Because local earthquakes have a high-frequency content, a short data duration can cover the entire P or S seismic
phases. Selecting disjointed templates of P and S phases is essential to accurately pick the onset of seismic phases in
the phase-picking stage. This study proposes developing a histogram of the S-P time differences of the REQ to take a
vision of how long time could produce a disjointed template of P and S phases. We decided to select 1 s length of data
as a template.

* Minimum time intervals between sequential identifications:

The presence of duplicated identifications by different references leads to considering the minimum time interval
between the adjacent detections to remove duplicate ones. We set this parameter to 10 seconds, by considering the S-P
histogram.
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the reference earthquakes (REQS).

This study investigates the recorded data from the temporary We plot the PSD of data to identify the time intervals when each station recorded incorrect
seismographic network installed after the 2014 earthquake in the llam data and removed them. This stage shows that the HONG station work incorrectly all of the
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Stages of the processing:

1) Daily data grouping. 7)  Stacking the shifted CC.
2) Necessary data pre-processing. [1L00 SPS, 2-8 Hz, Filling gaps] 8) Calculating the detection threshold. [10 X MAD = 6.745 X o]
3) Selecting reference earthquakes (REQ). 9) Eliminating duplicate detection by considering minimum time
4) Extracting templates. [0.1 s pre-phase, 1 s after phase] intervals between sequential identifications. [10 s]
5) Calculating the CC of templates with continuous data on 10) Recalculating CC of Detection for phase-picking. 0
equivalent stations. 11) Locating new detections.
6) The CC data shifted based on the relative time difference between
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Finally, after finding the optimum parameters for using the matched-filter technique, we identified 3575 aftershocks (4.27 times the references) by the 838 reference X e '4
earthquakes on the 95 days of continuous data.
We evaluated the location quality of the detected aftershocks using the effect of the azimuthal gap, the number of stations and phases, and error parameters. Compared to
the reference catalog, there is an increase in the numbers of A- and B- grade locations. However, It's apparent that despite the low values of time residual, epicentral
error, and depth error, a large part of these earthquakes were placed in the C and others group, just because of the number of stations.

Table: Classification of the 838 reference earthquakes (REQ) and the 3575 detected aftershocks (MF) according to the O
location quality.
GrouE RMS GAP Num Stations ErrH ErrZ REQ MF 300 INTRODUCTION
A ms <03  gap <180 6 <n-st EmrH<3 EmrZ<3 458 637
B ms<04 gap<200  S<nst EnH<S5 ErnZ<5 662 1436 YRR
C rms <0.5 gap <250 S<n-st ErrH<7 EmnZ<7 714 1768 METHODS/DATA
Others rms>0.5 gap>250 3 <n-st ErrtH>7 EnZ>7 124 1807
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The ability and performance of the waveform cross-correlation detector compared to the energy detectors were demonstrated
in this study, and the capacity of this technique to reliably recognize tiny earthquakes and investigate the seismicity of the
region is highly remarkable.

1.

w

The significant increase in the detected earthquakes reflects the high efficiency of using the MF approach for aftershock
studies.

Because each REQ can detect new ones with maximum quality and number of phases similar to its own, the MF method
will show its best performance when REQ's phases are picked completely and accurately.

The parameters of the MF method should be selected based on the data type and the target of the study.

Selecting each parameter is a trade-off between maximizing the number of detections and minimizing the rate of false
detections.

The time accuracy of the detected phase using the waveform cross-correlation controlled with the time accuracy of REQs.
It revealed that the effect of increasing the pre-phase of templates on the power of detection is not identical for the P and S
seismic phases due to the different nature of the pre-phase signal.

Due to the accuracy of phase determination in this method and no need to revise manually, its processing time is very
suitable. (e.g. using 838 REQs and 13 stations (~18240 hours continuous data) consumes less than 48hr processing time
12-core CPU with 32GB RAM. It is noticeable that if the REQs contain more phases, the processing time will increase.)

Acknowledgments

We appreciate the CTBT: SnT2023 conference organizers for providing this opportunity to present our work.

Also, we appreciate IIEES for providing the seismic network dataset.

We would also like to thank Dr. Mohammad Tatar and Ms. Mahbobeh Siyamack for supplying the manual earthquake catalog.

Please do
not use this
space, a QR
code will be

automatically
overlayed

P3.5-626



SnT 2023

CTBT: SCIENCE AND TECHNOLOGY CONFERENCE Refe re n CeS

HOFBURG PALACE - Uienna and Online
19 70 23 JUNE

Bobrov, dmitry, ivan Kitov, and lassina Zerbo. 2012. "Perspectives of cross-correlation in seismic monitoring at the international data center." Pure and
applied geophysics 439-468. doi:10.1007/s00024-012-0626-X.

Bobrov, Dmitry, Ivan Kitov, Mikhail Rozhkov, and Irina Alfatovna Sanina. 2017. "Remote Detection of Aftershock Activity as a New Method of Seismic
Monitoring." DOKLADY EARTH SCIENCES 83-87.

Chamberlain, C. J, C. J Hopp, C. M Boese, E Warren-Smith, D Chambers, S. X Chu, K Michailos, and J Townend. 2017. "EQcorrscan: Repeating and
near-repeating earthquake detection and analysis in Python." Seismological Research Letters. doi:10.1785/0220170151.

Chamberlain, Calum J, Carolin M Boese, and John Townend. 2017. "Cross-correlation-based detection and characterisation of microseismicity
adjacent to the locked, late-interseismic Alpine Fault, South Westland, New Zealand." Earth and Planetary Science Letters 63—72.
doi:https://doi.org/10.1016/j.epsl.2016.09.061.

Chamberlain, C. J., D. R. Shelly, J. Townend, and T. A. Stern. 2014. Low-frequency earthquakes reveal punctuated slow slip on the deep extent of the
Alpine Fault, New Zealand, Geochem. Geophys. Geosyst., 15, 2984-2999, doi:10.1002/2014GC005436.

Kahbasi, I., E. Karkooti, and S. SoltaniMoghadam, Evaluation of the Matched-Filter Approach for Detecting Seismic Phases, Case Study on a Local
Network. Journal of Seismology and Earthquake Engineering, 2021. 23(4). doi: 10.48303/jsee.2023.1989647.1050

Schaff, David, and Felix Waldhauser. 2010. "One Magnitude Unit Reduction in Detection Threshold by Cross Correlation Applied to Parkfield
(California) and China Seismicity." Bulletin of the Seismological Society of America 100: 3224—-3238. doi: 10.1785/0120100042.

Warren-Smith, Emily, Calum J Chamberlain, Simon Lamb, and John Townend. 2017. "High-Precision Analysis of an Aftershock Sequence Using
Matched-Filter Detection: The 4 May 2015 ML 6 Wanaka Earthquake, Southern Alps, New Zealand." Seismological Research Letters.
doi:10.1785/0220170016.

Zhang, Miao, and Lianxing Wen. 2015. "An effective method for small event detection: match and locate (M&L)." Geophysical Journal International
1523-1537. doi:10.1093/gji/ggu466.

Please do
not use this
space, a QR
code will be
automatically

overlayed

P3.5-626



