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Abstract

Subduction zone earthquakes show varying energy release patterns and frequency content, based on their tectonic settings and
hypocentral depths. Resolving these features from the nonlinear and non-stationary seismograms is a challenge. Our work in
the Japan Trench follows studies by Huang et al. (1998, 2001) and Zhang et al. (2003), who demonstrated the use of empirical
mode decomposition to separate records into multiple timescales, or intrinsic mode functions (IMFs). Zhang et al. observed
that IMFs 2-5 represented the source rupture process for the 1994 Northridge earthquake. Chauhan (master’s thesis, 2019)
used time-frequency distributions, short-time Fourier and continuous wavelet transforms, of IMFs of strong-motion data for a
pair of interplate-intraslab earthquakes to identify the dominant, short duration, low-frequency energy release for the intraslab
event. He found a high correlation between the original signal and a linear combination of IMFs 3 and 4, possibly representing
the source. Chatterjee et al. (AGU, 2018) observed an association between time-frequency-energy distributions of certain IMF's
and moment rate functions (MRFs) from teleseismic waveform models, for five earthquakes. Chatterjee et al. (AGU, 2019) and
Mache et al. (AGU, 2019) used Hilbert spectral analysis (Huang et al., 1998) of IMFs selected based on their frequency and
energy and observed better match between the two. This new function, which they regard as the Energy Rate Function (ERF),
can reproduce the MRF’s essential elements, i.e., its duration and shape, but Mache (master’s thesis, 2020) observed that results
depended on the selection of stations. As the next step, Mache and Rajendran (JpGU-AGU, 2020) based the selection criteria
on the slip distribution, strike, and JMA intensity distribution maps (JMA 1996) and applied the method to 7 earthquakes
from various tectonic settings of the Japan Trench. Here we present an overview of the various methods for analyzing KiK-net
strong-motion data for selected earthquakes to extract information on their time-frequency-energy distributions. The ERF
generated through this analysis is a physically compatible expression of the MRF and, therefore, more useful in predicting the

shaking effects of earthquakes.



Swapnil Mache Avigyan Chatterjee

An Overview of Hilbert-Huang Transform-based ' Uiy of cregen

. - - shant Chauhan Eugene, OR, United States
Earthquake Source Characterization using Kusala Rajendran
Strong Motion Data Indian Institute of Science

Bangalore, India
Motivations —

Combining Time-Frequency Analysis tools.... ....with Empirical Mode Decomposition (EMD)....
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Combination of EMD + TFA useful for quick interpretation of earthquake energy release.
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Combination of EMD + TFA useful for quick interpretation of earthquake energy release.
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Harnessing time-frequency analysis tools +
empirical mode decomposition to represent energy release
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Harnessing time-frequency analysis tools +

Amplitude
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Heterogeneous energy-release and frequency
content depending on tectonic setting and depth
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Heterogeneous energy-release and frequency
content depending on tectonic setting and depth
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Heterogeneous energy-release and frequency
content depending on tectonic setting and depth
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Heterogeneous energy-release and frequency
content depending on tectonic setting and depth
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Spectral amplitudes: Interplate < Intraplate < Intraslab
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Interplate: increasing high-frequency
energy and energy/moment with depth
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Interplate: increasing high-frequency
energy and energy/moment with depth
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Time-frequency analysis of intrinsic mode functions
decomposed from earthquake strong-motion data
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Time-frequency analysis of intrinsic mode functions
decomposed from earthquake strong motion data
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Studies show source signal contained in combination of IMFs
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High correlation between original signhal and IMFs that best
—p055|bly represent the source.

capture the original signa
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Linear combination of well-correlated IMFs gives a possible
time-frequency representation of energy release.
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Joint study of teleseismic and strong-motion data
connecting the energy release obtained from both
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Improved resolution using the Hilbert-Huang Transform
(HHT) = EMD + Hilbert Spectral Analysis
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HHT gives better resolution over spectrogram & scalogram
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Proposing station and
IMF-selection criteria and
expanding the analysis

e Strong motion data
(KiK-net, NIED, Japan)

® Borehole sensors (>
100 m)

e Vertical component
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"Best" stations?
In the direction of rupture
propagation and
orthogonal to it.

N

42°

40°

38°

36°

1340

136°

138°

140°

1440

146°

4°

l

A KiK-net stations
A Stations showing ERF-MRF correspondence

40°

38°

36°

34°

S
///
[y
—t O
- 1
- 2
[l
=
2l t 4
g
£
ol S
" 2l e
IS @ E ¥
A A K
A AL A
L'YN A§ i 8
’:‘i?«f I 9
i BN ff | 10
— — —
134° 136° 138° 140° 142° 144° 146°

15



"Best" IMFs? Based on the frequency band, not the IMF

number.
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Generating an 'Energy Rate Function' by picking maximum
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Correspondence of the ERF with the MRF, with a few
caveats (Time-frequency analysis vs. Waveform inversion)
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ERF-MRF correspondence observed at "best" stations (In the
direction of rupture propagation and orthogonal to it).
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ERF-MRF correspondence for other tectonic settings
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ERF-MRF correspondence for other tectonic settings
Interplate (2005 Miyagi-Oki): Complex rupture; rough ERF & MRFs.
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ERF-MRF correspondence for other tectonic settings
Interplate (2005 Miyagi-Oki): Complex rupture; rough ERF & MRFs.
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ERF-MRF correspondence for other tectonic settings
Interplate (2005 Honshu): Low seismic intensity stations; one IMF.
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ERF-MRF correspondence for other tectonic settings
Intraplate (2012 Kamaishi): Complex rupture; 2 independent
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ERF-MRF correspondence for other tectonic settings
Intraplate (2012 Kamaishi): Complex rupture; 2 independent
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In conclusion, the combination of EMD with TFA tools is
useful for quick interpretation of earthquake energy release.
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