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eGf-coda Methodology for
Moderate Earthquakes

(1) Create coda spectra
 Narrow band-pass displacement records

 Time window in each record becomes coda spectral point

(2) Empirical Green’s function to remove path effects
 Small event is modeled as ideal Brune-like event
* Path effects sequentially deconvolved from larger events

 Use moment from largest event to set relative moments

(3) Source spectra 2 moment, corner frequency, energy
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Radiated Energy and Apparent Stress
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Stress Drop

Magnitude (M )
100 2 I S S 6 7
mean = 5.84 MPa
v m Vv ¢ std =0.42
V w A 4"& m sa® ¢
T % AA @ A G Am o s °
a 10t L 2o} m ®
S v.W‘.O.Av é l‘ I.‘ m U
Q v .‘ O H' 3 ] ﬁa o, =
o)
S v = ® o*q A
- © o * o ‘pm © o
2 * %k A ©
A - °n °
: -
= Chuetsu 2004 @ Hector Mine
| ¢ Chuetsu-Oki 2007 3 Parkfield
| @ Iwate Miyage A Wells, Nevada
o1 YKamaishi | o ® ., |%CermoPrieto @
12 13 14 15 16 17 18 19 5 10 15 20
Moment (Nm) Counts
3
Ao, = =84TM, Je

Brune [3’
Baltay et al, 2010
Baltay et al, 2011 Annemarie Baltay ® Great Earthquakes * ECGS 2012



Apparent stress
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Apparent Stress T, (MPa)

and

Stress Drop

* A0 and T, both
log-normally
distributed

* Follow the expected
theoretical
relationship
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Teleseismic empirical Green’s functions
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r=~100 m
R upto ~200 km
r<<R
M, 7
Can’t use local eGf method to analyze
large M>7.5 earthquakes
r=~10 km Assume a ~ M 6.5 — 7.5 can be modeled
R ~3000 km to ~10,000 km as ideally Brune - teleseismic eGf method
r<<R
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Displacement (cm)
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log10 Moment

eGf Deconvolution

Uncorrected Mainshock and eGf spectra Tohoku |201 1
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Frequency-Energy Accumulation

* Most energy in
0.01-0.1 Hz band,
given very large size/
low corner frequency

* High frequency
contribution is
negligible
(as expected)

e PandS waves are
similar for each eGf

Ide et al, 2011
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Directivity of Seismic Energy
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- Typically, expect higher energy in direction of rupture propagation
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201 1/03/11 Mainshock
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Line Sources
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log,,Energy (J)
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Maule, Chile 2010 M, 8.8
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Nias, Sumatra 2005 Mw 8.7
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Bengkulu, Sumatra, 2007 Mw 8.5
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Off-Sumatra, 2012 Mw 8.6
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Great Earthquake Apparent Stress
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Tohoku-Oki 2011 4.2 4.3 5.1 7.06 1.57 0.61
Sumatra 2004 8.2° 3.0* 1.1 7.25 1.12 0.43
Maule 2010 2.6° 1.7° 0.47 1.86 1.03  0.40
Nias 2005 1.1% 0.83* 0.37 2.19 2.09 081
Benkulu 2007 0.69* 0.38 0.26 1.33 1.98  0.77
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Radiated Energy of Great Earthquakes

Develop novel teleseismic eGf deconvolution method

Can correct great earthquakes with ~ M 7 eGf events,
despite complex rupture

P and S waves give consistent results, comparable to other
studies

Overall radiated energy is a mixture of both high and low
frequency radiation, and we can model some of this
dependence through directivity with simple line sources
and time dependent source inversions.

Time dependent eGf source inversions would enlighten the
azimuthal directivity further
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Compiled Results

Magnitude (M)
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EQs M ~2 to M ~9 have constant T, and no moment dependence

T, ranges from 0.1 to 10 Mpa with mean ~ 1 Mpa, log-normal distribution

Ao ranges from ~1 to 30 MPa, with mean ~ 6 MPa

Considerable variability in Ao and T is inherent source variability

Supports self similar earthquake models

Annemarie Baltay ® Great Earthquakes ¢« ECGS 2012



