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Earth's free oscillations
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Earth's free oscillations
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Earth's free oscillations
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Finite source description
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Finite source description
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Probabilistic normal mode source inversion

Multiplets Singlets
inversion inversion

Finite source
parameter space:

(9,0, M ,T,L)

Point source
parameter space: |

(¢, 0,4, M)
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Grid search (Neighbourhood Algorithm)

Theoretical point/finite source spectra calculation
L,-norm misfit calculation between data and synthetic spectra
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Ensemble of models

Processing




Synthetic tests
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Synthetic tests (Sumatra 2004 M 9.3 based on model of Tsai et al.(2005))
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Synthetic tests (Sumatra 2004 M 9.3 based on model of Tsai et al.(2005))

Combined effect of finiteness
and noise in synthetic data

x10~ Best fit model spectra OSO
25
data
2 synthetics
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Normalized

Synthetic tests (Sumatra 2004 M 9.3 based on model of Tsai et al.(2005))
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Synthetic tests (Sumatra 2004 M 9.3 based on model of Tsai et al.(2005))

x 107 Effect of noise in synthetic data Best fit model spectra 050
data
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Synthetic tests (Sumatra 2004 M 9.3 based on model of Tsai et al.(2005))

B Noise effect

P 20' B Earth's structure effect
s L - —- Input model

- == Optimal model from inversion ( Noise effect )
0. e e ~~~ Optimal model from inversion ( Earth's structure effect)

30

320 330 340 350 10 20 30 100 110 120 130

sa0f - o Sl 540 AR
5201." ; : 520
500 500"

480}
460

480
460

1300
1250
1200 f;

1300 -
1250
1200 f:

Normalized

. 1150 ¥ 1150 -
320 330 340 350 10 20 30 460 480 500 520 540
1 1F 3 W 003" 7 6=16 [l p=4607s/ g=404 1 [ =H1B1.9km /- 6 = 9.4 km
p:=:110.e°lc=1.s° n=5449s / G=183 u:=:1117.2km/0=7.1 km
0.5 05:' 05 : 0.5 :: ‘ :
o I i

0 - 0 0 2 0

30 100 110 120 130 92 9.3 9.4 95 96 460 480 500 520 540 1150 1200 1250 1300
(0] 5

Rake (°) Mw Ty (s) Length (km)

320 330 340 350
Strike (°)




Synthetic tests

* Errors due to the neglecting of the finiteness of the source affect
gradually the rake angle (up to 20°) with respect to rupture dimensions.

* Up to 8¢ error in fault geometry because of noise in data.
* Up to 150s error in rupture time because of Earth structure effect.

* Large location errors (1°) can yield large errors in rake angle
(up to 14°).

* The rake angle is difficult to be constrained.

» Surprisingly the M -6 trade-off is relatively well resolved.



Application to real earthquakes
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Application to real earthquakes (Sumatra 2004)

Best fit model spectra
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Application to real earthquakes (Sumatra 2004)
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Application to real earthquakeegm(mdgsgcgku 201
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Application to real earthquakes (Chile 2010)

Best fit model spectra
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Application to real earthquakes
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Conclusions

* The neglect of finite rupture effects yields errors in rake gradually as the rupture
dimensions (T, L) increase.

* Noise is not a significant source of errors in source parameters.

* The use of simplified 1D Earth model can lead to considerable errors in fault
geometry (up to 8°) and large errors in rupture time (up to 150s) and length (up to
140km).

* Spatio-temporal location uncertainties yield considerable errors in rake angle (up
to 14° ) and rupture length (~190km).

* We successfully determined simultaneously the fault geometry, moment
magnitude and rupture characteristics of the giant 2004 Sumatra and 2011
Tohoku earthquakes.

* Normal mode data can offer an independent way to study large seismic sources
and highlight bulk rupture characteristics.



M, =9.31
(T,,L)=(545s,1140km)

Synthetic tests
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w
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M, =8.1
(T.,L)=(60s,220km)

Point source inversion

M =8.8
(T.,L)=(230s,600km)
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SAW12D SAW12D SAW12D SAW12D
Ap(%) 5.18 -0.36 0.33 -9.06
AS(9) 0.26 2.46 -0.15 1.07
AX(®) 20.30 4.83 0.18 -9.28
AM, 0.05 0.01 0.00 -0.02
misfit 0.05398 0.00065 0.00060 0.00876
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SAWI2D PREM PREM SAWI2D PREM PREM SAWI2D PREM PREM SAWI2D PREM PREM
WN WN WN WN WN WN WN WN
Ap(%) -0.76 420  -8.81 -0.70 2.16 1.47 2.86 538  -1433  -0.07 164 -1.44
AS(°) 1,72 429  -4.45 5.73 0.89  4.26 -0.64 -0.86  -13.08 5.19 776 -10.88
AX(%) 2.7 6.83  -8.02 7.98 319 6.49 -6.97 0.11 6.50 1.29 810  -3.10
AM,, 0.07 0.19 0.17 0.00 0.01 0.02 0.01 000 -0.13 -0.09 015 0.12
AT, (s) 0.03 8459 8469  -1.91 90.00 9000  -1.44 60.00  60.00  -0.31  153.91  154.22
AL(km) 2032  -21.13 1690  121.76  30.71  149.96  93.22  141.88 4541 13140 13725  26.66
misfit  0.00002 001775 0.01777 0.00343  0.02256 0.02438  0.00071  0.01582 0.01990  0.00010  0.02093 0.02098
SAWI2D PREM PREM SAWI2D PREM PREM SAWI2D PREM PREM SAWI2D PREM  PREM
WN WN WN WN WN WN WN WN
Ap(®)  -T.94 446 -8.11 -0.54 0.23 0.03 2.60 -3.30 0.62 238 735 -1.28
A5()  -0.15 0.49 -4.86 1.79 3.25 5.19 9.58 1.13 12.67 471 2.02 .17
AA")  -2578 1582 -23.06  3.89 5.56 7.54 7.83 -1.57 8.11 -3.05 1115 -5.00
AM, 0.2 0.03 0.19 0.00 0.02 0.01 0.01 0.01 0.02 -0.07 -0.04 0.02
misfit  0.05416  0.05591  0.05609  0.02183  0.05126  0.07130 0.00669  0.02814  0.03401  0.00974  0.02604  0.02702




Error in origin time +10 s +0 s +0 s +0 s +0s +10 s
Error in latitude +0OW +0OW +19W +0OW +1E +0.60°W
Error in longitude +0°S 4178 08 +1°N -E0S +0.23°N

SAW12D SAWI12D SAWI2D SAWI12D SAWI12D PREM

WN

Agp(0) 1,83 -5.52 3.45 5.80 -0.88 9.46

AS(°) 0.05 4.34 1.4 -6.30 B8 Bl

AX(®) T -14.00 7.74 -10.58 202 -4.54

AM,, -0.01 -0.39 -0.07 0.21 0.12 0.12

AT (s) -7.96 0.12 0.23 0.62 -0.18 70.91
AL(km) -190.01  -196.32 6.20 -21.90 29.21 -192.97

A I JEA BN BNA B\

misfit 0.00884 0.00016 0.00349 0.00030 0.00011 0.02209




B0)  AGC)  B)  AKP)  AC)  AAC) M, AM,
GCMT 329.0 B 8.0 - 110.0 % 9.0 e
This study GCMT location, (h=28.6km) 343.7 336.5-348.8 19.3 12.8-21.8 121.2 109.2-1294 9.0 9.0-9.1
This study GCMT location, (h=10km) 342.5 332.8 3456 17.0 16.628.5 119.3 101.71203 9.0 8.99.0
This study Tsai et al. (2005) Centroid location 340.1 335.0-341.1 10.3 10.1-13.8 1134 107.0-116.0 9.2 9.1-9.2




Application to real earthquakes

H(°) Ap(°) a(°) A(°) A(?) AX(?) M, AM, T.(s) AT, (s) L(km) AL(km)

1 GCMT 329.0 = 8.0 = 110.0 - 9.0 = = = - =
This study 343.7 336.5-348.8 193 12.8-21.8 121.2 109.2-1294 9.0 9.0-9.1 = = - =
This study 340.9 309.0-346.8 8.2 69304 1028 90.5-115.7 9.3 8993 521.0 480.1-544.3 1276.8 1122.6-1322.5

2 GCMT 203.0 = 10.0 = 88.0 = 9.1 = = - = =
This study  202.1  195.5-202.7 9.6  7.1-11.1 98.2 91.5-98.7 9.1 9.0-9.1 — - = —
This study 197.3  189.1-209.1 9.1 9.0-19.8 79.3  68.2-102.2 9.0 8890 151.0 133.5-197.2 461.0 448.5-559.0

3 GCMT 19.0 = 18.0 = 116.0 = 3.8 = = = = =
This study  13.6 8.6-20.0 14.8 12.0-21.9 1105 109.0-1194 88 8.7-8.9 = = = =

4 GCMT 333.0 = 8.0 - 118.0 = 8.6 = = = = -
This study 341.0 334.7-341.8 94 62138 1328 12281332 87 8587 = — = =

5] GCMT 328.0 = 9.0 = 114.0 - 8.5 = i — - =
This study 329.6 321.1-333.8 8.1 7.7-19.3 111.7 97.6-116.7 8.6 8.3-8.6 = — = =

1. Sumatra 2004
2. Tohoku 2011

3. Chile 2010
4. Sumatra 2005
5. Sumatra 2007
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Normalized Frequency
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