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Damaging Earthquakes in Taiwan since 1700s

Relative quiet in seismicity

M>7 inland
earthquake :
~ every 100 years
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Earthquake Source Model
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e Subduction Zone Earthquake
* |nter- and Intra-slab events
e Study of Historical

Earthquakes
- 1909 Taipei M6.8 Earthquake
- 1920 Hualian M8.0 Earthquake

Historical Earthquakes

-Location, Magnitude

(Documents)

-Focal Mechanism

(Historical records)

-Earthquake and Tsunami
Potential

(Ground Motion Prediction,
Tsunami Simulation)



Bathymetry and Tectonic Setting near Taiwan
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Seismicity M>5.0 earthquakes with historical M>7.0 earthquake since 1900
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Ryukyu and Manila subduction behave similarly as this model?
Possible trench ruptured mega-thrust events?

No long historical data to tell.

(Historical literature records of only about 300 years.)

Accretionary Wedge

Overriding Plate

.....

.......

Slow slip/Tremor



1920 Hualien Earthquake =~
B 12:21 on June 6, 1920
E Location:24°N, 122°E, Dep=20 kms
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Source Duration ~ 120sec
Rupture for about 300km
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Source Duration ~ 120sec ?
Rupture for about 300km

Osaka
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Earthquakes solution with 3 s tolerance
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Figure 4. (a) Determination of the high probability area (HPA) where the MY, 7.7 1920 earthquake occurred and (b) location of the best analogue-quake from
Font et al. (2004) compared to the position of the ISZ and the possible splay fault. The tolerance for each envelope is & 3 s (see text for more details). The
best ‘1920 analogue-quake’ (1994/10/09) solution is unique. Other earthquakes are selected with the same maximum 3 s tolerance on SPggg but with less
correlated stations. The area defined in surface is more extended than in section because all envelopes do not cross in depth to the north. The slab top is built
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Figure 4. (a) Determination of the high probability area (HPA) where the MY, 7.7 1920 earthquake occurred and (b) location of the best analogue-quake from
Font et al. (2004) compared to the position of the ISZ and the possible splay fault. The tolerance for each envelope is & 3 s (see text for more details). The
best ‘1920 analogue-quake’ (1994/10/09) solution is unique. Other earthquakes are selected with the same maximum 3 s tolerance on SPggg but with less
correlated stations. The area defined in surface is more extended than in section because all envelopes do not cross in depth to the north. The slab top is built



Scaling using AREA

h : seimogenic depth
B: scaling parameter related
to the effective fault width

- Small-Moderate earthquakes

Mw ~ LogA
- Large earthquakes 23
Mw ~ 4/3logA
- Extra largest earthquakes
Mw ~ 2/3logA
max(1, ‘/ 5)
=logA+— Iog + const.
1 1, /2
[1+ max( ¥ ,B)]

(Shaw, 2009)

Const.: Stress drop related constant
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Seismicity with focal depth < 30
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Figure 4. (a) Determination of the high probability area (HPA) where the MY, 7.7 1920 earthquake occurred and (b) location of the best analogue-quake from
Font et al. (2004) compared to the position of the ISZ and the possible splay fault. The tolerance for each envelope is & 3 s (see text for more details). The
best ‘1920 analogue-quake’ (1994/10/09) solution is unique. Other earthquakes are selected with the same maximum 3 s tolerance on SPggg but with less
correlated stations. The area defined in surface is more extended than in section because all envelopes do not cross in depth to the north. The slab top is built



Scaling using AREA

h : seimogenic depth
B: scaling parameter related
to the effective fault width
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Manila Trech
Tectonic setting

GPS horizontal velocity w.r.t the

Sunda Plate gradually decrease AN P N ARG 2 vt
from north to south along the Wy SR R

L2

western Luzon at rates of 81 to
50 mm/yr in the west-
northwest direction.

(1996-2008)
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Convergence rate along the Manila Trench

—p \/elocities w.r.t to the Sunda Plate

—p The fault locking effect on the
Philippine Fault is removed from
GPS velocity field (Yu et al. 2010)

e GPS horizontal velocities decrease from
north to south suggesting a southward
decrease of convergence rate along the
Manila Trench .
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Historical Tsunami=>
Paleo-tsunami Studies (& /&)
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Field Studies: 1H[z& i BLEE F 45 B

From: Prof. T.R. Wu’s student, Mr. Tsai
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Conclusions

Earthquake Scaling on Length, Width and Slip for Ground
Motion Prediction Simulation is useful for crustal events,
however, width extension of the Subduction zone events
needs to be addressed differently.

But, how? What is the Mmax of a subduction zone?

How to deal with extreme event which was not yet occurred?
e.g. 1920 M8.0 Hualiean earthquake => rupture to the trench

How to implement this historical not yet occurred event into
PSHA or SHA?

Shall be included or not to be included?

Continuing the literature search on paleo-earthquakes/tsunamis
and modeling of the historical earthquakes



THANK YOU!



Seismicity between 1973 and 2010 2=

NEIC (M, 4.6-7.7)
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Plate coupling ratio derived from inversions of GPS data
Hsu Yaru et al., 2012
Observations v.s. Predictions Residuals of horizontal displacements
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