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Focal mechanisms of the recent significant
earthguakes in the Tibetan plateau
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The M,,/7.8 Kunlun Mountain Pass earthquake of
14 November 2001
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The M, 7.8 Kunlun Mountain Pass earthquake of
14 November 2001
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inversion. White star represents the hypocenter.



The M,,,7.8 Kunlun Mountain Pass earthquake of
14 November 2001
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Istribution of surface ruptures of the M, unlun
Mountain Pass earthquake of 14 November 2001
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Distribution of surface ruptures of the M,, 7.8 Kunlun
Mountain Pass earthquake of 14 November 2001
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Distribution of surface ruptures of the M,,,7.8 Kunlun
Mountain Pass earthquake of 14 November 2001
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3.2 The M,,7.9 Wenchuan, Sichuan, earthquake
of 12 May 2008




The 2008 M, 7.9 Wenchuan earthquake
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Distribution of the static Ip and aftershoc
of the 2008 Wenchuan earthquake
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the 2008 Wenchuan earthquake
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Time (s)

Spatio-temporal rupture process of
the 2008 Wenchuan earthquake
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for the joint inversion of seismic and GPS data earthquake
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Fault model of the 2008 Wenchuan earthquake
for the joint inversion of seismic and GPS data earthquake
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Static slip distribution on the fault plane
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Beichuan-Pingwu area
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In Wenchuan earthquake two significant patches with peak slips of 8.9m and 6.7m
just underneath the Yingxiu-Dujiangyan-Wenchuan and Beichuan-Pinwu areas
respectively, breached the ground surface correspond to the two meizoseismal areas
Yingxiu-Dujiangyan-Wenchuan area: peak-slip on the surface: calculated 7.5m,
observed 6.6m;

Beichuan-Pinwu area:peak-slip on the surface: calculated 6.7m, observed 5.7m
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Recent significant earthquakes in Tibetan plateau
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3.3 The M,,6.9 Yushu, Qinghal, earthquake of 2010
April 14
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3. Applications

3.4 Applications to the earthquake emergency
response



Inversion of Earthquake Rupture Process: Theory and Applications

®The spatio-temporal rupture process of the
significant earthquakes worldwide since 2009 were
determined using the fast and robust inversion
method we developed In the last two decades, and
the Inverted results obtained within a few hours
after the occurrence of the earthquake were
reported immediately to the authorities and
released to the public. The method proved to be
very useful in the earthquake disaster emergency
response.
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Applications to the earthguake emergency response

®The spatio-temporal rupture process of the
significant earthquakes worldwide since 2009 were
determined using the fast and robust inversion
method we developed In the last two decades, and
the inverted results obtained within a few hours
after the occurrence of the earthquake were
reported immediately to the authorities and
released to the public. The method proved to be
very useful in the earthquake disaster emergency
response.
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pplications to the signiticant earthquakes since
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2014-04-12 20:14
2014-04-13 12:36
2014-04-19 13:27
2014-06-23 20:53
2014-08-03 08:30
2014-10-07 13:49
2015-03-29 23:48
2015-04-25 06:11
2015-05-12 07:05
2015-07-03 01:07
2015-09-16 22:54
2015-10-26 09:09
2015-11-24 22:45
2016-03-02 12:49
2016-08-19 07:32
2016-10-17 07:14
2016-10-30 06:40
2016-11-13 11:02
2016-11-25 14:24
2016-12-08 05:15
2016-12-25 14:22
2017-01-22 04:30
2017-08-08 13:19
2018-08-0823:27
2017-09-08 12:49

(28.1°, 62.1°)
(30.3°, 103.0°)
(54.9°, 153.3°)
(23.82.121.1%)
(34.5°,104.2°)
(23.6°.121.4%)
(-60.3°,-46.4°)
(35.9°.82.6%)
(-19.6°-70.8°)
(-20.4°-70.1°)
(-11.3°,162.2°)
(-11.5°,162.1°)
(-6.7°,154.9°)
(51.82.178.8%)
(27.1°,103.3%)
(23.4°,100.5%)
(-4.8°,152.6°)
(28.1°.84.6%)
(27.82.86.1%)
(37.5°.78.19)
(-31.6°-71.7%)
(36.42.70.7%)
(-10.5°-70.9°)
(-4.9°,94.2°)
(-55.3°-31.9%)
(32.82.94.9%)
(42.9°.13.1%)
(-42.8°,173.1°)
(39.32.74.0°)
(43.82.86.4%)
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The M,, 7.8 off west coast of the South
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The M,, 7.8 off west coast of the South
Island, N.Z., earthquake of 15 July 2009

Obtained and released 3.75 hours after the earthquake occurrence
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The M,, 7.8 off west coast of the South
Island, N.Z., earthquake of 15 July 2009

3.7x10° KNRA
081 z
22x10° P
6.9x10° TARA
0.88 z
3.1x10° P

1.7x10° SNAA
081 z
1.4x10° P

53x10° WAKE
091 z
36x10° P
33x10° COCO
083 z
2.8x10° P

15x10° EFI
0.94 z
1.4x10° P
26x10° INU
0.76 z
2.3x10° P
120s

58x10°
0.
2.7x10°

55x107
091
41x10°

46x10°
09
3.1x10°

2.7x10°
087
2.3x10°

28x10°
0.88
2.3x10°

4x10°
038
35x107

1.7x10°
0.87
1.7x10°

SB—WWZ

RABL

5x10°
0.7
38x10°

39x10°
0.84
2.8x10°

35x10°
081
25x10°

41x10°
092
2.7x10°

4.2x10°
093
38x10°

1.9x10°
091
16x10°

24x10°
0.74
1.7x10°

N

PPTF
P

43x10° MANU
0.89 z
24x10° P

14x10° PMSA
0.95 z
1.2x10° P
26x10° DAV
0.8 z
21x10° P
2.7x10° KKM
0.93 z
22x10° P

4'1X10>5_¢\AQ~M_ Kip
0.83 z
3.7x10° P
22x10° NACB
0.83 —eﬂ / \ M z
2.2x10° P

1.7x10° LCco
0.85 z
1.3x10° P

Fitness of observed (—) and synthetic (— )seismograms




M>6.5, worldwide M>7.5

£ 1 2009-2018 R Hh A I A2 B SO £ S

wEh R RS SUEHRERT
Hi RS R A R &I Z|(UTC)
(latitude, longitude)  J& (km) (M) (Hour)
LA TR Bk 2009-01-04 04:43 (-0.5°,132.8°) 33 7.7 6.4
ELA R e 2009-01-04 06:33 (-0.7°.133.29) 33 75 5.7
#n 2009-03-19 18:17  (-23.0°, -174.7°) 10 7.8 8.3
It 2009-05-28 08:24 (16.8°, -86.2°) 15 72 8.6
[SREEIEREE 2009-07-13 18:05 (24.1°,122.2°) 6 6.4 3.0
MR 2009-07-15 09:22 (-45.7°. 166.6°) 33 7.8 3.7 l
LR 2009-08-10 19:55 (14.1°,92.9%) 33 7.8 42
FERETE AT & 2009-09-29 17:48  (-15.5°,-172.2°) 33 8.0 33
FRITE AL 2009-09-30 10:16 (-0.8°,99.8°) 60 7.6 4.5
FLEEB FE] 2009-10-07 22:03  (-13.0°, 166.3°) 33 7.8 27
BILTEE 2009-12-19 13:02 (23.8°,121.79) 30 6.6 3.5
T, 2010-01-12 21:53 (18.5°,-72.4°) 10 7.1 5.2
U 2010-02-27 06:34  (-35.8°.-72.7°) 33 8.6 3.2
SReh =il 2010-03-04 00:18 (23.0°,120.7°) 5 6.5 3.5
BRI 2010-04-04 22:40  (32.1°.-115.5°) 10 7.2 4.8
i) B E 2010-04-06 22:15 (24°.97.1°) 31 7.8 31
R 2010-04-13 23:49 (33.1°,96.7°) 10 6.9 25
JERHL &P 2010-06-12 19:26 (7.7°,91.99) 30 7.6 16
Bl P 2010-12-25 13:16  (-19.7°,168.9°) 20 7.4 24
L A 7 g 2011-01-18 20:23 (28.8°,63.9%) 10 7.1 4.1
H47dE 2011-03-11 05:46 (38.3°, 142.4°) 24 9.0 25
TR S 2011-07-06 19:03  (-29.3°,-176.2°) 10 7.7 29
T 2011-10-21 17:57  (29.0°,-176.2%) 33 75 29
L HHERE 2011-10-23 10:41 (38.6°,43.59) 20 73 3
BPGH 2012-03-20 18:02 (16.7°,-98.2°) 20 7.5 2.7
JRITARE L, 2012-04-11 08:38 (2.3°,93.19) 23 8.6 3.6
SH SRR 2012-06-29 21:07 (43.4°,848%) 7 6.3 33
AN 2012-09-05 14:42 (10.1°, 85.3%) 41 76 26
HRAr R RRES 2012-10-28 03:04  (52.8°,-131.9%) 18 7.8 32
B frdrnZRm it 2013-01-05 08:58  (55.2°, -134.8°) 10 7.5 22
A S 2013-02-06 01:12  (-10.8°. 165.1°) 6 7.8 27
AR 2013-03-27 02:03 (23.8°,121.1°) 21 6.0 2.8
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27 February 2010 Chile M,,8.8 earthquake

Obtained 3.2 hours after the occurrence
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27 February 2010 Chile M,,/8.8 earthquake
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27 February 2010 Chile M,,/8.8 earthquake

0.00023 RCBR
0.92 z
0.00013 P
0.00018 SHEL
0.94 z
0.00011 p
7.6x10° BLA
0.96 z
6.9x10° P
9x10® LONY
093 z
7.8x10° P
0.00011 ROSA
0.9 z
6.7x10° P

0.0001 PTCN  0.00018
0.94 z

6.6x10° P

6.2x10° VNDA
097 z

58x10° P

6.7x10° S24A  85x10°
092 z

6.6x10° P

6.3x10° SNZO  6.4x10°
0.94 z

49x10° P

44x10° DGMT
093 z

4.4x10° P

SABA 0.00019 ASCN
093 z
0.00013 P
0.00012 SACV
096 z
0.00012 P
6.1x10° U15A
095 z
54x10° P
0.00017 LBTB
091 z
0.00012 P

Fitness of observed (—) and synthetic (— )seismograms




M>6.5, worldwide M>7.5

£ 1 2009-2018 R Hh A I A2 B SO £ S

wEh R RS SUEHRERT
Hi RS R A R &I Z|(UTC)
(latitude, longitude)  J& (km) (M) (Hour)
LA TR Bk 2009-01-04 04:43 (-0.5°,132.8°) 33 7.7 6.4
ELA R e 2009-01-04 06:33 (-0.7°.133.29) 33 75 5.7
#n 2009-03-19 18:17  (-23.0°, -174.7°) 10 7.8 8.3
It 2009-05-28 08:24 (16.8°, -86.2°) 15 72 8.6
[SREEIEREE 2009-07-13 18:05 (24.1°,122.2°) 6 6.4 3.0
MR 2009-07-15 09:22 (-45.7°. 166.6°) 33 7.8 3.7 l
LR 2009-08-10 19:55 (14.1°,92.9%) 33 7.8 42
FERETE AT & 2009-09-29 17:48  (-15.5°,-172.2°) 33 8.0 33
FRITE AL 2009-09-30 10:16 (-0.8°,99.8°) 60 7.6 4.5
FLEEB FE] 2009-10-07 22:03  (-13.0°, 166.3°) 33 7.8 27
BILTEE 2009-12-19 13:02 (23.8°,121.79) 30 6.6 3.5
i, 2010-01-12 21:53 (18.5°,-72.4°) 10 7.1 5.2
R 2010-02-27 06:34  (-35.8°.-72.7°) 33 8.6 3.2
SReh =il 2010-03-04 00:18 (23.0°,120.7°) 5 6.5 3.5
BRI 2010-04-04 22:40  (32.1°.-115.5°) 10 7.2 4.8
S EREE 2010-04-06 22:15 (24°.971°) 31 78 31
R 2010-04-13 23:49 (33.1°,96.7°) 10 6.9 25
JERHL &P 2010-06-12 19:26 (7.7°,91.99) 30 7.6 16
Bl P 2010-12-25 13:16  (-19.7°,168.9°) 20 7.4 24
L A 7 g 2011-01-18 20:23 (28.8°,63.9%) 10 7.1 4.1
H47dE 2011-03-11 05:46 (38.3°, 142.4°) 24 9.0 25
TR S 2011-07-06 19:03  (-29.3°,-176.2°) 10 7.7 29
T 2011-10-21 17:57  (29.0°,-176.2%) 33 75 29
L HHERE 2011-10-23 10:41 (38.6°,43.59) 20 73 3
BPGH 2012-03-20 18:02 (16.7°,-98.2°) 20 7.5 2.7
JRITARE L, 2012-04-11 08:38 (2.3°,93.19) 23 8.6 3.6
SH SRR 2012-06-29 21:07 (43.4°,848%) 7 6.3 33
AN 2012-09-05 14:42 (10.1°, 85.3%) 41 76 26
HRAr R RRES 2012-10-28 03:04  (52.8°,-131.9%) 18 7.8 32
B frdrnZRm it 2013-01-05 08:58  (55.2°, -134.8°) 10 7.5 22
A S 2013-02-06 01:12  (-10.8°. 165.1°) 6 7.8 27
AR 2013-03-27 02:03 (23.8°,121.1°) 21 6.0 2.8
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6 April 2010 Sumatra M,, 7.8 earthquake
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6 April 2010 Sumatra M,, 7.8 earthquake
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6 April 2010 Sumatra M,, 7.8 earthquake
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6 April 2010 Sumatra M,, 7.8 earthquake

2.7x10° MSEY  3x10®
0.79 z 0.77
1.2x10° P 2.1x10°

25x10° TLY  42x10°
0.8 z 09
1.8x10° P 3x10°
3.2x10° CTAO 1.7x10°
0.9 z 0.91
2.7x10° P 1.2x10°
2,6x10° ARMA 16x10°
0.94 z 0.9
2.4x10° P 1.6x10°
13x10° CASY 29x10°
061 z 0.91
1.1x10° P 2.4x10°
2.7x10° RDO  1.7x10°
0.93 z 0.89
1x10° P 1.3x10°
1.8x10° BOSA 24x10°
0.38 z 0.87
9.8x10°° P 1.8x10°
2x10° MSVF  1.4x10°
0.9 z 0.85
2.3x10° P 1.4x10°
15x10° SPIA
0.76 z

1.3x10° P

3.2x01g55 HR

TN

2x10°

3.4x10° KURK
0.82 z
1.7x10° P

2.8x10° MANU 4.1x10° MAJO
0.86 z 0.88 z
2.8x10° P 2x10° P

25x10° EIDS  27x10° YNG
0.92 z 0.91 z
25x10° P 2.2x10° P
25x10° YAK  13x10° EIL
0.86 z 0.93 z
1.7x10° P 1.1x10° P
2.2x10° TIXI 2.1x10° OBN
0.9 z 0.87 z
1.6x10° P 1.4x10° P
2.1x10° LVZ  25x10° TARA
0.88 z 09 z
1.4x10° P 25x10° P
2.3x10° BILL  66x10° CLTB
0.88 z 0.93 z
1.8x10° P 7.1x10° P
1.3x10° FUORN 1.3x10°® GAMB
0.86 z 0.84 z
1.1x10° P 1x10° P




‘Inversion of Earthquake Rupture Process: Theory and Applications
3. Applications

3.5 Summary



Summary

€ During the past decades several significant
earthquakes occurred worldwide were
determined wusing the fast and robust
Inversion method we developed Iin the last two

decades.




Inversion of Earthquake Rupture Process: Theory and Applications

Summary

€ The knowledge obtained from these studies
has much improved our understanding of the
complexities of the earthquake source and
causative mechanism of the seismic disaster,
and is of important reference value in seismic
disaster mitigation such as earthquake

emergency response.



Summary

€ The inverted results obtained within a few
hours after the occurrence of the earthquake
were reported immediately to the authorities
and released to the public. The method proved
to be very useful In the earthguake disaster

emergency response.




Inversion of Earthquake Rupture Process: Theory and Applications

Summary

Although the debate about the earthquake
prediction or forecast remains unsolved, we still can
do something for prevention and mitigation of
earthquake disasters. The fast Inverted results of
the spatio-temporal rupture process of the
earthquake sources as we described In this studies
can provide some useful information such as
possible disastrous areas and the timely release of
these results Is very helpful to earthquake
emergency response and seismic disaster relief
efforts.



Inversion of Earthquake Rupture Process: Theory and Applications

Summary

@ Scientists should do everything we can for
earthquake disaster reduction.

€ Promote our knowledge on earthquake
occurrence and improve our measures to
earthguake disasters prevention and
mitigation.



Summary

& Studies on the regularities of earthquake
occurrence should be greatly strengthened.




“Inversion of Earthquake Rupture Process: Theory and Applications

Summary

€ A large part of the time, about half an hour,
was spent to get the data. This can be
further reduced to about 10 minutes If the
real-time data flow iIs available, and to
several minutes If local waveform data were

used for the inversion.






