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aôź�ɟǳŝ
ĸē¨

1.	�¡Ɯƨɐ�żƢ¥Ɯƨó
2.	qŧ�ɟƢ¥�ß

1

LŋđǏ

•Žǵ�ɟ¤+ƍƁ
•	ȣ7�	ǎ7ȄǶ

•ƙȱ¤+ǳŝ�ɟ
•Ƙǵ²ȋ�)Ə�ɟŝ�ȌǸ

•śĺ�ɟũ¬Əƥɦ
•³�zƏſ�Ȉc	ǔĚë�

•ƙȱ¤+�ì�ɟ
•ýnàǮ§IĀě6ȇƁ|ǖȊƂ

•ș*�ȵǣ�õǁ
• drop,	cover,	hold	on

�ɟƢ¥ǖ�ɟɍȇ

2



ǷƉȿɯɢƒ

qŧúɟǀ

•qŧĲ��ɟ
đǏǳŝǀ

•�ɟǳŝƢ¥
�ƟǺě

ɜƬ¥ǈÄq

•úɟǀ�ɟŒ
ÒȌĔ�ß

•�ɟƢ¥ƙȅ
ǖȌǸ

•�ɟȮð

�ɟ¥�

•đǏȌşÄq
•�ɟƢ¥ǖ�
ɟ�Ř�ɍȇ

•�CcđĬ
•đ¥Ŀƻ

3

�ƿ

•ū�ɭ�Ō}�ēǳŝȴŊ�ɟǳŝwÎ�ɳ
• ȀȀLŋ�ɟ¥

•�ɟǳŝǀğ�ɭɳ
•úɟǀ(QCN)�ɟƪƏǴǚ
•qŧúɟǀ/¥ǈÄq/�ɟ¥�
• http://qcntw.earth.sinica.edu.tw

•aôź�ɟ
• Ǽȅ�ɟŒ
• ©)Ȯð/ɟÈȮð/ǰĿȮð
• øµƏ�ɟvs.ü�Ə�ɟ
• <þ/őȽ�ɟ¥
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ū�ɭĦ�Ō��ēơǊŏĦ�ɟơɳ

• Ȕ{vs.ũɚ
• ď�vs.LÍ
• ǳŝÓ@vs.YÍ�y
• ǘɣpĨĝĥɱ(*ɣ	ǯ�ɟ (ğ�ƥŻȉǊ	ğŷɪ)

• �ɟï�ɟǳŝĦ�ɭȔ{äɳ
• �ɟƢ¥ƏɇŃǮQɏ*
• Ó@�ď�n!�y}LÍ
• �aÍ¥ǈŖa
• ǂ�đ¥
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• Ȕ{vs.ũɚ
• ď�vs.LÍ
• ǳŝÓ@vs.YÍ�y
• ǘɣpĨĝĥɱ(*ɣ	ǯ�ɟ

• �ɟï�ɟǳŝĦ�ɭȔ{äɳ
• �ɟƢ¥ƏɇŃǮQɏ*
• Ó@�ď�n!�y}LÍ
• �aÍ¥ǈŖa
• ǂ�đ¥

6

ū�ɭŏĦ�ɟƢ¥Ɯƨơɳ
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�ɟƨƫğãɭ���ɳ

•Ę¸ɊƏąĉ^ɎņĘ¸
Ţƣ

•ƺƦƏìȈFħąĉ^"
ǕĘ¸ɊƂƁƗɊɃa

•ȾĎƏìȈǐ"ÑäŒƏ
ęÍÚɟşÔ�ɠKęȞ
°Sj

•Ȫí�ǪăġƂƁ�ɟ
•Ñä�ȘŽȂ
Elastic	Rebound

7

http://quake06.stanford.edu/centennial/tour/stop11.html
1906/04/18	05:12	(UT-8)ǙɁ¹��ɟMw	7.8

ɟşŷŽ

•ZUì^�ZUìȈ
•ºƛÐÈ�Ę¸ÐÈ

8Kanamori	&	Brodsky,	2011



GPS	Velocity	Field	(2007-2008)

9

H,	ITRF H,	S01R V,	S01R

http://gps.earth.siica.edu.tw PI:	Long-Chen	Kuo

qŧƏ�ǪȈÒ (GPSǳŝ)
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e�ļȪì^ǖĘ¸Ƀa�ê

11

�ɟŒƏùaęÍ

12

PŒ

SŒ

ɝWŒ

SŒ

Ŕ Œ

ɪŒ

ǪɠŒ

Braile,	2004.	
http://web.ics.purdue.edu/~braile/edumod/waves/WaveDemo.htm



19�ƷĪƏŻ!�ɟǳŝB�

� Ż!�ɟBƻíɲ
� éɟ��ǷĠ��ǹɂ�

� 19�ƷĪĩƍ·SŻ!ǳŝB�
� Robert	Mallet,	1857(èŶǦ)£�
� Filippo	Cecchi,	1875(Ǉ)Ʈ�ȹ�ɟB
� William	Milne,	1892(ǜ�Ĝ)Ƶ­�ɟB

� Ʈ�9ȴɟ�ɟŒÒƷɂɲApr.	17,	1889
� Von	Rebeur-Pacshwitz	(Nature,	1889)
� ōÄČƏE¥Ʒɂ

� �Þ�Œǝ�ǹɂX0ǓĜīǰĿƸ5.8Ə�ɟ
� ľƠSIż�ɟǳŝĠ!Ə0ǒ

13

ǳŝ�ɟ¥

ǳŝ�ɟ¥ğ�ɇ3ĈTįƢ¥B�óǹɂƏ�ɟ
ŒÒ0Ɯƨɟş(Ę¸Ƀa�Ũ¹Ŗa�ĳǻŴ�
ɛ¼��ƛŗ�R¹ƞĆ�ɕƛĆć�ŴŪç�
ư)��żƼļǖN��ɥƏƢ¥�

�ɟBóǹɂXƏ�Ǫ)ƣ(u)ğɟşƝǬ�ê(s)
ǖ�żHȹƼļ(E)���Đì(a)lB�ɡì(I)Ə
Ǆ}Đİ�

u(r,t)	=	s(r,t)	*	E(r,t)	*	a(r,t)	*	I(r,t)

�ňɱ¤İî:	ĝƎ�ɟB�Əɡì(response)ɱ
4ŭőmÿɟşƏƝǬǩūï�żƏHȹäȎ�
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�ɟǳŝƏɢƒ

•�ɟŒƕȠȅ (P, S}ǪɠŒư)
•ŒƕXĠ [©)��żƼļư]
•ùÃ�´ [ɟÈ�ɟşƝǬ��żƼļư]
• PŒVaƏĻä(��) [ɟşƝǬęÍ]
•ɤŹHř [ɟş}�żHȹǫŜŸä]

•IŒÒ
• ɟşŷŽ��żƼļư

•N�
• őȽ�ɟ¥
• …

qŧƏ�ɪļȪŸÝ

16

Philippine	
Sea	Plate

Eurasia	
Plate

qŧ)ǧŅ��ɒĮ�ǖǞÖȍŘĮ�
�ɊƏǌtȸƇ�ɱ��-ƃ\Ŭɱ�
ǪȈÒɧǠɱ�ɟɤ�

Ï�Ǝđûā2



0				 	15			 	30			 	70				100	 			150			km

ȌĔ0şɲ �¡Ōȉ¶

1900~1973

1973~1990

1990~

qŧƏ�ɟŖa

Google�ż�Ə3D�ɟŖaTÀ

17

qŧ¯ɤ�ɟǳŝǀ

18

�ɟƪƏB�Ǻ=

üéŝ� (sensor)
üǹɂ�
üȨǸǺ=

Øŀò
Øɞş
ØGPSĠɄ



�ɟƪòĹ$

19

TDCB

Techi

YULB

Yuli

NACB

Taroko

STS-1

STS-2

STS-2

�ɟBƏƥɦ

•¯ɤ�ɟB
•ƚzĩ�ɟB
•Ð�a�ɟB

•ɆȬĩ�ɟB
•ȓɫɤ�ɟB

•ŘÇ�ɟB

•ìȈB
•?ĕB
•ō)Ƿ
•ȿ^B
•N�

20



e��ɟǳŝǀ

21

ȌĔPǥ �ɟŝ� đǏÿÊ

Sensor + 
recorder

ȌĔčɘ
ƶƽ

Frame 
relay

ADSL/ 
……

Satellite

Antelope

Earthworm

SeisComP

Others

• 
�����

ȌĔŗȨ

• ��	�

• ��	�

�ɟŒÒƳ1�

22

P S ǪɠŒ

2010/03/04ƅ �ɟML6.5



2011/03/11Ĝīĭd��ɟ Mw9.2
�ɟŒÒƳ1�

23

2010/02/27ģW��ɟ Mw8.8
�ɟŒÒƳ1�
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�ɟŒƕƏ>ȳȗØ

25

þŝ�żHȹĤ/Ə¾Oɲ�ɟŒ

Seth	Stein	and	Michael	Wysession,	Blackwell	Publishing,	2003

�ɟȌĔčɘǖǧŽƶƽ

26

ANTELOPE



ȌĔ�ßhĠ�ɟȌĔ�Ă (I)

27

Data	
Acquisition	
System

Data	
Acquisition	
System

Data	
Acquisition	
System

Data	
Acquisition	
System

Data	
Acquisition	
System

Increasing	the	aperture	
of	individual	network	
without	extra	investment

GSN X		1	IRIS

F-Net X		4	NIED

OHP X		4	JAMSTEC

MMD X		5	Malaysia

GEOFON	X20	GFZ

RIMES X		4	ADPC

IES:
ɮı�
]âģ
ɮēƷ
ĸē¨

ȌĔ�ßhĠ�ɟȌĔ�Ă (II)
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Ƴ1�ɲ�ɟȩ�

29

CWB:hĠŒÒ�hĠ<ŝ�hĠ©)�hĠɟÈ!

Ƴ1�ɲ�ɟƝǬƏęvä

30

2013žƧ�ɟ

dȸŝƪ gȸŝƪ



Ƴ1�ɲ PŒȑĠƊÂƏřǇ

31

Liang	et	al.,	2007

Andrija	Mohorovicic

32Herak	&	Herak,	(SRL)	2007



�ɟŒƏö°ǖm°

33

ƔȲŒ

m°Œ

ɨŒ�ö°Œ

m°Œ ƔȲŒ

ɨŒ

�kȕəǒƇȕə

ƔȲŒȑĠ m°ŒȑĠ ö°(ɨ)ŒȑĠ

Ƴ1�ɲȢǾ�żƏď�

34

S.J.	Lee

E.	Garnero
Ko,	Kuo	et	al,	2012



Ƴ1�ɲǆ�ƀĖƲǂŴŪĶ

2000Å8ĥ19Ĝ

ǆ�ė�ǭ~½ƀĖƲǂŴŪ�$

Koper	et	al.,	2003

2000Å8ĥ19Ĝǆ�ė�ǭ~½ƀĖƲǂŴŪ�$
ȻȡƏ�ɟŝƪǖŴŪ�Ż�ȷȖ

36



ŴŪƏ�ɟǸǨ

NM09	0.5-2Hz
355	m/s1.7-1.9	km/s

A1:ƲǂŴŪ
A2:VńɯŨ
A3:�ńɯŨ?

A4-A6:
ǍŒǋtƏǪɠŒ

37

Koper	et	al.,	2003

ŴŪ�űŲ�ůŨƏȰƤ

ĴĈ�ɟǸǨÿȂƏȰƤɲ

1.11:26:19ƀĖƲǂŴŪ
2.ŕŌ×ƀĖǢË
3.11:26:44ųŨɯűŴŪȒŨ
4.11:27:02ƌ'Ʈ�ńɯŨ?
5.ŰŰŬŮÎƍȟɬɱ÷ǅ�
9´Ġ
6.�ŞɋɇɌɈšŨ

�:C-#�%��&+�=?��
�:;"A?<72��>�:;

38

Koper	et	al.,	2003



úɟǀ Quake-Catcher	Network

úɟǀ(QCN, Quake Catcher Network)ğ�9
�á¾��Ə�ɟǳŝǀɱƄǆ�Ər
,�¥
(Stanford University)"l_½�¥ŠȸTĲ (U.C.
Riverside)J)ÅȜ¥ǉMuƍȒɱÁĨǤƄĜŤĢ
lƏƯɞHÌ_ȩÈǷ}ƴĞ
*AƏ´�USB
Üŀɞ (MEMS)ÐɟBɱĄȼ
ȫ�ǀȗƏɞǑɱÌƩ�9�
ƇĤ��ȪAiÕ4ªƏÐɟ
ǳŝǀ�ɑ�Ɯƨ}đǏƃȦ
��ɱ�pƃĚhĠȆ�}�
ɟŜũ��

Elizabeth	
Cochran

Jesse	
LawrenceCochran	et	al.,	2009	(SRL)

Chung	et	al.,	2011	(SRL)

úɟǀ Quake-Catcher	Network

ɴúɟǀɵ#ȏǀȗ
á¾Əf`ɱȥȰ
ɉĎÍǀȗǷƱÄ
qƏǿȼɱ±s�
Ə�ǪùaǸåȤ
Ȳqŧɴúɟǀɵɜ
Ƭƶƽ�ȧ�ȌǸ
pǖóĦá¾T��

qcn.twgrid.org



qŧĲ�úɟǀ QCN-Taiwan

• Bring seismology to school and home!

• QCN	Sensor

• QCNLiveɗ�đ¥
• �Tɀ�_ȩÈ
• ùÃ�Ȭĩ
• [çǳŝ (Ľɓţ¢ƏɡÈǖ�ɤŹ�ƼļŷƏMùɤŹ,	…)
• N�

QCNá¾�ɟƪ

42

T0

PGA

úɟǀ
&ħ�

�Ǫùa éŝ� _ȩÈǸǨ ǀɖǀȗ QCN&ħ�

ɩaƤÍ BOINCƲŽƤÍ

.Ə9�ɞǑ

�ɟB >ȝƶƽ ȌĔ�ß

ǀȗĲĠ



qŧĲ�úɟǀŒÒȌĔÉ

• http://qcntw.earth.sinica.edu.tw/Taiwan3

•ŗǲŒÒ
• Dȶ�ɟ
• Qȶŝƪ

•�țŒÒ
• Zipped	SAC	ŁĶ

•łǱŒÒ
• SeisGram2K

43

�Ǉɫ¾QCNŝƪǹɂƏǆť�ɟŒÒ

44



aôź�ɟ

•Ǽȅ�ɟŒ
• QCN Live}BOINC	 (œçɲQCNLiveŭőǖBOINCuĠ�ǩɰ)

•©)Ȯð/	ɟÈȮð/	ǰĿȮð
•ȮðƭȐ (�ɟ¥�)

•ǂ�ƶƽ(Palert,	RMT,	ROS,	TECDC-FM)
•�ɟŖa/ƹĿ�
•�ɟķȮ

•qŧúɟǀ
• ǔ¥ǈÄqƆȁ_G (http://qcntw.earth.sinica.edu.tw)
• BOINCƤÍÄq (software	platform)
• qŧúɟǀŒÒȌĔÉɉĎ

45

�ɟŒÒƏƳ1

SŒ

PŒ

• ĵ�ǃÛǗȺŵ�ȹǟ

• Ǜǡ�ŘƏŚɟ

• ȕəƸ125	km

• �9ȯaęvƏŒÒ



ɟŒȑĠ� (I)

P�SŒXĠǖɟ¡ȕƸƈxǂäƏɌ5

ɟŒȑĠ� (II)



PŒ}SŒƏȑĠ¿ǖɟ¡ȕƏɌ5

�ɟɟ¡©)



ōÄ_ȩÈ»;ƏǫŜLÍ

Ĥ�ōÄ
_ȩÈ;

Æ+ċĒĐ
ì (C3>1)

Ę¸
�ê

��
Đì

ɗŀ
ǽ¿

ǫŜLÍ - I

�3�������'/�
-/�:#�*�
)�!
(Peak Ground Acceleration)
��	��� (8��4
�
B1999�00�:��
�*�
)�!6:1.�
@��59�Liu and Tsai 
(2005)� Mw=7.7�$,��

ɘɘ�ɟōÄĤ�_ȩÈ;
ɗɟşȕəƏǫŜæÒ(nǓ
Liu and Tsai, 2005)�



ǫŜLÍ - II

��ğLiu	and	Tsai	(2005)ÙSƏ	uǰĿ�ɟɱ
�ƔvǖōÄvPGAɗɟşȕəǫŜƏɌ5�

Ŏ©ǰĿƏ�Ɠɯ�

•ɟşȞ°Đì
•ƝǬęvä
•ŐƦ¸Ď�Đì
•Ɛ�Đì
•ǫŜŸä
•N¦

54

2016/02/05
M6.6ǆť�ɟ



Ŏ©ǰĿƏ�Ɠɯ�

•ŝƪ8Ňɰ

55

Ŏ©ǰĿƏ�Ɠɯ�:��Đì

56



LŋɟÈ��ƶƽ

• http://tesis.earth.sinica.edu.tw/DYFI/

•čɘŋƖ³�ɟƏéoǖǳ®ɱ%ǷƋ�ɟÈ
•9�ƾŉ
•«Hǳ®
•ñ�ǳ®

•�ɟÎȒƏũ¬��

57

ɫɅǩȚ_ȩÈȈc

58

Y

Z

X



qŧ�ɟƢ¥ȌĔ�ß

•qŧ�ɟƢ¥ɜƬ¥ǈÄq
•Ǽȅ�ɟ¤+ǳŝ�ɟɳ
• PŒǖSŒ
• ©)Ȯð [http://dmc(	or	tecdc).earth.sinica.edu.tw/openhouse/game/]
• ɟÈȮð /	PalerthĠɟÈ
• ǰĿȮð
• APPs

•qŧƏ�ɟTÀ
• ƹĿ�
• IRISqŧ�ɟŦǲ�
• Google	EarthĿ�

•I�ƇƏ�ɟTÀ
• IRISIż�ɟƑŝ(SeisMon)
• IRIS�ɟŦǲ�

59

qŧ�ɟƢ¥ȌĔ�ß

•qŧ�ɟƢ¥ɜƬ¥ǈÄq
•Ǽȅ�ɟ¤+ǳŝ�ɟɳ
• PŒǖSŒ
• ©)Ȯð [http://dmc(	or	tecdc).earth.sinica.edu.tw/openhouse/game/]
• ɟÈȮð /	PalerthĠɟÈ
• ǰĿȮð
• APPs

•qŧƏ�ɟTÀ
• ƹĿ�
• IRISqŧ�ɟŦǲ�
• Google	EarthĿ�

•I�ƇƏ�ɟTÀ
• IRISIż�ɟƑŝ (SeisMon)
• IRIS�ɟŦǲ�
• USGSIż�ɟ

60



ȭɔ�ɟȌǸƶƽ

• qŧhĠǓa�ɟɟşŀYǵ
• RMT (real-time	moment	tensor	monitoring	system)
• TECDC Focal	Mechanisms

• qŧǂ�hĠ�ɟĿĊ�
• ROS

• qŧúɟǀ (QCN-Taiwan)
• qŧĲ��ɟđǏǳŝǀ
• qŧ�ɟ¥� (�ɟƢ¥đǏȌşÄq)

• qŧ�e¯ɤ�ɟǳŝǀ (BATS)
• Ōȉ¶�żŷŽȌĔħbƶƽ (GDMS)

• qŧ�ehĠ�ɟƢ¥ȌǸƶƽ (TESIS)
• LŋɟÈ��ƶƽ (DYFI@TESIS)

61

ȃȃɰ
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earthquake Science & Sherlock Holmes
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ãÄ����ŉ�ŏ

ąG�_¢6ĬÄI19	îò�+-Ī�&

���(1887-1927)Ĩ�ĒĄ

http://punchline.asia/archives/19556#prettyPhoto
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UāÒ
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ì��âæ¥�
� ����,���

5TÒÇÌ��ÿëÁ�……

<½�Ŀõ

u¬ľ(MEMS)JĿ!

1. JĿ�xŏ
2. ŅI�xŏ
3. 0Ë�xŏ
4. ĺņ�xŏ

*lėI�xŏ

• ÇÌ°4 - 5åÑ'
�­��Òxÿ

• �ø�(ĵrĸ®
30åĵ



ĝĚ�/Ġ�ĖĕŌ
8Y¹q

2-8	Hz¹q

100åd2¹q

Autocorrelation

�Ď?

64?

LÕ?

"�*l�ėŏ

ēĊs�ý�ŏ
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JĿ�IA�J�'Éŏ

8Y�ú

9.ñè}Ĝ

ÙĸĴ1(JĿ)

}Ĝı�

JĿÒ~F

§Ī}.�ø�ÏÒ�RĮÐJk

/iUJÒ×c"�

The	San	Andreas	 Fault	þ\U)��h



WćSÒ/iUJĿ

The	San	Andreas	 (2015)

$ÊJĿÓ»
http://ds.iris.edu/seismon/



<½ÒJĿăJ¯Ĝq

A�J�ÒJ¯Ĝq
ĥÀńĉŏ

}ĜĀñèĢ�ōÑ
ÎJĿ�ı�ÒĀĲ
;Ā|U

ÉI[�©
o]�3D
<½JĿïªMgà

1990-2013	ML>4

JĿ^�ī�

• http://tecdc.earth.sinica.edu.tw/openhouse/game/

º1Ŏ�ŇJĿ¹čĪ¬



4Ł��ġðÂ¾(£ĔÃ)

4.1						4.7						5.1							5.1

£ĔÃ
Jŋ

JĿ

»ê �g9­C	��(�����
}®n�wa² �f!9
K}rT>¢��HaªsU �A!X±4��

JĿ

£Ã

https://str.llnl.gov/Mar09/pdfs/03.09.01.pdf

�ØfĀÖ'���£Ã�



�ØfĀÖ'���£Ã�

Ĺ<½�ŉ�ŏ

• £Z´ ŏ
Atmospheric	Transport	Modeling

Basis	for	Concluding	 2009	North	Korean	Test	Was	>99.9%	Contained
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http://www.usarray.org/files/docs/Education/Utah_Mine_Collapse.pdf
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Utah Mine Collapse
The Data
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Utah Mine Collapse
Analysis 1: P wave first motion
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Utah Mine Collapse
Conclusion
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iOS:	iSeismometer
Android:	Accelerometer	Monitor
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• <½JĿä[
v (TEC,	Taiwan	Earthquake	Research	Center)
• TEC-CEO
• <½JĿä[Ġēíó (TESIS)

• <½�Ŀõ (QCN-Taiwan)
• <½JĿ[H
• �Ŀ�CŏJĿĿmEPíó (TESIS-DYFI)
• JĿä[wjEPíó (TSER)	…p§
…
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JĿļ) (seismic	arrays)
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