
•  Hidden Earthquakes 
•  Back-Projection Method 
•  2011 Japan Sequence 
•  Spatial Distribution 

•  Why Are They Hidden? 
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Seismic Wavefront and Seismic Array 

Different Location 

Array of Seismic Stations 



2004 Mw 9.3 Sumatra-Andaman Earthquake 

United Nations World Food Programme 



Hi-net Array in Japan 

•  ~800 stations 
•  Borehole 
•  Short-period 
•  3 component 
•  43° - 60° from Sumatra 



Synthetic Data 
Aligned on theoretical (iasp91) P-wave travel times 
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Synthetic Data (Incorrect Location) 
Aligned on theoretical (iasp91) P-wave travel times 
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Synthetic Stacks 

Time (seconds) 



P Wave Alignment (IASP91) 



3-D Structure 



Waveform Cross Correlation 



P Wave Alignment (Cross Correlation) 

P onset 



Empirically Corrected Wavefront 



Stacks 

Time (seconds) 



Stacks and Time Slice (60 seconds) 
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Time Slices 
0 s 

160 s 

320 s 



Rupture Propagation 
�  0-120 seconds 
�  Greatest energy release 

north-west of the northern 
part of Sumatra Island 

�  ~220 seconds 
�  Large energy release north-

west of Great Nicobar Island 
�  ~300 seconds 
�  Large energy release around 

Car Nicobar Island 
�  Change in direction 
 

�  Duration ~ 540 s 
�  Rupture extends from 

northern Sumatra to northern 
end of Andaman Islands 

animation available at http://seismology.harvard.edu/resources.html 



2011 Mw 9.0 Japan Earthquake 



North American/USArray Stations 



Continuous Back-Projection: 25 Minutes 

animation available at  
http://seismology.harvard.edu/resources.html 



Hidden Earthquakes 

Time (seconds with respect to the hypocentral time) 
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JMA Catalogue (M > 6) 

Mainshock 

05:51:27 
M 6.8 

05:58:05 
M 6.4 

06:25:44 
M 7.5 

06:23:05 
M 6.1 

06:29:14 
M 6.8 

06:15:34 
M 7.7 

06:06:10 
M 6.4 

06:12:58 
M 6.1 

06:08:53 
M 7.4 



Earthquake Detection: Comparison with JMA 
> 6.0 

Time (seconds with respect to the hypocentral time) 
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5.5 ~ 5.9 
5.0 ~ 5.4 



Distribution of Detected & Undetected Events 
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Subduction Interface 
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Comparison with JMA Earthquakes 

138˚

138˚

140˚

140˚

142˚

142˚

144˚

144˚

63 ˚ 63 ˚

83 ˚ 83 ˚

04 ˚ 04 ˚

24 ˚ 24 ˚

0

10

20

30

40

50

# 
of

 E
ar

th
qu

ak
es

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5
JMA Magnitude

(a) (b) (c)

0.0001

0.001

0.01

0.1

1

Ba
ck

−P
ro

jec
tio

n 
Am

pli
tu

de

4 5 6 7 8
JMA Magnitude

138˚

138˚

140˚

140˚

142˚

142˚

144˚

144˚

63 ˚ 63 ˚

83 ˚ 83 ˚

04 ˚ 04 ˚

24 ˚ 24 ˚

138˚

138˚

140˚

140˚

142˚

142˚

144˚

144˚

63 ˚ 63 ˚

83 ˚ 83 ˚

04 ˚ 04 ˚

24 ˚ 24 ˚(a) (b)

0

25

50

75

% 
Un

de
tec

ted

0 5 10 15 20 25
Time (hr)

(d)

0

25

50

75

100

# o
f E

art
hq

ua
ke

s
4.5 5.0 5.5 6.0 6.5

Magnitude

(c)

JMA Magnitude Magnitude 

B
ac

k-
P

ro
je

ct
io

n 
R

el
at

iv
e 

A
m

pl
itu

de
 

N
um

be
r o

f E
ve

nt
s 

Events not in JMA Catalogue Events in JMA Catalogue 



Earthquake Detection: Comparison with JMA 
> 6.0 
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5.5 ~ 5.9 
5.0 ~ 5.4 

Mw 6.4 

Mw 6.0 



Rays every 0.060o
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Hidden Earthquakes 
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Summary	

•  Hidden Earthquakes 
 ➙ Subduction Interface 
 ➙ Potential Hazard 

•  Shadow Zone Effect 
 ➙ Internal Structure 
 ➙ Incomplete Catalogue 


