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WNW-ESE compression 

We found spotty surface ruptures along 
east margin of the source area Toda et al. (2010)	
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Aratozawa	

Takada et al. (2009)	
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Vertical (Post – Pre Eq.)	 Horizontal (Post – Pre Eq.)	

Aratozawa	

Consistent with reverse fault movement	Awata (2009) Personal comm.	
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Landslide 
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Airborne LiDAR image 
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Combination of 
2 thrust & 1 strike slip faults 
explains surface trace 

Yoshimi et al. (2008) @ AGU	
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1 m shortening	

Yoshimi et al. (2008) @ AGU	
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3-4m right lateral slip, about 3 m uplift, with 45 deg. slickenside 

Photo by M.Yoshimi	
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Thrust rupture: slope collides into trees 

Photo by M.Yoshimi	
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113 scan centers for QC, 
144 reflectors for data merging 

Photo by T. Maruyama 
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LiDAR Point Clouds (raw data)		
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LiDAR Point Clouds (ground surface)		
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Maruyama, Toda, Yoshimi et al. (2009) 

800 m



15	

�
�

�

Maruyama, Toda, Yoshimi et al. (2009) 

800 m
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Maruyama, Toda, Yoshimi et al. (2009) 

	

Reverse fault 
Downslope up	

Strike fault 
mole tracks	
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Thrusting & tensile cracks	
Displacement of path	
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Photo by M.Yoshimi	
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Raw point clouds 
(figure: only small part) 

Point classification 
1st STEP Ground identification: 
   lowest and widest surface 
 
2nd STEP: Tree grouping 
 group dense points with threshold 
  d<2.5cm, h>2m, etc.. 

134,083,742 points	

Trees	

17,194,745 points for >4000 trees	
Yoshimi et al. (2009) ESC	
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Principal component analysis of 
scatter matrix for each tree to 
obtain direction vector 

(J.F. Lalonde, et al (2006))	

Yoshimi et al. (2009) ESC	
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1.  Tilted trees are concentrated around rupture. 
2.  Tilt directions show mechanical pattern associated with surface deformation.	

N=4768	 Yoshimi et al. (2009) ESC	
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Cypress Tree Forest	

Deformation can be recognized from 
single image taken after rupturing if 
combined with tilting 

Cypress Tree Forest	

Cypress Tree Forest	

Yoshimi et al. (2009) ESC	
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11 Apr. 2011 
Fukushima Hamadori Eq. 
Mjma=7.0, Mw=6.6 (USGS)	

InSAR Image by GSI from ALOS	
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Idosawa Fault	

Shiono Hira	

InSAR Image by GSI from ALOS	



26	Maruyama et al. (2012) AFERC/GSJ news	



　 	

27	Yoshimi (2013) in prep.	
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Scanner	

Target	

fault	

Yoshimi (2013) in prep.	
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LB dots: Locations measured with a total station	

Yoshimi (2013) in prep.	
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Scan from 13 locations	

Point Clouds (30 million points)	

Yoshimi (2013) in prep.	



	

31	

Surface rupture	

Yoshimi (2013) in prep.	
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LiDAR	 TS	

Cross section	
Maruyama et al.(2012)	

SF	
SF	
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N=566	

Tree tilting is not 
significant or concentrated 
around narrow area 
around the fault 
- Normal fault	

Titl angle (deg.)	 Yoshimi (2013) in prep.	
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2008 Iwate-Miyagi Eq.	

2011 Fukushima-Iwaki Eq.	
Normal fault	

Reverse fault	
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  Terrestrial	  LiDAR	  was	  deployed	  for	  surface	  
rupture	  of	  the	  2008	  Iwate-‐Miyagi	  Inland	  
earthquake	  &	  2011	  Fukushima	  Hamadori	  Eq.	  to	  
obtain	  fine	  topography.	  
  Terrestrial	  LiDAR	  is	  powerful	  tool	  for	  restoring	  

vivid	  image	  of	  surface	  faul�ng.	  
  Trees	  can	  be	  �ltmeters	  on	  the	  ground	  when	  

combined	  with	  LiDAR,	  which	  provide	  important	  
informa�on	  for	  structure	  design	  against	  
deforma�on.	


