
SAR  
 

Detection of bridge collapse due to tsunami using high-resolution SAR imagery 
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Abstract : This study tries to detect collapsed bridges due to tsunami by analyzing a post-event Synthetic Aperture Radar (SAR) 
image. TerraSAR-X images covering the Sanriku coast acquired after the 2011 Tohoku earthquake tsunami were employed 
together with the GIS data of bridges. Extraction of collapsed or washed-away bridges was attempted by setting a proper 
threshold value of the backscattering coefficient along the bridge’s longitudinal axis. In order to verify the effectiveness of the 
method, the extracted results were compared with aerial optical images and damage investigation reports. 
Keywords :  tsunami, TerraSAR-X, bridge, the 2011 Tohoku earthquake. 
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Fig. 1. TerraSAR-X images over the Sanriku Coast used in 
this study. 
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Fig. 2 SAR imaging geometry 
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Fig. 3 Pre-event image of No.103 & 104 bridges (a); 
post-event optical image from Google Earth (b); shifting 
bridge footprint and drawing 3 profile lines (c); the 
profile graph along the centreline (d) 

Table 1 Statistics for bridges No.103 and 104 

103-104 left side center right side 
Min (dB) -58.3 -56.3 -56.4 

 (dB) 7.0 8.8 4.9 
 (dB) -46.4 -45.2 -46.7 
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(a) All the 57 bridges 

 
(b) The 22 bridges longer than 50 m 

 

 
 (c) The 9 bridges longer than 100 m 

Fig. 4 Number of bridges classified properly (The 
dashed line is the threshold value determined in this 
study) 

Table 2  Error matrix when setting the threshold 
value as -47.1 dB 

 Reference data 
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 Collapsed Survived Total U.A. 

Collapsed 10 2 12 83.3% 

Survived 12 33 45 73.3% 

Total 22 35 57 - 

P.A. 45.5% 94.3% - 75.4% 

Kappa coefficient 0.44 
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Fig. 5 Overall accuracy and kappa coefficient with 
respect to the threshold value 

 

Fig. 6 Extraction of sigma naught value in water area 

Table 3 Backscatter coefficient in water area 

Pixel count 61027 pixels 
Mean -49.4 dB 
Standard deviation 3.8 dB 
Max. -16.8 dB 
Min. -62.1 dB 
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