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1. INTRODUCTION 

Synthetic aperture radar (SAR) has the remarkable ability to examine the Earth's surface, regardless of weather or 

sunlight conditions. A SAR-based remote sensing system can assess the damages due to large-scale disasters at an 

early stage. Thus, SAR images obtained before and after an event are considered to be useful for emergency 

response and recovery planning. Recently, the spatial resolutions of SAR systems have been improved 

significantly; e.g. ALOS/PALSAR [1] (L-band, 6.25 m) and TerraSAR-X [2] (X-band, 1.0 m). In this paper SAR 

intensity images acquired before and after the 2008 Iwate-Miyagi, Japan, earthquake are employed to investigate 

the radar backscattering characteristics for various acquisition and surface conditions and to extract the damages 

caused by the event.   

2. 2008 IWATE-MIYAGI EARTHQUAKE AND SATELLITE SAR IMAGES 

A magnitude 7.2 (MJ) earthquake hit an inland region near the border of Iwate and Miyagi prefectures in the 

northern Japan on June 14, 2008. Since the epicenter is located in a mountainous region, the most roads in the 

affected areas were blocked by slope failures/landslides and many villages were isolated. Hence, airborne and 

satellite remote sensing technologies were employed to obtain damage distribution in this event [3]. As one of 

versatile satellites, ALOS (The Advanced Land Observing Satellite) captured the affected areas both before and 

after the earthquake by its PALSAR sensor as shown in Fig. 1. These images were captured by high-resolution 

(FBS) mode with incidence angle 34.3 degrees.  

TerraSAR-X also observed the affected areas at three time instants after the event as shown in Fig. 2 by high-

resolution SpotLight mode with incidence angle 49.3 degrees [4]. These SAR intensity images were investigated 

from the viewpoint of microwave frequency (L-band or X-band), satellite path (ascending or descending), radar 

incidence angle. Since the study area is mountainous and topographic effects are considered to be significant, we 

used orthorectified products for TerraSAR-X images and the effect of orthorectification was investigated for 

PARSAR images.    



3. CHANGE DETECTION USING PALSAR IMAGES 

ALOS/PALSAR images of the affected areas were acquired both before (2008/3/23) and after (2008/6/23) the 

earthquake with the same radar conditions (L-band, HH polarization, ascending path, FBS mode, off-nadir angle 

34.3 degrees, ground-resolution 6.25 m). After co-registering the two SAR images, each image was filtered using 

a Lee filter with a 5 x 5 pixel window. As one of the significant changes due to the earthquake, the increase and 

decrease of water body were extracted using the post-event SAR intensity and the difference of pre-event and 

post-event SAR intensities. Figure 3 shows the extracted pixels near Aratozawa Dam, where a large-scale 

landslide occurred in the upstream of the dam lake. Comparing with the post-event AVNIR-2 image, the extracted 

pixels are in good agreement with the filled area by the landslide and the floating objects on the dam lake. The 

small noises seen in Fig. 3 (d) could be filtered out by applying an open-and-close filter [5].  

(a) 2008/06/16  17:37 (b) 2008/07/08 17:37 (c) 2008/07/30 17:37

Fig. 2  TerraSAR-X images of the affected area acquired after the 2008 Iwate-Miyagi earthquake by 
SpotLight mode from the ascending path with incidence angle 49.3 degree. 

(a) 2008/03/23  21:58
(Ascending, 34.3 )

(b) 2008/06/23 21:58
(Ascending, 34.3 )

(c) 2008/07/16 10:06
(Descending, 34.3 )

Fig. 1  ALOS/PALSAR images of the affected area of the 2008 Iwate-Miyagi earthquake. Red squares 
correspond to the area of TerraSAR-X images in Fig. 2.  



4. EFFECTS OF RADAR ILLUMINATION DIRECTION 

The same area was also observed from the descending path with the same off-nadir angle. Thus, comparing the 

two post-event SAR images, the effects of different radar illumination direction were examined (Fig. 4). It is seen 

from the figure that radar shadows seen in the upper-left corner of the ascending path image do not exist in the 

descending path image. Since the ground surface of the scene is not flat, the backscattering intensity was affected 

by the orientation of slopes, typically seen at the dam embankment.  

5. EFFECTS OR RADAR FREQUENCY AND RESOLUTION 

The SAR intensity images obtained by TerraSAR-X were also compared with those by ALOS/PALSAR. Figure 5 

compares the two SAR images of the upstream of Aratozawa Dam. Since the spatial resolution of TerraSAR-X is 

1.0 m, much more details can be recognized from the TerraSAR image than from the PALSAR image with 6.25 m 

(a) AVNIR-2 on 2008/7/2     (b) PALSAR on 2008/3/2      (c) PALSAR on 2008/6/23      (d) Extracted filled area    

Fig. 3  ALOS/AVNIR-2 and PALSAR images including Aratozawa Dam. The filled area of water 
body (d) was extracted comparing the pre-event (b) and post-event (c) SAR images. 
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Fig. 4 Comparison of PALSAR images from different paths 



resolution. The cliff generated by the large-scale landslide exhibits strong backscattering while small roads in the 

trees show small backscattering.   

6. SUMMARY 

As a first step to extract damages due to the 2008 Iwate-Miyagi, Japan, earthquake, ALOS/PALSAR images 

obtained before and after the event were compared. Using the post-event backscattering intensity and its change 

before and after the event, the filled areas of the dam lake due the landslide were extracted properly. The effects 

of radar illumination direction were also examined. The post-event TerraSAR-X images were also compared with 

the PALSAR and aerial images. 
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Fig. 5 Comparison of PALSAR and TerraSAR-X images with the aerial photograph [3] 


