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A comprehensive analysis of the distribution of landslides induced by the 1968 M7.9 Tokachi-Oki earthquake and prior high magnitude earthquakes was conducted conducted in Hachinohe, northeast Japan. 314 coseismic landslides were precisely identified through interpretations of high-resolution aerial photograph and 0.5m Light Detection And Ranging (LiDAR) data in an area measuring 36.3 km2 area (Fig.1). In addition, 914 older landslides identified within the LiDAR area (Fig. 1).
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Fig. 1. Distribution of landslides triggered by the 1968 M 7.9 Tokachi-Oki earthquake or prior earthquakes.
Via GIS-based analysis on LiDAR map, geometric parameters of 314 coseismic landslides were obtained, including height, length, width, apparent friction angle (arc tangent of the height-length ratio), and length-width ratio. In addition, the sliding surface angles of the 1968 coseismic landslides ranged from 6.1° to 44.4°, with a mean value of 26.4° and modal value in the 24° ~ 28° range (Fig. 2a). The sliding surface angles of older landslides ranged from 8.2° ~ 49.4°, with a mean value of 33.1° and modal value of 32° ~ 38° (Fig. 2b). The apparent friction angles of all landslide types ranged from 5.9 to 26.5°, with 90% of the total in the 8° ~ 20° range (Fig. 3). The apparent friction angles of unobstructed, obstructed with opposite wall, obstructed with deflections, and channeling landslides were predominantly 10° ~ 20° (32.5%), 8° ~ 20° (14.4%), 12° ~ 24° (16.1%), and 8° ~ 16° (25.1%), respectively.
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Fig. 2. The sliding surface angles of the landslides. (a) 1968 coseismic landslides, (b) older landslides.
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Fig. 3. Frequency of apparent friction angles for different landslide types.
Statistics analysis of morphology of landslide and hillslope demonstrates that the cluster of the 1968 coseismic landslide and older landslides orientations tend to north-northeast-east, which appears to be related to the relative positions of the epicenters of previous major earthquakes (Fig. 4). However, few landslides occurred on southeast-, south-, and southwest-facing hillslopes, which are less susceptible to landslides than northwest- to northeast-facing hillslopes.
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Fig. 4. Orientations of landslides and hillslopes. (a) 1968 coseismic landsides and hillslope orientations (frequency %) with relative 1968 earthquake epicenter positions; (b) older landslides and hillslope orientations (frequency %) with relatively older earthquake epicenter positions.
The Arias intensity exhibits a very favorable excitation azimuthal direction for the motion orientated in a north to north-northwest direction that is 2- to 3-fold higher than the southeast-south-west direction (Fig. 5), indicating the strongest shaking is associated with the largest north-northwest displacement. The Arias intensity also exhibits the second strongest shaking direction in a northwest-west and northeast-east direction, indicating that the second largest displacement occurs in these directions.
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Fig. 5. The azimuthal distribution of the normalized maximum Arias intensity for the ground acceleration records at Hachinohe Harbor Station. The star represents the relative position of the 1968 Tokachi-Oki earthquake’s mainshock epicenter.
