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1. Project Title 

Development of a methodology for risk assessment of the earthquake-induced landslides 

2. Main Project Fields 

 Technology Development: Hazard Mapping, Vulnerability and Risk Assessment  

 Targeted Landslides: Catastrophic Landslides    

 Preparedness   

3. Name of Project leader 

Daisuke Higaki (Hirosaki University)  

Affiliation: (office and position) and Contact: (postal address and email) 

Affiliation: The Japan Landslide Society (JLS) / President (office and position)  

Contact: Shinbashi Katho -Building, 5-26-8, Shinbashi, Minato-ku, Tokyo 105-0004, Japan  

Phone: +81-3-3432-1878 / Fax: +81-3-5408-5250  

E-mail: office@landslide-soc.org  

   Core members of the Project: Names/Affiliations: (4 individuals maximum) 

Hirotaka Ochiai (Forestry and Forest Products Research Institute)  

Ryosuke Tsunaki (Sabo and Landslide Technical Center)  

Hiroshi Yagi (Yamagata University)  

    Akihiko Wakai (Gunma University 

4. Objectives: (5 lines maximum) 

To clarify the mechanism of the earthquake-induced landslides on the basis of surveying 

types, dimensions, distributions and run-out distances of the landslides and analyzing 

relations to the seismicity and geology. Finally, to make up appropriate technical 

guidelines for risk assessment of earthquake-induced landslides. 

5. Study Area: (2 lines maximum) 

Asian-Pacific Region (especially in Asian Orogenic Zone) 

6. Project Duration (1 line maximum) 

Three years 



7. Report 

1) Progress in the project: (30 lines maximum) 

Various types of landslides caused by the 2011 off the Pacific Coast of Tohoku Earthquake (Mw=9.0) 

and triggered earthquakes have been detected in the eastern Japan. Analysis on the distributions of 

slope movements as well as geological/geomorphological, and seismological attributes were carried 

out in order to identify the terrains prone to earthquake-induced landslides.  

Most of the landslides occurred in the areas with seismic intensity of  over 5 in JMA (Japan 

Meteorological Agency) scale. Geological distribution of the landslides reveals that Miocene and 

Paleozoic/Mesozoic stratified sedimentary rocks are susceptible to earthquake-induced slope 

movements. Slope collapses occurred on the hill slopes in the vicinity of Matsushima Bay area which 

consists of Miocene soft sedimentary rocks with well-developed joints and bedding planes. Such slope 

collapses frequently occurred on the steep slopes formed by coastal erosion during Holocene.   

Though landslides are not frequently observed in Paleozoic-Mesozoic hard sedimentary rocks and 

accretionary prisms located in the Pacific Ocean side, small-scale circular slides occurred on 

the cliff slopes of Quaternary marine terraces due to thick residual weathering crust in the 

area. Landslides with long travel distance frequently occurred in the hilly terrain or higher 

fluvial terraces located in the eastern side of Quaternary volcanic mountain ranges. They 

were caused by the presence of clayey volcanic ash and over-lying pumice/scoria layers 

which tend to supply ground water and have promoted weathering. Slip surfaces seem to 

have been formed by stress due to both cyclic loading and fluidization by seismic motion. 

These findings are also common in the past landslide cases of earthquakes in Japan (Ugai, 

et al, 2013). Therefore, all these factors of geophysical setting might be important for hazard 

zonation of earthquake induced slope movements. 

Based on the statistical analysis on the landslides induced by six strong earthquakes in Japan since 

1968 and their geological and geomorphological attributes, the Analytic Hierarchical Process (AHP) 

model for hazard zonation has been proposed. Whereas slope gradient, relative height and openness 

are the geomorphologically important factors for deep-seated slides, ductility and the difference in    

orientation between slopes and bedding planes are the geological factors. Hazard zonation by the 

proposed model is concordant with the distribution of landslides in Tertiary sedimentary rocks and 

volcanic deposits.   

 

2) Planned future activities or Statement of completion of the Project (15 lines maximum) 

There are several types of geological and geomorphological settings and seismic intensity common 

to the different earthquakes in Japan. The proposed AHP model consists of such factors with relative 

ratings. DEM and GIS-based attribute data enable hazard zoning of earthquake induced landslides 

especially in the mountainous and hilly terrain consisting of Tertiary to Quaternary soft rocks. 

However, verification and modification of the model in the pre-Tertiary strata of hard rocks with less 



experience of strong earthquakes in Japan is required. Further collection of landslide data is also 

important from various countries with the experiences of earthquake induced landslides so that the 

results of AHP hazard evaluation might become more accurate to wider ranges of geographical 

settings.  

 

3) Beneficiaries of Project for Science, Education and/or Society (15 lines maximum) 

The Asian-Pacific Region is seriously threatened by the earthquake-induced landslides. The 

rapid growth of the population and development of infrastructure of this area have led to an 

extreme high vulnerability to landslide disasters. Inhabitants of the whole developing 

countries in the Asian-Pacific Region should be beneficiaries of this project. 

4) Results: (15 line maximum, e.g. publications) 

The brief results of the projects are mostly described on the publication by Ukai et al (2013) which is 

also the proceedings of the International Symposium on Earthequake Induced Landlides, held in 

Kiryu, Japan in November, 2012. The Japan Landslide Society also published a book “Jishin 

Jisuberi” (Earthquake-induced Landslides) in Japanese in 2011. Further details are also to be 

described on CD by the Japan Landslide Society in this year.   

1) Ugai, K., Yagi, H., Wakai,A.eds.(2013) Earthequake Induced Landlides, Proc. Of the 

International Symposium on Earthequake Induced Landlides, Japan, 2012, 996p., Springer. 

2) The Japan Landslide Society (2011) “Jishin Jisuberi” (Earthquake-induced Landlides), 301p. 
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