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INTORODUCTION 
 

Deep-seated catastrophic landslides (DCLs) often occur in weak slopes due to gravity 
deformation (mass rock creep). Thus, delineating areas of mass rock creep is effective in 
predicting potential locations of future DCLs. Meanwhile, LiDAR has become widely used in 
recent years. LiDAR can provide detailed surface topography with great accuracy, because 
LiDAR data is a collection of elevation values and algorithms, which can be used to extract 
mass rock creep slopes, subsequently allowing us to automate the process while increasing the 
accuracy of the data. However, the applicability of mass rock creep topography to predict 
potential DCLs has never been studied, because in many cases, LiDAR data before the DCL 
occurs is not obtained. In this study, we extracted rock creep slopes by using LiDAR data 
obtained prior to the occurrence of the DCLs. By analyzing how well extracted rock creep 
topography matched the actual displacements, we evaluated the effectiveness of the extraction 
method. 
 
STUDY AREA AND EXAMINATION METHOD 
 

The study area for this research is the Kii Mountain range in Japan, where a number of 
DCLs occurred in September of 2011. First, we made a digital elevation model of 2 meter 
scales from LiDAR point data, which had been obtained prior to the DCL event in 2011. Next, 
we calculated the slope gradient and eigenvalue ratio. At that time, several analysis distances 
were used, as shown in Fig. 1. The eigenvalue ratio1) shows dispersion of the directions of the 
normal vector to a slope. If the value is small, it shows an uneven and undulation aspect. 
However, if the value is large, it shows a flat aspect. 
Yokoyama et al.2) showed that the median value of the slope 
gradient in a mass rock creep does not change, regardless of 
the analysis distance. Additionally, they showed that when 
changing the analysis distance, the minimum median value of 
the eigenvalue ratio in the mass rock creep is greater than that 
of the non-mass rock creep. The mass rock creep slope can be 
extracted based on such differences.  

Therefore, we calculated the ratio of the median value of 
the smaller and larger slope gradients in several analysis 
distances. Additionally, we selected the minimum median 
value of the eigenvalue ratio in several analysis distances. 
Finally, in a box plot we showed the slope gradient and Fig.1 Schematic illustration of 

analysis distance2) 



 

 

eigenvalue ratio in the mass rock creep slopes and around them. These slopes were 
ascertained by field survey, and on that basis, we showed the results on a map. 
 
RESSULT AND DISCUSSION 
 

A box plot of the case of a mass rock creep slope and a non-mass rock creep slope is 
shown in Fig. 2. The median values of the slope gradient of Akadani are almost constant, 
until an analysis distance of 100m. The gradient ratio is about 0.9. However, the median 
values of the slope gradient of the non-mass rock creep slope gradually decrease. At this time, 
the gradient ratio is from 0.75 to 0.8. The minimum median value of the eigenvalue ratio of 
the mass rock creep is 4.3 when the analysis distance is 40m. However, the non-mass rock 
creep slope is 2.8 when the distance is 40m. The threshold amount of the gradient ratio to 
separate the two slopes is from 0.8 to 0.9, and the minimum eigenvalue ratio is from 2.8 to 4.3. 
This is the same in the other slopes. 

The distributions of the gradient ratio and minimum eigenvalue ratio are shown in Fig. 3. 
Three mass rock creeps in this figure showed that the gradient ratio was 0.8 or more and that 
the minimum eigenvalue ratio was from approximately 3 to 5. However, the gradient ratio of 
the flat surface in the river 
was greater than 1. The 
non-mass rock creep slope 
was not in this range, and 
there were slopes that were 
extracted from the others as 
it was necessary to verify 
them.  
 
CONCLUSIONS 
 

As a result, it is possible 
to extract mass rock creeps 
with high accuracy by using 
the gradient ratio and 
minimum eigenvalue ratio. 
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Fig.3 Result of extracted mass rock creep slope 
a: Gradient ratio (50m/2m), b: Minimum eigenvalue ratio 

Fig.2 Box plot of slope gradient and eigenvalue ratio on rock creep slope 
and non-rock creep


