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INTRODUCTION 

 

 It is well known that tree roots improve the stability of hillslopes. This study investigated a 

method for creating data of tree height, tree density, and a new factor called “the root strength 

index” as Eq.(1).  

RST=H×√D                                                          (1) 

where RST: the root strength index, H: estimated tree height, D: estimated tree density. 

 For this, archived LiDAR (Light Detection and Ranging) data, which include coarse and 

leafless season data, were used. We then improved the assessment of susceptibility of granitic 

mountain slopes to rainfall-induced landslides, considering vegetation in addition to 

topography.  

The GSI (Geospatial Information Authority of Japan) archives contain large numbers of 

LiDAR data, measured by subordinate agencies of MLIT (Ministry of Land, Infrastructure, 

Transport and Tourism) as well as the GSI, which can be used for terrain surveys and disaster 

prevention. However, densities of archived data are often coarse for forestry use, and the data 

were often measured in leafless season. Therefore, the first challenge was regarding data 

creation. Further, we explored landslide assessment using the pre-event LiDAR data. 

 

STUDY AREA AND METHODS 

 

 The challenge regarding data creation was explored in five regions in Japan (Fig. 1). We set 

six to eight measurement fields per one region, 33 fields in total, for tree measurement. The 

area of every field is close to the 30-m grid. We compared the field-measured data of tree 

heights and tree density with the values 

estimated using LiDAR DCM (Digital 

Canopy Model). We calculated the tree 

density using the image processing 

method. We explored the creation of 

useful tree height attributes according to 

these comparisons. 

For the challenge of landslide assessment, 

we conducted studies in the Hofu region 

(47 km
2
 around Hofu City, Yamaguchi 

Prefecture, Japan) where over 1,000 

shallow landslides occurred by July 2009 

heavy rainfall. The Hofu region lies on 

moderate granite mountains under 

altitudes of 500 m. We used the pre-event 

LiDAR data measured in 2005, which 

covers the damaged area widely. 

Fig. 1 Location of the study areas. Field data of trees were 

collected in the five regions. The study about landslide is 

conducted in the Hofu region. 



Fig. 3 Percentage of the landslides that occurred during the 

2009 heavy rainfall in the Hofu region, in comparison with 

the root strength index calculated from the 2005 LiDAR 

DCM. The percentage of the 2009 landslide in Fig. 3 shows 

the percentage calculated in 2-m resolution. 

Fig. 2 Percentage of the 2009 landslides in the Hofu region, the 

topographic vulnerability, and the tree height derived from the 

2005 LiDAR DCM. The data were summarized in the 30-m 

grid, and the data sections that contained less than 100 cells 

were omitted. The Percentage of the 2009 landslide in Fig. 2 

shows the percentage of 30-m blocks which include one or 

more 2-m landslide cell. 

RESULTS 

 

 We found that the tree heights of broadleaf deciduous forest estimated by DCM should be 

corrected by trigonometry because of their tilting, and the average values of the DCM tree 

heights in the 30-m grid show good correlations with the field data even in broadleaf 

deciduous forests. 

 In the Hofu region, the higher average tree heights seem to be responsible for the lower rate 

of landslides even if the topographic vulnerability, which is calculated from slope gradient 

and the Laplacian using pre-event DEM in relation to the landslide inventory, remains 

constant (Fig. 2).  

 The root strength index estimated from the pre-event DCM is inversely proportional to the 

rate of rainfall-induced landslides that occurred in July 2009 (Fig. 3). According to statistical 

analyses (SVM and linear discriminant analysis), we found that the use of the root strength 

index in addition to topographic attributes partially improves the correct prediction rate of 

rainfall-induced landslides in the Hofu region. Concave slopes, and strongly concave steep 

slopes in particular, show clear improvement in the correct prediction rate by using the root 

strength index. 

 

CONCLUSIONS 

 

 We provided a method for calculating tree height, tree density, and the root strength index 

from the archived LiDAR data of MLIT, which include coarse and leafless data, by 

comparing them with field data from five regions in Japan. We confirmed that the tree height 

and the root strength index had a negative correlation with the rate of rainfall-induced 

landslides from a case study in the Hofu region, a region characterized by granite mountains.  

Addition of the root strength index improved the prediction of shallow landslides. This study 

may improve the assessment of shallow landslide, forest management, and biomass 

assessment. 
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