
 

Fig. 1 The multi-modal sediment disaster simulation 
model on a basin scale 
 

 
Fig. 2 The diagram of calculating runoff on the slope 
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INTRODUCTION 
 

While the rainfall-related disasters in mountainous areas usually occur as a multi-modal 
type, most of the existing warning system only considered a single hazard. This study 
integrated rainfall-infiltration, slope stability, water discharge, sediment runoff, and riverbed 
deformation model to simulate a multi-modal sediment disaster on a basin scale. In addition, 
this study adopts a new method to predict landslides. It can swiftly predict the occurring time, 
location, and scale of landslides on a basin scale as well as the runoff of slopes. 

   
METHOD 
 

This study used the composition of unit 
channels and slope units to conduct the basin model. 
The study area was located in the Shizugawa basin, 
Uji, Kyoto Prefecture. The basin area was 10.8 km2, 
and it was divided into 435 slope units and 127 unit 
channels. This study selected the heavy rainfall 
event on August 14 in 2012 as the simulation case, 
and 35 slope units were identified as newly 
collapsed slopes. According to the survey, the 
occurring time of landslides was 04:30~06:00 on 
August 14. The flood overflowed the unit channel of 
No. 122 at around 04:30~05:30, and the maximum 
water level was raised about 3m, as well as  the 
maximum water discharge was about 80 CMS.  

Fig. 1 showed the flowchart of the multi-modal 
sediment disaster simulation model. The critical 
water content (Wcr) method was used in  rainfall-
infiltration and slope stability simulation, and it can 
swiftly predict the occurring time, location, and 
scale of landslides on a basin.  Moreover, because 
the Wcr method can estimate the change of water 
content in the soil, the runoff of the slope can be 
calculated by the difference between rainfall and the 
change of the water content as well as the segmental 
approach (see Eq.(1)~(3) and Fig. 2).  

푅 = 푃 − ∆푊 ≥ 0	 (1) 
푡 = 퐿 /(60 ∙ 푘 ∙ 푆 / )     (2) 
푞 = ∑ ( )      (3) 



where Rt is the runoff of the slope unit in unit width at t minute (m3/m/min), Pt is the 
precipitation, ΔWt is the change of the water content, tc is the time of concentration of 
overland flow on the slope unit (min), Ls is the slope length (m), k is the coefficients of 
overland-flow velocity (k=0.21 (m/s), forest with heavy ground litter), So is the mean slope 
(m/m), qs is the discharge from the slope unit in unit width (m3/m/min). The water discharge 
and sediment runoff simulation was conducted by the integrated model which was based on 
the principle of mass conservation. 

 
RESULTS AND DISCUSSION 

 
The landslide prediction result was shown in Tab. 1. The warning hit rate was 71.4 

%(WHR=25/35), and the accuracy of landslide prediction was 60.5% (ALP=(25+238)/435). 
The prediction result of landslide sediment in the watershed of each unit channel was shown 
in Fig. 3.  For the flood prediction, the discharge of the representative unit channels on the 
upstream, midstream and downstream was shown as Fig. 4. Compared with the survey report, 
the simulation results (Qmax=79.5 CMS, the maximum rising water level =2.93m, the duration 
of overflow is 8/14 04:31~05:40) of the unit channel of No.122 were consistent (see Fig. 4, 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
CONCLUSIONS 
 

This study proposed a multi-modal sediment simulation model to predict the landslides, 
flood, and riverbed deformation on a basin scale. In addition, compared with physically-based 
model (IRIS model) which can offer precise simulation results but time-consuming 
calculation, this study used Wcr method to predict the occurring time, location, and scale of 
landslides with high performance on calculation as well as acceptable accuracy. Moreover, it 
also can simulate the runoff of slopes to replace the kinematic wave method. The results 
provide the foundation of developing a multi-modal disaster warning system. 
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Tab. 1 The comparison of prediction and actual 
landslides in the Shizugawa basin 

Number of the slope units 
Prediction 

Collapse Non-Collapse 

Actuality 
Collapse 25 10 

Non-Collapse 162 238 
 

 
Fig. 3 The volume of landslide sediment in unit channel 

 
Fig. 4 The simulation of the water discharge in the 
channels 

 
Fig. 5 The simulation of water level in the channel 
(No122) 


