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INTRODUCTION 
 

Sediment movement in headwaters includes a variety of processes, such as landslides, 
debris flow, and surface erosion. Therefore, to assess potential sediment yields to predict the 
occurrence of these various processes, the use of physical or empirical models (or both) is 
necessary. For predictions of the occurrence of shallow landslides, several physically based 
models have been proposed. However, in most of these models, the effects of saturation 
overland flow and the spatial distribution of soil strength have not been taken into 
consideration. The accuracy of sediment yield prediction is not adequate in relatively gentle 
slopes (i.e., 15–30°). Therefore, we propose a new method to predict the effects of saturation 
overland flow and spatial variability of soil strength on the stability of hillslopes.  
 
METHODS AND NUMERICAL FEATURES 
 

Sediment movements are classified into three types depending on the magnitude of soil 
thickness and slope angle. One type is shallow landslide occurrence caused by subsurface 
flow (Type 1). The other two types are sediment yield caused by saturation overland flow on 
a steep hillslope (Type 2) and on a relatively gentle hillslope (Type 3).  

In this study, to assess the effects of subsurface flow on shallow landslide occurrence (Type 
1), we applied the H-SLIDER method proposed by [Uchida et al., 2011]. The H-SLIDER 
method combines infinite slope stability analysis and a subsurface flow model, assuming 
rainfall intensity is steady, similar to many of these types of models. Also, detailed field 
measurement data was inputted into the model. For assessing the effects of saturation 
overland flow on hillslope stability (Types 2 and 3), we also used the equation proposed by 
[Takahashi, 1991], describing debris flow occurrence. We called our new method the 
“advanced H-SLIDER method”. 

Consequently, we calculated a safety factor for Type 1 (Fs1) using the following equation: 
 
            (1) 
            
where c is the cohesion, γ is the unit weight, subscripts h and w indicate hillslope and water, 
respectively, h is the soil depth, θ is the slope angle, r is the rainfall intensity, A is the 
drainage area for unit counter length, Ks is the saturated hydraulic conductivity, and φ is the 
friction angle of soil. We calculated safety factors for Type 2 (Fs2) and Type 3 (Fs3) as 
follows: 
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where C* is the sediment concentration of soil, γ p is the unit weight of soil particles, hw is the 
depth of saturation overland flow, and d is the grain diameter of surface of the hillslope. 
Moreover, we classified Types 2 and 3 using the following equation:  
           (4) 
 
where γ s is the unit weight of the saturated hillslope. If the slope angle satisfied Equation (4), 
we assumed that the effects of saturation overland flow on hillslope stability could be 
described as Type 2. If not, we used Equation (3) to describe the effects of saturation overland 
flow on hillslope stability. 
 
RESULTS AND CONCLUSIONS 
 

We applied the advanced H-SLIDER 
method to the site in the Tsurugi River 
basin in Yamaguchi, western Japan, where 
much sediment movement occurred in July 
2009. We assumed a difference in soil 
strength between hillslopes and channels, 
because most of the sediment in the 
channels was deposited in the past. We 
divided the basin simply into two parts 
(hillslopes and channels) using the scaling 
relation of local slope and upslope areas.  

Our results show that dividing the 
cohesion using the above relation is 
efficient to improve prediction power. 
However, it is not sufficient to predict sediment yield in the study site. For further 
improvement, considering the effects of saturation overland flow using models such as the 
advanced H-SLIDER method is efficient. If both elements are considered simultaneously, the 
prediction power is improved significantly, especially in the areas where the upslope drainage 
area is relatively large or the local slope gradient is not very gentle. 
 
REFERENCES 
 
Takahashi T. (1991): Debris flow, IAHR Monograph Series, Balkema, Rotterdam, The 

Netherlands, 165pp. 
Uchida T., Akiyama K. and Tamura K. (2011): The role of grid cell size, flow routing 

algorithm and spatial variability of soil depth of shallow landslide prediction, Italian 
Journal of Engineering Geology and Environment-Book, 2011-03.B-018, pp.149-157. 

 
Keywords: shallow landslide, sediment movement, saturation overland flow, 

destabilization, advanced H-SLIDER method 

( ) ( )[ ]
( )

( ) ( ) θ
φ

γγγ
γγ

θθγγγ tan

tan

/1sincos/13 dhC
C

ddhC
cFs

wwwp

wp

wwwp ++−
−

+
⋅++−

=
∗

∗

∗

( ) ( )[ ]
( )

( ) ( ) θ
φ

γγγ
γγ

θθγγγ tan

tan

/1sincos/12 hhC
C

hhhC
cFs

wwwp

wp

wwwp ++−
−

+
⋅++−

=
∗

∗

∗

Fig. 1. Unstable area 
predicted by models
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