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INTRODUCTION
Recent large-scale shallow landslides in Japan 
include the 2011 Nachi river basin and 2014 
Hiroshima disasters, which involved shallow 
landslides affecting very large areas. To reduce the 
damage caused by disasters like these, it is neces-
sary to estimate a hydrological profile from the 
expected precipitation distribution and to predict 
the occurrence of shallow landslides. This study 
examined the 1999 and 2014 Hiroshima, 2009 
Hofu, and 2011 Nachi river basin disasters to clarify 
the relationship between precipitation distribution 
and hydrological properties using a tank model, as 
well as the relationship between hydrological 
properties and the collapse form of the shallow 
landslide (Fig.1, Fig.2).

METHODS
First, we investigated the collapse forms in the four 
disasters. We plotted the collapse points on maps 
based on data from laser profilers and aerial photo-
graphs and determined the collapse area and 
density. Then, we examined the collapse slopes and 
debris flows in streams in detail and the depth and 
length of the collapse at every collapse point. From 
the results, we classified the relationship between 
the collapse points and precipitation distribution 
using the maximum precipitation at 1, 2, 3, 6, 12, 
24, 48, and 72 hours. We also considered the 
relationship between the maximum rainfall in 
every mesh and the collapse density. Then, we 
calculated the hydrological profile for each of the 
four disasters. The tank model parameters were 
determined from observations of the water dis-
charge at points with geological features similar to 
the locations of the four disasters. From the calcula-
tion results, we determined the relationship be-
tween the maximum storage height and collapse 
density.

RESULTS
With regard to the relationship between precipita-
tion distribution and collapse points in the 2014 
Hiroshima and 2011 Nachi river basin disasters, the 
points where collapse occurred and the average 
collapse density were most strongly correlated with 
the highest precipitation in a short time (Tab.1).  
In comparison, for the 1999 Hiroshima and 2009 
Hofu disasters, these two parameters were most 
strongly correlated with the highest precipitation 
over 6 hours. From the tank model calculations,  
in the 2014 Hiroshima disaster, heavy rainfall 
exceeding 80 mm/h lasted for 2 hours, resulting in 
surface runoff triggering shallow landslides and 
debris flows. The average collapse depth was
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Fig.1 The location of the sites 

（Number: The year of the disaster occurred） 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tab.1 The summary of the areas where the disasters occurred and the collapse situations 

 Hiroshima (2014) Nachi River basin 
(2011) 

Hofu (2009) Hiroshima (1999) 

Geology Granite・
Sedimentary Rock 

Granite porphyry Granite Granite 

Area(km2) 3.5 9.7 2.5 4.0 
Number of collapse 164 113 175 84 
Collapse area (km2) 0.118 0.056 0.061 0.047 
Collapse density 
 (Number/km2) 

47.21 11.71 70.87 21.14 

Collapse area rate (%) 3.41 0.58 2.49 1.19 
Average collapse depth (m) 1.2 2.1 1.5 No data 

 

Figure 1. The location of the sites

Table 1. The summary of the areas where the disasters occurred and the collapse 
situations
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approximately 1.2 m because the infiltration was 
small, while the collapse area was large because of 
the high surface runoff. In the 2011 Nachi river 
basin disaster, rainfall exceeding 20 mm/h lasted 
for over 10 hours, including 2 hours in which the 
rainfall exceeded 120 mm/h, leading to shallow 
landslides and debris flows. Infiltration was very 
active, because the average collapse depth was 
approximately 2.1 m. In the 2009 Hofu disaster, as 
much as 60 mm/h of precipitation fell, but was not 
very heavy, although rainfall exceeding 20 mm/h 
fell for approximately 6 hours. Consequently, active 
infiltration led to shallow landslides and debris 
flows, with an average collapse depth of approxi-
mately 1.5 m, which exceeded the depth in the 

2014 Hiroshima disaster. In the 1999 Hiroshima 
disaster, the maximum precipitation was approxi-
mately 80 mm/h, with rainfall exceeding 20 mm/h 
for 3 hours. The calculations suggested that the 
infiltration exceeded the surface runoff and the 
collapse rate was 1.19%, which was less than the 
3.41% in the 2014 Hiroshima disaster. 

CONCLUSION
This study demonstrated that the distribution of 
precipitation influenced the collapse density and 
depth. We were able to calculate hydrological 
profiles from the tank model and explain the mech-
anisms of collapse.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 Time variations of the precipitations at the time of the disasters 
 

  

Figure 2. Time variations of the precipitations at the time of the disasters
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