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CHARACTERISTICS OF RECENT HEAVY RAINFALL
THAT CAUSED SEDIMENT DISASTERS

AROUND HIROSHIMA PREFECTURE, JAPAN

Shinji Nakai1, Masahiro Kaibori2, Yasushi Sasaki3, Takeo Moriwaki4

It is necessary to establish a better method to predict rainfall-induced debris movements from 
the ongoing rainfall situation in order to mitigate sediment disasters. We have shown 
previously that using the spatial distribution of the rainfall index R’ is an easy method for 
determining the risk of sediment disasters. In this paper, we have examined the characteristics 
of the recent heavy rainfalls that have caused sediment disasters in Hiroshima Prefecture with 
the rainfall index R’, and as a result, we find that the regional geological characteristics and 
rainfall histories at each region affect the critical value of R’, which may trigger debris 
movements at each region. We have also indicated that an increase and/or decrease in R’
depends on the combination of long-term rainfalls and short-term rainfalls even if the initial 
R’-values are the same. Subsequently, we have proposed a new concept of remarkable rainfall 
intensity RR for warning and evacuation, and represented its usefulness with an example. 

CHARACTERISTICS OF RAINFALL INDEX R’

Rainfall index R’ as indicated in Equations (1), 
(2), and Fig. 1 is expressed by using the major 
axis of an elliptical arc (with reference to the 
origin point), which comprises the values of 
long-term effective rainfall Rw and short-term 
effective rainfall rw.
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where
       Rw:   Long-term effective rainfall 
       rw:   Short-term effective rainfall 

R1:   Datum point of horizontal axis on  
                coordinate

r1:   Datum point of vertical axis on  
                coordinate

a:   Weighting factor 
Rfw:   Value of Rfw when Rw = 0, rw = 0 
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Fig. 1: Definitions of Rfw and R’
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The characteristics of rainfall index R’ are listed as follows: 
Risk level can be estimated in real time using hourly rainfall data. 
The risk can be judged intuitively since the risk level can be expressed as a single 
value.
Spatial distribution of risk level can be expressed visually by drawing a contour map 
using the R’ value at each observation point. 
The characteristics of each region can be reflected easily by R’ since the equation is 
simple and the no. of coefficients are relatively small. 

APPLICATION IN RECENT SEDIMENT DISASTERS 

The authors applied the combination of 72- and 
1.5-hour half-value periods for effective rainfall in 
the calculation of R’ around the Hiroshima region. 
Through several analyses of the recent disasters in 
the Masado (decomposed granite) area around 
Hiroshima Prefecture, the coefficients R1 = 600 
mm, r1 = 200 mm, and a = 3 were chosen and the 
critical values of R’ for debris flows and slope 
failures were clarified as 250 and 125 mm, 
respectively. In case of the recent Hiroshima 
disaster all the areas with debris movement were 
included in the areas where the rainfall situation 
exceeded each critical value of R’ (see Fig. 2). 
These values were considered reasonable as 
standard.

PROPOSAL OF EXPRESSION FOR WARNING AND EVACUATION 

The authors pointed out that the critical values of R’ and the type of mass movements vary 
according to the geological conditions and rainfall histories. Hence, it is important that 

characteristics of each region are reflected 
when applying the rainfall index. From this 
point of view, the rainfall index R’ is 
dominant, because the regional 
characteristics and this will be reflected 
easily. We have also indicated that the 
increase and/or decrease in R’ depended on 
the combination of long-term rainfalls and 
short-term rainfalls even if the initial R’-
values were the same. Subsequently, we have 
proposed a new concept of remarkable 
rainfall intensity RR to improve the 
understanding, and represented its usefulness 
with an example. Further, we will improve 
the warning and evacuation systems with the 
rainfall indices, too. 
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Fig. 2: Distributions of the maximum R’-value
during the Typhoon Nabi in 2005 in Hiroshima 
Prefecture.

Fig. 3: Remarkable rainfall intensity RR
(Miyajima Observatory; during the Typhoon Nabi in 
2005

6th September, 2005 7th September, 2005
Legend : RR < 30 mm      : 30 < RR < 50 mm      : 50 < RR < 70mm  


