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ABSTRACT
Every year, many lives are lost in landslides and debris flows caused by rainfall. This study applied the same analysis and discussion pro-

cedure as Kosugi (2023) to a recent storm event occurred in Japan, for evaluating effectiveness of the unprecedented rainfall index, TP, 

proposed by Kosugi (2022, 2023) which is expected to achieve appropriate evacuation actions by residents for reducing victims. TP was 

computed for the Kurume disaster that caused death and injury of people in Fukuoka, Japan in Jul. 2023. The result showed that, at the time 

of the debris flow occurrence, TP reached the beginning of rainfall record, indicating that the rainfall reached a magnitude never experi-

enced in the past. Based on this result, this study reconfirmed the conclusion of Kosugi (2022, 2023) that TP time series has a large potential 

to reduce the normalcy bias and is effective for reducing fatalities caused by sediment-related disasters.

INTRODUCTION
Heavy rainfall is the major cause of sediment-related disasters (SRDs). For predicting landslides and debris flows based on rainfall obser-

vations, one of the widespread methods is to select two parameters that represent rainfall characteristics (i.e., rainfall parameters such as 

rainfall intensity, rainfall duration, and so on) and set a rainfall threshold on a diagram showing their correlation. In this method, if the plot 

on the diagram exceeds the threshold, the risk of SRDs is considered high.

For applying this method, Kosugi (2015) proposed to examine various diagrams drawn by using different combinations of various rainfall 

parameters. This leads to more reliable predictions since the method analyzes rainfall features based on various criteria. Furthermore, a re-

cent study by Kosugi (2022, 2023) improved this method proposing a novel rainfall parameter, the unprecedented rainfall index, TP, which 

is defined as the time stamp representing the situation that "current rainfall is the largest since TP". By using this index, it is possible to issue 

alarms based on the knowledge of at what point in time in the past rainfall was about the same as or greater than the present.

The purpose of this study is to evaluate effectiveness of the unprecedented rainfall index in achieving appropriate evacuation actions for a 

storm event that causes landslides and debris flows. We applied the same analysis and discussion procedure as Kosugi (2023) to a recent 

storm event that caused fatalities in Japan in Jul. 2023.

METHODS
As described in Kosugi (2022, 2023), the unprecedented rainfall index, TP, is computed by using the antecedent precipitation index (API) 

diagram, which is defined as the correlation diagram with two types of API (X(M1,t) and X(M2,t)) with different half-lives M1 and M2 (M1 ≥ 

M2) on the horizontal and vertical axes, respectively. Here, the value of API, X(M, t) [mm], with the half-life M [h] at time t [h] is calculated as

where X(M, t–1) is API 1-h ago, and R(t) [mm] is the total precipitation from t–1 to t (equivalent to the 1-h rainfall intensity [mm/h]). When 

M is short, API strongly reflects the intensity of the current rainfall. As M is lengthened, the effect of past rainfall becomes more persistent, 

and API is an index that more strongly reflects the cumulative rainfall.

According to Kosugi (2022, 2023), the value of TP is computed by the Steps 1 through 5 below.

Step 1: Calculate APIs, X(M1, t) and X(M2, t), for two different half-lives of M1 and M2 (M1 ≥ M2), respectively, using rainfall data for the 

entire period from the start of observation to the present time. Then, draw a API diagram, by plotting data during the current and past storm 

events with X(M1, t) on the horizontal axis and X(M2, t) on the vertical axis.

Step 2: On the API diagram drawn in the Step 1, define the upper right region of the plot at the current time. Then, extract individual plots 

during the past storm events that are located in this region (including the boundary).

Step 3: Among the plots extracted in the Step 2, chose the plot which occurred closest to the current time. The occurrence time of the chosen 

plot is a candidate for TP.
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Step 4: Set the combination of M1 and M2 to a different combination from that in the Step 1. Then, by performing the Steps 1 through 3 

above, determine a new candidate TP. This process is repeated for various combinations of M1 and M2, and a TP candidates is determined 

for each of the various API diagrams.

Step 5: The earliest TP among the candidates obtained from the above processes is designated as TP.

The use of various API diagrams in the Step 4 corresponds to the analysis of rainfall features using various evaluation criteria effective for 

predicting SRDs (Kosugi, 2015). Adopting the time stamp that is farthest back in time among the various TP candidates (i.e., the Step 5) 

results in that, for at least one criterion, the rainfall at the current time is of a magnitude never experienced in the period from TP through 

the present (TP is not included). In other words, if we go back to time before TP (TP is included), the rainfall at the current time is of a 

magnitude that has been experienced in the past (i.e., the situation is within the historical range) in every evaluation criterion used in the 

analysis. In this sense, we can say that the rainfall at the current time is the largest since TP. A detailed explanation of the TP calculation 

method can be found in Kosugi (2022, 2023).

As described in Kosugi (2023), a storm event is considered to be in progress when the rainfall in the past 24 hours is greater than zero, and 

a storm event is delimited by a rainfall-free period of 24 hours or longer. Regarding the evaluation criteria effective for predicting SRDs, 

1326 different API diagrams were used to analyze rainfall features. That is, the half-lives M1 and M2 were set in the range of 0.1 to 1500 h, 

in a total of 51 ways so that the change in the logarithmic value is constant. Every combination of M1 and M2 (M1 ≥ M2) was employed, 

resulting in the 1326 different API diagrams. Following the method described in Kosugi (2023), we calculated the mean API value to be used 

as the initial X value in Eq. (1) for calculating the API time series.

STUDIED DISASTER (THE KURUME DISASTER)
From Jul. 7 through 12, 2023, a stationary front brought a heavy storm event with a total precipitation of 710 mm and the maximal 1-h rain-

fall intensity of 80 mm/h at the Hosshinkita rainfall observatory operated by Fukuoka Prefecture, Kyushu, Japan. In the morning of Jul. 10, 

this storm triggered landslides at Tanushimaru, in Kurume City, Fukuoka Prefecture (Fig. 1a). Debris from the collapsed slope flowed down 

Chino’o Creek, completely destroying the houses at the valley outlet, resulting in one fatality and five injured (Fig. 1b).

Figure1: (a) Slope failures and (b) debris flow flooding in the Kurume disaster. Photographs were provided by Asia Air Survey Co Ltd (2023).

a

b
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For calculating TP, we used the 1-h precipitation data observed at the Hosshinkita observatory, which is located approximately 1.5 km away 

from the collapsed slope. Because the data from the Hosshinkita observatory are available only from Jan. 1, 2003, we used data from the 

Minousan observatory for the period from Jun. 1, 1976 through Dec. 31, 2002, and data from the Kurogi observatory for the period from 

Jan. 1, 1976 through May. 31, 1976. The Minousan and Kurogi observatories are operated by the Japan Meteorological Agency. The former 

is about 2 km away from the Hosshinkita observatory, while the latter is about 8 km away. Missing data were supplemented with data from 

the nearest station.

RESULTS
Figure 2a shows the hyetograph for the storm event which caused the Kurume disaster (the Kurume 2023 storm event). The debris flow at 

the Chino’o Creek occurred at around 9:15 on Jul. 10 (Kurume City, 2023), that was about 72 h after the start of the storm event. The cu-

mulative rainfall at 9:00 on Jul. 10 reached 615 mm, and the 1-h rainfall intensity just before the occurrence of debris flow (i.e., 8:00–9:00) 

was 79 mm/h.

Figure 2: (a) Observed 1-h rainfall intensity and (b) computed unprecedented rainfall index

Figure 2b shows the time series of computed TP values. Between 12:00 on Jul. 9 and 3:00 on Jul. 10, TP reached Aug. 17 in 2021. This indi-

cated that the magnitude of the Kurume 2023 storm event was still small compared to the magnitude of the storm event that occurred about 

2 years prior to it. Then, between 4:00 and 5:00 on Jul. 10, TP went back to Jul. 14 in 2012. That is, the Kurume 2023 storm event was the 

largest in the past 11 years. And, after 6:00 on Jul. 10, TP reached Jan. 1 in 1976, which corresponds to the beginning of the rainfall record. 

This clearly indicates that, at the time of the debris flow occurrence (i.e., around 9:15 on Jul. 10), the Kurume 2023 storm event was on a 

scale never experienced during the period for which rainfall records exist.

DISCUSSION
Under the current Japanese system, each prefectural government, in cooperation with each local meteorological observatory, issues alert 

information against SRDs, so-called "the landslide alert information (LAI)", based on rainfall analyses using a diagram that shows correlation 

between the soil water index and 60-minutes cumulative rainfall. In response to the issue of LAI, municipalities are recommended to issue 

the evacuation alert (Level 4) which require all residents to evacuate from possible affected areas ( Japan Meteorological Agency, 2022).

In case of the Kurume disaster, LAI was issued at 4:00 on Jul. 10 (Fig. 2b) (Kitamoto, 2023), and just before that, the municipality issued the 

evacuation alert (Level 4) at 3:45. Moreover, the municipality issued the evacuation alert (Level 5) at 7:34, which requires residents to act 

Beginning of rainfall record
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immediately to avoid loss of life (Kurume City, 2023). However, these alerts did not necessarily lead to appropriate evacuation actions; 1 

person was killed and 5 persons were injured by the debris flow occurred at around 9:15.

Facing threats of disasters, people tend to minimize the probability of potential threats. To counter this normalcy bias and allow for suitable 

evacuation, it is necessary to deliver timely and unambiguous warnings. The information brought by TP time series shown in Fig. 2b has a 

large potential to reduce the normalcy bias, by unambiguously showing the abnormality of currently falling rain in comparison with the pre-

vious storm event which caused historical catastrophes (Kosugi, 2023). For instance, Kurume City was struck by a historical disasters in Jul. 

2012; torrential rains caused by a stagnant front triggered 27 landslides (Kurume City, 2019). As shown in Fig. 2b, the TP time series clearly 

indicates that the Kurume 2023 storm event became the largest since the Jul. 2012 storm event at 4:00 and 5:00 on Jul. 10, that was about 

4–5 hours before the occurrence of debris flow. Then, about 3 hours before the debris flow, the Kurume 2023 storm event had exceeded the 

Jul. 2012 storm event and reached a magnitude never experienced before. Most likely, such information is effective to reduce the normalcy 

bias letting residents to take more appropriate evacuation actions.

CONCLUSIONS
The unprecedented rainfall index, TP, proposed by Kosugi (2022, 2023) was computed for the storm event which caused the Kurume 

disaster in Fukuoka, Japan in Jul. 2023. TP is defined as the time stamp representing the situation that "the rainfall at the current time is 

of a magnitude never experienced in the period from TP through the present for at least one criterion for  analyzing rainfall features". By 

comparing TP time series with occurrence times of previous and current sediment-related disasters, we concluded that the unprecedented 

rainfall index is effectively used to facilitate proper evacuations based on the objective and quantitative analyses of rainfall data. Thus, this 

study reconfirmed the conclusion of Kosugi (2022, 2023) that TP time series has a large potential to be effectively used for reducing fatalities 

caused by sediment-related disasters.
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