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Rules for the occurrence and non-occurrence of debris flow corresponding to the risk level and its

application to the designation of priority areas for disaster prevention measures

Abstract

Responding to various risks is necessary in order to establish a sustainable society and
infrastructure in our country. There is an urgent need especially in responding to landslide disasters,
which cause tremendous damages almost every year. Although much effort is being put forth into
disaster prevention projects, the reality is that damages are still never ceasing. One cause is thought
to be the vast number of hazardous places (approximately 520,000 areas with landslide risk in Japan).
Countermeasure construction for these sites will certainly require an immense budget and time. For
that reason, it can be said that evaluation of priority with consideration for such things as risk and
damage scale of applicable sites as well as efficient promotion of projects are essential.

With regards to such responses for natural disaster risks, the current task being conducted involves
grasping the present state of each site. Basic information obtained in this way is considered highly
useful in conducting priority evaluation as mentioned above. Past studies likewise attempted to
conduct risk evaluation by analyzing similar basic information. For instance, the support vector
machine (herein referred to as SVM), one of the pattern classification methods, has been utilized in
researching methods for evaluating landslide disaster risks, with substantial results. However, past
studies have only examined limited data, and the need for testing applicability in broader regions has
been identified.

The mechanisms by which disasters occur are presumed to vary greatly depending on the
combination of causative factors such as environment, topography and geological features of the site.
The ability to identify these would allow to narrow down the sites that require disaster prevention
measures (or to identify the sites where implementation of measures can be postponed), helping to
realize efficient promotion of projects. Pertaining to this subject matter, studies for clarifying rules
for disaster occurrence and non-occurrence have been carried out through analysis of regional basic
information by means of rough sets, and their effectiveness has been verified. The problem with the
current results, however, is that they are results of only seeking rules for disaster occurrence and
non-occurrence. Even in areas with possible disaster risks, the existence of variation in risk levels
have been revealed in the risk evaluation studies mentioned above, meaning that if identifying the
rules corresponding to such risk evaluation becomes possible, then the graded indication of
conditions from “high risk area” to “high safety area” can become possible. It is believed that this
would lead to further improvement of effectiveness in promoting disaster prevention projects.

This study examined these two important challenges, and successfully developed effective

methods for both challenges. Specific utilization methods in promoting actual projects were also



considered, and its operation flow was suggested as well. The details of this study are summarized
below.

For the first stage, with regards to the extraction method of disaster occurrence and
non-occurrence rules by means of landslide risk evaluation and rough sets using SVM, applicability
to the regional data (Nagasaki city) previously not considered to be applied was verified. A series of
verification tasks resulted in confirmation that data from other regions can be utilized to the same
degree as those in past papers. However, the rules extracted in this examination apply only to
disaster occurrence and non-occurrence. By contrast, an examination was made for extracting rules
for each risk ranking in attempting to achieve a more detailed evaluation.

In the second stage, the same data of the Nagasaki city are classified into four ranks corresponding
to the disaster occurrence risks by utilizing SVM in an attempt to examine the rules for each rank.
These examination results helped to obtain highly precise rules pertaining to the risk rankings, but
the problem of excessive data unexplainable by rules remained. Accordingly, the examination in the
third stage involved first extracting “representative data,” which is a typical example of disaster risk
and safety, from the target data, and then using them to obtain a separating hyperplane. The
separating hyperplane obtained from the representative data can be considered to be the boundary
between the disaster occurrence and non-occurrence, so the risk rankings obtained from those data
can likewise be presumed to reflect the typical properties of that region. As a result of obtaining the
rules for each ranking from the classified data sets, we successfully maintained roughly 80%
precision for the rules, while explaining all of the data using fewer rules. Among the obtained rules,
10 sites came under the highest risks and could therefore be recognized as the sites for highest
priority of countermeasures. It was also revealed that as many as 160 sites corresponded to the rules
considered as the lowest risk, and this information could become very useful in optimizing the
project.

The results of this study have the potential for application in evaluating various risks including
development of social infrastructure and natural disasters, leading to anticipation for their wide

utilization in various fields in the future.
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