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ABSTRACT

The designation of warning areas based on the Sediment-Related Prevention Act is the basis of non-structural measures to prevent sedi-
ment-related disasters in Japan. Since the number of designated areas is vast and distributed throughout the country, efficient management
has become essential. In this study, we investigated the feasibility of updating hazardous areas using cutting-edge digital technologies. We
tested a new satellite imagery method, demonstrating the possibility of accurately extracting target areas within a short timeframe. Addition-
ally, we found that incorporating 3D data from smartphones effectively reduced field and deskwork time. Implementing a tool to verify an
extensive record database in each area consistently can reduce human costs. Furthermore, considering the limitations of digital tools, we

suggested a follow-up step based on regional characteristics.

INTRODUCTION

In response to the frequent occurrence of sediment disasters in recent years, sediment-related disaster warning areas have gained consid-
erable recognition among residents as sources of disaster-prevention information. Prefectures designate areas at risk of sediment-related
disasters as sediment-related disaster warning areas or special warning areas. Based on the Sediment-Related Prevention Act, these areas are
announced to residents and measures have been implemented to counter sediment-related disasters, including the establishment of warning
and evacuation systems and restrictions on development activities and building structures within these areas. Appropriate sediment-related

disaster warning area management is a critical concern, given their potential impact on local residents.

More than two decades have passed since the enactment of the Sediment-related Prevention Law, leading to the designation of more than
600,000 sediment prevention areas across Japan. This number is expected to increase with more precise topographic maps. The primary
challenge lies in effectively managing these areas, minimising the workload and cost associated with regular and ongoing updates in the

total workflow (target area extraction — field and desk-based surveys — data management).
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As shown in Figure 1, this study envisioned a basic process for updating sediment-related disaster warning areas. According to the law, these
areas must be reviewed approximately once every five years. The survey process (Figure 1) begins with overview surveys (1 in Figure 1)
to identify modifications in the topographical conditions that could affect the scope of the disaster warning area and the number of areas.
Areas showing changes are then identified. Subsequently, detailed surveys (“2” in Figure 1) are conducted on the topographical and social

conditions, facility status, and changes in these areas' warning and evacuation systems. The survey results are documented (“3” in Figure 1).
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Regarding the digital technologies targeted here, we assumed that these technologies have become widely used in recent years. We con-
sidered the implementation cost, fairness, and versatility when utilising the workflow. As sediment-related disaster warning areas have
been designated in various areas of Japan, including urban and mountainous regions, ensuring equal results in these areas is desirable. In
addition, to secure personnel who can conduct surveys in many areas, the data and tools must be versatile and not require special skills.

Additionally, while identifying future concerns, we considered the impact of varying social characteristics on the efficiency of counter-
measures [Chiba,2023]. The behaviour of local inhabitants significantly influences non-structural measures implemented in designated sedi-
ment-related disaster warning areas. This issue has become problematic in recent disasters because simply designating an area as a warning

area may not reduce damage.

METHODS

This study examined the digital technologies that could be utilised in managing sediment-related disaster warning areas. This study first
identified critical issues concerning management and then provided an overview of application methods of valuable technologies; satel-
lite images, 3D images obtainable by smartphone, program for data check. Satellite images from Sentinel-2 are used in this study. Despite
its limited 10-metre pixel resolution, imagery utilising Sentinel-2 technology is free and frequently captured, allowing comparisons while
avoiding snowy and cloudy weather conditions. In addition, imagery can be utilised throughout Japan to provide advantageous assets. To
analyse images, we used an analytical tool designed by Sabo Frontier Foundation. Additionally, the study compares 3D images acquired by
a smartphone with the data obtained by the conventional photographic method, assuming that the data may serve as explanatory material.
Two model areas are chosen for comparison, one in the town region and the other in the mountainous region. Data acquired with separately
installed laser scanners, smartphones with LiDAR, will also be examined for surveying accuracy (Kimura et al., 2023). And we implement a
procedure that includes a mechanical checking system as part of the verification process. A company has previously developed the checking
system [Seto et al., 2023], and we integrate it into our data verification flow.

The identified techniques were tested in a model district, and their effectiveness was compared with existing methods. The results showed
the advantages and disadvantages of the digital technologies examined. Finally, we identified the future challenges associated with updat-
ing sediment-related disaster warning areas using digital technologies, considering non-structural measures for sediment-related disaster

prevention.

RESULTS AND DISCUSSION

The trial results for each phase, as shown in Figure 1, are presented below.

(1) Satellite images in the overview survey stage

Currently, the overview survey is a field survey conducted in each area. Many sediment-related disaster warning areas are distributed over
a broad area, including mountainous regions. Hence, field surveys require substantial time and manpower. Satellite imagery is used to ob-
jectively compare a wide range of areas at different time points. Artificial Intelligence (AD analysis technology is employed to extract data
accurately within a short period. In erosion control management, Al analysis has been used to inspect erosion control structures [Nakanishi
et al., 2023]. However, no cases exist of its use in overview surveys of sediment-related disaster warning areas in Japan.

We develop an analytical tool designed for use with Sentinel-2 imagery and test it within a model area comprising a city and town in moun-
tainous and urban areas. When comparing the two time periods using the analysis tool, we find that the extraction accuracy in the minor
alterations (about 1 pixel) is relatively low for areas that have undergone alterations due to houses and other structures or forest are cleared,
with only approximately 40~50% of being extracted.

The process is deemed effective in identifying areas where the likelihood of sediment-related disasters increases due to changes in the
landform resulting from development activities. However, it is challenging to identify instances in which a small area of the slope behind
a house has developed, resulting in the construction of a new home, frequently observed in urban areas, or where introducing a new

mitigation structure has altered the risk level. As a result, it is necessary to use additional techniques to identify relatively minor alterations.

(2) 3D data in detailed survey stage

During the detailed survey stage, the topographical conditions of each slope and stream are thoroughly investigated, and measurements of
the slope gradient and height, which play crucial roles in determining the warning area, are taken. The results of these measurements pro-
vide an essential basis for designation by prefectural officials and thus require a high level of accountability. However, informing residents
of land access in densely populated urban areas requires time. Furthermore, we need various data such as cross-sections that rely on digital
maps, locally prepared sketches, and photographs for designation. However, in many areas with complex topography and multiple man-
made structures, workers face difficulties obtaining sufficient information and must conduct repeated field surveys. For this purpose, we use
3D topographic data from smartphones to gather topographic and related data in the field.

e In model areas, the 3D data easily obtained for the sides and back of the retaining wall and the slope inclination transformation area,

which is traditionally difficult to explain with photographs, allow for continuous comprehension of the positional relationship with
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the surrounding area. However, it is equally challenging to portray a three-dimensional impression in areas with abundant vegetation,
similar to photographs. Therefore, the superiority of this method remains unverified.

e Based on this study’s results, the acquisition of simple 3D data is effective for understanding the state of relatively small retaining walls.
This aspect is essential for determining warning areas. Moreover, acquiring spatially continuous data allows providing information
without the need to conduct another field survey, even if the points to be viewed change. However, storing 3D data can result in an

enormous volume compared with photographic data. Therefore, only the necessary areas are assumed to be stored in two dimensions.

(3) Check tools for recording and accumulating survey results.

e  Survey results gathered to determine the scope and updates will be recorded and utilised in future updating efforts. These surveys have
national reach and are expected to provide valuable data in the future. Numerous individuals typically handle large amounts of data
throughout the survey, recording, and updating processes. Data are often subjected to multiple revisions during this period, increasing
the probability of errors. Therefore, conducting data checks is a critical task that requires the involvement of a substantial number of
individuals at various stages.

e  We attempt to comprehensively validate the data for designation warning areas. Although currently under trial, human costs can be
reduced by mechanically checking the consistency of the data used in multiple locations, such as range calculations and field survey
results. However, humans must confirm the validity of advanced technical judgements; as a result, a risk of a discrepancy between the
check items performed by the system and those performed by humans is observed. Furthermore, since data that conform to a specific
format can only be mechanically checked, the amount of work may increase before the check stage, such as holding preliminary study

sessions related to format creation.

CONCLUSIONS

This study outlines a novel methodology for updating sediment-related warning areas using digital technology, which is currently undergo-
ing trials. This study identifies suitable technologies for each phase of the updating process and assesses their limitations. Further research
is required to confirm the risk, but it is anticipated that the time spent on data-making and checking can be reduced while the decreasing
amount of work should not negatively affect technical proficiency. Moreover this study proposes only some parts of the process for making
the warning area with the use of digital technology, and decisions of engineers are needed. It has been estimated that reducing human
cost in one area of the renewal process may not result in overall human cost savings, thus necessitating verification from this perspective.
Additionally, it is essential to verify the incorporation of these regional characteristics. While certain digital technologies utilised in this study
prove efficacious in urban areas with high-density housing, others exhibit limitations in mountainous regions with copious vegetation. To
address these deficiencies, a possible solution is to augment human resource input rather than relying entirely on digital technology. If
digitalisation can lead to human cost savings in certain areas, and if in other areas more time and manpower can be allocated to surveys to
improve communication with residents and promote human resources, the prefecture can better prepare for landslide disasters.

Moving forward, we aim to evaluate the current survey methods in various prefectures and suggest improved techniques that align with

local characteristics.
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