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ABSTRACT

In recent years, sediment and flood damage have occurred more frequently and become more apparent owing to climate change. Based on

the technical standards revision in 2019, the Ministry of Land, Infrastructure, Transport and Tourism reviewed and redesigned sediment and
flood damage measure plans with getting the advice of academic experts. In 2021, the redesigned plan (RP) for the Kizu River Sabo Project,
Sabo is a Japanese term that means erosion and sediment control works, designed using riverbed variation calculations was approved by
project evaluation, and it is now possible to continue the project. This new Kizu River Sabo Project plan includes the building of 43 Sabo
dams (including 12 specialized Sabo dams for sediment and flood damage) to mitigate the inundation of sediment and flood damage more

effectively than conventional plan (CP).

INTRODUCTION

“Sediment and flood damage” (also referred to as sediment-laden flood, flood flow with active sediment transport) is a phenomenon in
which sediment and muddy water floods arising from heavy rainfall. A large amount of sediment runoff from the basin accumulates in the
river channel downstream of the valley outlet, causing riverbed to rise and the channel to clog. Driftwood from the upper reaches may
also flood along with the sediment. When sediment and flood damage occurs, sediment and driftwood in the flood waters accumulate on
transportation infrastructures such as urban areas and roads and must be removed. These recovery and reconstruction of affected areas
often takes longer than in the case of river floods, which simply overflow with water. In recent years, it is believed that sediment and flood
damage is occurring more frequently and becoming more apparent in Japan owing to climate change (Hayashi et al., 2022).

In order to prevent sediment and flood damage caused by sediment and driftwood flowing out of mountain basins, it is most effective to
implement so-called Sabo (erosion and sediment control) projects in mountain basins to control the outflow of sediment and driftwood by
structural measures. In Japan, the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) has implemented Sabo projects (Kanbara
and Imamori, 2020) in 82 river basins nationwide for “Chisui-jo sabo”, that means Sabo project is also necessary for flood control in down-
stream urban area in Japanese, targeting river basins where large-scale sediment and flood damage has occurred in the past so that the same

damage would not occur again due to the next heavy rain. (Figure 1).

D Watersheds in which Sabo projects are
implemented by MLIT as of March, 2022

Figure 1 Locations of MLIT Sabo projects for sediment and flood damage
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It is necessary to systematically promote the development of Sabo facilities (e.g., Sabo dams (check dams) and channel works) to prevent
sediment and flood damage. However, owing to increasingly severe financial constraints and a shortage of workers for Sabo projects in hilly
and mountainous suburban areas, more efficient and effective measures must be taken. Therefore, the MLIT has begun to redesign sediment
and flood damage measure plans precisely through numerical calculations such as river bed variation calculations.

In order to greatly change the conventional way of making measure plans, the Technical Criteria for River and Sabo Works Basic Planning
Part was significantly revised in 2019 (Ministry of Land, Infrastructure, Transport and Tourism, 2022). In addition, in order to facilitate the
smooth implementation of the numerical calculations to be carried out during the review stage of the plans that have begun to be recon-
structed all simultaneously in river basins across the country, we created an advisory board consisting of academic experts in this field. This
paper briefly introduces the efforts of the MLIT and the recently redesigned plan of sediment and flood damage for the Kizu River Sabo

Project as an example.

PROCEDURE FOR ESTABLISHING/REDESIGNING SABO MASTER PLAN TO PREVENT SEDIMENT AND FLOOD DAMAGE

The MLIT and 47 prefectural governments have been conducting Sabo projects. The Sabo project against sediment and flood damage is
mainly conducted by the MLIT (Kanbara and Imamori, 2020) owing to the necessity of coordinating interests in multiple prefectures, tech-
nical difficulties, and prefectural government expenditure limitations.

Figure 2 shows the procedure for establishing and redesigning the project plan against sediment and flood damage. In the estimation of
damage, riverbed variation calculation, using one of the numerical simulation models of channel bed deformation due to unsteady flow
based on the debris flow simulation model, is used to determine the starting point of flood inundation, and 2D inundation calculation is
used to predict the extent of inundation (Kanbara et al., 2015). For damage estimation, the first determination is to select target past disaster
as reference event to reproduce. The target past disaster should be a disaster for which there are plenty of disaster records and field survey
data for the verification of numerical calculations. Modeling of riverbed variation and inundation processes is conducted by reproducing
old topography, spatial rainfall distribution, and hydrographs as far as possible. By reproducing the inundation of target past disaster, the
modeling and the utilized parameters for riverbed variation calculations and others and boundary conditions (hydrograph and sedigraph,
temporal change of sediment outflow etc.) are verified, and damage estimation is conducted. Academic experts advise all damage estima-
tion processes to ensure the validity of the calculations. After the preparation of a draft facility placement plan (FPP), a FPP that effectively
mitigates damage in the entire target river basin is developed through amendments (trial and error) in the rough locations, rough dimension

and type of each Sabo facility installed.
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Figure 2 Procedure for establishing/redesigning Sabo project plan against sediment and flood damage

Except for MLIT projects for public works related to disaster recovery and facility maintenance, all MLIT projects are subject to project eval-
uation every five years regarding the decision to continue, review or discontinue. In project evaluation, cost-benefit analysis is one of the
most important factors. Benefit (B) is calculated by converting the damage mitigated by Sabo facilities against sediment and flood damage
and debris flow into monetary terms and adding the residual value of Sabo facilities after the end of the Sabo project. The mitigated damag-
es include property damage, crop damage, damage to public work facilities, business interruption damage, and emergency recovery costs.
Human losses are also included in counting damages by debris flows. Cost (C) is the total project cost, mainly the construction cost of Sabo

facilities. Factors B and C are present-valued at the time of project evaluation for cost-benefit analysis.
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REDESIGN OF PLAN FOR THE KIZU RIVER SABO PROJECT

The Kizu River (Figure 1) is one of the main tributaries of the Yodogawa River. The Kizu River Sabo Project started in 1878 in the upper
stream of the Kizu River and initially focused on building hillside works and Sabo dams to stop riverbed degradation and stabilize sediment
for the reforestation of devastated mountain areas owing to the collection of firewood and timber. The area of the Kizu River Sabo Project
is 699.3 km2 and is in the Mie Prefecture (Nabari, Iga, Tsu) and Nara Prefecture (Uda, Nara, Yamazoe, Soni, Mitsue). Typhoons (Vera, 1959;
Bess, 1982; and Talas, 2011) have repeatedly caused severe sediment disasters in this river basin. In recent years, Sabo dams were mainly
constructed against debris flow to trap sediment and driftwood in streams prone to it (Uchida et al, 2009). These Sabo dams were also ex-
pected to have mitigation effects reducing sediment supply on sediment and flood damage downstream. The duration and total project cost
of the present term of the CP-based Kizu River Sabo Project were 30 years (from 2016) and approximately JPY 15 billion (approximately
USD 0.103 billion and EUR 0.095 billion, exchange rate date December 13, 2023), respectively.

According to the procedure in Figure 2, firstly, the target past disaster to reproduce was set the flood and sediment disaster event caused
by Typhoon Vera (1959, precipitation of Nabari was 261 mm/day) that caused the most severe damage after World War II (29 deaths, 162
houses disappeared, 367 houses destroyed, 948 houses partially destroyed, 2,545 inundations above floor level, and 2,490 landslides). In
the disaster, sediment and flood damage also occurred (Figure 3). By reproducing the inundation caused by Typhoon Vera, the modeling
and parameters of numerical calculations and boundary conditions (hydrograph and sedigraph, etc.) were verified for damage estimation.
Figure 4 shows the estimated inundation areas by numerical calculations (80-year recurrence interval of precipitation) before constructing

Sabo facilities in the FPP of the RP as the result of damage estimation.

Figure 3 Damage caused by Typhoon Vera (1959) in Nabari (Courtesy of the Kii Mountain Range Sabo Office, MLIT)
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Figure 4 Estimated inundation areas obtained by numerical calculations before constructing Sabo facilities in the FPP of the AP

In the FPP of the CP, 65 Sabo dams are placed mainly in upper streams prone to debris flow. The damage estimation based on the numerical
calculations revealed that they didn’t have less significant mitigation effects than expected from the point of view for mitigating sediment and
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flood damage downstream (Figures 5 and 6). There are two main concepts for the FPP of the RP. One is to build Sabo facilities specialized
for mitigating sediment and flood damage more effectively. The other is to prioritize the construction of Sabo dams for rivers where public
facilities related to disaster mitigation, the venue for residents’ evacuation, and care facilities for the aged, children, and handicapped are
located (Figure 5). The FPP of the RP included the building of 43 Sabo dams (Figure 6), including 12 Sabo dams specializing in sediment

and flood damage to deposit sediment temporarily. Seven Sabo dams against debris flows were also planned.

upper streams prone to
debris flow

Priority to build
the SABO dam is
given to streams
in which public
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SABO dams
significantly mitigate
sediment and flood
damage

Figure 5 Comparison of the FPPs of the CP and the RP
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Figure 6 FPPs (left: CP right: RP). SF: sediment and flood damage, DF: debris flow

Figure 7 shows estimated inundation areas by numerical calculations (80-year recurrence interval of precipitation) and mitigated area of in-
undation after constructing Sabo facilities in the FPP of the RP. In the FPP of the RP, 12 Sabo dams specialized for sediment and flood damage
mitigated the inundation of sediment and flood damage more effectively than the Sabo dams in the FPP of the CP. The RP reduced 2.0 km2
of inundation area, while the CP reduced 0.4 km2. Moreover, the mitigated areas of inundation of the RP covered the center of municipalities
where the population and assets are concentrated, such as the center of Nabari, the largest city in the area of the Kizu River Sabo Project.
Because the amount of precipitation for the 80-year recurrence interval was almost the same as that of Typhoon Vera (1959), the RP-based

Sabo Project might be able to mitigate the level of damage caused by a typhoon of the scale of the Typhoon Vera owing to heavy rainfall.
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Figure 7 Estimated inundation areas by numerical calculations and mitigated area of inundation after constructing Sabo facilities in the FPP of the RP

The duration and total project cost of the RP-based Kizu River Sabo Project were 30 years (as same as the CP-based) and approximately
16 billion yen (an increase of 1 billion yen compared to the CP-based), respectively. In 2021, the Kizu River Sabo Project was approved
to continue by the project evaluation. The B/C of the Kizu River Sabo Project was 8.0 (B = 88,931 million yen (609.87 million US dollars,
565.50 million Euro), C = 11,178 million yen (76.66 million US dollars, 71.08 million Euro), exchange rate date December 13, 2023; B/C of
the CP in 2015 was 6.0; Kinki Regional Development Bureau, 2021). After this redesigned project, the further long-term protection goal of

Kizu River Sabo Project might be mitigation against sediment and flood damage caused by a 100-year recurrence interval of precipitation.

CONCLUSIONS

The authors presented the methodology of the Sabo project’s building/redesigning plan against sediment and flood damage in Japan and
a review of the Kizu River Sabo Project. This redesign for the Kizu River Sabo Project required two years and about 90 million yen (about
0.62 million US dollars and 0.57 million Euro, exchange rate date December 13, 2023). In six other MLIT projects, plans of the Kii Mountain
Range Sabo Project (the Kumano River and the Nachi River) and the Kuzuryu River Sabo Project in 2021, the Shonai River Sabo Project and
Mt. Fuji Sabo Project in 2022, Yoshino River Sabo Project and Kiso River Sabo Project in 2023, were redesigned and approved to continue

by the project evaluation. The MLIT will continue to redesign the project plans against sediment and flood damage in other basins in Japan.
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