. X1 2
Development of a real-time analysis method for inland flooding during heavy rainfall in urban fTgi'sezgfag(?éémiﬂfﬁﬁifLﬁ%ﬂ:ﬁw

areas and its application to evacuation and disaster mitigation sfukuokaOO1t@s.chuo-uac.ip

2 Civil, Human and Environmental Engineering, Chuo University

1 Introduction 2. Mechanism of internal flooding in Hitoyoshi city during heavy rainfall , . —e — : : : :
- . - 2.3, Internal flooding machanism in Hitoyoshi city during the torrential rainfall in
In watershed flood management, it is necessary to share the concept of 2.1. Overview of the target urban area o0 o : .
collaboration among the main river basin, tributary river basins, and urban d th ial rainfall in July 2020 2. 2D Inundation Model for Evacuation | July 2020
. . . | . and the torrential raintall iIn July . . .
areas in a multi-layered watershed scale, according to each basin. The first and Community Planning (2D-IMEC) .
priority is to explain the forms of rainfall-runoff, flood discharge, and The left figure in Figure 2 shows the target urban area of Hitoyoshi | 103 D IMEC
inundation in an easy-to-understand manner to disaster prevention officials (approximately 10 km2).The area is shown in the left of Figure 2. In | . o elr
and local residents, and to discuss how to prepare for future river this area, rainwater is discharged into the Kuma River and other Figure 3 shows a calculation method of the 2D-IMEC ! £ 1025 | === RIMEC S~
development, land use, and inundation. Fukuoka?l) proposed a basin water rivers through a 4-meter-wide channel indicated by the sky blue color. for the calculation of spatiotemporal distribution of i T ~N-
balance distribution map as a technical study method, and showed the Rainwater is drained to the Kuma River Mae River and others inundation depth. i 2
significance of its application based on studies in various river basins of through a 4-meter-wide channel shown in light blue. In the torrential ! £ 102 —
different sizes. rainfall in July 2020, the Kuma River was flooded from around 6:00 | =
Considering the high frequency of inland flooding in recent years and the a.m. on July 4, 2020. The floodwaters of the Kuma River and Mae "'c"i'é'é'fia'ﬁ'af'ia'ﬁa'gj'r'éii'ﬁié'éiﬁa"ii'r'iia'ﬁ'a'r'ééi'iﬁaaé'l"' i
magnitude of damage caused by overlapping disasters of inland and river River flowed into the urban area from around 6:00 a.m. on July 4, : ®Lowland o 101.5 —
flooding, it is an important issue for basin flood control to construct a 2020. One-fifth of all households were inundated, and as many as 21 ' Prefecture managed rivers and sewers ! July 3 12:00 July 3 18:00 | July 4 0:00 July 4 6:00
highly explanatory inland flooding analysis model and a basin water people were dead. surveying data, other small rivers, loads and i Date and time
balance distribution map based on the model, even for inland flooded areas The right figure in _Flgure 2_ shows t_he r_esult of the flooding in _the buildings I'.P data (30 cm inte’rvals) i Figure.6  Inundation depth hydrograph at Point C
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will be used for future - 5 Outline of th d i A rainfall ' Figure 4 shows the waterlogging depth contour around the evacuation center (Hitoyoshi Sports Palace) obtained from 2D-IMEC. In addition to waterlogging
evacuation and disaster Figure.1 Overall picture of this study gure. utline of the target aJrSIa azT)zo itoyoshi city torrential raintall in . caused by the torrential rain, flooding from the Omizogawa River and Fukugawa River caused flooding of roads throughout the city. In particular, the roads
reduction planning. 4 i leading to the evacuation centers (points A to D) are topographically prone to collect rainwater and flood waters, and as shown in Figures 5 and 6, the flood levels

! rose rapidly after midnight on the 4th when rainfall intensified. As a result, the inundation depth and velocity exceeded 1 m and 1 m/s, respectively, at 3:00 a.m.

on the 4th day before the external flooding occurred, making evacuation difficult.

3° Real-time analysrs method for inland ﬂOOdIhg (RIMEC) and its aDD]ICBIIOh to evacuation of residents As shown in Figure 7 at 7:30 a.m. on the 4th, the situation of inundation due to internal flooding, which made it difficult to move around, was combined with

external flooding, resulting in extensive damage. Therefore, in the event of a heavy rainfall that causes external flooding following internal flooding, evacuation of
3.1, Rea] time analysis method for inland flooding (RIMEC) residents in the early stages of internal flooding and forecasting technology to support this evacuation are necessary.
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O 2D-IMEC requires about one week of analysis time for a one-day heavy rainfall analysis, making it

o2l Qe elevation (m)] 20 W”W“W"W“W 1° difficult to apply to forecasting technology that supports the evacuation of residents. Therefore, | | 4 Construction of watershed water balance distribution map in urban areas and study for damage mitigation
30y ) 200 we developed a real-time analysis method for internal flooding (RIMEC) that uses the analysis
< e R results of 2D-IMEC as teacher data (Figure 1). . 4 1. Visualization of inland water hazards using
o ya v 170 15 m: » = & Two speed-up measures for the computation were taken to construct RIMEC. The first is the urban water balance distribution maps
\ 7 = ?Igg _ S subdivision of hilly land and Murayama terrace into subwatersheds based on the results of the s : P
P o 2 tank model E  2D-IMEC analysis and the application of the tank model to them. The left figure in Figure 8 shows ‘ lm . o o
N L = 130 < S the rainwater flow obtained from 2D-IMEC overlaid on the elevation contour in sky blue. Based on 350 Storage volume in the hilly Area 20 -ng O The urban water balance distribution map visualizes when, where,
L R 50 w £ this, the hilly terrain is divided into subwatersheds as shown in the red line. The tank model (including storage volume in w E how much and under what conditions rainfall occurs by obtaining
7 A i 100, & 5 parameters are identified so that the discharge hydrographs for each subwatershed obtained T S school-yard). ~_ ol il the amount of water and its spatiotemporal distribution of water
e N 9 | ° o from 2D-IMEC, a high-precision analysis method, are consistent with the hydrographs obtained 5 . k: storage In l_eran areas based on the distribution of heavy rainfall
g P ‘— . ﬂ ’ from the tank model as shown in the right diagram of Figure 8 % ** | storage volume in the hilly area . 0 c and inundation analysis.
i A L2 ® O Second, the analysis grid size was enlarged. The grid size was enlarged four times in the plane, £ Lowland inurldatifn w = 0O The left explanatory daigram in Figure 10 shows the water balance
| water depth 5 cm or and the urban area and topography model was modified to account for the actual conditions such o | , 103 X 107 (m”) £ distribution in the urban area during the July 2020 heavy rainfall
EEEREa S N ity 0hs or more as inundation depth and inundation velocity in 2D-IMEC. g Lowgnzdmigfat'in‘ NN | | £ based on RIMEC. The red color indicates a rapid increase in the
Omizo Rwe% - (2D-IMEC) 0 200 O The analysis time was reduced to about 19 hours for a one-day heavy rainfall analysis. As shown : ., X 107 {me)~.., water channel network o g amount of flooding in the urban area due to the rapid increase in
ST end A R July'3 0:00 July 4 0:00 in Figures 5 and 6, the model was able to reproduce the inundation conditions in the urban area 3 Wat‘:trocrgzgnve;ﬂ‘f‘fewmk storage volume 150 O rainfall during the July 2020 heavy rainfall event. This is considered
Figure.8 2D- IMEC based Slfwaal;cersrllecll ﬁIVISIOI’I and calculation and the rise of the inundation depth, which is important for evacuation. 2 otal witer disciars = to have caused a major problem because the evacuation time was
of tanik modet fiow rate 0 . ' "Mfrom downstream end__ : e Ceshatee short. In the future, it will be necessary to reduce the amount of
3 2 Utl]lzatlon Of R”\/IEC for evacuatlon Of reSldentS July 3 6:00 12:00 18:00 July 4 0:00 6:00 July 3 6:00 12:00 18:00 July 4 D.Ddeergl.%B channel) Inundat_lon In |OW'|Y|ng area-S O_r to delay the peak Of Inund_atlon by
SE » Y - O The application of RIMEC to the evacuation of residents is shown for the July 2020 heavy rainfall event in controlling the runoff from hillsides and paddy fields shown in green
Hitoyoshi city and the top six heavy rainfall events with the highest 24-hour rainfall at the Hitoyoshi Figure.10 water balance distribution map in Hitoyoshi city basin during the torrential rainfall in July and vyellow-green, and by diverting water through drainage
Rainfall Observatory. 2020 (left: without considering countermeasures, right: considering countermeasures channels..
O Figure 9 shows the results of the analysis for Typhoon No. 14 in 2022. Due to the topographical O The creation of a water balance distribution map for urban areas
Murayama terrace characteristics of the flooded area, National Road 445 was inundated when the cumulative rainfall reached will make it possible to visualize the overall picture of internal
e ey 70 to 90 mm, making evacuation difficult. water-related disasters and share ideas on how to mitigate damage.

.’(H|toyosh| Sport Palace)

O The same study was conducted for each heavy rainfall event, and it was found that this road was 4 2 Study for damage mitigation
inundated when the cumulative rainfall reached 80 mm in any rainfall event. However, the time required =
for the accumulated rainfall to reach 80 mm depended on the intensity of the rainfall, ranging from 4
hours for rainfalls of 10 to 20 mm in intensity to 2 hours for higher intensity rainfalls.

O In addition, the evacuation road at point C in Figures 4 and 9 became dangerous because the water depth
and velocity increased early in any heavy rainfall event due to flooding and the overflow of the Omizo

Fukukawa River Do}

O The urban water balance distribution map can be used to visualize internal water disasters and to estimate their effects by comparing before and after
countermeasures.

O Countermeasures include a secondary drainage channel currently under construction, paddy field storage in hilly areas (storage depth: 50 cm), storage at public

: . . . . . . . . facilities on a terrace (storage depth of school yards and tennis courts: 30 cm), and the use of reservoirs for flood control. The results of these considerations are

River and other rivers. In this area, vertical evacuation and early evacuation are especially important in shown in the right-hand diagram of Figure 10. It is estimated that the amount of flooding will be reduced from 1,320,000 m3 to 1,030,000 m3 due to an increase in

urban areas. When considering evacuation, including the choice of vertical evacuation and early drainage volume by the secondary drainage canal (approx. 220,000 m3) and an increase in storage volume on hillsides and plateaus by the watershed measures
evacuation, evacuation decisions are made based on the relationship with the external water level as well (approx. 70,000 m3)

SRS, cumulatlve rainfall 70~90mm ’ as internal ﬂOOding-
NS ST SRR O It was found that when cumulative rainfall reaches 200 to 300 mm in the Kumariver basin upstream of
RS SRR 2T the Hitoyoshi city, the water level rises close to the flooding hazard level. It is important to estimate the
Figure.9 distribution of evacuation difficulty points and cumulative time required for evacuation and inundation conditions by referring to the accumulated rainfall and rainfall

rainfall at the time of Typhoon No.14 in 2022 intensity related to internal and external flooding.

O In conjunction with this result, it is important to clearly demonstrate the significance of the countermeasures by showing the reduction in the area of inundation
above floor level and the number of houses in the urban area.

O Thus, the visualization of the phenomenon of internal flooding and the effects of countermeasures using a city water balance distribution map will be useful for
residents' evacuation planning and future consideration of community planning for disaster mitigation.
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