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1.Introduction

B In recent years, there have been many cases of severe flooding damage caused by the overflowing of rivers and
drainage.

B [n actual occurrence, flooding damage is caused by a variety of factors, including rivers overflowing, small and
medium-sized rivers overflowing, and Sewer e overflows.
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1.Introduction

B In recent years, there have been many cases of severe flooding damage caused by the overflowing of rivers and
sewers.

B In actual occurrence, flooding damage is caused by a variety of factors, including rivers overflowing, small and
medium-sized rivers overflowing, and sewer overflows.

Manhole overflow River (near Atsubetsu Park)
(near Hiraoka Park in Kiyota Ward)
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This study proposes the risk of inundation due to flooding of rivers and
sewers by unprecedented rainfall.




1.Introduction

B In this study, we conducted an investigation into the Sapporo metropolitan area, where the large Toyohira River
runs through, several small and medium-sized rivers flow through the city, and the sewerage network is highly

developed.

Approx. 35km
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Unsteady flow river channel
— Sewer Pipes

— Sewerage pipe modeling
(®600mm or more)




1.Introduction

B The characteristics of flood damage were analyzed by inundation analysis considering rivers

and sewers.

B It is difficult to cover all rainfall events (patterns) that could cause flooding damage

using only decades of actual rainfall data.
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Figure - Analysis of flood damage characteristics for Toyohira River

XHayase Yoneda, Tomohito Yamada et al.: Risk assessment of flood damage by simultaneous analysis of internal and external flooding considering uncertainties of rainfall and

runoff, Journal of Japan Society of Civil Engineers, Vol. 74, No. 5, 1_1387-1_1392, 2018




2. Outline of the research

B We propose a method for calculating flood risk for possible rainfall flood analysis using rainfall data from d4PDF.

Phasel. Extraction of climate-predicted rainfall data for the target basin

1

Phase2. Calculation of boundary conditions

Setting the calculation period (extracting the planned rainfall duration of 72 hours for Toyohira River)
X Dynamic downscale rainfall by Yamada et al. 5Skm mesh (211 X 191) = 3000 events X 360 hours (30-minute rainfall)

{——=_* Correction was performed by applying the 10-minute rainfall waveform at the time of
maximum hourly rainfall (the 10-minute rainfall waveform is a centrally concentrated waveform).

Sewerage: Manhole inflow
(9975 catchment areas)

Small and medium-sized rivers:

Major river: Toyohira River T ) )
Mochizukisamu River, Nopporo Rivera, etc.

1.Calculating the average rainfall in the basin

(18 rivers)
1.Calculation of average rainfall in the basin
2.Calculation of flow rate using a synthetic

2.Calculating the flow rate at the Karui point,
etc., using the storage function method(taking

1. Calculate the amount of rainfall in each catchment area
2. Calculate the effectiveness of rainwater storage facilities
3. Calculate the flow rate using the modified RRL method

into account flood control by dams) rational formula

Converted to boundary conditions for unsteady flow model (10-minute flow rate) Converted to boundary conditions for

sewerage model (10-minute flow rate)

Y

30

Phase3. Simultaneous analysis of domestic and foreign water )

Risk Rank 5 Deaths occur
28

26

Calculations were performed using two simultaneous analysis models for both y
left and right bank areas.
Calculate the flood depth and flow velocity for each mesh using a two-

dimensional unsteady flow calculation

- Spatial resolution: 10m mesh = Analysis area: 270km?
| * Modeled pipeline length: 1,250km J
* 0:6

- Phase4. Conversion of hydraulic quantities into flood damage ==

Risk Rank 4 Flooding of houses

TKZR(m)

Risk Rank 2| Difficulty moving vehicles

Risk Rank 3 Difficulty walking

Risk Rank 1 Flooding(Scm~)

Using the inundation depth and flow velocity of each mesh, an inundation risk Coes e B0 ad s
rank is assessed.

Flood Risk Rank




Phasel. Extraction of climate-predicted rainfall data for the target basin

B The frequency distribution of annual maximum rainfall was compared between actual rainfall and the results of a 5
km experiment at the upstream reference point of the Toyohira River.

B The most frequent total rainfall value is the same, and there are several rainfall events equivalent to the largest
flood ever recorded (total rainfall of approximately 240 mm).

B By utilizing ensemble data, it is possible to predict flood damage for various rainfalls.

Toyohira River: Actual value of annual maximum rainfall
and frequency distribution of past experimental results
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Figure - Comparison of frequency distribution between actual annual maximum rainfall values and past
experimental results in the upstream area of the Toyohira River reference point
Table - Specifications of past experimental data for actual rainfall and ensemble data

Target data The number of data Target period

Actual rainfall events 93 years worth 1926-2019
5km experiment results 3,000 years worth 1951-2010 (60 years x 50 members)




Phasel. Extraction of climate-predicted rainfall data for the target basin

B Past experimental results of large-scale ensemble data show that there are various types of rainfall with different
temporal and spatial variations.

Total rainfall(mm)
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Figure - Basin average rainfall amount of rainfall events of d4PDF (past experiment) in the upstream
area of Toyohira River reference point (excerpt)



Phasel. Extraction of climate-predicted rainfall data for the target basin

B [n this study, used d4PDF rainfall data used.
B A comparison was made between the maximum actual rainfall observed at the civil engineering centers in each
ward in Sapporo and the rainfall extracted from past and future experiments.

Comparison of actual rainfall and past experimental rainfall at the location of the rainfall observatory in Sapporo City
100
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% d4PDF downscaled 5km mesh, rainfall in the mesh where the observation station is located is used
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The maximum hourly rainfall observed in Sapporo city was about SOmm/hour
= Clarifying flood damage caused by unprecedented phenomena through climate change forecast
rainfall and numerical analysis(Rainfall event name: HPB_m003 2010)




2. Outline of the research

B We propose a method for calculating flood risk for possible rainfall scenarios by conducting integrated domestic
and international flood analysis using rainfall data from d4PDF.

Phasel. Extraction of climate-predicted rainfall data for the target basin

Setting the calculation period (extracting the planned rainfall duration of 72 hours for Toyohira River)

% Dynamic downscale rainfall by Yamada et al. Skm mesh (211 X 191) = 3000 events X 360 hours (30-minute rainfall)

{——= * Correction was performed by applying the 10-minute rainfall waveform at the time of
maximum hourly rainfall (the 10-minute rainfall waveform is a centrally concentrated waveform).

Phase2. Calculation of boundary conditions

Sewerage: Manhole inflow

Major river: Toyohira River E/Imaﬂ.ani'mediulr{{—sizel(\ilrivers: " t (9975 catchment areas)
. . ) ) ochizukisamu River, Nopporo Rivera, etc. . ,
1.Calculating the average rainfall in the basin (18 rivers) PP 1. Calculate the amount of rainfall in each catchment area

2.Calculating the flow rate at the Karui point,
etc., using the storage function method(taking
into account flood control by dams)

1.Calculation of average rainfall in the basin 2. Calculate the effectivenes's of rainwat.er storage facilities
2.Calculation of flow rate using a synthetic 3. Calculate the flow rate using the modified RRL method

rational formula.

Converted to boundary conditions for unsteady flow model (10-minute flow rate) Converted to boundary conditions for

sewerage model (10-minute flow rate)

Y

30

Phase3. Inundation analysis considering flooding from rivers and sewers ‘ Risk Rani 3 Deatls occur

28

26

Calculations were performed using two simultaneous analysis models for both
left and right bank areas. 22 (Rl Rank {Flooding of pouses
Calculate the flood depth and flow velocity for each mesh using a two- .
dimensional unsteady flow calculation

- Spatial resolution: 10m mesh = Analysis area: 270km?
| * Modeled pipeline length: 1,250km "

J 08
|

TKiZ(m)

. . .« . . 04 Risk Rank 3 Difficulty walking
Phase4. Conversion of hydraulic quantities into flood damage

Risk Rank 1 Flooding(5cm~)
Using the inundation depth and flow velocity of each mesh, an inundation risk B

rank is assessed. Flood Risk Rank




Phase3. Flood analysis considering flooding from rivers and sewers

B We calculated flood damage within a river basin by analyzing simultaneous internal and external flooding,
modeling large rivers, medium-sized and small rivers, and sewerage systems.

TQ) Upstream end

Boundary .
RN No.1 River runoff model
No.2 River channel tracing model Overflow from

o
{One—dimensional unsteady flow the river No.5 Flooding Model
(Plane two-dimensional
‘Aunsteady flow)

(10m mesh)

e
T

= No.3 Stormwater runoff madel
{Amended RRL Act)

- No.4 Sewer Tracking Madel

I ] {One-dimensicnal unsteady flow
~ Sewerage analysis}

rivers (pipes and manholes)

embankment

o
/\ Downstream
end
1

Boundary
condition
Model classification for each area analysis method
surface Flood analysis Plane two-dimensional unsteady flow analysis (considering resistance from
buildings)(10m mesh in Cartesian coordinate system)
river river runoff Storage function method: Toyohira River
Rational equations, etc.: Shinkawa River, Atsubetsu River, Tsukisamu River, etc.
River analysis One-dimensional unsteady flow analysis
Sewerage | Sewer runoff Modified RRL method
Sewer analysis One-dimensional unsteady flow analysis (basically a pipe with a diameter of 600

mm) 11




Phase3. Flood analysis considering flooding from rivers and sewers

B We calculated flood damage within a river basin by analyzing simultaneous internal and external flooding,
modeling large rivers, medium-sized and small rivers, and sewerage systems.
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Phase3. Inundation analysis considering flooding from rivers and sewers

B The results of inundation analysis in the target rainfall are shown.
B In this way, we calculated the flooding situation in the event of predicted rainfall.

B Flooding occurred on the left and right said of the Toyohira River, and flooding of 50 cm or more occurred in Area
C, where rainfall is particularly high.







2. Outline of the research

B We propose a method for calculating flood risk for possible rainfall scenarios by conducting integrated domestic
and international flood analysis using rainfall data from d4PDF.

Phasel. Extraction of climate-predicted rainfall data for the target basin
Setting the calculation period (extracting the planned rainfall duration of 72 hours for Toyohira River)
» Dynamic downscale rainfall by Yamada et al. Skm mesh (211 X 191) = 3000 events X 360 hours (30-minute rainfall)

{——= * Correction was performed by applying the 10-minute rainfall waveform at the time of
maximum hourly rainfall (the 10-minute rainfall waveform is a centrally concentrated waveform).

Phase2. Calculation of boundary conditions S ek Ml

Major river: Toyohira River Small and medium-sized rivers: (9975 catchment areas)

Mochizukisamu River, Nopporo Rivera, etc. ) ,
(18 rivers) 1. Calculate the amount of rainfall in each catchment area

1.Calculation of average rainfall in the basin 2. Calculate the effectlvenes's of ramwat.er storage facilities
2.Calculation of flow rate using a synthetic 3. Calculate the flow rate using the modified RRL method

1.Calculating the average rainfall in the basin
2.Calculating the flow rate at the Karui point,
etc., using the storage function method(taking

into account flood control by dams) rational formula

Converted to boundary conditions for unsteady flow model (10-minute flow rate) Converted to boundary conditions for
sewerage model (10-minute flow rate)

30

Phase3. Simultaneous analysis of domestic and foreign water Risk Rank § Deatts oceur

28

26

Calculations were performed using two simultaneous analysis models for both y
left and right bank areas. 22 | Risk Rank 4 Flooding ofhouses
Calculate the flood depth and flow velocity for each mesh using a two-

dimensional unsteady flow calculation

TKZR(m)

- Spatial resolution: 10m mesh = Analysis area: 270km?
* Modeled pipeline length: 1,250km
o Risk Rank 2 Difficulty moving ve hicles
v 06 /
. . . . 04 ¥ Risk Rank 3 Difficulty walking
Phase4. Visualization of flood risk
oo Risk Rank 1 Flooding(Scm~)
Using the inundation depth and flow velocity of each mesh, an inundation risk Poor e B e e e
rank is assessed. Flood Risk Rank




4. Visualization of flood risk

B In order to make the dangers of flooding easier to understand, we have organized and consolidated existing risk
indicators.

B Flooding risk was categorized based on the following
(D Difficulty in moving by vehicle, @ Difficulty walking, (3 Flooding above the floor level of houses, @ Deaths
and house collapses.

[Setting evaluation indicators] W Walking difficulty index B Flooding index for houses above floor level
WVehicl t difficulty ind The settings were based on full-scale model experiments According to the "Flood Control Economic Survey Manual (Draft) April 2005" for
énhicle movement difticuity index conducted by Kyoto University and Kansai University. the depth of flooding above and below the floor level and the floor height
Based on the "Guidelines for Flood Damage Indicator Analysis, March 1 standard in Article 22 of the Building Standards Act Enforcement Order, the
2013," the flood depth was set at 30 cm, which is used as an indicator of 00 —M=025 (EHMEREE) depth of flooding above the floor level is 45cm, but to be consistent with the
the number of vehicles passing through that will be affected by road 08 w— 1=0.125  (EEELERSEIEAT) above-mentioned indicators of water de.pth that makes it difficult to walk, the
closures. 07 depth of flooding above the floor level is set at s5ocm. (The damage amount is
BRI kBRI OE X I > E 06 ..\ calculated with 45cm as the boundary between above and below the floor
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*Source: Guide to Flood Damage Indicator Analysis H25.3 the Event of Underground Space Flooding and Their Setting evaluation indices that integrate various indices
Applications (February 2008)", p.843
Figure-Relationship between flood depth and vehicle traffic Figure-Walking difficulty index Using various indicators, the relationship between flow
. . speed and water depth was graphed and integrated to set a
M Fatality Index M House collapse occurrence index .p . . P grap 9
i he esti limits for the coll five-level risk ranking.
In the "Guidelines for Flood Damage Indicator Analysis, March 2013," This was based on the fstlmated imits for the collapse 20
the floor height on the first floor is set at 5ocm, and the distance from the of wooden houses in the "Manual for Creatmg"FIood 55 | RiskRank 5 Deaths occur
floor height on the first floor to the floor height on the second floor is set Inundation Area Maps (4th Edition) July 2015. '
at 2.7m. The danger water level for people aged 65 or older who require 1o . ‘ ‘ ‘ 26
assistance in the event of a disaster is set at a water depth of 1.8m or more. E \ ! — v j‘ﬁ wemen | 24
Considering damage to people who require assistance in the event of a gi s \ ! | 22 | Risk Rank 4 Flooding ofhouses
disaster in a one-story house, a flood depth of 2.3m, calculated as 0.5sm - \ H omsh<zem _| 20
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4. Visualization of flood risk

B Flood risk was visualized using water depth and flow velocity for each 10m mesh obtained from simultaneous

analysis of internal and external water.
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4. Visualization of flood risk

B Finally, an example of flood analysis results is shown due to rainfall external forces that cause broken

embankment.
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4. Visualization of flood risk

B In the future, it will be important to elucidate the factors that cause flood damage in each area.
B In this study, tracers are placed in flood flows according to the cause of flooding, and the behavior of flood flows
1s tracked temporally and spatially.
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4. Visualization of flood risk

B [t is important to consider what factors will cause flood flow to cause inundation in each area within a
floodplain in future flood control development and flood prevention measures.
B This method can clearly show the causes of flood damage in each area.

Figure - Visualization results of flooding characteristics
using simultaneous analysis of internal and external water






* In this study, we proposed a method to predict the risk of inundation for unprecedented rainfall.

- In this study, we classified the characteristics of rainfall of daily scale and other time scales, and extracted
rainfall that had never been experienced in the target area and could cause flood damage. In addition, we
analyzed changes in the characteristics of rainfall in the future by comparing rainfall that actually occurred in
the past with rainfall in climate prediction information.

* Inundation analysis using rainfall from climate change projection information showed the possibility of
inundation damage in areas that had not been flooded in the past, and clarified the specific form of damage
caused by the inundation.

* Finally, we predicted the flood risk using an index that converts the predicted flood range from the depth
and velocity of the water into the risk of flood damage such as evacuation of residents and flooding of
houses , etc. By applying this method to the latest climate prediction information, we extracted rainfall with
flood risk and predicted the risk of flood damage in the future.

20



Phasel. Extraction of climate-predicted rainfall data for the target basin

B How much damage would the "HPB_m003 2010" rainfall event cause in the Sapporo area.

(Based on the 72-hour rainfall amount at the Toyohira River reference point, this amount has a 1/10 chance of

occurring.)
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composite probability

B To calculate the probability of rainfall for each axis, the total rainfall and the rainfall within the flood arrival

time were evaluated probabilities using the results of past experiments.

B |n order to make the study easier to understand and to cover rainfall equivalent to the design scale, it was

assumed that the total rainfall and the rainfall within the flood arrival time were independent events. In

addition, the probability assessment of each rainfall event was calculated by assuming a normal distribution

of the rainfall probability.

Probability evaluation results for
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4. Proposal of a method to calculate flood risk for possible future rainfall scenarios

B In this study, d4PDF rainfall data (3,000 years of past experiment + 5,400 years of future experiment) are
used.

B - The rainfall in the upstream area of the Kariki site was calculated by extracting the maximum annual rainfall
over a three—day period (72 hours) from the 5 km mesh downscale rainfall obtained in previous experiments.

Number of experiment Past experiment: 50 members
members Future experiment: 90 members
Experiment period Past experiments: 1951-2010 (60 years)

Future experiments: 2051-2110 (60 years)
> Statistical processing of future experiments and analysis of
each waveform have been carried out for 1,000 years.

Downscaling Period 15 days including the period with the maximum rainfall of
the year on the 3rd day at Ishikari Ohashi Bridge

m ek ERIERE

A

=
(%]

Maximum rainfall intensity23.4mm/h

WE(mm/h)
N
o

X Basin average rainfall: Arithmetic mean value of Skm mesh data in ~72-hour rainfall calculation period: 256mm/72h
the upstream area of the Karui station X A bias correction value of 0.97 was used. 24




4. Visualization of flood risk
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