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)‘é Introduction

Program for Risk Information on Climate Change — SOUSEI Program

Theme A: Prediction and diagnosis of
Imminent global climate change

Theme B: Climate change projection contributing
to siabilization target setting

Theme C: Development of basic iechnciogy for
risk information on climate change

Theme D: Precise impact assessments on
climate change

Climate\.change impacts on Natural Hazards
Climate change impacts on Water Resources
Climate change impacts on Ecosystem and Biodiversity
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)‘é Introduction

Program for Risk Information on Climate Change — SOUSEI Program

Comprehensive Economic Loss Estimation
Caused by the Largest Class Typhoon

Precipitation Input based on'Various Scenaries

River DISEhEII'gE . Sedimentationand

Estimationwith Multiple # Land Slide Estimation
Hydrologic Models : —

Loss
Estimation

* Storm Surgé _
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@ Summary
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ﬁ River flood inundation - application of predicted flood discharge

Collaborative simulation Flood discharge [m3/s]
within the SOUSEI program 20000

i - 18000 T W U N Return period [year]
B Typhoon simulation
C AN P 16000

~—24

?*’ s ?  WRF/ARW Ver. 3.3.1 —-350
3!,,, Reproducing simulation IR ™ @ W -__?88 0
% of the Isewan Typhoon 12000 " -
under the condition of
pseudo global warming 10000 - * T
8000 - A |
6000 +-
4000 T -
20000 -

0 [ | |
9/2510:00  9/26 10:00  9/27 10:00
Predicted flood discharge

Reference point
(Hirakata)

Figures and results are cited
from Miyawaki et al. (2016)
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w River flood inundation - application of predicted flood discharge

River flood flow and inundation flow are simultaneously calculated.
Inundation flow is calculated using the inflow discharge from the
breach point as the boundary condition.

- — — s —— ]

D maodel: Flood prone area

1D model: River channel

Water level,
Flow discharge

Dyke breach inflow miodel [

_Inflow disch@rgediom | Dyke breach model
_~— the dyke breg@hgoint At the time of highest water level
/ the dyke shape suddenly changes.

Overflow equation < Dyke level

1
—

! =ground level
breach length /
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ﬁ River flood inundation - application of predicted flood discharge

1D model of the river flood o Y ogream end 25.2
OA aQ Dyke breach point 15.0k
at OX —4 ey~
( Q)_ (h +7,)
8t OX

A: cross sectional area, Q: flow discharge,

g: inflow discharge per unit length, u: flow velocity,
hg: water depth, z,: river bed elevation,

n: Manning’s roughness coefficient,

R: hydraulic radius

A dyke breach is assumed at 15 km point upstream from the river mouth.

Inflow discharge from the dyke breach point h=H,— Hy, h, = H,— H
1 r 0> "2 0

hy[hy =23 g =plLh, /Zg;,,l H,: river water level,
H,: top crown level of river embankment,
hy/h=>2/3 " q=u'Lh, \/ 2g (]’ﬁ —h, ) H;: water level of residential area
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ﬁ River flood inundation - application of predicted flood discharge

2D model of overland inundation ]
oh oM ©oN
+ + = 4o
ot ox Oy
oM ouM  ovM oz, +h) O ( oM
+ + =—gh T | %

ot Ox oy Ox Ox Ox

ON , OuN  ovN Y, o(zg™h) | :; (gt iN

ot  Ox oy op ox ox

u, v: flow velocity, h: water depth, M, N: flow flux,
Zg: elevation, 7, 7, bottom shear stress,

p: water density, (,: outflow discharge per unit area
(qO - Z qnln/AXAya

q,: inflow discharge per unit length of the mesh,

|: river length included in the mesh, AXAy: mesh area),
& &: eddy viscosity coefficient
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w River flood inundation - application of predicted flood discharge

Modeling of underground shopping mall and subway station

42-30-30, Q.

: Underground space
A,: floor area of the underground space,

h,: water depth of the underground space, Qo

Q,: inflow dis.charge at the entrance tq the underground space, - Subway line
Q,: outflow discharge to the subway line

H or H,
E— Q
h? /hl >2/3 Q€ :y'LhZ\/zg(hl _]72) Zb or ZbU

h,/h,: larger/smaller water depth derived from the followings,
h/h,=H-z,-z,orH,—2,, -7,
H: water level on the overland, H : water level of the underground space,

z,: overland elevation, z,: step height of the entrance, z;,: bottom level of the underground space,
L: entrance width
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ﬁ River flood inundation - application of predicted flood discharge

Modeling of subway lines — 1D slot rr_mg_el_

04, 00, gl Ed
5 + 5 — qo I_I ‘r_f 3
ot  Ox o
0 oU o(h 0|0
Qs + sQS — _gAS ( 5 + st) _ gn Q‘LISIM 5
ot ox ox R

A.: cross sectional area, Q,: flow discharge,
h,: water depth of the subway line,
q,: Inflow discharge per unit length

)
slot width B =52 = 98X EXT 6,
C 20

A,: cross sectional area of Slot
subway line, > | €

C: propagation speed of
pressure wave

110 - 218
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w River flood inundation - application of predicted flood discharge

Overland inundation
0.0m 24 yr.

0.0m - 0.5m
0.5m - 1.0m
1.0m-1.5m
1.5m-2.0m
2.0m-2.5m
2.5m -

Subway inundation
0.0m
= (0.0m-1.0m
= ].0m-4.0m
= 40m-

500 yr.

BEOCOEND

Overflow happens Overflow happens

® Some part of inundation water on the ground flows into the subway line.
® Inundation occurs in some areas apart from the river through the subway lines.
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ﬁ River flood inundation - application of predicted flood discharge

Subway Sennichimae-
Line

Subway Midousuiji-Line

L—"\
i R

6
S
v

9 hours after the breach 9 hours after the breach

k5

H0R0 10000 12000

2000
ERhoOESRE

42 hours after the breach

1l

£ F

L

6000 8000
ERhromEERE

4000

sdifferent simulation case from the previous page
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w River flood inundation - application of predicted flood discharge

In the SOUSEI program, collaborative simulations of

@ Typhoon,
(2 Rainfall-Runoff, River flood,

3 Overland and underground.inundation

can be implemented. In addition, another team of the
program is planning to estimate @ economic loss
using the above inundation results.
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w Urban inundation - potential application of rainfall prediction

River flood inundation might result.in a severe damage of
large area.

Another important issue is
local torreatial tamrall during a shott timeé period.

Such rainfall events are anticipated to be more torrential
and more frequent.

It is also worried that resultant inundation disasters would
occur more severely and more frequently.
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Jé Urban inundation - potential application of rainfall prediction

viogaeling or uroan inundation

To the external river
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Jé Urban inundation - potential application of rainfall prediction

VI\J U A U ¥ \vs O/ \/ A O/ \J

rainfall rainfall rainfall rainfall
| -3- -- 3
. | ‘l’& Ok‘ fl A\

i (;street
\Qsmrm draLn

N ek

Byoamie| (53 B
box
|
1Dissewer pipe model pumping
station
A4
= =, =) =) J
pipe pipe pipe pipe
manhole manhole manhole manhole
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w Urban inundation - potential application of rainfall prediction

2D inundation flow model | 2D shallow water equations

oh oM~ oN”
+ + =T+ 0w
ot oOX oy
HZH oM +6(uM)+8(v ):—gh d(z, +h) gn°M~u’ +v’
B ot OX oy X h?
€rpips 2 2 2
2 TN 8N+a(uN)+8(v ):_gha(zb+h)_gn N\/4513 +V
J ot OX oy oy h

M, N: discharge flux in X,y-directions

M*, N* (= fM, pN): corrected discharge flux in X, y-directions
[ correction coefticient of discharge flux r,:effective rainfall
h:water depth z,:ground elevation

u,v:flow velocity in X,y-directions (: gravity acceleration
n:Manning’ roughness coefficient

s : drainage discharge per unit area from the ground surface to
the sewerage system
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w Urban inundation - potential application of rainfall prediction

1D sewer pipe model 1D unsteady flow equations (slot model)
oA QT
ot  ox
oH, g’
Q,ARQ)_ g0 Mo gnJ/?‘Q
ot OX OX R™A
- f(A) A< A, _0A

h= By =~

R D+(A-A)/B A> A a

A: flowarea A,: cross sectional area of the pipe Q: flow discharge
g: lateral inflow discharge u: flow velocity R: hydraulic radius

H,(=z + h): water level z: pipe bottom elevation a: pressure wave speed

B.: slot width D: pipe diameter f: h-A relation function
B.
> Assuming a slot on the top of the pipe, pressurized flow
can be treated as hypothetical open channel flow.
Using this slot model, both pressurized flow and open

channel flow can be treated by the same equations.
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w Urban inundation - potential application of rainfall prediction

Drainage process@: ground surface €-> drainage box
drainage box <->.sewer pipe

gy gt
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Sewer Pipe
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w Urban inundation - potential application of rainfall prediction

Drainage process(@): ground surface € - drainage box
drainage box <->.sew

v 'YL
V% T
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w Urban inundation - potential application of rainfall prediction

f hmdb;hhdzo.s Q =-Cyyx Axy/20(N,; —hyy)

o 3
if H<0-5 Q=—Cyy Lxgv2g (Mg —hyg)?
Groundeurface RNYYgwe box C,, - orifice discharge coefficient
Drainage box SeweTr ibe Cqw = Weir discharge coefficient
g PIP Q : flow discharge

h,q : water level of the drainage box or
the ground surface
h.q4 : piezometric head of the sewer pipe
or the drainage box
A : cross sectional area of the drainage
box or the drainage pipe
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Jé Urban inundation - potential application of rainfall prediction

Drainage process(2): building roof > sewer pipe

Propagation velocity of
stormwater is 1.0 m/s.

building :[l/

Sewer Pipe
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Jé Urban inundation - potential application of rainfall prediction

arget area

Nakahama area

Highly urbanized
Population: 300,000
Area: 18.1 km?

Modeling of Urban Inundation and its Application Potential to Climate Change Impact / Kenji KAWAIKE (DPRI, Kyoto Univ.)



Jé Urban inundation - potential application of rainfall prediction

—— Sewer pipe
e Pumping station

~145000 |-
-146000 |-
-147000 -
E I
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[ ] street i
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-44000 -42000
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Sewer pipes
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Jé Urban inundation - potential application of rainfall prediction

Input data '

Rainfall observed at

Osaka Regional Headquarters,
Japan Meteorological Agency
during 14:00 — 21:00, Aug. 27, 2011

Maximum record of 1.hour rainfall since 1889!

This rainfall pattern is given to the
whole target area.

[mMm/10 min.]
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Jé Urban inundation - potential application of rainfall prediction

depth [m]

gl g
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O mwuNoNo®

Aug. 27 14 - 50
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Jé Urban inundation - potential application of rainfall prediction

What if a storage box is installed

[
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10,000 m3

-41500
X(m)

30,000 m3

-41500
X(m)

50,000 m?

Difference of

maximum water depth

A\

No storage box

Box capaaty?_

¥*

Box location?

Install location of
a storage box

Jé Urban inundation - potential application of rainfall prediction

caseA

caseB

caseC

caseE
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w Urban inundation - potential application of rainfall prediction

a\

® Simulation model is getting more and more
sophisticated to predict urban inundation due to
torrential rainfall
Once rainfall hyetograph is given to the model, we can

estimate the time series of inundated area, depth, and
flow velocity

® |n order to mitigate such urban inundation disasters,
suitable countermeasures should be prepared.

Using the above mentioned model, we can have a
planning and evaluate the effects of enhanced
drainage system, or various storage facilities.
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\k Summary

@ Numerical simulation for both river flood and urban
iInundations can be carried out.
If a boundary condition of upstream end discharge
or rainfall intensity is given, inundated area, depth,
and flow velocity can be estimated.

@ Especially in'the case of river flood inundation, a
series of simulations of typhoon, rainfall-runoff,
overland'and underground inundation can be
carried out.

@ Using those models, mitigation effects of flood
control facilities'can be evaluate.
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What happened in Ogurisu?
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Numerical modeling of the Ogurisu area




ﬁ River flood inundation - application of predicted flood discharge
42 hours after the dyke breach

T

Subway lines are NOT considered. Subway lines are considered.
Because the.dnundation depth is decreased, some % Lok
part of inundation water flows into subway lines. Q om LS b1 E~2.0m il
. . Om L4 F~0.5m A%l 2.0m LA F~2 5m A
The inundation water overflows from some subway osmutt~tom ki [ 2smo~
entrances far from the dyke breach point. Lom L1 S A
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ﬁ River flood inundation - application of predicted flood discharge

Inundation of the subway lines
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w River flood inundation - application of predicted flood discharge

Inundation of the subway lines overlapping onthe overland inundation

W )

1 hour after the breach 5 hours after the breach 42 hours after the breach
T S DIRIKRIT Hh EDiRK
AT L Om 1.5m PL_E~2.0m Al
L A IRIK i Om LA F~0.5m A 2.0m LA F~2.5m A
Im L, F~dm A O AK 0.5m LA F~1.0m Aifi . 25m bl b~
. 4m LIEORA () 2 2 NITE) 1.0m BL_F~1.5m Al
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3& Numerical modeling of the Ogurisu area

» Depending on whether the storm drain is =
submerged or not, weir formula or orifice H,
equation will be switched.
» According to H. Chanson et al.(2002), the .
switching criteria is ‘H/b, =0.43~0.51". ’
: ‘ _ ) Sketch of the experiment and definition
> In this study, ‘H/b, = 0.5’ is adopted. sketch (Chanson et. al.(2002))

weir orifice

< non-submerged > < submerged >

Urban Inundation Modeling due to Torrential Rainfall and its Damage Estimation with the Pump Failure / Kenji KAWAIKE (DPRI, Kyoto University)




)‘t Numerical modeling of the Ogurisu area

] ] ] I I ] I I ' - '
i i A i i i A i i 1 Side View

I\ n n\ n n n n\ n\ I I O 0

\ 1\ 1\ 1\ 1\ 1\ 1\ 11\ 11\ I\
building \ 1\ 11\ 1\ 1\ 1\ 11\ AR 1\ (AR (Iongltudlnal)
l 7 water level adjustment
IENISSINNINNINEIE_ A \IF. ¥ N
, 1 | 1 | |

- - «—— discharge

| mmmm) flow direction measurement

Sewer pipe
P
upstream storm.drain drainage pipe downstream
i o i i a i i " i i
o o - o o o 0 . o o Plan View
Rainfall simulator Ground surface Sewer pipe
Number of nozzles 20 inundation basin 2.0 X 10.0 m Cross section Circular
Max. rainfall intensity 37.12 mm/hr Roadway 0.5 X 10.0m Length 10.43 m
Street inlet 0.025 X 0.05m Diameter 0.0935 m
scale 1/20 buildings 20 0.8 X 0.4 X 0.5m Gradient  1/877
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)‘t Numerical modeling of the Ogurisu area

Side View
(Cross Section)

Rainfall on the building
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Sewer Pipe
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3& Numerical modeling of the Ogurisu area

-

-
|
— =% — Rainfall " —_

Downstream
water level
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J& Numerical modeling of the Ogurisu area

Steady / : Downstream
Unsteady | water level (cm)

Flow regime

2?6 ﬂhannel
Case -2 19.7 Transient
Case —3 ‘& \ \ T!lswnt
Case — 4 l 27.6 Pressurized
Case — I ‘ati()/’ N\ All
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)‘t Numerical modeling of the Ogurisu area

0 Comparison between experimental and simulation results (steady flow)

—sim N . ¢ . ¢ S
0.25 —top of sewer -
® exp —sim
0.24 Nofsewer 0.38 | @iexpH
0.23 ® ‘ N —top of sewer
E @ £
E oo ® " v ‘ =033
S 01 ¢ o5 S
= 0. -
© S o028
o 0.20 @
E 0.19 @
‘ \ ’ 0.23
0.18
0.17 0.18
0.0 2.0 49f 160 8.0 10.0 12.0 0.0 20 60 8.0 10.0 12.0
distance(m) distance(m)
(a) Case-1 (b) Case-2
|| —sim N —sim
0.38 ® exp-H ’ 0.38 @ ® exp-H
—top of sewer ’ N —top of sewer
E_ 0.33 -§' 0.33
= =
S 2
e
© © 0.28
@ 3
Q Q
0.23
0.18 0.18
0.0 20 L 60 8.0 10.0 12.0 0.0 2.0 40 60 8.0 10.0 12.0
distance(m) distance(m)
(c) Case-3 (d) Case-4
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)‘t Numerical modeling of the Ogurisu area

O Comparison between experimental and simulation results (unsteady flow)

Time=800(s)

,I:l_ 3 <Side view>

depth(m)

. 0.030

0.027
0.024
0.021
0.018
L 0015
0.012
0.009

0.006
. 0.003
0.000

<Plan view>
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)‘t Numerical modeling of the Ogurisu area

O Comparison between experimental and simulation results (unsteady flow)

Piezometric head of sewer pipe
0.53
o0
LT
0.48 0, 200
Ground surface
0.43
‘é" ® exp-p2
'-é' 0.38 ——sim-p2
9 ® exp-p5
§ 0.33 Si-ps
2 ® exp-p9
- 0.28 ——sim-p9
® exp-DWL
0.23 —sim-DWL
Sewer pipe
0.18 St T
600 800 1000 1200 1400 1600 1800
Time(sec)
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)‘t Numerical modeling of the Ogurisu area

O Comparison between experimental and simulation results (unsteady flow)

Overland inundation water level
0.470
0.465 90088005,
«® o di
F %
»
0.460
u
— o <
£ 0.455 °
— .
g )
(%] © exp-u
5 0.450 : > p-up
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> .‘:_“. i
Q 0.445 > o exp-down
1T ® ’\ sim-down
< Ground surface / Bkl
0.440 S e =
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Time(sec)

Urban Inundation Modeling due to Torrential Rainfall and its Damage Estimation with the Pump Failure / Kenji KAWAIKE (DPRI, Kyoto University)



)k Application and Results
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