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Chapter 1

Recent Heavy Rainfall Disaster
In Japan




Introduction

Serious flood disasters in Japan

The 2015 Kanto-Tohoku heavy rain disaster in Japan




Introduction

Recent serious flood disasters in Japan

July 2018 “Nishi Nihon Heavy Rain”

- Recordable heavy rain occurred in various parts of western Japan due to typhoon and
baiu front.
- Floods of rivers and sediment disasters occurred in many areas, mainly in western Japan.

July 2017 “Northern Kyushu Heavy Rain”

- By influence of typhoon and Baiu front, flooding of rivers and large-scale landslides
occurred.
-Damage caused by driftwood flowing into rivers was remarkable.

August 2016 “Hokkaido Heavy Rain”

- Recordable heavy rain over Hokkaido due to the landing and approach of the four
typhoons.
- Unprecedented wide area damage (flooding, outflow of pier, agricultural damage).

September 2015 “Kanto-Tohoku Heavy Rain”

- Recordable heavy rainfall occurred in various places in the Tohoku region from the Kita
Kanto region.

- Rainfall precipitation concentrated in the Kinugawa river system, resulting breaking of
levee.
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Introduction

Recent serious flood disasters in Japan

July 2018 “Nishi Nihon Heavy Rain”
* The number of dead : 220
* The number of flooded houses : More than 34,200

July 2017 “Northern Kyushu Heavy Rain”
* The number of dead : 37
* The number of flooded houses : More than 2,100

August 2016 “Hokkaido Heavy Rain”
- Damaged area : 40,258 ha (8.5% of arable land area in Hokkaido)

- Total damage amount : 3 billion USD (the highest amount ever recorded
in Hokkaido) %1 USD = 100 yen

September 2015 “Kanto-Tohoku Heavy Rain”
* The number of dead - 8
- Flooded house :More than 12,000
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July 2018 “Nishi-nihon Heavy Rain”

(Source) ST & Fa AR (Source).5B X & F 3 A R
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July 2017 “Northern Kyushu Heavy Rain” (s of2018/09/19 12:00)

.....

(Sou rce)ﬂ H 5, >
https: //mamlchl prértlcles/‘a0170810/ddl/k44

Photographed on 21st August 2017 Photographed date unknown
A large amount of driftwood is scattered upstream of Myoukengawa A driftwood group approaching the private house in Turukawachi
district along W|th the muddy stream

Photographed date unknown Photographed date unknown
Immediately after a disaster. You can see a vehicle drifted by driftwood. In Asakura city, near the Yamada intersection 7


https://mainichi.jp/articles/20170920/k00/00m/050/171000c

Heavy RaiN” (s or2018/09/19 12:00)

JuIy 2017 ”Northern Kyushu
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July 6 afternoon Asakura city, Fukuoka prefecture
River filled with a large amount of drlftwood
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LIPR024418545&d=d4 aum " _ | 5 5 6_ mm}f &
July 6 afternoon, Asakura city, Fukuoka prefecture Massive driftwood and private houses due to heavy rain
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2016 “"Hokkaido Ha Rain”
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Omoto River, Hokkaido Prefecture s Omoto River, Hokkaido Prefecture "i.l :
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(Source) & H ¥ (Source) & H #71

Sorachi River, Hokkaido Prefecture

g Al
Sorachi River, Hokkaido Prefecture
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September 2015 “Kanto-Tohoku Heavy Rain”

(Source) [E @A MM A EER

(Source) (T- & X —IL@UD=bH
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Chapter 2

Relation between evacuation information

and situation of inundation at flooding




How.tc.) deal with serious flood disaster?

Heavy rain in the Kanto and Tohoku regions, September 2015
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How to deal with serious flood disaster?

Heavy rain in the Kanto and Tohoku regions, September 2015

£200m/ 1 8Hy

L A ¢ & 2 . % T Y -
RANGTEDD ) e \ A S GEEED \ t o 5 <IN RAGEEED
ey : 2\ s WS F200m I8 > y ' s b, \ 4 J . 10022200mm
0o~auemy o X e\ ) 10022200mm’/h X . i 4 5 110022200m7}
A 4 ( g = U N ™. | |

Data SIO.

At Kinugawa river
Basin (Especially
upstream area), heavy
rainfall continued from
12a.m 9 Sep. to 10a.m
Vo : g ‘ 10 Sep. because of
sesse TR AL AR & 5 & Bl Band-Shaped
e N s AR L Precipitation
System.(Precipitation:50
~100[mm/h])

Data SIO.
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Heavy rain in the Kanto and Tohoku regions, sep.201s

Outline of Kinugawa River Basin

Until early days of Edo Period, Kokal river
jointed to Kinugawa river.
e i And Kinugawa river jointed Hitachi
18Em ] river(Tonegawa river).

In 1629, Kinugawa river and Kokai river are
separated.
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Heavy rain in the Kanto and Tohoku regions, sep.201s

Outline of Kinugawa River Basin

River is narrow and precipitous at 35~40km
52 2% )| | Atk section from thijunction of Tonegawa river.
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round is about 30% 15
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Eiju Yatsu(1966) : Rock Control in Geomorphology
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Heavy rain in the Kanto and Tohoku regions, sep.201s

Essentials of the Kinugawa River Basin

The riverbed profile of the
Kinugawa River has two
exponential curves.

It pointed out that there are rivers
with two exponential curves for
the first time in the world (the
most of the river longitudinal
profile rivers is an exponential
curve), the river bed sediment
particle size at the place where
the river bed longitudinal form
folds | revealed that it is
changing by Prof. Yatsu.
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Heavy rain in the Kanto and Tohoku regions, sep.201s

Topographic characteristics of inundation area and flood condition of urban area

The natural embankment was excavated
by installing a solar panelx
(Captured image on February 2, 2015)
The sandbag was piled up to the original
height when the flood happened
% Ministry of Land, Infrastructure and
Transport Kanto Region Development
Bureau "About flood damage and
restoration situation related to the Kanto-

@ Tohoku heavy rain disaster in September
Google Earth 201 5||

After 6:00
Start flooding

< Inundation situation of urban area by inhabitant hearing survey P

Approximately 2 hours after levee Approximately 3 hours after Approximately 8 hours after
breakdown -
N — 4 A
% Al 2 A i i
" % N £ i "
BFETEK e — iz
E27Z Sd 8
HAADS
KBTIV

-~
18/\f@58)11
ERH LK

BKEOL el AN KA
> !;ﬁti,,tg > HLFLTE:

XY RN A NG A @ Inland water flooded @ the depth of ® Flood water from
: in the tributary immersion stopped the main stream
reached

Elevation map around the flood area Creat&d by
Geographical Information Authority of Japan N\ Onp
DEM)

— The habitants mistake the Immersions from the main
steam for flood water and then too late to escape .
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Basic equations (shallow water equations

Heavy rain in the Kanto and Tohoku regions, sep.201s

Reproduction of inundation situation in Joso city by flood inundation analysis
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a3 (h) T oy 7 =y T T s

M, N : x, y Flow flux

t: Time coordinates

X, y . Plane coordinates
h: Depth . g: Gravity
n : Roughness Coefficient
H: Water level

u, v:x, y flow velocity

Differentiated equations by Leap-frog method

Ax=Ay=10m, At =0.2S

The roughness coefficient of a river
channel and a flood plain was
equally set to 0.03 [m-1/3 s]

e ey | O p—

12: 50
Levee
breakdown

Around 14:00
Inundation occurred
in urban areas
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Kinugawa river
overflowing place
(Wakamiyado
left bank

Kinugawa river
Outburst place

(Misakacho
Left bank 21Km)

3 &
Hachikenbori river
Outburst place

o ; - 3,

District division map of survey

Research on the behavior of evacuation

Evacuation situation by district at the time of disaster

N=303

—There were 59% of the entire survey households
evacuated to shelters, and another 41% were at home
without evacuation.

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

A district(N=93)"B district(N=82)=C district(N=44)"D district(N=94)

68.8

68.2

62.2

38.3 37.8
31.2 31.8

[ evacuated [ did not evacuate

» Most residents in district D did not evacuate.
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Research on the behavior of evacuation

District A: Around the overflow area of the embankment of the Kinugawa River

Kinugawa river :
overflowing place &
(Wakamiyado

N
left bank : (Many residents started to evacuate at

e e Residents in District A can easily recognize the
| Kinugawa river risk of flooding,
& Outburst place ‘Residents evacuated immediately after getting

(Misakacho . . .
Left bank 21Km) evacuation information
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Research on the behavior of evacuation

District B: Around the broken part of the embankment of the Kinugawa River

Kinugawa river
il overflowing place [&
(Wakamiyado |
left bank

- Many residents started to evacuate

right after the embankment of the
i i ) AN
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It is hard to imagine where the embankment break
down
‘ Even though they got a evacuation
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o ’@ water started to overflow
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Research on the behavior of evacuation

District C: Between the broken part of the embankment of the Kinugawa River and a city area

Kinugawa river [ \
overflowing place &

(Wakamiyado

It is hard to imagine where the embankment
Kinugawa river breaks down and It is away from area where
Outburst place embankment broke
(M k h . . . =
et ‘ Even gettm_g evacu_atlon information, Most
residents did not evacuate
before when overflow arrive
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Research on the behavior of evacuation

District D: A city area of Mitsukaido

Kinugawa river [l /
=1 overflowing place [&
(Wakamiyado | 7 i

L etk (AR It is away from area where embankment broke
o and Inundation inside the levee of the

ok 70D Hachikenbori river
gﬂt“bgjr‘g’tagl';’f; There were few residents compared with other

(Misakacho ‘districts. There were residents who evacuated
Left bank 21km) when inundation occurred and the others

evacuated the next day because of power outage.
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Research on the behavior of evacuation

Acquisition of the disaster information and evacuation situation (All the areas that surveyed)

1 & \ L]

Kinugawa river 1 2:00 e — AT D IR R T 5 (180)
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8 /A District : Residents recognized a risk of the inundation \
B, C District : Itis uncertain and which area seems to be flooded
and it is hard to recognize where the rip of dike occurs
D District : The possibility that the inland waters flooding
caused by the flooding of affluent had an influence on
to a refuge action from the rip spot of the Kinugawa
L dike if a long time ago

<__._> o 7 | discovered that there was a difference about time when
Figre of division of the hearingoint residents evacuate after getting evacuation inform.




Evacuation Triggers (Multiple Answers)

Evacuation Triggers (Multiple Answers)

Fact-Information occurred and observed (ex. Information of rainfall and water level)

Probability-Information : The outbreak probability of some kind of phenomena being high(ex.
Emergency warning. Evacuation order)
%)

0.0 10.0 20.0 30.0 40.0

IS RERBAES LA S 35.3
WMEEI S E RS LMD
RIHKERE RBELE=NS
HM#MEFIFERERBAS LMD
BRI ERE REELEAS
TRREERFRE REAESL-MDS
ND#FFEEEES TREZANL
BAVRIELIZCEEREE LMD
AN OKETERE REAS LA
EEFRFHX CHEKLIZCEEREELEADS
BRFEHRE REASLDS
ERMERBRKRIERE REAESLE=ND
WS ANRK T BERERELIZAD
WIS AN IEK L= D
&Y il >T=h 5
EELIAD Sum of

ErokKLf=m 5

15 Circumstance
EEEBIEMN DAL=

: 55%)
xrosokgsss [ oo

Sum of
Probability-Information

(93%)

23.4

Sum of
Fact-Information

N=201

Evacuation triggers had most totals of the probability information and was 93% followed by fact information, a
surrounding.
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Evacuation Triggers (Multiple Answers)

A District (Around Overtopping point) Evacuation Triggers

can [aw; sl gren Gl b

BEHERERESTLENS
BEEEERESLINS
AmkERZREES U5
BEEHEEREZRBE LINS
HREkRzRESLENS
IMKEERBREZRESLINS
NoxFZBEZEEDTRENS
EEASRIEL Iz 2 REE LMD
Al EREREES LIS

Sum of
Probability-Information
(about 121%)

\ T EEFE THKUES EEBRZEUENS Sum of
1; ﬁ{ég‘ij}ﬁ(g“‘) SRBEREEEELELS Fact-Information
|| SBRETT e " s (about 54%)
IR 3 SRR R ATIBRE RS LS
WEIBFIASEK T BERER U ZDS -
WEIBFISEK LIS
A< ROm< B NS |
EELENS - Sum of
B LIS Circumstance
, e _ (about 40%)
1 EREEN DRSNS | can

e ; mxowkesns [ <
E7Y VT EREROESE N-a3

- Evacuation Triggers of the A district has the most probability information.
- Residents evacuated through probability information in the A district
that could usually recognize a risk of the inundation easily.
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Evacuation Triggers (Multiple Answers)

B District (Around Overtopping point) Evacuation Triggers

& jam::ul Sl ECEn

il Z%ﬂh

TR BEE LIS
RS E BRI LIEhS
ATKERE REE LzhS

B RIEREREE LS
BRIZHRERHELENS

TR EERERE RS LS
NOBETEBEEES TRENS
RBSRMELEC EEREELENS

ST D7k ATIE SRz R E Lizh'S

BT THA LS EEREE LEHS
ARERERMELENS
ERIEREATIBREREME LS
WEBrha/K 9 SIERER LIZh D
WEBFIDSRA LIEN S

TN < RO IAD TZhS

EBLENS

WK LEDS | ca
EBENDBOSRBOENS |
BEDHKZERD S

T L REEFORAR =55
- Evacuation Triggers of the B district has most probability information

- Evacuation order(13:08) is just after the rip of the dike(12:50), and the
peak of the evacuation is after a rip. Evacuation order that received a rip
might lead to the evacuation.

Probability-Information
(about 87%)
Sum of

Fact-Information
(about 62%)

[ mEn
\ RIRERT(ER)
AREENER

Sum of
Circumstance
(about 39%)
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Evacuation Triggers (Multiple Answers)
C District (Around Overtopping point) Evacuation Triggers - — —

BEEREREES LMD
BHEEZRES LMD
ARk ERZRBELENS

BEEREERE REES LENS EE%‘__(' %*E ODI/ZI_\E-I_
EWJII 3 TN EERBEREERE LIS .

REER ==

RSB L SR REE LENS

ST AAIERE REE LIEh S
EEFXTHA LS EEREE LENS
SEERERMELRNS
EREREATBRERHE LENS
CEBRNEKS BIEREB TN S
WRISFASEA LTS

TR < IROM< RO TNS | oo

o zj BRI
] &5t (%935%)

EREEN DA SRLIEO NS

i e 357 S b BEDHUKIERNS _ 2o
E7 YT EEERMORXSE N=23

- factual information and probability information(5:5)

- It took time for residents to evacuate after they got the information.
Focusing on total amount for factual information and probability
information, residents based to evacuate on these kinds of
information.

BRIEROAET
(¥9130%)
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Evacuation Triggers (Multiple Answers)

D District (Around Overtopping point) Evacuation Triggers

il o911

CET U L REERORAE
- Trigger of evacuati

BEHERZEREELENS
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BEDHIKEERN S

— e —

B

FlAa A A~

N=52

PPy Iy

N IH dal cd D lldVE e 1MoOost CirCurristalriCes
- Trigger of evacuation in district D is changing circumstance rather
than probability-information and factual-information.
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Evacuatlon Triggers (Multiple Answers)

ol At X (N=43) m=mB#h[X (N=39) CHh X (N=23) DX (N=52)
_ i 140.0 134.8 e
B 3
RIBERT 120.0
,' = s zp2il) B
100.0
800 |— @
600 —
395385
400 — 34.8
200 — 1 -
0.0 : .
=it e e N e BB OREOKR
E7 VYV EBERIORSE

District A : District A has the most probability information. It seems that probability
information is helpful for evacuation , because district could recognize easily
flood risk.

District B : District B has the most probability information.The trigger is evacuation order
that ordered right after a river bank breach.

District C : Probability information and factual information are almost the same rate.
Residents who live in district C evacuated from judging with plurality of
information.

District D : Trigger of evacuation in district D is changing circumstance rather than

Erobabilitx-information and factual-information. 30



Information that was effective for evacuation

<Conditional Probability> U: whole event

X Y

[Possibility of event Y is happened by Event X
condition.Then, it call that possibility of Event Y’s
condition what is based on Event X

P(XNY
PYIX) = 5o
N\
<Multiplicative theorem>
__ P(XnY) __ P(XnY)
a2 P =00 o PV =50 @
From@and®

P(XNY) = P(Y|X)P(X) = PX|Y)P(Y) &

\_




I Information of evacuation effect

/ pxNny) =pEly)ply) = Flxrx) & \

In 3 equation, plus x of all possible X,

from the definition of probability, )., p(x|y) =1
Therefore 3 equation become

p(y) =X pO)p(x) ®

Bayes' theorem

And 3 equation divided by 4) equation,
Prior probability

Posterior pr°babi"_ty p (y | X )Ip (X )

_ PUNI= S 2 Oop@) )
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I Information of evacuation effect

/ pxNny) =pEly)ply) = Flxrx) & \

In 3 equation, plus x of all possible X,

from the definition of probability, )., p(x|y) =1
Therefore 3 equation become

p(y) =X pO)p(x) ®

X : The residents evacuated. Yy : The residents heard the information
p(y|X) : The ratio of the information that the residents evacuated heard (possibility)

Prior probability

Posterior probabi"_ty D (y | X )lp (x )
p(xly)|= YxP(Y|x)p(x) /

pP(x|y) : The ratio of the residents that heard the information}
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Posterior probability of the case that Prior probability of the residents evacuated is{59.2 %

(actual ratio of the residents evacuated in all survey)

WE DON'T KNOW!! g

%
70.0

60.0

500

40.0

300

SRR (%)

200

10.0

0.0

WEEEL I

Y\

| BliZ{0YAvASY

63.3

The ratio
The residents

evacuated
59.2%

The ratio
The residents

Not evacuated
40.8%

AF - R AE  ERET tBKE 0 gt SEEERE B® e ASEL
sty 2= IBR  AWNLE AOZR KAMIIC omss  1BR S BR o TLEL
Lk DTS (CRI2 B9D &R s
i:EL\5 15 EEH
15 We got
Information
S 4 P




A whole Joso-shi The relationship between Posterior probability of the residents
evacuated that got information and prior probability of the residents evacuated

Factual Information : The information that occured and observed information by the time

Probability Information : Enhancing event of possibility after that event

10 59.2%(actual ratio of the residents |
evacuated in all survey) I Sediment-related disaster warninginformationl

Evacuation

I Evacuation preparation information I

[e)]

Evacuation order

I Emergency warning I

('I‘ﬁﬁ&?&*ﬂ%)

N

=g

- o == - o
-- EEEEEEEEEEEE NN EEEEEE NN EEEEEEEEEEEER - -
- - il 'S
- -
-

Hil

o

.............
= Information on the water I
= level of the river

(BETR)-(B

N

-6 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% " 100%
R T D ADEFIMER
—In a whole Joso-shi, the probability information is more effective

than the factual information 35



District A(Around the overflow area of the embankment )

% = Information that heavy rain is falling E
15 P . in a brief time =
- EEEEEEER IIIIIIIIIIIIIIIIIIIIIIII.
” \\‘ .l IIIIIIII.IIIIIIIIII:
Pid S = Information on the =
R Sy/"  river water level &
\ - anm
’ , ,
10 'l » Evacuation advisory
\ n I.
,’ . » Disaster information =
m . =
—h U4 in each area .
L (SiRET ZA21Kn) ™ / eessssssssances —ea
T T ot / Sediment-related disaster
A " o 5 ,’ warning information
s 2 ‘)E A — ' Ly
A o 4 \ Evacuation
-ty 2 § ’I Y order
[ AmsE = ' v -
\ RIREFT(EF) = A
Ty & s o S - -
g =] e rcccccce - ------ -
g ‘IIIIIIIIIIIIIIIIIIIII.

» Typhoon information =
‘IIIIIIIIIIIIIIIIIIII.
- Heavy rainfall
flood warning

Evacuation preparation information

10 Emergency warning

R ORSE 0% 10% 20% 30% 40% 50% 60% fO%—S0%—90%
Prior probability (%)

68.8%(Percentage of residents
actually evacuated in the district A

=y AV 2/ 4

- Effective Information for evacuation has both
probability information and fact information.
Particularly, advance information about rainfall and river

water level is effective for evacuation.
30 m—




District B(Arou

ez [
A KERT

(ﬁ?‘ﬁ kR

24:00

\ paitrtn

15

10

nd the broken part of the embankment )
N %

Emergen$y warning

. Typhaon
* information

Heavy rainfall
flood warning
> _ o Sos==sSSSSSSss — Evacuation
&
&

= Information that heavy E
= rain is falling in a brief

dEEEEEEER il‘ EEEEEEERED

m
& :
preparation
(@]
pas 2 =3 information
= ‘ Evacuation
o \ 4 order
= ~ V4
3 \ SN EEEEEEEEEEEEEERERF ,
Q -5 \ - . ] .
=3 ~_ = Information on the » / Evacuation
e ~= river water level = P advisory
— I\Illlll lllllllll. ’
O\o IEEEEER EEEEEN S ,,
— Disaster . S Prd
information in 2 Secaaod=="
each area .
IEEEEEEEEEEEEEEY 62-20/0(Percentage
of residents
Sediment-related disaster / actually evacuated
warning information in the district B

13:00

— BT AEMERIE 5D
R A RO T B (524 0% 10% 20% 30%

Wy
~
~ -
-~
~

~ -
o
-
-
-~
-~
-
-~
-
-
-
—

7K
i
BERIREEERR 0F
M5 T FR10kmit = 3
KEE R K L) -

12:00
9/10

Many residents evacuated
immediately after the collapse
—Evacuate immediately after a
breakdown occurs

9/11

40%

60% 70% 80% 90% 100%

Prior probability (%) _
Information on evacuation

(recommendation, instruction -
evacuation effect of preparation
information) is small effect

—There was no time delay to utilize
since the evacuation direction was
issued immediately after the collapse
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District C(Between the broken part of the embankment
and a city area)

%
10

/I Evacuation order I

: Information on the E
5 >< river water level =

AT
| rmmE L
B (Eiﬁﬂr #21km) ;

m
2
—+
&
’ ¥ IJ\ 9h \\\\ &
B o = Seo N\e” Emergency warning |
\ ,” s -+ - -
o TS o ~~-_- -
SNy 3 ° =TT
\ IR = Evacuation advisory
| REFEHR(EF) g -
N PR = Disaster information =
X 10 . in each area .
naatBTIRERIIRREEIIIRENAC,,
= Information that heavy rain *
=« isfalling in a brief time I
.IIIIIIIIIIIIIIIIIIIIIIIII'
15

LY Heavy rainfall flood warning

68.2% (Percentage of residents
actually evacuated in the district C | Evacuation preparation information I

SwoTE b 20 0% 0% 20% 30% 40% 50% 60% 70% 80%  90% 100%
E7Y VI EREROXSE Prior probability (%)

- There are few information effective for evacuation,
information on evacuation instructions and river water level.
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Dlstrlct D(around the city area)

25
Evacuation preparation information
Evacuation advisory

2 llllllllllll.

7 4 0 = Information that heavy rain =

_”l. ' &X | is falling in a brief time .

I - EEEERERER
RIEERT . Sediment-related disaster

_- (ST M1k o warning information

~ (@]
5 —+
S,

l‘\ @B 7 -.‘ =’ 10 gEEEEEEENENNEEEEEEEEREE,
LS 3 = = Information on the water =
. » p s o -

) S level of the river .
g .l l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l-lll
& 5 Disaster information 1
g in each area -
'o_\°| ------- EEEEEEEEEeEsnnnnnd
0 Heavy rainfall
flood warning
==

- 38.3%(Percentage of o \l Emergency warning I
residents actually evacuated oo
in the district D Typhoon information

T s : '~v' ":‘ ‘!—-‘ L— . .IIIIIIIIIIIIIIIIIIII'
oy F -10 -
E7 YT REERORIE 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Prior probability (%)

- Effective information for evacuation has both probability
information and fact information

— In particular, it was information on evacuation such as
evacuation advisory and evacuation preparation information.
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Summary of the disaster information and evacuation situation by

district

District

features

Residents recognize
the risk of flooding

Information effective for
evacuation
(Using Bayes Theorem)

District A g\(/):;uc;atgyinime diately | IN particular, advance information to be
(around the ~Fter obtainin Y | issued before the occurrence of the
overflow avacuation 9 disaster of rainfall amount and river water
are) information. SV
—Disaster prevention
consciousness is high
L. gr!ifllacaur:f(r?wfent Information on evacuation such as
§ i e b District B breakdown occurred evacuation instructions has less effect on
e SEees | (Around the Many people " | evacuation. Because the evacuation
1 broken part evacYJaptedp direction was the issuance immediately
| s () area . . after the collapse, I could not afford at
b B, &1 ) g‘ﬁ;gg?tely after the that time to make use of it.
District C Two P .’
. . wo less effective information.
tg'Belt)weke n E\gcuatlon SEE [ The effective is evacuation instructions and
€ t ro e)n : the water level of the river.
part area
..: V. ,;- A : ‘. :
E7 VT ERERORSE District D i i i -
~ : There are few people In particular, mfgrmatlon on evacgatlon
(A city I such as evacuation recommendations and
area) ' evacuation preparation information.
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Awareness of Hazard Maps

stign : Have you seen y ocal haz

W 015411 3E(N=516) W 0174118FE(N=372)

0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0

T/ \H— Ry TONSERBL TS “Residents who have reviewed the contents of

the hazard map” increased from about 13% to
219 about39%(About 25% increase).

3 "
4.5 i

19
I\F—RIyTZ2RT. BDORN
EDIRERKY BulEEEN DN DN D TS

INF—RIvT 2RI EEHBH

o \ “Residents who do not know the hazard map at all”
EZICUFEO>THDINIH SN

P —— decrea_sed from 61% to about 29% (About 30%
FHNDTUBH, ABFRTLVRN reduction).
KRR RINSE |0 | | |  Jd L
SRRy TERECEBBN. |, “Residents who would only read the hazard map” is
AEEFSEL 16- 1] 16%.

Question : Have you seen the hazard map after the disaster? Question : Reason for becoming to see hazard map after a disaster

DI]EI

C&n aw; ) 2D

KERICRE
KEFNBSRTULE
KERBRERBRLZ &N RN
REZ

Zoft (BHE®) | T
(;*ﬁﬁqﬂ (28.8‘%)

DK EE
%Fsﬁ%u//
.4%)
About 40% of the 65%

. TR EDFSGNERCS
people (Residents who saw a i |

(3.4%)
hazard map) answered “they There were 68% who answered [Residents who experienced a
saw a hazard map after

: c disaster| was the largest. In Joso City, disaster drills such as
disaster”. “Because residents who participated in disaster drills such as
municipalities” was as low as about 4%"”.

B




Evacuation location decision

estion : Do you decide where to evacuate with your family? Question : Did you change the evacuation site
after the disaster?

oo W BHISF A RO TS WSS R TL VALY
90.0

80.0 The propotion of those who decide
70.0 the evacuation site almost

000 unchanged.

50.0

40.0

30.0

20.0

10.0

0.0

201511 858 2017118588
(N=516) (N=372)

Question : Why did you change the evacuation site after the disaster?

0.0 10.0 20.0 30.0 40.0 50.0

KEERRLT ATOBBIZAONBIRFLEB ST D

There were 38% people answered that
“Because residents thought that the
former evacuation site was dangerous
through experiencing the disaster “ it was

KERFC BELNRH oD

BRNNZE-THELEMN BTN ASRNER ST

RERNNZEST B, B TRE AN R ER ST

S OTA 8L LA BEDEREBL T, FIOBHISH —1 the largest.
- bi?ﬁﬂ;;‘&)ggf:b\g & 7| 00 | Other (free descript 9
ZD 42.9
XEZ | 0.0
N=21

/) e—



Reproduction of inundation situation in Joso City
by flood inundation anaIyS|s

, I\ IRREFGTERE)

2 20
Analysis of river and flooplain z® o E 15/\
integrated 0 o f 10
3000 H H it 1
Basic equation(shallow ﬂﬂ o0 EHEE : 121508 s o 0500 1000 1500  20:00
. B ‘ E;mkﬁﬁ?‘a‘ Eﬁ&izl?ﬁ!lél " 3 ";ﬁ“ ) 2015/9/10
water equations) 0500 1000 1500  20.00 k' 2 ‘i"v"z
ah BM ON 2015/9/10 : ' Bl
at o Ty T o . Past 6:00
6M+ d (M? N 0 (MN) haH gn*uvu? + v? b S | Overflowing
—_—+ — | — — | —] = - — R S o SRR G
ot " ox\h ) ay\hn I ox E A ;
oON N 0 (MN) N a (N?\ haH gn?vvu? + v?2 b
ot “ox\nh ) ay\n )" oy hi73 % so| 12:50
Ao @ Outburst
M, N : Discharge flux in x and y direction o S - ‘;
t : Time coordinates. x,y : plane 0 BN 6 PR AL
coordinates — Around 14:00
h : Water depth. g : gravitational 10 o 20 BRLE: Inundation in
acceleration —— .7 .
n : roughness length, H : water level TRBHRR AL - BRI AGBE10.5¢ a City area
v flow verocity in x and y directions S
E 16
3 3 14 L3 %
Differentiated by a Leap-frog algorithm £ " fmar  lawsos
2l PSR LTRERTE -
Ax=Ay=10m\ At =0.2S 0500 1000 1500  20:00
2015/9/10

Long calculation time ! :
(It takes one day to reproduce 2015/9/10 04:00




Inundation flow analysis by Topography Fitting

Grid Model

Basic equation(shallow water equations)

Oh M 9N _
Ignore the advection term

oM ? 0 (MN haH gn*uvu? + v?
ot ay\ h I ox RE
ON 6H _gn 2vVu? + v?

a [—
ay7 "

Extend to linear flooding model that can be
calculated using topography-fitting
grid(Yasuda - Yamada*)

M, N : discharge flux in x and y direction
t : time coordinates. x,y : plane
coordinates
h : water depth, ¢ : gravitational
acceleration
n : roughness length, H : water level

v : flow verocity in x and y directions

n : water level of flood. h:
depth .

t : time coordinates .

s . plane coordinates

adjacent grids).

A : grid area

- g : gravitational acceleration
h7/3] n: roughness length .

Q, : inflow from adjacent grid.

| : length of edge of grid

water

(distance of center of figure between

N : total number of edge of grid i .

, 1qQ,
Variable definition of
equation of continuity




Inundation flow analysis by Topography Fitting

G Il d MO d el n - water level of flood. h: water Q4 |
depth . 4
N t : time coordinates .
s . plane coordinates
0_77 — l _ (distance of center of figure between |1‘ Q3
ot - A i adjacent grids). Q N (o]
i=1 A : grid area 1 A |3
g : gravitational acceleration
a_Q N hla_n _ gnlelQ n: roughness length . | {
ot g s h7/3] Q; - inflow from adjacent grid. o2 Q
N : total number of edge of grid i . Variable definition of
Htengthofedgeof grid equation of continuity

About linear boundary / ><

Z s O Altitude of linear boundary
\V4 _ ! X Average altitude of the
— ! ground in the grid
dif
I/II i d|+1 z di+1 > 0 di+1 S 0
— d; Fdi1 d;
" di > 0| hiy12 = 12—1 hiv1/2 = 71
i+1
/A diJ_1
Datum level L 4 y__ A RN ¢=0
atum level = = = P em = = —_— e e - - -
Linear boundary




Grid Model

arid division

Overflow
point

{ Rip point |

gt

Estimated
Inundation
range
(Geographical
Survey
Institute)

» ridge assume it /

Google Earth

Inundation flow analysis by Topography Fitting

It is shown by Fukuoka and others (1994,1998) and
Inoue, Toda and others that it is necessary to divide a
road and the ridge into a case to @ lane @ obstacle to
the spread of the flooding water by a pitch difference
with width and neighboring ground height in flooding
analysis.

googe g Google Earth

@® The example that a road @ The example that a road
plays a role as the lane obstacles to the spread of
the flooding water

A road and the 'A’

a linear border p—
in defiance of width X AT RO S

We divided an analysis domain into a
lattice by road centerline shown in

OpenStreetMap (free databaseA6
s



G”d MOdeI Rectangle Gr|d

Term

600

9/10 4:00~20:00
L i| overflow
Rectangle Grid % e
Number of grid: 52 ; e
Aty 12:50

Grid size: 10m X 10m

Calculation time: R | The levee

about 24 hour ViR : | collapsed
(about 1440 minutes) ko
grid adapting terrain
Number of grid :
3337

Calculation time:
About 10 minutes

144 times faster!

2015/9/10 04:00

+§7K Z(m)

—_
Real time forecast of flood #m i

+ Apply the simulation of —
the evacuation behavior

30

Inundation flow analysis by Topography Fitting

Topography Fitting Grid Model

Though Canal
(Hachikenbori
river) ,We can
understand that
immersion is
occurred at the
early time in the
city




Chapter 3

Rainfall-runoff analysis considered the
uncertainty of rainfall based on Ito’s
stochastic differential equation theory




Introduction

Serious flood disasters in Japan

Modelized the basin, think the rainfall as input,
and then we can get the time evolution of the
water level.

According to the result, government
can give warnings to the citizens.

dangerous
— water level

The physical process of T Ea
rainfall-runoff R4 ¢
(Represents by models) 7 Al

AN A 4 )
NS \ 2 p
(L //‘ P af:fﬁ(
2 Ly a2 P F) Shts ﬂ

< . Oﬁ The information of

The properties =

of the subject 'ﬁf(x" l/ ' v/ rainfall
basin WA ) (Rainfall intensity
(Represents by KJN V. time series)
the parameters) A
£RLAS
Hy Fokfi

Output o o
(Flow rate time series) s R

High water level(H.W.L.) : The most important index in flood control which considered as the design external force of levee. This
index is calculated by the theory of extreme value statistic using historical hydrology data.

Flood monitoring and forecasting : After H.W.L. had been designed, The levee will be designed strong enough to resist the H.W.L.,
so, it is very important monitor and forecast the water level in a flood event. By compare the water level to H.W.L.(or other

evaluation index like dangerous water level), we can know how

e e O —



Deterministic rainfall-runoff models

A brief description about rainfall-runoff problem

>

t

hyetograph input(t)
Rainfall process[mm/h]

vinput(t)
-Il-runoff model

Rainfall runoff models

4 output(t)

output(t) Quantity[m3/s]
Water level[m]

Runoff heightfmm/h]

hydrograph {

>
Modeling of rainfall-runoff system
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Deterministic rainfall-runoff models

The basic equation of rainfall-runoff process for simple slope

T g _
ﬂt+ﬂx r,(1)

v=ah™, q=vh=ah™m

Using the continuous equation and
the momentum equation we can get: ~
fg(x,1) mlﬂ » Ng(x,t) _ ml+1 b Concept of the simple
T +(m+l)atq(x,1) ﬂ—x =(m+1amq(x1)°r, (t) slope model

S Assuming that the direct outflow will only take place
@ | near the river channel, so the outflow will be in in
g' proportion to the length of slope
3
-

q(x,t) = xq.(t) e m
- Dylfsllwy b= m+1 5
The outflow take place at x=L
A 4 B ja\t-B
=13 (Z)
dgq. b . |
— a ’/' (t) _— q . v:Average velocity of cross section[mm/h], !
Oq* e * ' h:Submerged depth [mm] |
dl' . g« :Flow rate[mm/h] o,m:Parameters i




- dq,, _ B
dS?’f — Vn—l o rnm

dt
) r =0

nm

"

\_ qLoss — Vn — bnSn

According to Yoshimi, Yamada’s research, the
basic equation for simple slope can be expand to
multi layers. By doing so, the model can deal with
basins with multi layer soil structure and consider

-V

}/’ —_
d[ nmqnm ( nm QVH’H)

n

(s, <h,,)

rnm — anm (S?? o hnm) (S?? Z hnm)

n : Layer index
m : runoff index for
each layer

the vertical flow between this layers.

Deterministic rainfall-runoff mod

Expand the model to multi-layers model

()

Rainfall
intensity Surface
h, 71(0) layer

|

i
Z

S,®

ik
SER
S BN
/
[ i
[
—
=

i TR .
l { [ Iay:er
S5t !
20 \
< 0
[ h mm = Tm t An
l e layer

SO Nl igpze
QLoss(t)‘l' Eg&ﬁﬁi

Basic equation for each layer:

dq,, (1) _ 4
dt
Expand the rainfall-runoff
model to multi-layers

@ (O o = @ (£))

e EEE—— D7 E—



Deterministic rainfall-runoff models

Practical use of the basic equation for simple slope(Case study in Kusaki dam basin)

o 0
: 5
(] Observation
Calculation result 10 E

=== of 1-layer model | /1§ =<

20 £

Runoff rate [mm/h]
[y

0 252
; E
6 ‘S
4 e
= 2
0
& Sio 20 40 60 80 100 120 140
A S Time [hour]
ez, Simulation result of 1983-08-14 rainfall
Kusaki dam basin event in Kusaki dam basin
Initial condition of the .
Qo [mm/h] runoff height 01 O Using 1-layer model, the general
D [mm] Thickness of the 200 shape of the runoff series is matching
surface soil layer . .
Ll s ol B the observation series.
Permeation
k, [mm/h] _ . 360 ..
e - O However, the rising part and peak
w ective vola ratio 0 - - .
Non dimensional of the runoff series is not quite
m parameter represents 0.667 matching the observation series.
the resistance of soil
i Gradient of slope 0.174

e EEE—— D3 E—



Deterministic rainfall-runoff models

Practical use of the 2-tanks-3-layers model(Case study in Kusaki dam basin)

LT T 0

— W H ® Observation |’ S
£ 2-tanks-3- 10 E
E layers model |{]15 =
= n:t}l hﬂ_}r”m 20 é
Q Z B e
= 10 _ 30 gl - 25
S ’ [ =
- 8 M P av]
G v | S
= ro q
o 6 | Al Tk ” g
<
S 4 ad
a7

2 \

0 -

2040 60 80 100 120 140

Time [hour]
Simulation result of 1983-08-14 rainfall event in Kusaki dam basin

By compare the results of 1-layer model and 2-tanks-3-layers model, we can tell that
the result of 2-tanks-3-layers matches the rising part and peak of the runoff series
better.

e O/ e




Deterministic rainfall-runoff models

Compare the 2-tanks-3-layers model to 1-layer model

R— T 0 PO TP ' Sy 0
T T 10 e 10
= | 20— £ " 20 -
g | 30 g 30
E . wE = 0§
g 20 s £ 50
g 12 f‘% <12 5
S g e Z 8 o
z 4 . 4 /
% 80 100 % 40 60 80 100
Time [hour] Time [hour]
Simulation result of 1982-07-31 rainfall event in Kusaki dam basin
— 0 . 0
T 1 - 5 (Rl L 5
— — "o v
) 1] | 10 = b 110 —
E 15 E... E ‘ 5,0){ T 33[32 _\,. 15 i
=) 20 E = =i 20 E
2 10 5= 210 ml j—h[—L_, 25—
q: 8 S q: 8 L s S
2 = am =
S 6 g S 6 '3
z 4 R Z 4 R
2 2

0 60 70 80 90 100 110 120 0 60 70 80 90 100 110 120
Time [hour] Time [hour]
Simulation result of 1989-08-24 rainfall event in Kusaki dam basin

sy '™



Uncertainty of rainfall intensity

(Temporal & spatial distribution)

100

'c XRAIN
E Temporal Resolution:
8 80l 1 minute
N Spatial Resolution:
E 250mx250m
o 60} :
g Radar(XRAIN) and Ground rain gauge
= PDF
|2 & Standard deviation = 4.8 mm/60min 2 2 2 2 2 8 2
T SF
o 40| oF
- TS
© - Q e * « * . ¢ .
(@) %E ‘.-. ¢ o o".~0: ".".‘ 2. o * N
5 E%‘ :.;"'-.5‘?"; P "';"‘gt' T e INR At |
£ 20} 82 |V %-;Mﬁ? pa—
E X %m r.o -~ :0~:.‘.,. * *%e .0.0 * e
t .Q.E 1. * * e o * g L] .-..
© g s .
m O , | I I I | I I I | I I EE )

40 60 80 100 £

©
Rain gauge [mMm/60min] difference between radar rain gauge and rain gauge

There is always a difference between the measurement of the rain

gauge and the radar rain gauge system and there is no way to tell
which one is the " true" rainfall.

50 EE——




Uncertainty of rainfall intensity

(Temporal & spatial distribution)

Okm 20km
L

N

BERZMBNTAZZS

T =N

Discharge[n’[s]

Change the rat:iern of rainfall +7% ~ -7%
AR Efﬂ

EAEKE—oRE | [
22,000 m3/s A

This is a reproduce calculation of
the typhoon Kathleen 1947 flood
event in Tonegawa catchment area.
The peak discharge of Changing the pattern of rainfall
Yattajima station is between sub catchments can cause
22 000m3 a difference of +7% in peak
d m>/s discharge.

s O/ pE—



Uncertainty of rainfall intensity
(Temporal & spatial distribution)

-

=y

lt """" ]' TTTT ‘[ 7777 'f""T'IV"'Vr'TT'Yl'Y"'l"ﬁ1

One hour :
average rainfall |

PR

A =t

LLLLLIIAL[J_ILALI lLLL A ll,ll lllJ;lLl lllllll

16:00 18:00 20: ()0 22:00 24:00
Time

Data of laser rainfall(raindrop) rain gauge system developed by Yamada(1994)

It implies that one way to look at the rainfall intensity time
series Is to consider the average part as the deterministic
part and the rest as stochastic part.
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Deterministic rainfall-runoff models

Deterministic models cannot consider the uncertainty of rainfall-runoff process

>
t
hyetograph Input(t)
Rainfall process[mm/h]
Input(t)
v IBintal-runoff mode!
U _ et (o) - @ JT
dt
output(t)
output(t) Quantity[m3/s]
Water level[m]
hydrograph Runoff helght[l‘:m/h]
>

Modeling of rainfall-runoff system

e e DO E—



Using stochastic differential equation

IHow to consider the uncertainty of rainfall

>

t
r(t) =7r() +r'
uncertainty of rainfall

Input(t)

A
output(t
puttt uncertainty of outflow

q _ :
= aq®(F(t) — q) + aq’r

>

We want to know uncertainty of runoff
caused by uncertainty of rainfall.

e ———— O p—



The relation between Ito stochastic differential eq. and Fokker-Planck eq.

IPhysicaI systems with random external force

18
Ito Stochastic differential equation
dx(t) = y(x(2), t)dt +z(x(¢), t)dw() A
AN
one sample path
|4

Pe).0) D060,
Nt Nx




Background

Runoff analysis introducing stochastic process theory

From Ito’ s stochastic differential equation to Fokker-Planck equation

— dX(t) = y(X(t), t)dt + o(X(t),t)dw
(dX)?= y(X(t), )*(dt)*+2y(X (D), ) a(X(t), t)dtdw + a(X(t), t)?* (dw)?
— (dX)?= y(X(1), )*(dt)*+2y(X (D), ) o(X (1), t)dtdw + a(X(t), t)?dt
(dw)%= dt
(h(X(t))) - (d h(X(t))> Using the
property of
> Winnier process
_E(h(X(t)) = — f h(x)P(x,t)dx = f h(x) aP(x t) dx
d _ .. dh 1(d’h (dX)?has an item of
E(& "(’“”)) = E(Cy ﬁ’“z(m){d")ZV d) dt's order

In the case where there is no uncertainty

(dX)?’becomes order of(dt)? and (dxz) (dX)? goes to
0, it becomes a general chain Iaw
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Background

Runoff analysis introducing stochastic process theory

From Ito’ s stochastic differential equation to Fokker-Planck equation
2

d dh 1/d“h
El —n(x _ElEax + Z(Z2) (dx)2 property of
<dt h( (t))> <(dXd * 2 (dX2> (dX) )/dt> Winnier process

=E (ﬁ (y(X,t)dt + a(X/?dw)/dt) E(dw) =0
dXx
1/d*h
+E (5 (m) (VX (®), )2 % +2y(X(0), o (X (D), t)d}d( + a(X (D), t)Zdt>/dt>

Ignore (dt)? order or more

dh 1/d*h
=E (d_X y(X, t)) +E <§ (ﬁ) o(X(2), t)z)

co (0]

= [ Ry PG+ [ R @6 0?2P0x Hdx




Background

Runoff analysis introducing stochastic process theory

From Ito’ s stochastic differential equation to Fokker-Planck equation

% E (h(X(t))) —E (% h(X(t)))

(00) (00) (0 @)

aP(x, t) . 7 1 " 2
f h(x) T dx = J h (x)ly(x, t)P(x,t)dx + > f h (x)lrr(x, t)“P(x, t)dx
- - Partial o Partial
integral integral
X2

B ‘ dy(x,t)P(x,t) 1 ¢ %0 (x, t)*P(x,t)

- [ R x5 [ R =
Establishment aP(x,t)  dy(x, OOP(x,t) 1d%0(x,)*P(x,t)
against any h(x): 0t Ox + 5 922

Fokker-Planck equation
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How to consider the uncertainty of rainfall

Using stochastic differential equation

Langevin equation Step1:Devide the input dq
into a random part and — = aqb(?(t) — q) + aqbr'
t

dx
— — y(x) + {'(x, D) an average part d
I1t6 stochastic
differential equation
dx(t) = y(x(t), t)dt Step2:Write the equations dq = aqb (r(t) — q)dt
D, 0dw el rabaTia
quation form aq o./ 1 ;aw
Fokker-Planck equation 1
aP(x,t)  Ay(x)P(x,t) 0P(q) daq® ([T () — Q)P(q)
at - x Step?;EDriveii::I:ﬁ govebrnlion.lg.t ot dq
equations of the probabili
n lazzzp(x, t) dgnsity function P d _ 162 (aqbo'\/ T.)*P(q)
2 Ox? 9 aq?
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How to consider the uncertainty of rainfall

Using stochastic differential equation

Consider the uncertainty of

Deterministic analysis rainfall intensity .
0

10 10
— 20 = | . | Orain = 4mm/h | 120 =z
= =R e F el el i
2 40 25 || (ﬂ‘, =
2 30 =] 3
20 2 | | ]

10 20 ‘ ‘ ':/:.7;7‘ .‘

0 | l

0 2 4 6 8 10 12 P

Time [Hour] Time [Hour] N 5
Basic equation of 99 _ _ p . _ \ \,
the deterministic ¢ FO-a ;
model "
dP(q.t)  daq"(F(t) — @P(q.t)
ot daq
Fokker-Planck eq. 102(aqb0\/T—L)2P(q' £
_I__

2 dq?




The basic of filter theory
(Prediction and Innovation)

. Innovation
Prediction - X,

{»\

Observatzon

X

?

State space of a system

~V

0 k—1 k

Basic Concept of filtering




The basic of filter theory
(Prediction and Innovation)

Step2

(1) Calculate the Kalman gain
1) Up_date tI:e mean value K, = P,HT(HPHT + R)_l

(2) Update the mean value
(2) Update the variance %, = 3(;(4_ Kk(zk_Hj\‘;c)

Pi;=APk-1AT+Q (3)

y

Do not have
physical meanings

Update the variance

X
a

Input the initial

condition Algorithm of

Kalman filter

State space of a system

- ¥
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|
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~
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Rainfall-runoff analysis consider the
uncertainty of rainfall intensity

@ Observation

. 68% prediction
range of the 6 hours

NN=_2=200
o uno

Rainfall[mm/h]
Runoff rate [mm/h]

NN=2=20O0
aouno

Rainfall[mm/h]

Runoff rate [mm/h]
-—

0 prediction 0

8 8

6 6

4 4 T e

2 2 predgicﬁon

0 0

20 40 60 80 100 120 140 65 70 75 80 85
Time [hour] Time [hour]
(a) 1983-08-14 rainfall event (b) Details around the peak time
| | ) | ‘ o
g ‘ ’ . ?0 —_ 0-1 5 = Observation value | \
E hMul:‘lm.l et | 1 5 & Mean and
é - L;:{ E:::E::. o 2 0 E - :)oeundz:)l;ly value of \
Q @  Observation é . rediction t
§ 1 0 68% prediction - 5 25 % f::/;e ;e:licetion
% g . xxxxxxxxxx - .qé hours prediction
< .

Z 4 Y =

2 < Predicéti}(l):upr:riod: >

0

65 70 75 80 85 0 5 10 15
Time [hour] Runoff rate [mm/h]
(c¢) The 6 hours prediction range of (d) The 6 hours prediction pdf of
runoff rate at time 73 hour the runoff rate at time 73 hour

Simulation result of the 1983-08-14 rainfall event using
stochastic differential equation method




Result of the new filter

. (1983-08-14 rainfall event)

[y/wi]reyurey

owmowmno
oW NNM

50 55 60

Time [hour]

45

o
townotoT
NN ™

[y/wwa] ayer Jyounyy
[y/wreyurey

[=LT¢l=)Te]=]
oW NANM

o
towNotoT
NN

[[/w] ayer jyounyy
[u/ ] rejurey

omnomno
OWT™r—ANNM

20 40 60 80 100 120 140

TOoOONOTO
NN

[y/wmu] ayex Jyounyy

Time [hour]

1987-07-31 rainfall event

Time [hour]

[U/war]jreyurey

[f BN =]
o W «— ™

90

85

80

N 0 < ©
-

[y/wu] ayer jyounyy
[4/w ] reyurey

™ o
o W v N
5
m o
=]
o
T}
©
=]
©
N © < ©
[y/wru] ayer jyounyy
[u/wwr]jrezurey
™o o
o W -

20 40 60 80 100 120 140

2
N © ¥ ©
[[/w] ayer jyounyy

Time [hour]

Time [hour]

1990-09-19 rainfall event

Time [hour]

Some other results of the new filter




One dimensional open channel
simulation

Legend

Length of the open

channel
h(m) | Water depth
h g(m?/s) | Flow rate
} Cross-section
v(m/s) average velocity
H Width of the open
B(m) channel
- A’ . Slope of the open
I Lo channel
Conception grahp of one dimensional open channel i Slope of the
f energy loss
Governing equations
oh 0dq dqg d(qv) oh

e /]



One dimensional open channel
simulation

8 L(km) 50
AG T(hour) 48
g
=4
Ax(km) 0.1
2
At(s) 72
’ 0 10 20 30 40
t(hour) B(m) 200
Upper boundary condition
. I io 1/2000
| Use Manning
6 | Ly Law, rough
2 | coefficient=0.05
= 4
2 | Left animation shows the result of a one
| dimensional open channel simulation.
ol - = = m = The conditions are listed above.

x(km)
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One dimensional open channel
consider a random external force

Governing equations

oh 0dq dg d(qv) oh o ,

The random external force

8 represents the uncertainty of the
information of the open channel
such as:

6 1,The uncertainty of energy loss.
- 2,The uncertainty of cross-

£ section area.

4 3,The error caused by modelling
the channel in one dimension.

The left animation showed the
0 10 20 30 40 50 random simulation of the above
x(km) equations.

Random simulation of one dimensional open channel
under random external force

I [ EEE—




One dimensional open channel
consider a random external force

oh 0dq _ 0 Solve the equations numerically h(x,t)
" ox )
q(x,?)

dq , 9(qv) Oh . ,
+ t gh———gh(io —ip) = f

ot ' ox 0x
Same solutio\ dh(x,t) = fl(x.1) dx + fihx, 1) dt /

Nx Nt
9q(x, t 9q(x, t
dq(x,t) = qg; ) dx + q(a’; ) 4t

l Add the random external force
f'dt = odw

dh = gy (h(x,t),x,t)dx + fr(h(x,t),x, t)dt
dq = g4(q(x, t),x,t)dx + fr(q(x, t),x, t)dt + Er(q(x, ), x,t)dw(x) ]

(4 p———




One dimensional open channel
consider a random external force

dh = gn(h(x,t),x,t)dx + f,(h(x,t),x,t)dt

dq = g4(q(x, t),x,t)dx + fr(q(x, t),x, t)dt + a(q(x, t), x, t)dw(x)
Ito calculus

The governing equations of one dimensional open
channel under random external force

IP(h,q,x,t)  of,(h,x,t)P(h,q,x,t) Of,(q,x,t)P(h,q,x,t)
ax oh - dq
OP(h,q.x,t) _ g, (h.x,0)P(h.q.x,t) 08,(q,x.)P(h.q.x,1) L 9°c*(q,x,t)P(h,q,x,t)
ot oh dq 2 dq”




The solution of the suggested equation

d0P(h,q,x,t)  of,(h,x,t)P(h,q,x,t) 9f,(q,x,t)P(h,q,x,t) 5
ox oh dq
dP(h,q,x,t) B dg,(h,x,t)P(h,q,x,t) B agq(q,x,l‘)P(haC],xJ) N l(h,q,x,t)
ot oh aq 2 dq

0 10 20 30 40 50
x(km)

Random simulation of one dimensional open channel
under random external force The PDF of h
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The solution of the suggested equation

Random Test

Solution of the
Equations
suggested by
present study

1 2 3 4 5
h(m)

6

5 N This graph shows the comparison of the
4 | random simulation and the solution of
z, N\ | the equation suggested by the present

b | study at T=18hour, Section x=25km.

2 o/ - |

1

0

0 10 20 I 30 40 50
x(km)

e ey ([ EE—



The solution of the suggested equation

Random Test

Solution of the
Equations
suggested by
present study

5.0 5.5 6.0 6.5 7.0
h(m)

This graph shows the comparison of the
random simulation and the solution of
the equation suggested by the present
study at T=18hour, Section x=10km.
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Introduction

Flood forecasting

Modelized the basin, think the rainfall as

input, and then we can get the time

The physical process of
rainfall-runoff

(Represents by models)
evolution of the water level.

1'5&2%;2:? A The information of
pasin ( /\g' (Rail:fz‘laill:fi?'ll’:ensity

t(l?e eg::fr::tse?g) i time series)
- Output —

According to the result, government  (Flowratetimeseries) = ., ;

can give warnings to the citizens.
-—— HW.L.
dangerous
— water level




Important applications

of the occurrence of disasters

$

We have to consider the
. Time [hour]
uncertainty of the system

Risk management g
10 —
The most important topic of risk 15 =
management is to evaluate the probability %g E
&
5
<
a7

Runoff rate [mm/h]

OONDhO®O

85

dangerous
- water level ———




Chapter 4

A new theoretical method of flood
forecasting and reliability evaluation of
levee based on uncertainty rainfall by the
stochastic process theory




2015/09 Kinugawa River (58 28112 K E)

 With the global climate change,
the frequency of natural disaster
Is also change.

« MEEEIKURRZE - BAK
ENREMRTET(E

» Most of the past studies on the
analysis of floods are
determinism. It means the
analysis are only two results,
stable and unstable.

o WERRTBOKKINT T Hrak 2
TR TI . X

WA HT ISR R E 2 e A E+3%EE BERRSERR
5
K%W‘ﬁ* ° Photo from: Ministry of Land, Infrastructure, Transport and Tourism.

Kanto Regional Development Bureau.
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Study Results

 The stability analysis of levee with considering the
uncertainty of soil parameters
 The reliability analysis of levee

e EE—— O3 E—



* The Stability Analysis of Levee @izt s4r)

« Circular slip method C[&5KHE Bh )

~ Z{c'-l+(W—u- b)cosa - tan @'}
- ZW-sinaf

F

S

« The uncertainty of soil parameters( /i Z ¥ AN & 1)
» Because of construction method, sites, age of levee and etc.
TSR T2, dehk DUASR I B @ SR e

« However it would be not consider for the safety evaluation in
generally

{H R — BOR U IR AT XU PPl I AN 225 R IX B8R 32
 The deviation of soil parameters are referred from :

TR EE S

The cross section of levee

: the safety factor of slope stability
: cohesion (kN/m? (tf/m?))
. friction angle of soil (°)
. the length of the slice (m)
. the weight of the slice(kN/m2 (tf/m?2))
. pore water pressure(kN/m? (tf/m2))
. the width of slides(m)
. the inclination of the slip surface within the slice to
the horizontal plane [°]

Q T C E_—evopnj

Kok-Kwang Phoon and Fred H. Kulhawy : Characterization of geotechnical variability,
Canadian Geotechnical Journal 36(4), pp.612-624, 1999.
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“* The Stability Analysis of Levee @izt s4r)

« The calculation conditions(i1 %5 44 14)

> Levee(323N)

v'Height (/=FE) 7.5m
v Grade (3{E) 1:2(26.4°)
« Soil parameters (+/Fi %0
» The unit weight of soil is 20kN/m?

Cohesion (%€ /1) | Friction angle (&
o W) o SRS E
Mean value (¥18) 10 kN/m? 34 ° 020
Coefficient of 30 10 0.15 _H;Biii? ’
variation (%) . .
& 0.10 JAR
- - - @. ”’ “‘
» The wetting plane inner levee is assumed that the 005
same to the water level(fR E 2 NA R IE S - Y b
’ 10 20 30 40 50

ETF A )IBKALE)

KT o' [kN/m?) / EREEERF ')

85 e



 The relationship among the cohesion, the friction angle and safety
factor with considering the uncertainty of soil parameters

(B8 LIRS HHIABE LR R DT, B 5 22 RHHIRR)

yan The times of calculations : 10,000
times (115 x%10,0007%)

{calculated p=, 0.783579, theoretical p= , 0.8}

o U.rliﬁ {].IS{J D.I55 U.‘ISU U.éﬁ {].I?{J D.I?S
- (p - - -

The correlation of cohesion and friction

angel (Correlation coefficient=0.8)




-y = 3.0 —
 The probability of levee broken for the o failure| — e
- — @AY "JJ \:{P\‘ - === FIKiz6.0m
certain water level(fEFAAE KA o R ————
H >Z4 ¥ : ' r: l\| l“‘ N
SEHIREE) 2 TR EAN
. | ‘: |'\\\\ \ ."’Jl \\'\\
05 . \\\ \ ’/" \\
i ¥ W .
The calculation method of the levee broken 00— 05 10 s 30 25 30
- - N \ \ St s b
is as following (LA Gt BocmE=) o
n 0.08
F,=— m
N = 0.06
5
=
. % 0.04
Fr : the probability of levee broken =
n : nis the case number of levee broken
N : N is the number of all calculation case 0.02
0.005 2 4 6 8

T 1ZKAE [m]

e EEE—— O/ E—



“* The Reliability Analysis of Levee &gttt

The uncertainty of water level based on Th bability of | brok
the stochastic process theory e probability of levee broken

(BT BN R IR i H050)  KA1 AR for a certain water level

/\ [ | L\ (=] <
EEAN e (EEMFEKALREZHIHIER)
TETERT) 5
. - ‘ - O o
W= 6.91 m A=100 km2 5
" 0.29 =455 mm/h vh P
15 n=BeTm m=4 " 0 0.08
i | =4mm/h >
i i UB:SOm = o
L i ; n=0,025 s
(@) 3 10 i | i=1/1600 >
& = o
| | 3
" | I O 2
o
o
00 50 65 70 75 80 85 _qc_) 0005 2 4 6 3
—

Water level[m] Water level[m]

The reliability analysis of levee

SEIHI A S AT

—

88 oo




i !
Probability of
- @ Brobabili ty - sltp based on the
Probability reliable analysis
. of overflow El
£ () ®
e P k F.(h) B J~°° £.(W)F, (hydh Probability of overflow and slip
_____ . IR i sl of levee by using set theory
s FIEESIE A TR
BRIE mmpmmE BTUREED el oms
(Aeri VLR IUE 3K
2553) e

e ———— OO E—



w L FORR, L IE, [UE A - SR SRR OB A LA BRI RIS T D RN
DAHEFNEDOFHM, AT ICEBLOK LY, 59, pp.259-264, 2015,

* The Reliability Analysis of Levee
(B2 17 ) AT SEAE 70 1r)
The uncertainty of water level based on the stochastic process theory
(Yoshimi et. al ,2015)

ETFRENIIREICHEAIKAEAAEEMZE (Yoshimi)

It based on the relation between the runoff heights of stochastic differential equation and
the mathematic equation of Fokker-Planck to obtain the uncertainty of rainfall and runoff.

XA T AR T AR RUIR BN TR . B S i 5 IX AN BN L

77 2 HIFokker-Planck 77 #2 R 15 242 It iR B AN & 14 —_—
A=100 km2 M, =691 m iig*ﬁ;;*lg?::z;m h
d Y I TR
7% = a,g? (1 (1) - ¢.) ——>  d4.= aq? (= ¢.)dt + ayg? S\T, dw e L e
— E i :1::1(;1062050 ' :T‘T:E'IUEE i= I"I (1_(;()
To(g-1) _ _Tagg: (r - ¢.)p(g 1) | .
1t fg. Fokker-Planck 03
2 b 2
17 (ag”S VT, Y plg-t) | ) e
2 ﬂqf < 60 6 h ([)m] A 80 8

e mee—— O p—



* The Reliability Analysis of Levee [ gl fors
nJ
fg PDFEOf external force
A1 7% nr IR =R 25 B I
r : resistance force

PR
fr : PDF of resistance force

 Here according to the certain water level (like H.W.L.) HC R P AR 225 5 B
the failure probability would be estimated from 0 to oo : | *

A MR KL VSR B, HAIE b <= [Tutrar = R
MOBITETI A7y, ] LS 2R B RS2 2 0

* As the range of S Is s~s + ds and because the failure probability is
independent for R and S like miFsifitifZs~S+ds, XHAR, SR, Frbl:

PI[R<sns<S <s+ds]] = fs(s)ds - Fgr(s) = fs(s)fr(s)ds

« |f the external force s is form -oo (or 0) to oo, the failure probability of
the levee may be shown #41 Jrakdiis & MOBITE 551, T4 PSR 1T LA R A

b= | SRS = [ 5O fe@aras
0 0 0
~ [ f@ds [ fatrrar — = [ | 56 fardsar
0 0 0 Y0

e 0]  —



s : external force
PAWAES )

fs : PDF of external force

< The Reliability Analysis of Levee | il

AR ALY
e When R i ween r~r . th r ili Ydr fx : PDF of resistance force
* when F s betwee 7 +d.,t e probability fr(r)d bttt
is the failure probability of resistance between 0 ~ co. o
MrfEr~r+drZ 8], MEZEFL(r)drif) s B2 HEHT 3 BEAE O~ TG 5 11 X [A] HL ) PRI Ak 2

b= | KGR = [ fel = Fmldr
0 0

f,(S)Fr(s) is the mean value of failure probability when Risr <'s
fa(r)[1-Fs(r)] is the mean value of failure probability whensis S < r

 The probability of levee broken from the water level O~a certain water
level o pomi e Ak R 44 T i PRI

Pf(h5)=f fs(hs, as; h) Fr(hg, og; h)dh
0

fs (hs,os ; h) : the PDF of external force h with mean h, and standard deviation ag
fR (hR,oR ; h) : the PDF of resistance force h with mean hy and standard deviation o

e —— 07—



s : external force

“* The Reliability Analysis of Levee |, /55 o

A\ T3 ER AT IR SR FE PR K
r : resistance force

PR L

* The _s_ummation of failure f : PDF of resistance force
probability from the water level 0 HE 038 I OS5 I R K
~ H is Pr(H) and og Is assumed
and transferred to hg . In 1
numerical methods . 4, =691 m —Fay s
A LA 52 B A2 KA AE O~ HINF P i s i 22 The probability 4T -—- 1 p(h) .
e e Y |
Py (H)FE4 2 FEL SO 7 B S 5 | oreeriover £
A / \ —~
B(H) \ / \ The probability %4
T w e / \ of levee broken
= | "ahs | foths,o5m) faChn o 03 4 ) 0
o) /
= [ it s 11 = FsCH, 0 1 ) P - g
6.0 6.5 7.0 7.5 8.0 8




€ The results of the reliability analysis (aIgso#rZ R)

0100}

0010}

(Dthe probability of levee
broken

(@the probability of overflow
1 R

~8— P . the probability of levee broken  (3the probability of levee

=
=
=

=
k

The failure probability

10 - P gi%ﬁfoimty oT overtiow , broken and overflow

f2 - ] > S 2R

) e e ] mHERA
107° ¢ =#— P2 . the probability of both
(levee broken and overflow) 1
ot o mEREREE B

6.6 6.8 7.0 7.2 74 12 15 %
top of levee
Mean water level [m] N

e m—— 0/ p—



Conclusions

* The safety factor is estimated then based on the uncertainty rainfall and water level, the
reliability analytical solutions of the external force and the resistance force can be
calculated.

AT DR R R ALK A YA T E AT R 22 2 R > AT LA A a4 48 5 1 U s FE A ] Sk

AT, IS BT .

 Because of considering the inhomogeneous soil properties, the safety factor in the same
conditions of water level can be different to about 2.0.

T3 08 7 LR AY 1k, R KA T 2 4 R B 4EA 22 T LIS $1]2.0.

 In considering the inhomogeneous soil properties, uncertainty rainfall and water level, the
reliability evolution can be known. From the 0 m to h of water level, the damage ratio can
be estimated.

S A 38— e DB KL R AR s b, T BAREAT TR RE A 2k
BEMOEINELSY . o] LUAEISE B (5

e E———— 05—



Chapter 5

Uncertainty evaluation in
hydrological frequency analysis introducing
confidence interval and prediction interval




Difficulty of conventional hydrological frequency analysis

0.9999 10000 = ao[ | Kanto—Tohoku Heavy Rainfall
Observed data 2 in September 2015
0.9998 (heavy rainfall disaster in Kanto- 5000 E 200
Tohoku region in September 2015) S
0.9995 2000 =
I 200
0.999 ST TP » [1000] é
. <
— 0.998 " 500 g
Io\il : (_E“ 100
[ ] >
£ 0.995 : 200 £
— : 1980 1985 1990 1995 2000 2005 2010 2015
=2 099 100 © Year
ke Q2 : G : :
S gos 50 5 Fig. Annual maximum daily rainfall time series
o Q.  at lkari observatory
3 =
c 095 20 =
2 D
g
D09 10 @ P :
S Difficulty of frequency analysis
c 08 5 caused by limited data
S o7 3
Z .
0.5 2 (D Many observed data of heavy rainfall
— often deviate from the adopted probability
Gumbel distribution distributi
~ fitting with data Istribution.
Observed data . .
0.01 ®  (annual maximum daily rainfall) | |1 (@ Estimation accuracy of long-term return
period decreases.

0 50 100 150 200 250 300 350 400 450 500
Annual maximum daily precipitation [mm/day] etc.

e e O/ —



Confidence interval of extreme value statistics

Relationship between reliability of estimation and sample size

In mathematical statistics, more than several thousand data is needed to estimate parameter
stably. For example, several thousand trials are needed for us to recognize probability of “Ist
eyes’ appearing in a dice 1s “1/6”.

1 Relative error[%] =

(M/N) —(1/6)
(176

X 100 [%]

M : A roll of the dice,
N : Number of trials

Relative error [%]

02(1040(1)60(1)_811)10(00
N : Number of trials

The result of this simulation suggests that extreme hydrological data for several thousand
years are required to estimate the parameters of the frequency analysis model stably:.

e e 0O p—



Confidence interval of extreme value statistics

An outline of the confidence interval of probability distribution model

[Definition] The range where the probability distribution derived from N ensemble sample extracted
from the same population

For example, the 95% confidence interval means that about 95% of the N probability distribution models are included.
for this reason, the 2.5 percentile value of the probability hydrological distribution is on the 95% lower confidence limit
line and the 97.5 percentile value is on the 95% upper confidence limit line.

99.99 77 10000 Formulation of confidence interval for
29357 95% Confidence | —/—7/—~—5000  prohability distribution model
99.96- Interval (n=54) +— —~ 2500
0 —7—~7 PL<YX)<U)=1-p
99.90 -  A— 74 1000
= 99.80 N // // // 500 We denote the CDF fitted with the samples {X;, X,, ...,
= \\ A A— 4 200 X} as Y(X). At this time, the interval [L,U] is defined as
= 99.50 e < 100(1-8)% confidence interval of Y(X).
8 99.00 ¥ 1008 . .
S > > 5 U:upper confidence limit value,
£ 98.00 7 7 o7 50 E- L: lower confidence limit value,
51 [ L [ 5 pB:significance level,
g 95.00 £ }ﬁl./, 20 3 1- p :confidence coefficient
8 90.00 =, = 10 * : o
2 7 Formulation of coverage probability
g ___ Gumbel distribution fitted with | =P(L<Y(X)<U)
50.00 observed data —2 . ey . .
_95% Gonfidence interval of the ] [ Definition] The rate at which probability
10.00 B 111 distribution models obtained from each ensemble
| ® naximum daily precipitation) £ sample fall within the confidence interval

0.01 Wl .00 Fig. Observed data of annual maximum precipitation at Yattajima Observatory and
0 5 ; / R 5 0 Gumbel distribution fitted these observed data, 95% confidence interval of the
Annual maximum daily precipitation [mm/day] Gumbel distribution 9 9




Confidence interval of extreme value statistics

Relationship between confidence interval and sample size

As the number of data increases, the confidence interval narrows,
and the reliability of estimation improves.
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Fig. Relationship between confidence interval and sample size
Analytical data (red dots) on both probability papers are random numbers according to the Gumbel distribution fitted with the
annual maximum daily precipitation for 54 years at the Yattajima Observatory of the Tonegawa River system. Also, 95%
confidence intervals were written in both probability papers.
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Confidence interval of extreme value statistics

Relationship between confidence interval and probability distribution models

Adoption of Gumbel distribution Adoption of GEV distribution
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Gumbel distribution (2 Parameters) : It shows good fit to the maximum value of normal year
and the corresponding confidence interval is narrow.

Generalized Extreme Value Distribution (3 Parameters) : It shows good fit for the whole data
but the corresponding confidence interval is wide.

Fig. Observed data of annual maximum 2days precipitation at Nakanojou Observatory and Gumbel (/GEV) distribution fitted these observed data, 10, 20,
30, 40, 50, 60, 70, 80, 90, 95,99 % confidence interval of the Gumbel (/GEV) distribution
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Introduction of confidence interval

By Introducing confidence interval, it is possible to intake heavy
rainfall which 1s considered “unexpected” in flood management.

[ Conventional risk evaluation] [Risk evaluation based on C.I.]
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Evaluation of heavy rainfall using confidence interval
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This probability paper shows 41 observed data of annual maximum total rainfall in Kusaki Dam basin,
Gumbel distribution fitting with these data and 95% confidence interval based on probability limit
method test. n shows total number of observed data.

Exceedance probability of confidence limit is
expressed by the product of “targeted return
period” and “exceedance probability of C.I.”

Exceedance probability of 95% upper
confidence limit of 100-year rainfall

1
100

x10.025

I Return period I

I Exceedance prob. (95% C.I.) I
= 2.5 x 107* (1/4000)

By considering the confidence intervals, it is
possible to calculate the risk of occurrence of
unprecedented heavy rain.

-

Relative evaluation of risk realized
[ref : the rate of deaths]

traffic accident : 1/(2x10%)  [/year]
air plane accident : 1/(50x10%)) [/year]
drug accident : 1/(200/5x10%) [/year] 1()3
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Analytical data (n=50) on above probability paper are random numbers according to the Gumbel
distribution fitted with the annual maximum daily precipitation for 54 years at the Yattajima 0 10 20 30 B 40 50 69 . 70 80 90 100
Observatory of the Tonegawa River system. Also, Gumbel distribution fitted with analytical data and Confidence coefficient [0/0]

5000 Gumbel distribution fitted with ensemble data (n=50), 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99% . . . .
were written in this probability paper. Ensemble data is composed of random numbers according to the Flg' _REIatlonShlp_ t)_Etween coverage probablllty and
Gumbel distribution fitted with analytical data confidence coefficient 104
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Fig. 100-Year quantile distribution and confidence interval

Coverage probability of 10% C.I. [194.5, 222.3] = 68.0%
Coverage probability of 95% C.I. [181.9, 240.1] = 95.4%
Coverage probability of 99% C.I. [178.2, 246.2] = 97.6%
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Analytical data (n=100) on above probability paper are random numbers according to the Gumbel
distribution fitted with the annual maximum daily precipitation for 54 years at the Yattajima
Observatory of the Tonegawa River system. Also, Gumbel distribution fitted with analytical data and
5000 Gumbel distribution fitted with ensemble data (n=100), 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99%
were written in this probability paper. Ensemble data is composed of random numbers according to the
Gumbel distribution fitted with analytical data
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Analytical data (n=500) on above probability paper are random numbers according to the Gumbel
distribution fitted with the annual maximum daily precipitation for 54 years at the Yattajima 0 10 20 30 B 40 50 69 . 70 80 90 100
Observatory of the Tonegawa River system. Also, Gumbel distribution fitted with analytical data and Confidence coefficient [%]
5000 Gumbel distribution fitted with ensemble data (n=500), 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99% . . . .
were written in this probability paper. Ensemble data is composed of random numbers according to the Flg' _Relatlonsmp_ b_etween coverage prObablllty and
Gumbel distribution fitted with analytical data confidence coefficient 106
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Analytical data (n=1000) on above probability paper are random numbers according to the Gumbel
distribution fitted with the annual maximum daily precipitation for 54 years at the Yattajima 0 10 20 30 . 40 50 59 . 70 80 90 100
Observatory of the Tonegawa River system. Also, Gumbel distribution fitted with analytical data and Confidence coefficient [%]
5000 Gumbel distribution fitted with ensemble data (n=1000), 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, . . . -
99% were written in this probability paper. Ensemble data is composed of random numbers according to Flg' _REIatlonShlp_ t)_Etween coverage prObablllty and
the Gumbel distribution fitted with analytical data confidence coefficient 107
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Fig. 100-Year quantile distribution and confidence interval
Coverage probability of 10% C.I. [211.5, 216.7] = 81.1%

Coverage probability of 95% C.I. [209.4, 218.9] = 98.1%
Coverage probability of 99% C.I. [208.7, 219.7] = 99.1%

Analytical data (n=5000) on above probability paper are random numbers according to the Gumbel
distribution fitted with the annual maximum daily precipitation for 54 years at the Yattajima
Observatory of the Tonegawa River system. Also, Gumbel distribution fitted with analytical data and
5000 Gumbel distribution fitted with ensemble data (n=5000), 10, 20, 30, 40, 50, 60, 70, 80, 90, 95,
99% were written in this probability paper. Ensemble data is composed of random numbers according to
the Gumbel distribution fitted with analytical data
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Analytical data (n=50) on above probability paper are random numbers according to the GEV
distribution fitted with the annual maximum daily precipitation for 54 years at the Yattajima 0 10 20 30 i 40 50 60_ . 70 80 90 100
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Fig. 100-Year quantile distribution and confidence interval

Coverage probability of 10% C.I. [195.8, 299.5] = 70.2%
Coverage probability of 95% C.I. [163.5, 395.1] = 96.9%
Coverage probability of 99% C.I. [155.3, 434.6] = 98.9%
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Analytical data (n=100) on above probability paper are random numbers according to the GEV
distribution fitted with the annual maximum daily precipitation for 54 years at the Yattajima
Observatory of the Tonegawa River system. Also, GEV distribution fitted with analytical data and
5000 GEV distribution fitted with ensemble data (n=100), 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99%
were written in this probability paper. Ensemble data is composed of random numbers according to the

GEV distribution fitted with analytical data
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Analytical data (n=500) on above probability paper are random numbers according to the GEV
distribution fitted with the annual maximum daily precipitation for 54 years at the Yattajima
Observatory of the Tonegawa River system. Also, GEV distribution fitted with analytical data and
5000 GEV distribution fitted with ensemble data (n=500), 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99%
were written in this probability paper. Ensemble data is composed of random numbers according to the
GEV distribution fitted with analytical data
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Fig. 100-Year quantile distribution and confidence interval

Coverage probability of 10% C.I. [245.9, 314.1] = 77.3%
Coverage probability of 95% C.I. [221.0, 358.7] = 98.4%
Coverage probability of 99% C.I. [213.9, 374.8] = 99.4%
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Fig. 100-Year quantile distribution and confidence interval

Coverage probability of 10% C.I. [229.2, 267.1] = 77.4%
Coverage probability of 95% C.I. [215.1, 287.4] = 97.4%
Coverage probability of 99% C.I. [210.9, 294.5] = 99.1%

Analytical data (n=1000) on above probability paper are random numbers according to the GEV
distribution fitted with the annual maximum daily precipitation for 54 years at the Yattajima
Observatory of the Tonegawa River system. Also, GEV distribution fitted with analytical data and
5000 GEV distribution fitted with ensemble data (n=1000), 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99%
were written in this probability paper. Ensemble data is composed of random numbers according to the

GEV distribution fitted with analytical data
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Relationship between sample size and confidence interval (Gumbel)
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Fig. Relationship between sampling number and confidence interval in the case of adopting Gumbel distribution

Analytical data (red dot) in each probability paper is a random number according to the Gumbel distribution fitted to the observed data of the annual maximum daily precipitation for 54 years at the Yattajima Observatory of the
Tone River system. In each probability paper, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99% confidence intervals were written. Here, n represents the sampling number (total number of analysis data).



Relationship between sample size and confidence interval (GEV)
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Fig. Relationship between sampling number and confidence interval in the case of adopting GEV distribution

Analytical data (red dot) in each probability paper is a random number according to the GEV distribution fitted to the observed data of the annual maximum daily precipitation for 54 years at the Yattajima Observatory of the Tone
River system. In each probability paper, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99% confidence intervals were written. Here, n represents the sampling number (total number of analysis data).
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Occurrence characteristic of
extreme rainfall in Japan
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Periodicity of extreme rainfall In ot number of data:44(1960~2003 [year])
Kanto area

Spectrum of annual maximum 3-days rainfall
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Periodicity of extreme rain

fall in plain area

A : Ootemachi observatory in Tokyo
(Elevation:6m)
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Periodicity of extreme rainfall in  Total number of data:44(1960~2003 [year])
Hokkaido area

Spectrum of annual maximum 3-days rainfall
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Periodicity of extreme rainfall in  Total number of data:44(1960~2003 [year])

Tohoku area

Spectrum of annual maximum 3-days rainfall
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Periodicity of extreme rainfall in  Total number of data:44(1960~2003 [year])
Chubu area

Spectrum of annual maximum 3-days rainfall
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Periodicity of extreme rainfall in  Total number of data:44(1960~2003 [year])

Kinki area Spectrum of annual maximum 3-days rainfall
10— 77— 1 7 T~

0.8

0.6

|

¢/’%

3 1AW {/ X
E | |4 e\
B | aa—
0'00‘ s 10 15 20 25
Periodicity [Year]
L= Takihata observatory of
I Ishikawa river in Yamatogawa
0.8+ river system (Elevation:360m)
E 0.6 -
: Periodicity exists g
-| O : No periodicity & g4l
: . . 02-
-In mountainous area of Kinki area, thereis |
about 10 years periodicity of annual 00l e
5 5

. . 10 15
maximum 3-days rainfall. Periodicity [Year] 123



Periodicity of extreme rainfall in  Total number of data:44(1960~2003 [year])
Chugoku area
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Periodicity of extreme rainfall in  Total number of data:44(1960~2003 [year])

Shikoku area Spectrum of annual maximum 3-days rainfall
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Periodicity of extreme rainfall in
Kyushu area

> | @ : Periodicity exists
O :No periodicity

In mountainous area of Kyushu area, there

is about 10 years periodicity of annual
maximum 3-days rainfall.

Total number of data: 44 (1960~ 2003 [year])
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Periodicity of extreme rainfall in Japan

There is around 10 years
periodicity of annual maximum
3-days rainfall at 115 points out
of 138 point of observatory in
Japan’s mountainous area.
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Frequency analysis of
extreme hydrological quantity
by using prediction interval



Is it possible to predict unprecedented heavy rain ?

By using observed data of annual maximum daily rainfall at Nagoya observatory from
1901 to 1999, we consider whether Tokai heavy rain can be predicted statistically.
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Frequency analysis introducing prediction interval

Non-exceedance probability [%]
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estimate occurrence risk of
unprecedented heavy rain.

Fig. Observed data of annual maximum daily rainfall at Nagoya
observatory from 1901 to 1999, Gumbel distribution fitting with
these data, 99%confidence interval and 99% prediction interval
based on “Probability limit method test”. 130



Evaluation of heavy rainfall using prediction interval
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Fig. Observed data of annual maximum daily rainfall at Nagoya observatory from 1901 to
1999, Gumbel distribution fitting with these data, and 99% prediction interval based on
“Probability limit method test”.

Exceedance probability of prediction
limit value is obtained by product of
“targeted return period” and “exceedance
probability of prediction interval”.

Occurrence probability of “Tokal
heavy rain”

1
200

x10.005

|| Targeted return period I

I Exceedance prob. (99% P.1.) |

= 2.5 x 107> (1/40000)

By introducing prediction interval, it can
be possible to estimate occurrence risk of
unprecedented heavy rain.

Relative evaluation of risk realized
[ref : the rate of deaths]

traffic accident : 1/(2x10%)  [/year]
air plane accident : 1/(50x10%)) [/year]

drug accident : 1/(200x10%) [fyear] .,




