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HD (FF - /K, 2009). F 7RISR ORFZER 540 b AT
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JIRHKIRIZ IS D KAL - WRERIC A DBKIZBET 2 Y 22
R0, RV H BB IO TR AT A EAEEIC
B0 275N %F 605, AFETIE, ZOFH B
JARNLIZE B Lo ok I8 AR L, NAKICE > TKERE
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Collection of climate scenario
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Data input

® Generation number z

of a parameterized scenario

% Climate scenario / ® Generation period y
= Heavy rainfall extraction ‘ Generation of heavy rainfall groups
P A i ' L L . .
= 140 W ' ' considering the characteristics of quasi-scenarios
| E : '
i £100 J,,, Threshold of heavy rainfall 3 i > Selection of a parameter
' g (e.g. more than 100 mm/3d) ! ! from each distribution No
:%w ! l ]
; £ 2 Generation number ?
= | Definition of characteristics

Yes

® Occurrence frequency in each month 4
® Meanm and variation coefficient CV ¢
of extracted rainfall amounts

Determination of occurrence number of
events for y years

l 3 § Characterization of the probabilistic 3
i ; rainfall amount '

/AN

Frequency

)

@‘-'ﬂﬁﬁi-"

Generation of rainfall amount for
each event (mm/3d)

Rainfall amount

i Estimation of an intensity distribution 3

Application of probabilistic distribution

i for the probabilistic rainfall amount i

to uncertainty

Calculation of a probabilistic rainfall
amount with each generated group

in each return period

ffffff f

i 1) Frequency 2  2)Mean m of 3) Variation coefficient
3 in eachmonth  rainfall amount CV of rainfall amount i

Decision of target return period
(e.g 5-, 10-,20-,50-, 100-year )

Fig. 1
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Flowchart for heavy rainfall generation considering uncertainty from climate scenarios
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Preparation of input rainfall Application of a flood model

Data collection

® Occurrence month
Elevation, land use, }

® Internal pattern § i {

l

drainage network,
observed hydrological
and climate data etc.

]

Rainfall amount Development of an areal

' ( Probabilistic rainfall from Fig. 1), i model for flood analysis

,,,,,,,,,,,,,,,,, e — L,,,,,,,,,,,,,,,,*,,,,,,,,,,,,,,,,J
'

Flood analysis with generated probabilistic rainfalls

Frequency

A

l Output

® Water level in the channel
® Water depth, duration on paddy

i [ ;
| ! ! |

Checking water depth and
duration on each paddy

Checking water level
in river

I 7

Comparison with an

allowable flood level
Application of the

Exceeding reductionscales
flood level 2

onrice yields
Estimation of flood
occurrence probability

I 1

rainfall data

BT D A FEME 2 B JE L T IR D SR KT
B9 % U 27 OFEMTNE

Flowchart for regional flood risk assessment considering
uncertainty of climate projection

Regional flood risk assessment

Calculation of
paddy damage risk

Fig. 2
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R; = Sgs,fc(ti) (1

ZZT, Ri:KH i TORICE (%), i: wlkgEREEL
ToKHE, S BINREE, gs: KROAEERR, fo: /K
KRBL, ¢ KA DZBIT D EEKDOHKGEIR TH 5.

ZD XD RFIRIC L o TH LN A EKE TORUE
WZxt L, ENENOKHERE B EEY 72D OINE%E3R
CTCART 2T, LLFoX Q) ok ) iciiiako
WENES IR LS.

D=YxY{(R;/100)x 4} )

T D kRO E (kg), 4i: KH i OEFE (ha),
Y GHIXIT ST 5 BAL A Y 72 SR E (kg/ha) ThH
. PARILR Y TR ORT R Lo TH R D,
EEOFHME L THO SIS 5,300 kg/ha 23—20 HZIZ
5.
2.3.3 THEEMORY KL ERKLEY X5 OFEEE
FRO—HEDOTFNEIZ L - T, 10 FHERE 2 &5 D RE
ERBLLTELEDY A7 ODHBESHNHEE SN D120,
AR TIEZ Do3AG e T B ) A 7 OAFREME & EHR
L. ZDV AT OHARROFAMRE L LT, FEfE, +
JLfE, K - BoIMEZ EOFEARFERICMZ, 2 ZTEA
J=2—7 > hU A2 (Value at Risk, VaR) &1, HifFs o —
k7 #—/v (Expected shortfall, ES) D&% A4 5 (Fig.
3@). MEFEMTYEOSBTLI AV LIET
(B 21X, McNeil et al., 2008), XFEHIFENIZIHAET DY A
7 DfERSAZE F(X) & LIZE &2, ZORMRICHEn—E
DR a % (BEKUE, Fl21E 90%=° 99%72 &) THAEL
2 2RO %E VaR, EFKRT 5. 7272 L VaRu I3 fE T
HY, 1%L VNS VHERTERAELS DY A7 TH LN
DRI 6T B IHFWMA 2. ESe 1XZF DIEHREH S 7-9D1C
BATAHLODT, VaRe ZHB 25V A7 X OMFFHE & LTLL
ToR@ DL IIcEEIND.

ES, =E[X| X > u] 3)

ZIZT, ES.: BEAKEaDLEZOHFF a— N T+,
E: W, X: %532V 270, p: FEAKE -
DLEEXDVaR DIETH 5.

ARFFETIE, TN D OHEA %AW TR D KE
EH Y R 7 ORMIBIROFEART. S5, BIENGNT
kOFHGIMEIZ, £/ RCP v U A EICELND Y 27
FHND IO DOEERDIERT 2 Z & T (Fig.3(0)), R
EAEB OB L5 U A7 BB O % E BRI 5
ZLENTES.
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F(X)
N~ Average Present for example
§ VaRa: a quantile at a% of the distribution
] o
g
= Medi ESa (=E[X| X=pu]):
cdian an expected value ofthe
/ distribution over (1-c)%
u 1-
Damage amount
(a) Indices of risk evaluation
RCP 2.6 RCP4.5
Present Average
25 .
g g / ’ ’ ‘ Mid21C
2 g o S
|| End21C
Future | / | S
Damage amount
Small GHG emission Large

(b) Evaluation of future risk variation involving to changes
in time series and RCP scenario

Fig.3 U 22 O/MZEAGIC R % Al RAEREf O it

Outline for assessment methods of uncertainty expressed

by changes in risk distribution
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RIGHIK T, 2 DORX2E CRIBEOKREGE) &K
4,000ha O 7K FH AN RS 2 AR R I8 T & 2 )1 I =380
X E L, L#FIHIE, KBEZFLE LTAS EBHTS
FEHNTINZ,  EWROBMIK, VEHIZ T MATH 28 & OER TR
NEEND. AMX TIHERICL > TELKENF
SN TE L (HAgmA bkt 7505/, 2015), LRk
R DA HTHE R & ZITREE DI LT 5 ATREMEA Fa il =
nTHEY I - HA, 2010), FERICHAKREY A7 0Lk
ANBEESNLIHX E N2 D, AMIKIZIE, EFHELICL-
TRRICEMRREOPKIENT 2 B & L CTRSE Y v 7 51
M I N TV A7 (Minakawa and Masumoto, 2013), A
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Table 1 RRAE) U A 2 3 D 72 8 ORI E

Definition of data period for risk analysis due to climate change

Year Period name (Abbreviation)
1981~2005 Present « - )
2026~2050 Near future ( NearF )
2051~2075 Middle of 21st century (Mid21C)
2076~2100 End of 21st century (End21C)

W iZRET V2 EBA Lz, £72, ANTEOHEREIT
24, 34F, SAFE (BEBEICERZV H D L), 84, 10 4F
(M Z%b g & U772 HokEHEENE), 1547, 20 4F, 30 4% (&
HIBG SR DORI G L~UL), 50 4F, 100 4E Gl #4050
KHE), X DITHRIEAR B & LT 200 4F, 500 4F, 1,000 4%
MERETO I3 2% E L. VAT FHEO 720 0% EH
fi] % Table 1 {Z/RT.

K IR R HIK OVER T REH TH 5 5 A5 10 A
FTO 6 7 A ZE KRGO & 3%E Ui, ZROHE
A5 AL 6 ADLGEESToH, 7A & 8 A & HFIRH,
9 A& 10 AZAM EHEL, ANZEROIER % EEIC
RS LAbt, WY ORIREZ28E L ClERkT
WCFIA U7 (BERERNE, #FRESEELL TOARIES
K& HFE ORI EEZER) . £, ENICBIT 2
% 27 AEEEFE OO ZOK DR B S TS A 60kg 2472 ¥ £ 13,000
MTohotcZ &ind (k28 4 1 ARER, RMIKESBUR
IR E AHEPEREER, 2016), KHEKESFHOFE TIXZO
il % B FA V72

31 MEREOHETEHKR

—fl& LT, ®ID (2018) Tz, HLEMK Y RCPS.S
F U ANTIIT B O 10 RN EAE OHEEFE L & Fig.
4 TR, ERENOREY, W LB TE
EIEAST O BRI E O S OO, Fl 2 I TBESIR T
AR TIL 400mm %, F/ Tl 100mm % FES 7 L,
FEAEDEIA < 4346 L7z, 7RI 2 055 TR 23
BLTRY, FHED EFICIZ, S5 OEIHEICEE)
LRERWNENBE LT RD I ENRINT (kDA
BEEBOFBERRE N EEZ LD 21 R TIL, FHE
TIXHAED B 55mm HEIN L, Hx K TIE 570mm B E O &
MWRAELID). ZDO XD, KFRAERRT 5815 (2018)
O-BEFIEIC L > TRES T U A ORFEEZ Y AN

Average

Frequency
o
[=}
S~
T

200

400

H Present
0.08F  \_x1220.1 mm -

600
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T T
RCP8.5
NearF

200

400

1 0.08

0.04

0
600

Rainfall (mn/3d)

200

T T
RCP8.5

Mid21C |

0.08f

RCP8.5
End21C |

Fig. 4 KUET IO RHEFEM A B AN T-HER R R OTRE 50 O R ERH L (RCPS.S 27 U A TD 10 MR D)

Distribution of 10-year probabilistic rainfall with RCP 8.5 scenario considering uncertainty of climate projection
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gt 1
a8
0.1 i
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(b) Exceedance probability of flood water level

BUEMIHIC BT 5 B — 2 ARALD G4 &
FEBURALOBIEE S (SRILITRHILT)

Distribution of peak water level and exceedance probability

Fig. 5

of flood water level at the Shibayama lagoon

ZERMESREDZ LT, FIDLIEESNDIMERTED
FHEFEMEEZAO/NCTHZENTER., Z2TiE, Boh
T ETORBEONRMICEEN LEREROKHRE S
%, —HEOFEDOANE L LTHY, RISRTEEIEKIC
BfRT 25U 27 3l L7-.

3.2 NI R %tk F £ MR O ST

WK DIEAERROFTIAM TIE, RTRHIK N TR S OHE
IKMMEHR L, B EEBERRA VN ERoTWADELEH
RUCHER Lz, BIfTESIM A4 & L B — 2 KL L5y
fiz s & (Fig.5()), [FUMEETH-> THREMREN
DL TNWDTD, BITHERTH D E— 27 KL H DHiEE
Fib, lEE FBITERNIL 0 LTV D Z ERTN5D.
B Z4E 10 FRESRIE D ©— 27 KL (P OKER) 1
138 1.25m Tho7h, RKTIE2.00m 825560 H
Sz, TIUE, HERNBOHEEICH D RHEFEMER, YR
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Abstract

We developed a method to evaluate regional flood risk in low-lying paddy areas and its uncertainty. First, the

uncertainties of heavy rainfall characteristics were extracted from several climate scenarios obtained from GCMs,

which were used in the calculation of rainfall probability distributions. Next, the shapes of the distributions were used

to estimate river flood risk and the risk of damage to rice paddy fields through a flood analysis. The shapes of these

distributions, compared in a time series, defined the uncertainty of the risk assessment of climate change. The results

show that the mean value and peak position of the risk distributions increased, indicating that the flood risk would

rise in the future. Additionally, the values of the expected shortfall (ES) for rice reduction with more than 50%, 90%,

and 99% of each distribution were calculated to characterize each of them. The risk was quantitatively evaluated by

comparing the ES values, and the risk increased in the future and in the higher-order RCP scenario. By using this

method we can quantitatively evaluate the uncertainty of climate risk assessment. The results can provide useful

information for setting specific goals, such as the scale of drainage facilities, to prevent and/or reduce damage from

the heavy rainfall disasters that are expected both in the short-, the medium- and long-term future.

Key words : Risk distribution, Evaluation of damage risk distribution, Quasi-climate scenario, Integrated water

management of the basin, Countermeasure for climate change impact
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