BEer TSR E  IDRE Journal No. 307 (86-2), pp.1_163-1_173 (2018.12)

ST T U A DOARMEFNE 2 SO S 72 55 W O HE=REH A

(BRI

IR TREssiR ™ BEARREIR*
* OB BUR EIETE TR KR EETT, T 285-0016 T-HEURM AT E /IR HT 28 el
WL SREEEARIEOIIR, T 700-8530 [ LIV LA BCHER 1 3-1-1

FEEOKMIRSIRT: AEEIRE D, T 010-0444 FK H AKX FARRIRAT R 2-2

2 B
RO T ) A ORHEREMZ M S TSN OB AL RRE L., ETIRE LIRS T U A FIS, ZRO
FEAEME TS L ONW IR (Z L 2 ZEMRFE A B DN L7z, SERNRED B EHRITKBE S T U A IR R D EE R T 290,
N E SR ORHEENE & ACEANT 72, KIS, Sl U R O 5 & 4y o HBURE 2 B TERL, 20
DA AR IAE MG DT TAREEMEE KR S22 HoRBRES T ) A2 AR S B, RS Eesx 0
BEWLY T ) AT CEMME 2 BB AR SETRR, RIS O RS & ESREEDSHTHIINS DA 23 H N, S 51
DB & HERANCTHET D 2 LA TE Iz, AP, AKEOMZ LR ECIKERETGZ £&, &k oo

BT DXL ) X7 & ZDRMERMETHED 7DD ATMEDIEFIEL L THEANGIRFSND.

F—D— N KEEDY 27, FWNBEHERAE, #HRWESM, POT Hiy, NHESEN

1. [XCL®IZ

IR, BRx 7B CRUBEAINC BT 2N ER &1
T3, ZHUTKIET B2, HREETRERE T H
£/ (Global Climate Model, GCM) 73S S, Wiy
IR R TRIT 2 FIEREBRIN TS, ZOKEBEE
k- T, FREPLHERIIRAET 2 R FRENTE
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0, TARENERERDEDND R THIROBES T
. ETz, KEND OBFKEFEEERET 57O DY 2
ZEHED & D ITHRI IR A N F DB EIE LT AEAI
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372, BERETZDROICAFTEIILIE RS &
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FUAEAFLIZET, ZNENOVFT VA FTHRELT
WHERORMEME GEAEFESSHEREZRE) #HiEL,
T DMED T Y A 0725 % KU T D A e & AL
BT 5. E6I0, ZOREEEEZE LR EOREY
FUFE, TORMEEXBSEIEREZHBESES
WAL, ZN D DORERD D RUEEB O R HFEEEZBE L
TR A HERA I 5 FIE A IRET 5.
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2. KEYRYFHEICRHTHRED D E KR
TOFHERN R

Vose (2003) 12 LU, TARfESEME) 1ZEROERTH S
ot &, ROREN B4 LD ARMEEMEICKBISD.
EWEII DR ENAR > TWD T o X AR MEE A L
TEY, THETMT L7200 2T L EWIicEFE S
52 CHEBEREMTE DAREMNN D DAY, BT 6
TERW. —HHRETENNRRTH LD, HEERD
FEMARBRNC Lo CT — X A ERS L L THBETE
AIREMEDN D D, FE oM - B (1993) 2k DL, TEdk
PEOFREIICIE, FROVFT IV AICET I LD, KT A—H
T 5b0, T MCETLLOREDM, (a) RN
7bo, (b) BEAZRLO, (o) ®KERLLO, d) AE
72 b D, (&) RWBSEMNZR LD E, EDORR D HON
BELTWD EEND.

Bl z1E, BOKIREE WooKEY R 7 ICBb B A fRFENE
OREFHERT LD L35, KR&EIFTAX - KEDEFOHE
BT 2 b o0nh, e Loffd, FEFEICE
D2HL0RENFETLIEEZLND. —flL LT EFE ()
~@IZEWENLDOREEEOMEEO S EERAD L
Table 1 O L 5 2FERNREB 2 b, ZOWENLZIKIZHZ5
TEMNE D, ERO LI, REEEKDO Y X7 GG
YA AR REERET HND. £OHT,
FRHTE T VRPBLRME DO NI T Y RFET 503, b
AR THRICEZDHENRFICRETWVWEEZZOLND
RAEZEETH] (B 21% Kay et al,, 2009) A3Mi§ 2 5w FEME
ARG TOI G & Lz, BARRIZIE, GCM DOFEE

Table 1 /K5 U 27 (ZBd B RREFEMEORSE & 2 O/ ¥aE

Classification of uncertainty type related to flood risks

Item Uncertainty Trigger Uncertainty type
Accuracy of observation equipment, Spatial
Accuracy of observations distribution of rainfall, Discharge and water  (b), (c)
Observation of climate - level, Data period, e.tc. -
Rules of data analysis Threshold of heavy rainfall extraction (b), (e)
Errors in stochastic analysis Types of extreme distribution (a), (c), (d)
Characteristics of rainfall Climate change impact (b), (¢)
. - . Types of GCMs, Types of RCP scenarios,
Climate change Differences in climate scenarios Constraint of initial values, _et. (c), (d), (e)
projection Resolution of GCM Generation of regional climate events (a), (e)
Intensity and patterns of rainfall Climate scenario, Chaoticity of climate (b), (c), (d)

Algorithm of analysis model Design of the model, Calculation method, etc. (d), (e)

Effect of initial values, Temporal-spatial

Flood analysis model Influence of input data djstrlbljltion of data, Variety of information for (b), (c)
analysis, etc.
. Accuracy of elevation data, Modeling of
tial scale of 1 1
Spatial scale of arcal mode drainage system, Changes of land use, etc. ©, ()
Anthoropogenic factors Facilitiy operation, Errors of sense (b), (d)
Oth b imi i

e provlems Accuracy of reduction ratio of rice Error of scale, Timing of flooding, Accuracy (b), (c)

of flood analysis, etc.

Classification (Ikeda and Morioka, 1993) (a) Probabilistic event, (b) Incidental event, (c) Unknown event,
(d) Crucial problem, (e) Negotiable problem
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3. [UrLF VA DR ET— 2 NEE

31 MEHMEOBE

ARFFETIE, AN T OB OREERIZ & 5 IRF
BHUE T 2 I =X 2 kg & Lz (Fig. 1). AHIX
U MATE EMETICE 72030, AR FIRIC 2 DD K& 7 (4
LB LOREGE) 24675, ZhO0BIZRAT HEIE
JIL JVE, BRI L ORI O KE 2 5 oD 72 itk
AL A5 TR 240km? ([UFETEEAY 120km?, (S EB A
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A TH D, —FFT, FRTEED O BT R MK < Pk
KPWEETH Y, FRICE > TEAKENG &I ENT
&7z (ELAmA bkt 554/, 2015). £72 2 O g
LT, RHIM (1940~2008 ) OBLIKERE RO M
XV, ZROMENBENLHIEE TITHML TV 5 AHE
PERFRR S AL TR Y (GF)I - #R, 2010), FRAGICHKE
VRAZOEANREINIHRENZ D,

3.2 IRE L= GM [CRBKIET T 1) A DF
RETROARHEEEBET 5720, BHEABRILTWY
LESHIFEEET VAR T Y =27 b (Coupled Model
Intercomparison Project Phase 5, CMIP5) (Taylor et al, 2012)
WML TV AHEEGCM) L B RREO R ET U A &L
Lz, JESF VA ENET DHHRIC, RENORD &
BRI 724 <X b Th 2B RCHRIGSE R O FHM %2 &
WL, EHUTED D 2 MG EE DS E A Hkm PR EE & LR 5
WSODET NV EBRE L2, Table 246 J U'Table 312, #7E
L72GCM & £ DFFUEZFET. AR TIE, 1DODGCMIZ
BOTT v H TR 3= (%5GCMTI~3 2D KM
UA) 2ZIRELTEY, BEHMOT —2IZo50TiT
historical 2R H 72, X SICRERBIMIC o Wi, IRE

Table2 IV4E L7 GCM D & KM F U A5

Details of collected climate scenarios from GCMs

RS

Ensemble members

Resolution
Name of GCM Country
(degrees) Present Fl,mlr,e
projection
CNRM-CM5 France 1.406%1.406 3 1
CSIRO-Mk3-6-0 Australia 1.875x1.875 3 3
HadGEM2-Es e Unied 1.875x1.241 3 3
Kingdom
MIROCS5 Japan 1.406%1.406 3 3
MRI-CGCM3 Japan 1.125%1.125 3 1
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(b) Data points from GCMs downscaled in 5-km intervals,
and AMeDAS points around the study area
Fig. 1 XIGHiX DOAfEL

Outline of target area

NRAADZFEA LNV L E ZICE D ETORKRNIRIRE
#%# (Representative Concentration Pathways, LA, RCPY/
FUF) WZESLSKRE TV ANRH D (Moss etal, 2010).
ZDORCP ¥ F U A3 s il ) PR $ 2 =R 0 %

Table3 GCM 75— H#iffj& RCP >+ U A

Data duration and collected RCP scenarios from GCMs

Data duration Collected
(year) scenario
Present: RCP2.6
1970-2005
RCP4.5
Future projection:
2026-2100 RCP8.5
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Collection of climate scenario
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Data input

Climate scenario / M

® Generation number z

> ® Generation period y
= Heavy rainfall extraction 1 Generation of heavy rainfall groups
en 1 ! . . L. . .
V8 140 W ' : considering the characteristics of quasi-scenarios
£ L i
i ‘5 100 J,,, Threshold of heavy rainfall 3 > Selection of a parameter
P2 (e.g. more than 100 mm/3d) | from each distribution
860 :
E ]
PE 20 ] ‘ " —
= ' i Definition of characteristics
R Iflie’cllfefc}f’ I : of a parameterized scenario
® Occurrence frequency in each month A l i ' Chamcmnmti;on;l()f the probabilistic
L . . i H ra amount :
® Meanm and vgnatlon coefficient CV |l Determination of occurrence number of
of extracted rainfall amounts >
events for y years 3
. I 2
g
No ) =
9 -
Generation of rainfall amount for Rainfall amount
Yes each event (mnv3d) ' o . L Lo
7777777777777777777777777777777777777777777777777 ' i Estimation of an intensity distribution |
Application of probabilistic distribution 3 l 3 for the Probal})]ﬂlst;fﬁﬂramfglh amount |
; i in each ref erio
to uncertamnty ; Calculation of a probabilistic rainfall ! ,,,,,,,,,,,,,,,,,,,,,,R —————————————
L amount with each generated group i l

3 1) Frequency 4 2) Mean m of 3) Variation coefficient:
i ineachmonth rainfall amount CV of rainfall amount i

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

Fig. 2
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Flowchart for heavy rainfall generation considering uncertainty from climate scenarios
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KM DA R—=DFNZFENIZ-DOVTRCP2.6, RCP4.5,
RCP8.5D3DDRCPY TV A< RfEy TV A & INEE
L7z (RCP2.6ITFFRORIR LA A2 CLLTFICHZ 5 BED >
T U A, RCPASIZFERD TR S PAL CRET DT
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DY OGCMEHRL R & 4550 U# 0 S FE TORERED M
BadEir s L CHEAT 2 EMNEEZ A LTV 5.
FHBEDONA T AHEEE LTE, ERIE & GCM A
DFEINFILTHWNEMEORFE A% (Cumulative
Distribution Function, CDF) % {Ejk L, FEHIE % ~X— R (27
AT DNY) L e —E X HCDF~ v B 7% (Ines and
Hansen, 2006 ; THES, 2014) %A L7-. A#FZETIX
ZOFEOHTHNEMRE %R THESROAMBEEKICH >~ 5
MERAL WD, Ei2, WO XD RBRHERIIKT 2

I

MIEREZED D720, & H TRRKOHREIZ DV TR
W L, Gumbelpfiz A L7z EEEZFA LTS
(TS, 2012) . ZZ CORBICAWIEHEDT —4
1%, GCM & [FRRIZSkmA v 2 2 TEBLTE Y, dR#ixX
WD AMeDAS * KREBEBH DT — X & A v ¥ 2 5 #2000
DZERHIATITHE > TR LAERL L7 (Bl 21T E H 5, 2012)
FEEOZERIDSE LONA 7T AHIEIFNE L2 TH v
FUFMICER L, BN RMIX DA v 3 2 O
B LR E S LTy Y AR L.

4 KBS F OTHREEEE L-REEFEOD
sl

TITRETD, [TV AORNMEFRMEE B E LI
RWEOFM O 72 O FNAEE Z Fig. 2 1273, AFER
REL 4 SOFATHR SN TN D, BUFIZE FIHOFEM
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AT, ENENORMBET TV A6 & D NREFENE
BRI TENA N OB EREH L, SREOHICRIAT
L. 7k, ZITHYHO ZNOBERSIFIL 3 AFICEE
L7z, ZEDE 9 0 OHEICHRER LRI T W20, k5
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2)  ENENOFEMIFT, BIEiOSMHI X o TEM A
HL, REST U A EICFDOREZHLNCT 5. K
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BTV AMTHREMEOIXLSEZ LT D7
DIZEA LT D, OIXABICKRD, jI3H 2717 (=1,
2,3,..,12). @L@EE VTV A -HMT1 ook
FOLIFRE LTV AN 2K (=1,2,3, ..., %).

3)  EiEO~@ofEix, FHMHHMEIC x @5 oG5 D
T, TNOEREICKEEMERESMIIY TUID D, o
OFFILHE RISEIRTE 528, 22 TIEETERSAR
WHED & Lz, BlzIX, & 25HEI <7 B OSEH%
RS L B R L &, x H D 4 TR T I O A
MHETFT I AL > TR AEEZRT. il
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4) RFEEZETOAICENENEHL, F7A—% )
ORGSR ERET D, £, mi, CVi IO
b, FEROTFIE T & i a RO mTR % B
ST D.

4.3 [UEFROTFEEEZMYAAEZERLUSIELF) 4 &

SREOERREFIE
WIZ, URZFHEDATIME L T 57028115 (2014)

DFEI > TEHOZEN (ZWNH) R EIE5.

2T, BIET RN TN OSEREFEE O SIS

THIH L7 A b, KT U AR H D 5EmFF

PEORFEREMEEBE L RERES T ) e 2 HER S &

5. ORIV F O A KBS BT RO E L

ZLLUTFITRT.

1) RAESEIEMRHEOL Y Mz ERAEERy 2ET
5. FFT 1y FEATIE, TORELEERREMEO
WeRA3AR (RIECER LI-ERSM) [>T, 20
ZTNOME 4, mBIOCY) & 15T oMb+ 5. %
O OB, —HRELECE A 720 B EE & 5l
T 5. ZOHIM S FEEOM A O TREDR
BT U A ORHEPIRE S5

2)  RUREST Y FOREBKRET L E, 1FEHO LA
25 1 ABICEROBAEMBAEREL TV, Z0D
BS, SR 0 EOLEITRA ~HEH, 1 DL EFRAL
HAIRENENDA Ry M L TERELRE
5. ZOWEPRE LTy FEHD 12 HETKRTT
D&, 12y NEOHEERENKT LD,

Collected climate scenarios

Climate scenario 1 Climate scenario 2

Climate scenario 3

Climate scenario 4 Climate scenario x

Period Period, Period

4

©

® )

A

@ @

. Characteristics of heavy rainfall

Value size

Fig.3 XM T U A0 b U7 S5 O RFEEIC 59 2 HESR A D24 Tk

Application of probability distribution to characteristic value of heavy rainfalls
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3) HDHHEO;AOEMORLER n 1L, LTFTORXQ) D
RV BTV ET B.

e (ﬂ,jy)”/ @)

T IT, AjiEj A OEFEEOZWNEARE, n, 1XI5WN
FAERE, vy 137 —Z W (year) THD. EAELE
FRENDOERA Ny Mot LTE, & 3) or
TN ERE L RET D.

f (x) = % [a(x - v)]h_l ee) (3)

ZIZT, vI>FART A—=FTHY, FERMHICAN
FEMARET DI L THRAEIELHED FIRMEN
EHBND. £, h IBREE, o IRESEUST
A—=ZTHY, BlREY TV A TREINZEZRE
DIFEEm & EHANTUTOXNGELND.

pet O‘ﬂz @)
a:ﬂ (5)

I THWAERED I o2 1L, XESNTom & CV
FVLITFoR (6) TEMTXS.

o? =(cr xm)2 (6)

4) 1 'y FEOEERAENKTT AL, 2 By MEICHE
to. ZOK, 1Yy FETRELEAETDONRIA—X
Uty bL, RASHAOMHEEROE L TR
TV A ORI EFEHRET S, TO%IZ, ERROBES
EFIEEFITTD.

5) ZOFIEEBEVIEL, ERHEN By MEEIND &
—H#HOFNEIKE T 705, 7ok, BUENL LRI
THAMMIM 28R E L 8A1E, RFIEZZnEn
OHIMTHERT 2. S HITFREIM T, #7225 RCP
TV FICHESSEWE T VA ENWE LIZGAEE, +
® RCP v 7 U BN EFETFIEEEA T 5.

LIEDOFIETHZ z ¥y POSEMRERL, ZiLE2 il gelLl

RAES TV A OB SN D T2, FAFBSCRER

EORMENRE TR S,

4.4 EERMENTOHEE

P SETSENREDIE WA JLITKE Y A7 B OFHITE
T 2720, FoNIABDSEREED TN END DHERTIE
HaHET L. ZOMBNEMORE T, FEORNE
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(2% L CGumbel 5041 O X 5 72l 54 & i -2 Fik (4F
BREE) DR THDD, ZOFETIEETISDOY
YL LELNT, T—F OHIMAEWEAICIIERT
BT AR ThRWE WS ER DD, —F, =
Z CHUEER/AE ST EMREHE, TOTEOBENS, b5
MEZBLANEEZMATZARN FOEELERD. ZOX
YT —H RN, — R b S — RS A AV CRRE %
He7E 4 A POT (Peaks Over Threshold) HEimAS@EfH CTX 5 (i
ZAXE, 1998 ; #T4R - kFH, 2012) . Ko TARBE T
FAESEEENHIS L TZoPOTHHZEM T 5. K(7)
2, ZZTHWA b — M fia R,

a a

k-1
f@};l@—kx‘fj )

ZIZT, alIRERE, IR k#0) THBH. Th
SO a, kY, ZEOEMREOETNEFN CTLEREIZL -
THRELEEZRALEZ. £, aMiERKTHY, FN
HHOBEN OB E 22 5. 2B, =0DHAIIEZ o
B L 72D, RFIECHE SN HEREL, *5L
IRDSERBEEICR RN R Y, b OMRE (B 2L 10
R) ERBLAAOHETENELNS.

b, BRRERLEBE

AT, IELERES T U 40T — & B FCcH
EDNBFERIZOT COZEHRBEOET 2B BT 5720, B
B & O LLilg A3 Al HE 72 BU/E I 2 1 IRIRR O, & DIkl
MHEEERSCIMAMICRRE L7z (Table 4) . HE TV
NWH2SERTH D, £z, ZMHORKEL v FEKIX1,000[=]
WCREL, ELoKHIMB LORTORCPY T Y A2 H
U ChESR % Bl L7z,

51 [IRSF AL 2BREHMHOSERERME

F9, LR T Y kT D3 T A IEDOR)
RERDL720, BAEMBOT —212x LIAIHIH OAMeDAS
TOWARE UM, AL, IEERONY) &L
To. AFFETHRETIENOREHELRD L, KiEy
TV A S IR THRI2.98ME DO SR A S h, FEEME
2.83M#) DOEMEFFEDCFIM L B HEEIL T2, SBICH
BICEROREHEL RS & (Fig.4) , [IE TV ADF
B CIIMERE RO EENH 56 A 1 HIAITHAEEEN %
<, ZBFEITHENMCERIBETDRE, EHLEAAMT
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An Evaluation Method of the Probability of Heavy Rainfall Intensity
Based on Projection Uncertainties of Climate Scenarios

MINAKAWA Hiroki*, KUDO Ryoji** and MASUMOTO Takao***
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Abstract

We have proposed a generation method for heavy rainfall that reflects the uncertainty of climate projection
extracted from a number of climate scenarios. First, we extracted heavy rainfall events from each collected climate
scenario, and determined their occurrence frequency, average amount of rainfall, and coefficient of variation. These
statistical values were used as estimates for the characteristics of heavy rainfall in each scenario. Next, variability of
the values among climate scenarios for each estimate was defined as the uncertainty of the climate projection, and we
applied the normal distribution to express the probability of occurrence for each value. The values extracted from the
distributions, defined as the change of parameters of the normal distribution, were combined to generate a
quasi-climate scenario. This process was repeated many times to create a variety of scenarios, each with different
characteristics; the results are based on the uncertainties considering the distributions. The methodology was applied
to both present and future climate scenarios. Heavy rainfall groups were generated under the quasi-scenario and used
for estimation of present and future rainfall probability distributions. The results show that the rainfall intensity will
increase in the future, and the proposed method could express distributions of probability rainfalls in the future with
uncertainty of climate projection. The results are expected to be useful for climate change risk assessment for

flooding and safety assessment of reservoirs and sediment-related disasters caused by heavy rainfall.

Key words : Risk on climate change, Simulated generation of heavy rainfall, Distribution of probabilistic rainfall,
Peaks over threshold method, Uncertainty
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