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Abstract

This study aims to simulate the flood runoff and inland flooding in the Shironego district, Niigata Prefecture, which
is a low-lying paddy field area and to comprehend the drainage situation. Here, the inundation analysis model
(Yoshikawa et al., 2011) was applied, that can simulate the runoff characteristics of each land use and represent the
diffusion of inundated water in the low-lying paddy field area, and the applicability of the model was verified. This
model was applied and validated for floods in July 2011 and September 2016. The application result shows that the
model can simulate the water level of rivers and drainage channels in the target district with high accuracy and the
inundated areas due to inland flooding with acceptable error.

Key words: low-lying paddy field area, flood runoff, inundation analysis, topographically adjustable cells
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72F, WKHEFED DRV /N & g o T PR ES PR Ik (EARHEKE Lk, 64ha) 2OV TR
Liz& 25, XD 8 ELLET 30cm UL EOHAKNFEAL TEY, YK T-HEOIFIEFET
DMK U2 AUE ERE KRS TE RN Z E NS h-o T2, ZOHKIKIETIE, 50 THEK
FEHPAZE LK HERR T & 72 o 7oy, BRI D OWMANE L S0 8, Fke BRNHEKGEE K&
< L7omTRetE b A E TE 2RV

HKERRITENEE Th o7 b DO, HFEARXIBO BRI Z G0 AUE, KALZT T KX
WAZOWTHRFH TETWDHEEZ LS.

5.3 ETILOERED T

FEIRATZIE Y, SRR 23 4F 7 A KIS T ONERE 28 4F 9 A I AK~DE T VEMAFE R D, st HiX R
O]« PEARBEAN 32372 0 BV CTHBLTE 2 2 &, KIEEICHE S KK R EElc&x 5 2
EDVHERTTE L. MOEBMEOER & LT, OSMXITEMEROIREHIECH Y, RBHIZRA e



BRI 72 & OB 72 Hi SR o O S0, LK O 2257 03 R HL AT 72 NAKILIERRAT £ 7 V38 S
THEY, FRETNVOEMEREN-T2Z &, QMK WNIZIEBRIFT 8 EfTdh V, MEheSHKONE
AN R TE -2 &, @FEBHMPEKRIL TH Y, HKI~OYKENR 7Pk Tife T
T2, WEER U THKRED DRFHIR KO LK E, REENEHAETH -2 L, RN
HEFoinb.

Table 1 (Z/”" 3 X 912, AT 2iEmT —4, THIFIAH, PeACRI e &7 v I 2T 2 itk
HILNEETHDLZ LD, TNOLDOWEIZHI RV FNEETLZRNZOETNVOESTHD. ZDK
M, ZOET/NTHE, BREOWEGETCOREAR LITHLET AEENRETE, 7 VAL T,
I - HEAKEE ORI E B - AV 7 ¢ ADOWERE A SCERIE) O 2D TR LT2RE T, NTFA—X
DPREIIZHEVFNEE LR, ZOMITET VORISR ETHETE L ).
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i j g,
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Y & < X 4 T
L e =, VeV =iy a2 - N —— T edlRs)

Fig.5 oKXk (H23.7 Kk, 72 : %0k, £ 5t5)

Table 3 HkmfE (H23.7 HiZK)

e WeKmEE (ha) HKmEE OKHEOA) (ha)
B KK . - o gt
BHE e BHE e
h =30cm 911 1,453 851 1,107
20cm=h<30cm 599 563
10cm=h<20cm 1,184 1,082
Ocm<h<10cm 4,812 2,111
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EEWZD, SHRITHEESE VO AT — 2 25 A L THARILZ < 43T L, 5T 2 & Otk
AR DUV TRREF L7200,

Fio, EEOFIFHENZ BV CIE, BREE OHEEITE U CFm R otiiiv &2 # 5 ILEE T £ 7 LA
ZRESN TS, 25m 720 L 50m D7 A v 3 2 (I K DTN & AT, RBFZEOfRHT CHRA &
Ni-HEES 2L OBEAEGNE, EHEOBITCIEbE N £ 2. 22T, AMFRETRALZET L
ENERDILTERNTET NV OMISIEZ R 2 Z L A% OMETH 5.

BEE - ARSI T 2L, BRIMER PR ONA D WHEKEEICEDAREEBEO—HE LTHE
MBINTZbDTHD. AFREZFERT HICHTD, FiBRKFETFE - &) BB D NIRRT €7
NDTa T T L DN E L E QI TRBEWEE W, £, BMOKER ALEEBUDE ) 1K R i
WEHEEHEBRITNO KT —F 28 T2 W, oA arH g o MEEREHD S ITNKID
RN ET VORI L CER2M N2, Z IR L UEHOBERLET.
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Study on Impact of Spatial Distribution of Rainfall Intensity on

i

Parameters of Lumped Rainfall-Runoft Model

MB A « TEEIR™ « ITHRFE ™
R LR B A AR R (T700-8530 [ (Lidb RS 3-1-1)
KARIYA Shigeki*, KUDO Ryoji*, CHIKAMORI Hidetaka*

*Graduate School of Environmental and Life Science, Okayama University
(3-1-1 Tsushima-naka, Kita-ku, Okayama, 700-8530)

Abstract

The uncertainty in real-time flood forecasting system by using hydrological models are caused by 1) forecasted rainfall
as an input to the models, 2) hydrological model structure, 3) setting model parameters, and 4) initial conditions of
forecasting model. In this study, we examined the influence on parameter setting for a lumped rainfall-runoff model
caused by the differences in the characteristics of spatial distribution of rainfall intensity. First, synthetic rainfall events
that have the same mean areal rainfall but different spatial concentration of rainfall intensity were generated base on radar
rainfall data. The generated rainfall data, then, were input to a distributed rainfall- runoff model to investigate the changes
of flood peak discharges due to differences in spatial variability of rainfall. In addition, in order to examine the changes
in parameters of a lumped rainfall-runoff model, we calibrated the parameters of a lumped model to the synthetic flood
events generated through input the synthetic rainfall data to distributed runoff model. Our simulations showed that the
larger flood peak discharges occurred with spatial concentration of rainfall being stronger, and that the parameters of the
model changed depending on the spatial concentration of rainfall intensity. The results in this study implies that since
spatial distribution of rainfall has significant influence on the calibration, parameter setting in consideration of rainfall
characteristic is necessary to develop more robust flood forecasting system.

Key words: parameter uncertainty of hydrological models, spatial distribution of rainfall, synthetic rainfall, distributed
hydrological model, lumped hydrological model

E 5

AMFIETIE, FElT I RT I3 2 3 (W REAREE D22 53 A7 0D T2 48 B A B M B o — A D BEHEME T 2 AEFR L,
ZNENERTHIE T M AN T 5 2 & CRHRIRDZERIN NI E— 7 RICE 2 2 BE O L. 72,
AT L X0 B &7 B R AR L R L, SR A RRICE TR E T A DT A — X [
F5 7 L CHRROZEREE P IEOE O AEREE T LDRT A — 22 D BRI, ZORR, W
SR AN R U C b R B R ST LT B o — AR Y, B VBRI 5 = L 2R LT
E7o, BROZEIERE OB IS U TEPHEFLONRT A — X ENET S L8R L. DI
b, EHAREIHEFADNAT A —% ZAET AL, BROZEEOT R E O 2 ZET5 2 L S0E L
2B,

F—J— R KLETNDNRT A=K DOARMENE, BEROZEM AR, RN, SASmHeT v, SR
e T v

1. [EIL®HIC

KT VAT K23 TR BB 2 RAT T A FEMEORAERITIE, 1) KLETL~DAST
b2 R[E T (BN TR, 2) KLETLOWE, 3) KLETNDNRT A—2ORGE, 4) THIBE
BRRE DT VOIS 72 EF B (el S, 2005), FRIEE OB EI2IE 2 b O HEEMEOFE
PEZHONITHMENRH L. ZNET, BT /UEEIC LD PRIOAHEEMEIZE L T3S R
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BTV, HAREHET AV OWE TWL ONOIERH 508 (WEL S, 2005 5 ZED, 2006 72E), K
I CTITETRIE T N DO/RT A — 2 BREORHEFNEICE B Uiz, EHRE T VIIHEEN RS TRt AN
H/NS WD ERERRH T E WO BLUE CIIEA LFRARET A EEBEZOND N, THIT AT LAORESE
EWV) HTIHEHAKZ LRI A= NEEHTLHLEWHS AR DV, JkEA DT A —F OFEICFHE
DEEESN TN D,

EHRETLONRT A= PR EICEB T HBHO—2 & LT, RFETIXET L~DAT LT
HRERT — 2 DR, FHIBEROZEMOMICER L, ZOBRMOZEMAMAIETRET LONT X —HF
252 5 8B ZHOWTHE LT,

2. WERREE L VRETER

KGRI, [ 1L =S D—2> T 5 EHFH)IAKR D BRI
NS 5 8 H & At (Ftkimfs 217.4km?) TH 5 (Fig.1). i
ORI XL TH Y, FEEIX 210~1,250 m OFIFATH 5.

KRG, 2006 225 2018 4EIC G H A A TRl S - v —72
et 1.0 m’s'km2 LLED KNGS, BERRTRE OZE /R0 DIX S
DENKEW I HKERIG L L7z (Table1).

FRAT RN VR R AR o ORF AL O 7 LA B L O
— X =T AL AR E (ZEEAEE 1 km. LR, L—%—W
&) ZHWo. B EE T mE A L TW A AKSUOKET —#
R—=2b, BEEFRGTOOAT L. £, MIkNOEEST
— ZIIEEEBEE SRR L CO D IEREI kA v v 2 (BEE
1 kmX1km) %MV 7z,

E B LTIR

EHIFER

200 m

3. BITOMELAE
3.1 BITEMB L UBE

PR T T U G E — DO HAL L LT F A %
112728, ANTECEARRE S 72 5. L L, EBEOKHIC
R HIA 22RO 2 £ D O b HIUTTIRN T—EROBER L 25 b Db b 0, Fitlk P N 203 AR
EDOBNTH > TbZDEHBEIEIZETH D, DK 5 RN O ZEREIEOEND, W E 4
AN LT DEFRHEHET VONRT A= RIFTHELET 5 2 L1%, L0 EEERRHTE21T
O LTEELELRD. I T, AW TIIRENOZER A & EFRRHET VDT A—2 L ORRIZHS

5 7 D OB

Fig. 1

Table 1 XfZHK—&

R 1) o ] v
Hizk HiZK 1] H M tHE | e i ]
et R b B
No. %
#® Bilks | T (mm) (mm) (m3/s) (m3s'km2)
1 2006 | 7/15 721 7 266.6 166.1 5253 24
2 2011 | 5/29 5/31 3 156.0 97.5 342.7 1.6
3 2017 8/7 8/8 2 142.7 53.8 317.4 1.5
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WTHRHEITo 7.

B DA X MR O TIE, KD & ISR RSB RER S, B A X N BRGSO
TR ORLRSRAME EATIERIERE) 72 E0nRe 5720, MPUIBEROZEM MO EXG L Ul-idEimlT
NEETHD. £ZT, HIFEDRKERA N MEX—2 L LT, RERECRNIERSY, FserEEkE
MR &2 2L S FTITRERR ORI 7200 2 A 2 TR R 2 oAl e 7 VIC A T35 2 & TR
BWKRZERCL, ZhaRRHKET DI & THITEZITo T2, TN, T L—2—7 XX 2@l
MEZHWT, JReT2 3 HKENENT, BRHAT v 7 OFBCELERN EITZA L ST ICER
DZERHI IR DI 2 T S BT AR A X D 2R E — B L, 20— EORHERN %
DAARET AT THZ T, BROZERISANEK Y — 7 RICE 2 D85 50 Lz, RIZ,
BT A > b2 ARET VAN T2 2 L TR LN REREZ BN kA < M e L,
Z ORHEHKICH L CERRIRIEE T VORI A—F HRETH 2 & T, FBRTREDOZEE /534 08 EHh
METINDINT A—=FITH 2 DGR LT

3.2 EEEERA N b DIERL

AT IS ATE & 72 DR A X POERKIZIZ 1 km 7V v RO L—F —REZ AW, 1ERGIEIC

IS (2003) ICXk - TRESNZFEEZRAWTEY, FEZLLTIZRT.

() &7V v RORBEMRERZRF AT v~ (RIFJETIX 1h) Z&icnkd 5.

(2) BEEFAT v 7 OnFqiD L—F —NEIZ L D WHCEEER g & nT-th O PRI FEEIER 4pe & D35 L
725 X5 Tetffia e UCHIIET 5.

FROFMIREZATERT ELUTDOL IR D.

R’ =R-n Rave —_pn ﬁlRi (1)
J J R" v / ﬁlRin

T2, Ry 77Uy RjORBBEEENEE (mmh), m: 27U v ML

DA DES DEDK/NMInDEDO K/NMMZE > TEILSEDL ZENTE, RFETIE, n=
0.25,0.50,0.75,1.00,1.25,1.50,1.75,2.000 8 7 —AZEH L7=. 728, n=1.00& ) DXL —F —&E
EIZHF LWBEROZERSMTHLZ 2 ERT .

PERR U TEBHRERE RN A X o M TDUNT, b5 7K D s V-2 66 RN e ) fie K IRE 0D [ R R B 0D 22 8 3 A 2
Fig. 2 |Z"7. Fig.2 (@), (d), (g) I EMERNHREZ 025 L CTHER L7 —A2ATHY, BERNOZEMOAm
DIEHLOEIN/NEL, FHENTHOBERE 2> TS Z L BHERTE 5. —JF, Fig.2 (o), @, @)
20/ LUCTER LT —ATHY, BROZEMDMOILSDE DRI E 4L, 2EHIAY 75 T EE OO E
MAELCTWND Z ENHERTE 5.

4. ETIOBELEE
4.1 REETIL

ABFFETIE, BT T SR H @ €7 /1 (Long- and Short- Term model ; LST £7° /L) (f)E -
KHE, 1988) DE 1B X7 MWz, LSTEFADF 1 BEZ 713 Fig.3 1 0rTL 91, BHEe T8
ZaTEY, Bl TEOKIBE#HEZERITH-00REANFITON TS, EE, TeX 7
OEfEAITRANTEREIND.
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INE L Ullr—2 BE (HK 1) K& Litr—2
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Loft

hfd

SR
ot

(g) BWNHMEDIIESE4 (h) VL—¥—WEICED () BEwEOIZSHX%
INEL LT —2A BImE (Hk 3) K& Lir—=
(Hi7k 3) (Hi7k 3)

Fig. 2 il 122 B R 70N fig IR O P R 5 0D 22 ] 0 AT
(@, (d, (g) FEHMEE 0253 L TEML. (o), ), ) TEHNMHEE 2.0 L THER.)

das
d—:=T—E1—f—Q1—Qz @)
as
_dtz =f-Q:3—01 3

T ZIT, 8,8y HrRAE, o WERE, v VIO, Ey c ZRFEBOREE, fRAGREE, Q4,02 Q3 : Wi
B, g1 BRIV ~OWBRETHD. 0d, QUFRMEIH, QI PRIFTH, QzlFEy ik
HEBELTEY, 27 hbOMBEQIHMRADMEVRES. Q0T TNEZNRANERES.
7220, QB L VQIITEEN OGS ZEBA L HBEOHRHRH L b D ET 5.

5

Q1 =a,(5; —Z)™, m = 3 4)

-14-



Q2 = a,5; (5 Z a
=0,
Q3 =0as(S2 —Z3),  g1=D05, (6) S1 12, a,
Vo f =0
Q=0 +0;+0Q; (7 b1| l [EA Zy
A — Lv a3
: :‘:7 alla21a3lbllb2 : E%() ZlJZZng : %}Iﬁjm}L%é %ﬁ?ﬁ&i SZ _>Q3
Manning HJIZE > DL LT m=5/328HL T\ 5. Y 1z,
bzl |;Elﬁ
l91

4.2 LSTETIOEFEAL L UHHER

AL T, £HRRRHET VB I OOMAEREET LV E I
LSTET VEHWTEY, T TLSTET /LVOEFEH | B X
O [LST ET VO A ) & Lz,

LST E7 /VOEH# A, 1EROEFREHET L L RIS, FBCEEIRER 2 AR L U Tt T ik
SO EQZ KD S . LST ETNVDH 1 Bt X Vo 7128 RN T A—41%, HILOFEKa;~a;, 12
LRI, ~b,, WHILOESZ,~Z;, IR ESI~SIOEFH 10 TH S, 7ok, FHEBMRERT
R T HF ZOMRO AR A LTt o L RGE L, FHEBIAARE A T o SRV H & e (mm/h)
WD Z L TSOBLUSUILL TO LS ITRkES.

Fig.3 REHRHmHET /L
(E1BEX7)

s9=00 (8)
$9="L17 ©)
as

PLbEXY, REANTA—=21F 80 L 2250, EPREHET AV TIZENRMNbLEE R D20, &
FEOMEDANT A—=FREEIT D . 72d, FHEMICRT 2FIHERH
FIFRALIZ 1h &35, F7o, FBCEFHINERIT v — & —WE 2 iitikm

rE

TEHHE L& E V2.

LST E7 /LD TlX, iz 7V v FicadliL, &7 >
RIZ LST 7 VO 1 Bex v 7 w45 2 & Tofmflii e
e Lz, FAETATIRL—FX—WEEZ% 7 U v RICATIL, &7
Uy RvB O % KR Z SRR Tt £ CiBid 52 & C
MEAEHHT D (Fig.4). AHFIETIE, L—& —HiED LM & EE
IZEDETIEAE 1km 77U » RIZHEIL, 1km A v ¥ = OFEEGT
— & & W TRAARIEIZ L KRB A ERR LTz, LST £7 /D45
fERAIZ LD 7Y v RIEOFA L Fig. 4 (273 X 912, By v
7035 ORI TS > 7 DA 70D 2 & TZITFHEL
DTS, 7ok, —MRIRSAAEGRHET L EIXRR Y, FiE 7
Uy RROWHEZ Y v RORBNE 8Tk o7V » K¢
—RRDNRT A —=H L LTS, BT ND/NT A— X [ TENIERIT, %
BB D MENIEL FER R DRI S5 DS, YT RS
ERRITMZ bNDTeOREE 9 HD/RT A —Z [FEZAT 5 BN
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b5, Fiz, oAmEEAICK T 2 EHEFFRERALT 100 P L35,
ETIVONT A—ZEEE, AR L0 mmEA & bIE Y T FEAE (RMSE) % HRUEH
L, ZE=4otE b (Differential Evolution ; DE) (Storn, 1996) Z W THI/K I LiciT- 7.

N
1
RMSE = NZI(QM — Qobs)? (10)

ZZIT, N:T—2%, Qups : & HZ LOBHGEARE (m¥s), Quq : itHEIEAR (m's).

4.3 LSTETIVICK HERHEKOBERER

FIE L7/ NT A—& % 2 LST &7 /v o A ks L OV I L 23K O BBLE R % Fig.s 12
AT WETVE BICHBMIZRA TH 7. RMSE (m/s) 13 3 HKO FEEENE i H T 13.07 m?s,
SATEH T 15.56 m¥s L7x oz, ZDZ LD, ERBOKOFEMEIZET A TOEWITIZE A L7
£ TP S L OV AE L & 2 FRBLME T E IS A C b RTEIL e &l L7

5. BITHERELIUER
51 BROZEMATMNRKE—YREICEZ HHE

3.2 TYERR L7 — OB 2 A L7z LST =57 /LI AN L TE LN &% Fig. 6 (2757
R, BT NAND/SRT A =KX 3.2 TRE Liflz H 7=, Fig. 6 13888 (FFH) OlEz v —7 251 24
WEf, ftlh (Fif) OWEE E—27 25T 300m’s CHEL, ©—7fIaiik Lz g Kar77Th
5. &84 —AMDH Hn =0.50,1.00,1.50,2.000 4 7 —AZHFNIRLTND. FXELY, BEROZEMKR
XSO A/NS 0 = 050D AT E— 7 iEN NS o TR Y, BROZEMPZETENKEL (n
MKREL) BDIFEE—IMEBNRREL RDBANALNTZ. 2O &1%, REFEERNEO TR FE
A U Cb 22PN RHI 2R BN 8 5 77— A Tl K B — 7 B AR EL D 2 L 2R LTV 5.
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DREEIZETIAONDLD, n=1250 ETKREL, n=100LL F T/hE L Dm0 A B,
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REZAT OBRTIE, XIRHKOREZIT O L CRNOEMOAe EORMEEERT ILERS D EE X
LS. SkIE, [FEROBERENZ VT, FBEIROZEM S0 OB R ARG E T /L D/3T7 A —H (T
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Water balance analysis of the Tedori river mountain basin
by Radar AMeDAS analyed precipitation

CRARE =« UL
NFSLRZ AW EIRERBE AR (T 921-8836 A1) 1| IR EF iR AL 1-308)
Ito Kouzo*, Maruyama Toshisuke*
* Ishikawa Prefectural University, 1-308 Suematsu, Nonoichi-city, Ishikawa 921-8836, JAPAN

Abstract

Until now, basin precipitation estimated by point observation by rain gauge and data processing. However, the point
observation conducted by small device which not only affected by surrounding conditions, but also limited very
convenient location as near people houses except mountainous area . Radar AMeDAS analyed precipitation currently
published is excellent and nobel method that solve the above problems instantaneously. But the accuracy of the radar
AMEeDAS is not guaranteed completely. The research aims to confirm the accuracy of the Radar AMeDAS by water
balance analysis of the Tedori River basin. As a result of the research, the water balance analysis indicated that the
under estimate about 680mm through the entire year but only about 43mm shortage though the summer (July-Sept).
From these result, we concluded that the Radar AMeDAS has not observed accurately the winter’s precipitation because
the evaporation and the discharge would be estimated correctly.

Key words: Basin area rainfall, Water balance analysis, Mountain basin, Evapotranspiration, Snowfall
B B

IR E CHmERN R, HUSHEBROBHRABEIC L > THESNTE L, L L, BIEOHSREBRN Tz Kk~
AN S D ORBU B E N DIEDY TiEie <, RESHT P E IR 225 HTCHIR SN 5720, MERR Lo 72,
BUE, ARINTWA L —F—7 2 AR (EXAFIE TR ) (MR EEREZ B L TUET 5729012,
AR ESHOMBE AR CEX DAEMERHZHETHS. L, TOBEIC OV TIRERZELELFEENTND.
AR, FEUINLHGEIEZ XG0, KNSRI Ko TRTREORBE 2 G35 DI To e Th 5. T DOFEE,
FEAT RIS K 2 Yieisk i R RN R 3l AR T AT 682mm (WEIk i FE RN S0 2 KIS ZE D FIG-19.3%) Lt/ N fii & 72
LN, S EE S, IWRESCOREMILEALERVEY (7-9 H) T, #43mm GREERER RIS 5 KL
FXEDEE 3.9%) OUILEEICELED, HERBENGWI LARENTE. ZOFEEND, KINKOHERESRTH L5
WL R BEOREE ISR E RN RN ERHER SN0, KM OBER O EREICHTHEOMENH D Z L2
M L7z,

e

F—0— Ry, ANCRENT, L, AR ECR, MRS

s

1. IFCHIC
TN O KIGERIFFEICBEL Tl AR e B & TP K &, AR BE, B THhD. ZNHOFE RN
JFE X <HE S THIO CTIEREZR K FEBRIFZE AN ATREL 705, LSL, WAL COZNDOFE B4 IEMEIZHE 9
DHEIIR S TV, BRI, B 20cm O & A TR NICELE 3528 ICEo THEEL TWD 0, K~
APNENZETINZ, BlE T 25 b BIHFE OE B DD AFITEWEZAIZIRLNS. (1R RARICHE
BT HZELFTDRN. 20D, FIRAEROREKENRIESN TODEITNZ 20,
TR R OHE B ITH R 2. BUE CIXEERN AR~V R D DR e U CHEE T 577
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50, MTEBICE > THEEL Q020N TH D, IEMEEEHIWT DI EB-ES RSN TS, 1)l
D RER) I R AR T EICEEN T 5 LD, KALT BRI TERE SO R\ 2 S RIS RSN
TW5.

AT, ZNHORBEAZD L THAEET 572018, kK EOHEEICRKRIT TARIN TWHL —F
— T AZ AT E (LT, AT &) 280 L, 2838 BB OHEE |2 iolr B S it s a2 BRI L, )1
Tt B AR @ PE S COD RN A B, WK T 21T o7, 370 h, KINSHEIZK
>7C, fRNTI R OHEEREE OMRFHER AT, T R OHEERBE ARG 27201203, RN EZ Il
TR TIE A BTG X DT EITRFTRE T, A OREEZ (D ZLIIRIEL , KN EATE > TLINE DY
R DI EITTER, AHFFEIE, ZOXI7 TN ST TR T A a2 B O BRI L TRE.

CHETIATON B A5 A 5. ZOF D /KIS 2B R L LT 2213 1,2 7= 572 AR
HLUZBFZE I OB T A2 TED. BEBD (2010) [ AR )1 3 H BRI CAE AR S BE 2 N A T2 b D DMEDR
IR K BATHIY 5L LT, FFIIEBK BAHEE L. £, EbOTRLNTZ 4 HSOBRINE DR O
AR E R M L7228, 415 O RE7eif 47 LT 4. Noto et.al (2011) 13, E612 31 4R Otk Ak &%
TR AL TRO TR B DWR L, AR ET 3,248mm~5,137mm SH#EE L TV 5. (Noto et.al
2011, AEXRD,201IEZ DR ZF] AL CHIBRIERRALICHEOTE S KGR OB e 2 RBIL T 5.

PRI IOV T, Falidh — = DM AT IE AR RS LT D (Maruyama and Ito, 2019,k - Ll
2019, FLI1 - % 2019) . ZDOHFEITEARMNIIR — o tiEOE 2 T LR TH DAY, MmO E ORIE
DR LA BB T, BUCSC AR ISR E FEA > CTHIER E OIRE - R EAHEE L, AR R ELHEE
T 5HETHDH. AR TIIZO FIEIC IR IEORHEE L5, 72120, FEICIIRIREREL T
HDT, ARETIIFEROLFNHT 2.

2. BROAEE
2.1 SFEUILHGTIS D8R

WFFEset G & U= TR0 1 L 3, i A 733.07km? (1 B K AT it ) 247 L, #55 2,702m o [ 1L
TEL T\ HARDRERSE S Hit O Fg FRIZALE 95 (Fig. 1) .

AR T 2 2 (R B 1.9 fER) Rk A o S
15 B (R B 2,700 ) 2AL, FRUIOWER=D | & o s - it
Z WL DT REZE LR IE b0 o RSy o ”
AL C BB LA O E i Y
S, WAL AR EICBEDR T, A oumpr
o R (VK 733.07km2)

2.2 RIWTHREOHME 4> (,j o\ L]

FRAT RIS R TARAEL, — M A R R X Knr
B X —0ITL Q0D TAX AN EITEREOH S THl /2/
WL ETHDHZ LN DRE BT EO MBI B 1RV 2 \\/ dﬁiﬂl:ﬁ 33
DR EEMIT0, DL —F —ICLHBRAFIAL, ik K{AEM)
I do TR SN BRI O TR B & 07 ] LR e e
5, BEEL T FEHOMRS %, THICHEETL0TH. it P
I EIL 1km Ay 2R RS BT THEAT S TV A0, Fig. 1 T L HhEsl g 2
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AE], FERYILHFREICZ Y T 58P L, T _XTOAYY 228U -b ORI mEN s LZ. T —
A% 2010~2016 KEZEM L, B HALAFEBEA CTEREL

To. 728, ST OBIRIE, BRI S RIOKBREE N2 E L C q.zﬂwm{ﬁﬂz

WHYRLEED 10 ApDIEED 9 ARETOMMEKEE L il

L. SFRIE L kR
: 0 Qin 0 .

2.3 UBITEICKDHREBRRBE
EHEOMRELTCWD AL, 1 REORIR Tz &
JE rehz M OSiE Rn RO EAT 7 » 7 A G 3L
Thod. ZhbOEE, ARRBRITRNICERE ST
WD A ERRSERR S KB BLNER S TTT o 72, Ll
ZOFBHITEF A2 LI E, B RREER TR
IZHIE L TR dZrnbo e fEEESNnD. Lienio

Qout g Qau

o

....
-------------------------------

T, EHUTSTHIT B AN KRR T B0 T, 1E s A P A B
ERREDIN 24T > 7=, = = CHiHLE OB % Fig. 2 T8I KRS

et L ORI RICER AT 5.
Table 1 f235 « MRGRICH1T Dl & 2K TR
2.4 FRIJILMGREL, S DRHE

KEE | IR AREEEGE | MBS R

TFHO L #3825 B ERC BE 0972 v S K I S (mmlyear)
BT, REIMICODRREBEM TN TR, 2o 20 | 1092 7508 | 67 360

Ve Al - § _ N N 2012 1070.7 708.7 724.9 394.7
ERZRAT 5. HEAKFTHATHESNTOLBUIE 0T oms  sse7 | 7458 332

# (013, Fig. 2 (R TINTTFEIINZ 2 KA )INZ LZED 2014 891.8 540.3 744.7 430.0
BB LA, TSI O B Z IR R Ty 2o L Y R | TR S

. . . ) 2016 861.3 591.8 757.9 385.9
B, Ak TLA MR HE (Q) Tk AL £ SN 5. 2017 | 208 5045 | 7297 3996
1) 935.0 603.2 736.8 409.3
Q: Q,+ (Qin_Qout) +Q,out (1) =
S : (BT : mm/year)
4N 0~2(1(30
T, Qn EFEBYI- KA IS A~OFAR, Qu FF] w7 L 25003000

JI K BINZ DOSOREE, Q out [FILIRSM~D T & TH
5. ZOHUHEST, FERKPT S Okt EE2EEL
7.

3. RIHER

3.1 BEIEICK D REBHRRHE

Table 1132011~2017 KAEETO 7 £ D25 I L UMR
\ZFSF DR LR AR OWEERE R TS, SBlTb 7k
T, MERITERNSIHIL TODTeD, MBI D 72L, 2RFE
SR, LT insC, FRO R T, TS
HTBRBITENESZ, BBORRRBERALL. Fig. 3 THUIHEF R AR (2010 A4E)
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3.2 MBTHEICKIFEBRAKE

TR RN B LVIGOTZ 1km Ay 2 FOER K EZ Fig. 317, ZOXMNSIB I IS ERO M
KRBT BRIT L, MRS > IR 578, 45 5,000mm 289 L2 A0 B b5, 2Ok RIFBEIiET L
TWDHRERD (2010) DIFFEE T JE LU,

3.3 BEEDKIKZEH
ﬁiﬁﬁﬂﬁ%f‘“Hjucﬁmﬂzﬁﬁﬂﬁgﬁm D Z B VEZ RIS U KO HERR T 2720, 7 - [ OfFAT R &
KoueimEm AN & (R), 2838 (ET), Wil b ofi & (Q) 2~ T, KUK (R-Q-ET=W)Z 55 L Table
2 \RLTzZ. ZORER, I W IR FEH)-682mm L K& e~ A AEE/RD, ki I3 5%E65-10
~-300% (*1-45-19.3%) & R TOKRIFEICIBW Tl Nl L o7z, ZORERD FiRO R, Q, ET OV s
CHE ET 3 B EN DD LD RSN

Table 2 fRtT RV R & 2 HRE RN BRE M & KIGE (GlAR)

KA e P Y LA HH ARIE R N7 W/R X100
R (mml/year) Q (mm/year) ET (mm/year) W=R-Q-ET (mm/year) (%)
2010 3926.8 3989.6 675.7 -738.5 -18.8
2011 3067.5 3259.2 750.8 -942.5 -30.7
2012 3836.8 3875.6 708.7 -747.5 -19.5
2013 3454.8 3328.4 589.7 -463.3 -134
2014 3730.1 4116.1 540.3 -926.3 -24.8
2015 3172.3 2966.4 536.8 -330.9 -104
2016 3554.9 3589.4 591.8 -626.3 -17.6
) 3534.7 3589.2 627.7 -682.2 -19.3

3.4 EHDKINZEHT

ZZTC, ZOREDO—2LLTC, BENEMEICBISITORWATREIE R W EB X, ZORENFRE 7L,
IR BRI DWW TH BN D 7 T~9 HIZERE L KU ZFHHE L Table 317R U7z, FEREL TSI
-7.0~12% (¥4 3.9%) &/hE<720, HHIO KISt ORG EE 1T m OS5 RSz,

Table 3 AT R ELIZ 2 RN S REME & KNGS (T~9 1)

KA e P Y LA HH B ARIE R N7 W/R X100

R (mm/92day) Q (mm/92day) ET (mm/92day) W=R-Q-ET (mm/92day) (%)
2010 1165.6 805.7 218.1 141.8 12.2
2011 830.9 492.0 321.0 17.9 2.2
2012 1454.4 1140.3 299.2 15.0 1.0
2013 1134.6 878.4 222.9 33.3 2.9
2014 808.7 643.8 226.5 -61.6 -7.6
2015 962.6 636.6 227.0 99.0 10.3
2016 1357.0 1062.4 236.8 57.8 4.3
NS 1102.0 808.5 250.2 43.3 3.9

4. EER

IKIEHTRER DN OIRD &9 R BEERFRETH D . KRINSUTERT 2 EED 5 b, ZRIEHE i%’*@i@‘%
NS L, KBRS T 5 BIRE <2V, FRINETOLL OSHHRERNSHET L THIFE
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M E SR E D .

it S B O W BRI K AT LSBT, H-Q fifRIC L » TEIl SN TR Y, WRIXES CTHEN TV
L1, E#EAHATHIROEENTE 212 W, L7z -> T, Table3 D XL 92, EHOFEI#EEIH
EIN TS BIEAHOW)IEE S #EUICHE SN TS EE X TR,

KINZHE D 5 5, ZRFEHORE: & ITE R OHEERE IR E MR 20 & T 4UE, 78D TR KR OHE
ERECTHL. BEMOBKEDOHEEIZKE BN 2V ETIUE, Ao KEOHEEIZRIENRS 5 &
W KD 1200,

LI EOREHEEN S, Ao ORMBESO L2 01, BEHE OB KEOHEE TH S 2 L2

o,

5. B®
IIE T EAEN EOHEC TN EESER SO FiEIC > TfThuT& 72, ZOHETIE, 20
FiEEED TR Z1T .

5.1 MITRELMERSELDLER
WEEmEmIELT, BKEPMES KT TDIE2 BB L, BKRELESORIF Xz W Tt N R4
ROLFETHD. MK EDITLE/RDT —ZIF Fig. LITRT 6 HU (SR HILETA -2 H - [l 1 2
8)) T AN EEHE AL, e 2RI RIANZ LA L 720 2010~2012 KAED 3 4L L, BRI
D 1 AKRFEZ LI KB LR R ORlF AR, FEEBIIEOY =AM, kiR R aHEE L.
AT R EAR ISR U AU Taple 4 fibifi e & iR S 11 & 5 T
MifZ Table 4 |29 AR RN I MIE SO AT RN

sk i i & (mm/year)

BIOGTOWNEESIETOHEEMOLER 1.01 2 k4 — b
e ST R RN A% 1)

FEE 3 EMICBWTT XTI ED T3S T k& 2010 3926.8 3840.9 1.02

WS, IR R CTHAHZ LD MRS T, 2011 3067.5 3043.2 1.01
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Abstract

Accurate and early flood forecasting is important for implementing safety measures, reducing flood damage,
and ensuring effective flood rescue operations. In this study, the LST model was applied to hydrological data for
11 years in Kuroki Dam catchment (49.2 km?) in Okayama Prefecture, Japan. The LST model was calibrated by
the differential evolution technique. A system for real-time flood runoff forecasting was constructed by
introducing the particle filter technique into the operation of the LST model. Using the LST model, the system for
probabilistic flood runoff forecasting was developed. Pseudo forecasted rainfall data were generated by adding
Gaussian noise to 1- and 2-h ahead future observations collected from gauge points in Kuroki Dam. The generated
data were input to the LST model to calculate the distribution of forecasted discharges. The model performed well
in the simulation of both flood (short-term) and long-term runoff. The results show that the distributions of 1- and
2-h ahead flood runoff predicted by the proposed forecasting system were accurate, compared with observed data.
Therefore, it can provide useful information for efficient flood warning and protection planning.

Key words: Real-time flood forecasting, long- and short-term runoff (LST) model, Differential Evolution (DE)
technique, Particle filter (PF), pseudo forecasted rainfall
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1. INTRODUCTION

With increased frequency and intensity as well as irregular changes of natural disasters in the recent decades,
climate change continues to be one of the key risks affecting natural and human systems across the world (Phuong,
2017; Pachauri & Meyer, 2014). Climate change has largely impacted social, economic, and environmental
systems and shaped prospects for sustainable development in most countries (Munasinghe, 2007). In the last few
decades, floods have without doubt become one of the most devastating manifestations of climate change on Earth,
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and every year, extreme floods have severe consequences for the society and mankind in terms of property
destruction and loss of lives (Plaza Guingla et al., 2013). A recent increase in damages caused by floods has
highlighted the need for significant measures to reduce damages and to protect lives. One of those most significant
measures is issuing flood forecasting systems.

Timely and accurate flood forecasting can help in estimating the extent of the eventual flooding and allow
safety measures to be taken at an earlier time, thereby reducing the destruction caused by extreme floods as well
as assisting the authority in flood rescue operations. Additionally, the provision of flood forecasting and warning
system is vital, practical, and promotes the mitigation of flood losses. It is, therefore, a requisite to develop flood
forecasting systems that can make predictions as accurately and early as possible during real-time flooding events.
To this end, a good forecasting system should be able to probabilistically estimate flood damage, such that
effective flood warning and protection planning can be efficiently designed.

In this study, the long- and short-term runoff model (LST model) was applied to analyze flood runoff and
long-term runoff successively and used to forecast flood in real-time. Parameters of the LST model were
calibrated using the differential evolutionary (DE) technique, and the particle filter (PF) technique was introduced
to improve the certainty of hydrological condition. Then, short-term rainfall prediction was conducted by creating
pseudo forecasted rainfall with Gaussian distribution, and probabilistic 1- and 2-h ahead flood forecasting was
finally performed in real-time using the LST model combined with PF.

2. RESEARCH CATCHMENT AND HYRDOLOGICAL DATA

The research was conducted in Kuroki Dam catchment,
which covers an area of 49.2 km2. The catchment is located N
upstream of Yoshii River Basin in the north of Okayama
Prefecture in Japan. Fig. 1 is a geographical map of the
Kuroki Dam catchment showing the locations of hydro-
meteorological stations.

In this study, hydrological data for 11 years from January
1991 to December 2001 were collected at Kuroki dam and
five gauging stations (Kurami, Iwabuchi, Daigasen, Aba, and
Tsuyama) in and around the catchment. The number of target
flood is 22. The collected data include hourly and daily data
of discharge and precipitation, and daily maximum and
minimum temperature.

HREREN @ Rain gauge
. .

~ O Rain & water

cymt
t\ \\ \ gauges
Daigas

Vet |

3. RESEARCH METHODS Kuroki Dam =~
3.1 Long- and short-term runoff (LST) model

) Fig. 1 Kuroki Dam catchment
The LST model, developed by Kadoya and Nagai (1988),

was applied to analyze long- and short-term runoff simultaneously and continuously. \ lr
The LST model consists of three storage tanks arranged in vertical series, and the top ' = Ja g
tank is composed of upper and lower layers, as shown in Fig. 2. S" 1(27 '
. . . . i
The continuity equation of each tank is as follows: e Q2 Qe
FHE @)
das as 2
EET—E -0 —Q S=f-0-a € L: 65 o
Sz lz,)
ds; _ _ _ _ as, _ _ _ 3
PTRE! E;, —Q4— 92 92 E; — Qs Eg\g'lbz

where S is the water storage depth; r is the rainfall intensity; f is the infiltration rate; S;
g is the percolation rate; and Q is the runoff components in which Q, is the surface L Los_Q,
runoff, Q, is the prompt subsurface runoff, Q5 is the delayed subsurface runoff, Q, is E;\g2
prompt groundwater runoff, and Qs is delayed groundwater runoff. E;~E5 are the
evapotranspiration rates from each tank, which are calculated as follows:

S4 _Q 5—- OS

E, = y6E E,=(1-y)E E; =y(1—-6)E (2)  Fig. 2 LST Model
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where y is the separation ratio of evapotranspiration for the upper tank (y =0.6);0 =1if S; >0o0r S, = Zs,
0 =S,/Z;if S; = 0and S, < Zs; E is the actual evapotranspiration.
The actual evaporation, E, is estimated as the sum of the potential evaporation by the following equation:

E = Z;Llwi. ki .Ep (3)

where Ejis the potential evapotranspiration estimated by the Makkink equation; w; is the area ratio of the i-th
zone of the four altitudinal zones in the Kuroki Dam catchment; k; is a factor depending on weather conditions, in
which k; =1.0forr; =0and 0 < k; < 1.0 forr; > 0.

Runoff from each hole of the LST model is linearly related to the water storage depth in the respective tank,
except for Q,. The runoff Q,, Q3, Q,4, @5 and percolation g are calculated by the following equations by assuming
that runoff occurs from the holes only when the storage depth of the tank, S, exceeds its corresponding height, Z,
i.e., S > Z. The surface runoff, Q,, is assumed to be expressed by Manning’s law. Thus, m = 5/3 is used in Eq.
(4). Each of the abovementioned relations is summarized as follows:

Q1 =a,(5:—2;)™, m=5/3 Q2 = a5, Q3 = a3(S2 —Z3) , g1 = bS5, (4)
Q4 = 4453, g2 = b3S3 Qs = asS,

where a; is the runoff coefficient; b, is the infiltration coefficient: b, and b5 are percolation coefficients; and Z is
the height of the runoff holes.

3.2 Differential Evolution (DE) technique
The DE technique, originally developed by Storn and Price (1995), is a very simple stochastic population-
based global optimization technique. The DE-flow chart is pictorially represented in Fig. 3.

The selection and use of an appropriate and meaningful specific objective function, which is also considered as
an efficiency criterion or indicator in this case, is a critical step as it strongly affects the success rate in
hydrological modeling calibration using automatic optimization technique and in model performance assessment.
In this study, the parameters of the LST model were calibrated using the DE method under the objective functions
of mean absolute error (MAE) and Nash-Sutcliffe coefficient of efficiency (NSE), which are used to access the
goodness-of-fit of the simulation model to the available observations. MAE and NSE are defined as follows:

MAE = lZN |Q 0 | (5) NSE =1 — Zliv=1(Qsim,i—Qobs,i)2 (6)
— N &=l Ysimi obs,i - Z?’:l(Qobsi_agbs)z

MAE = 0 and NSE =1 indicate that the simulated values completely correspond to observed values.
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Fig. 3 A flow chart of DE’s generate-and-test loop

3.3 Particle filter (PF) technique

A major problem that often occurs in real-time forecasting is the uncertainty quantification (Weerts & El
Serafy, 2006). This uncertainty arises due to the oversimplification of the rainfall-runoff process, uncertainties of
the model structure and/or model parameters, and the limit of the hydrological information (Nagai, 2003; Kadoya
& Tanakaramu, 1989). This uncertainty problem can be efficiently solved by incorporating filtering techniques
into a rainfall-runoff model, promoting accurate real-time flood forecasting (Chen et al., 2018, Plaza Guingla et al.,
2013). In this research, the system for real-time 1- and 2-h ahead flood runoff forecasting was constructed using
the LST model in combination with the PF technique (Gordon et al., 1993). Assuming x as a state variable and y

as an observation variable, the procedure of the PF is outlined in the following steps:

Step 1: Randomly generate N initial particles [xt(i)]’i"=1 based on the proposed distribution n(xt|xt(?1,yo:t). The

number of particles is selected by the user as a tradeoff between computational effort and estimation accuracy.
Step 2: Prediction: Perform step (2.1) and (2.2) for each particle i

Step 2.1. Obtain the system noise u, from a known prior density function p(u,).

Step 2.2. xt_1|x§i_)1 is evolved over time by the state evolutional model x¢;—, = f(x¢-1,u.) and xt|xt(?1 is
obtained.
Step 3: Updating: Assume that observation data y, is obtained, performing step (3.1) to (3.3) for each particle i

Step 3.1. Compute the likelihood p(y,|x;) from xt|xt(i_)1
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Eq = |Qobs,j - Qg(l;)l_ﬂ
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cal,j

Step 3.2. Use the likelihood density to determine the corresponding importance weight of each particle w

POelx).
Calculate the total weight T, = XX, w”

t

and then normalize the particle weights as wt(i) = T,;lwt(i)

Step 3.3. Resample each particle based on w'” to obtain [x )],

t|t

Step 3.3.1. Construct the cumulative sum of weights (CSW) by computing ¢; = ¢;_; + wt(i) with ¢; = 0.
Step 3.3.2. Leti = 1 and draw a starting point w; from the uniform distribution U[0, N~1].

Step3.33.Forj=1,2,..,N

e Move along the CSW by making

w=u +N71(G—-1)
e Whilew; >c; makei=1i+1
o Assign samples: x/ = x!
o Assign weights: w/ = N1
e Assign parents: i/ =i
Step4: Returntostep2ast=t+1

‘ R: 1-hour ahead rainfall from the gauge point ‘

i

o _

‘ Randomly create N samples R}’ ~Pyorm (R, @ X R) ‘

‘ N values of 1-hour ahead discharge ‘

Fig. 4 Formulation of pseudo forecasted rainfall

3.4 Formulation of pseudo forecasted rainfall data

Systems for flood runoff forecasting
require short-term prediction of rainfall. A few
hours to days ahead online forecasts of rainfall
are expected to improve flood forecasting
accuracy. However, the Japan Meteorological
Agency (JMA) only started providing 1 h to a
few days ahead of rainfall forecasting
information since June 2019. The record length
of online rainfall forecasting by the JMA is not
sufficient for assessing the influence of future
rainfall prediction uncertainty on the runoff
forecast. Additionally, reliable forecasted
rainfall information is difficult to acquire. To
account for the missing data, we used pseudo
forecasted rainfall data created by adding
Gaussian noise to 1- and 2-h ahead rainfall
data collected from the gauge points in the
research catchment instead of real forecasted
rainfall information. Fig. 4 presents a brief
description of creating pseudo forecasted
rainfall.

4. RESULTS AND DISCUSSION
4.1 Runoff simulation by LST model

The unknown parameters of the LST model were calibrated via DE to optimize the objective function. MAE
and the NSE were used as objective functions for minimization and maximization, respectively. Optimal
parameters of the LST model and the error of daily and flood runoff are shown in Table 1. When the LST model

Table 1 Optimal model parameters
(Kuroki Dam catchment)

PARAMETERS | LOWER | UPPER OPTIMAL

BOUND | BOUND | PARAMETERS
al 0.001 0.05 0.0482
a2 0.01 0.1 0.0999
a3 0.001 0.1 0.0263
ad 0.0005 0.02 0.0199
as 0.00001 0.001 0.0001
bl 0.01 0.02 0.0200
b2 0.001 0.04 0.0399
b3 0.001 0.01 0.0083
Z1 5 200 149.1574
Z2 5 500 499.6221
Z3 5 200 198.4917
S1 0 20 3.8738
S2 0 200 124.7907
S3 0 1000 204.1633
S4 0 1000 970.3223

Table 2 Accuracy of runoff simulation using LST model with
and without particle filter

MAE NSE (%)
LT (mm/d) | ST (m3/s) LT ST
LST 3.93 4.17 75.40 71.34
LST + Particle filter 0.59 0.33 99.36 99.54
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was optimized by minimizing MAE, the daily runoff error was 3.93 mm/d on average for 11 years. When
optimized by maximizing NSE, it was 75.40% (see Table 2). Two examples of simulated daily runoff are
presented in Fig. 5. The simulated hydrographs and results of MAE and NSE indicate that the calculated daily
runoff well agrees with the observed one. Hence, the optimized LST models can be considered to show good
performance in long-term runoff simulation.
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Fig. 5 Examples of simulated daily runoff by the LST model with particle filter

Fig. 6 shows that the calculated flood runoff hydrographs during four floods, which shows that the calculated
runoff well simulates the observed runoff. The MAE and NSE in every 1-h discharge for 22 floods shown in
Table 2 were 4.17 m3/s and 71.34%, respectively. Thus, the LST model also simulated the flood runoff suitably.
The results clearly indicate that the LST model simulated both long- and short-term runoff with good accuracy.

4.2 Runoff simulation by LST model with updating by patrticle filter

As the abovementioned results show that the identified runoff model has good applicability in the Kuroki Dam
catchment, the existing difference between the calculated and observed discharge can be mainly attributed to the
estimation of the areal average rainfall. The rainfall estimation error is believed to influence the storage depth of
the top tank, particularly the upper layer’s storage, S;, of the top tank that dominantly controls flood runoff. S;,
therefore, is considered to be the state variable in this research. With the application of the particle filter to storage
depth in the upper layer of the top tank, the simulation accuracy of the model can be expected to be significantly
improved in the short-term runoff. This improvement is shown in Table 2, in which MAE is decreased to 0.59
mm/d and NSE is increased to 99.36% in the case of the daily runoff, and 0.33 m3/s and 99.54%, respectively, in
the case of flood runoff.

Figs. 5 and 6 show the good agreement between calculated and observed discharge for both daily and flood
runoff, which proves that the combination of the LST model and particle filter can be used for real-time flood
forecasting.

4.3 Statistical forecast of discharge considering rainfall forecast uncertainty and updating by particle
filter
While planning countermeasures against flood disasters, the uncertainty of discharge forecasting should be
evaluated because it is strongly related to the security of our society. The uncertainty related to discharge
forecasting is considered to mainly arise from the uncertainty in rainfall forecasting. The influence of rainfall-
runoff modeling, which is another important factor in the uncertainty of discharge forecasting, has been already
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minimized by optimization of the rainfall-runoff model using the DE technique. The uncertainty is inevitable in
forecasting, although the accuracy of the forecasted rainfall is essentially important for real-time flood forecasting.
Therefore, we here discuss the influence of uncertainty in rainfall forecasting on discharge forecasting.
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Fig. 6 Examples of simulated flood runoff by the LST with particle filter

The JMA started to deliver 1 h to a few days ahead of rainfall forecasting information in June 2019. This
record length is not yet sufficient for use and it is not easy to obtain a reliable record of real-time rainfall
information. Additionally, if reliable probabilistic information of future discharge is available, the alert level of
flood can be set by considering the exceedance probability of forecasted water levels, which is expected to be used
as valuable information for effective flood management. A method for creating pseudo forecasted rainfall data
was, therefore, applied to overcome this issue. Instead of using real forecasted rainfall information, we used
pseudo forecasted rainfall data created by adding Gaussian noise to the 1- and 2-h ahead future rainfall data
collected from gauge points in and around the research catchment. In this research the standard deviation of the
rainfall noise was selected as 10% of the future observed rainfall values and all the negative pseudo forecasted
rainfall generated from this method were replaced by 0. An example of the distribution of the pseudo forecasted
rainfall and the corresponding forecasted discharges are depicted in Fig. 7. With the method of creating pseudo
forecasted rainfall, a corresponding distribution of forecasted discharges could be obtained. The distribution of
forecasted discharge is a significant solution to deal with the problem of forecast uncertainty. It can be used to
probabilistically estimate flood risk, thereby supporting efficient real-time flood warning and protection plans.

Next, the mean of all the forecasted discharges was selected as the output for the flood forecasting and
compared with the observed discharge obtained from Kuroki dam to assess the accuracy of the proposed

- 35-



forecasting system. Fig. 8 presents examples of the results for 1- and 2-h ahead flood forecasting in Kuroki Dam
catchment. The hydrographs show that the proposed forecasting method provides remarkably accurate estimations
of flood runoff forecasting. The accuracy of flood forecasting is expressed by the Normalized Root-Mean-Squared
Error (NRMSE) (given by Eq. 7), which is a measure of errors widely used to assess the forecasting accuracy
when comparing with observed values.

T _
RMSE = \/Zt:l(QDbs Qforcasted)z NRMSE = m{:MSE (7)

X min
T Qobs —Qobs

2-hour ahead
1-hour ahead

o
o

o

=3

o
o
=3
©

o

o

53
o
=)
@

o

<
o
<

o
>
T
=}
>
1

o
i

o
®
e o 9o 9 o9
=)
o

o
@

Probability Density Function

Probability Density Function
o o o o o
°
&

o

o

N
o
Q
N

o

5}
o
o

°
°
i
L

1.8 182 184 186 1.88 1.9 192 194 196 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7
Discharge (m3/s) Rainfall (mm/h)

1-hour ahead 2-hour ahead

=3
o

o o
> o
8 2

:

o o

s o

8 8
]

o
N
|

.06

.05 L
04 04l
.03 F — 03}
002 002+
0.01 0.01F
ot oL
5 3 35 4 5 55
)

o
=)

Probability Density Function
o o o o o
°
o
f

Probability Density Function
o o o o o
=
&

2 4.5 1.95 2 2.05 21 215 22 225 23
Rainfall (mm/h Discharge (m3/s)

Fig. 7 Example of distribution of pseudol-h and 2-h forecasted rainfall and corresponding
forecasted runoff

Table 3 Improvement of forecasting accuracy by filtering

Forecasting NRMSE (%)
method 1-h ahead 2-h ahead

No filter 9.98 11.10

Particle filter 5.05 7.40

The comparison between observed and forecasted discharge is shown in Fig. 9 for all floods, in which the
errors of 1- and 2-h ahead forecasting are 5.05% and 7.40%, respectively. NRMSE appears to increase with
increasing hours ahead of the flood forecasting, but it remained within an acceptable range. Flood runoff was also
forecasted without updating (no filter) and the results are presented in Table 3. It can be seen that application of
PF significantly improves the NRMSE. From the results, it is concluded that by introducing the filtering technique
(particle filter) to the LST model and applying a suitable method of rainfall prediction, the 1-h and 2-h ahead
flood can be accurately forecasted.

In this research, we used the pseudo probabilistic distribution of rainfall based on the observed rainfall to
consider probabilistic forecasting of future discharge. If more reliable probabilistic information of future
forecasted rainfall is available, real-time probabilistic discharge forecasting is expected to provide more valuable
information to for reducing flood damage.
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1- and 2-hour ahead forecasting
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Fig. 8 Examples of real-time flood forecasting (1- and 2-h ahead)

5. CONCLUSION

In this study, the LST model was applied to hydrological data (1991-2001) in the Kuroki Dam catchment
(49.2 km?). Some conclusions can be drawn as follows:
(1) The LST model calibrated by the differential evolution technique can simulate both long-term and flood
runoff (short-term runoff) successively with good accuracy. The applicability of the model was tested
through continuous simulation for 11 years and for 22 floods.

(2) Using the method of creating pseudo forecasted rainfall, a distribution of forecasted discharge values can
be obtained. It can be used for probabilistic estimation of flood risk that is expected for application to
real-time flood warning and protection planning.

(3) The proposed forecasting system including the LST model combined with particle filter and using the
method of creating pseudo forecasted rainfall provided accurate 1- and 2-h ahead flood runoff forecasts.
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More reliable probabilistic information of future forecasted rainfall can be obtained, more valuable information
for mitigating flood damage can be acquired by using generated real-time probabilistic discharge forecasting.
Hence, future research on efficient methods to probabilistically forecast rainfall data is expected.
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Fig. 9 Comparison between observed and forecasted discharge for all floods (1- and 2-h ahead forecasting)
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Abstract

This paper describes a comparison between actual evapotranspiration (E7a) estimated by inverse analysis, recently
proposed by the authors, and the Penman potential evaporation (Ep). To confirm the reasonability of the inverse method,
ETa was estimated using climate data for seven years at an experimental farm (flat area) and an experimental forest
(mountainous area). To confirm the reasonableness of the inverse method, estimations of yearly and monthly E7a were
conducted over seven years and resulted in reasonable results. Then, comparisons between daily Ep and E7a resulted in
both items being closely correlated; Ep was 0.805 times that of E7a at the farm and 0.654 at the forest in terms of mean
values. Finally, the ratios of E7a versus Ep were calculated. At the forest station, the ratio increased from 0.4 in March
to 0.8 in July and was maintained at 0.8 after July for the year, whereas at the farm site, the ratio remained at ~0.7-0.8
throughout the year. The result for the forest was thus quite different from empirical results to date that showed a ratio of
~0.7-0.8 throughout the year. The reason of this difference was considered from aspect of net radiation, wind velocity

and soil characteristics.

Key Words: inverse analysis, Penman equation, evaporation ratio, heat balance, single height temperature and humidity
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Homogeneity of ponding depth change due to irrigation in large-sized paddy field

Y B - gk R - BIRTRTE T - KOEESE
* PELETRERE RN T2 EM (F305-8609 ZKIKIE S < IXHBIE & 2-1-6)
SAKATA Satoshi*, SUZUKI Sho*, SHIMMURA Mami*, TOMOSHO Tatsumi *

*Institute for Rural Engineering, NARO (2-1-6 Kannondai, Tsukuba, Ibaraki 305-8609)

Abstract

One of the government goals is using data for Agricultural production. Agricultural machinery using ICT is in the
stage of social implementation, but the specifications differ depending on the device. In this study, in order to verify the
representativeness of the data used in the field, the spatial distribution of the ponding depth in a large-sized paddy field
of 3.3ha was examined. According to leveling, the installation height of the three water level sensors connected to the
ICT equipment was different. Though it is thought to increase the ponding depth in the paddy field evenly during rainfall,
ponding depth may not necessarily change uniformly due to factors such as drain outlet operation. On the other hand, the
difference among the measurement points of the ponding depth change during irrigation is small, and it was confirmed
that the water was supplied until the water was distributed throughout the field even when the water supply is
automatically stopped when the set water level is reached.

Key words: Ponding depth, Large-sized paddy field, Remote-controlled Water Management System in Paddy Fields,

rainfall, irrigation
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Analysis of Water Balance and Influences of High-turbidity River Water on
Groundwater level in an Alluvial Fan by a Lumped Hydrologic Model
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TAKASE Keiji*, FUITHARA Yoichi*

*Ishikawa Prefectural University (108 Suematsu Nonoichi-city Ishikawa, 921-8836)

Abstract

A huge landslide occurred on the upper reaches of the Tedori River in early spring of 2015. It caused high-turbidity
water and the turbid water continued to flow in several years. It brought a great amount of sediments to the river and
paddy fields. Groundwater level in the fan began to decrease just after the occurrence of turbid river flow in May 2015
and we had serious problems that industrial or domestic water was in short supply and some springs dried up. In this
paper, a lumped parametric hydrologic mode was developed to evaluate the influences of turbid river water on
groundwater level and to analyze water balance in the fan area. As a result, it was concluded that the percolation from
paddy fields and seepage from the river played an important role of recharging groundwater and the turbid water
affected groundwater level.

Key words: water balance, highly turbid water, groundwater level, , hydrologic model, alluvial fan
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Investigation of fish upstream migration on portable fishway installed on steep slope
in canal

\\\

HREAR - AT « mfE o™
KRR (T300-0393 RIS IR FRHGRRFaf FL BT H o 3-21-1)
) S R P RO R EREE TR (T761-8058 &)1 IR AR Tl HT 355)
SUDO Naoya*,MAEDA Shigeya*,TAKAHASHI Naoki**
*Faculty of Agriculture, Ibaraki University (3-21-1 Chuuo, Ami, Inashiki, Ibaraki, 300-0393)
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Abstract

Ensuring the movement route of fish is an important issue in conserving the ecological environment of rural water
bodies. A fishway has often been constructed to alleviate the obstacles for fish upstream migration in the head and torrent
works, but it is generally large and not considered to be attached or detached. In this study, a portable fishway that can be
easily attached to and detached from the waterway and can be manufactured at low cost is installed in the steep slope of
an agricultural drainage canal. The field observation was conducted in May, July and September 2019. The underwater
camera was used to take pictures of the movement path of fish on the portable fishway. The effectiveness of the portable
fishway was analyzed by hydraulic observations inside and outside the fishway. As a result, it was confirmed that Medaka,
Yoshinobori, and shrimp were migrating upstream on the fishway. The flow velocity in the fishway decreased to about
half of the flow velocity in the steep slope of the waterway.

Key words: portable fishway, agricultural drainage canal, fish, ecological environment
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Abstract

Generally, quality and quantity of agricultural products are indirectly assessed by meteorological hysteresis data at
municipal level. And, by adding the image analysis technology, it becomes possible to assess quality and quantity of
products directly and timely for farmers and contribute to improve the agricultural efficiency. Recently, artificial
intelligence (Al) that mechanically learn mass data are applied in many fields. Especially, by developing the neural
network and deep learning that have high capability of recognizing pattern, many kind of picture analysis services are
proposed. We are engaged in developing image analysis technology for apple farm using Al that assess the products
quality in real time with entire farm image. In this paper, we report the result of virtual examination using images acquired
from web site.

Key words: agricultural efficiency, image analysis, harvest assessment, neural network, machinery learning
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Abstract

In northeast Thailand, the irrigated agricultural land was only 7.6% (in 2012) of total and others were classified as
rain-fed so that climate change makes agricultural production unstable and also makes negative impact to the societies
and economics in rural area. In this study, we focused on weather induced economic damages and effectiveness of
index-based insurance in Northeast Thailand. Firstly, we evaluated how affect the future seasonal rainfall amount and
patterns on rice yield. 6-8% reductions were estimated in KhonKaen, MahaSarakham, RoiEt province. Through the
regression analysis, 8 province had positive correlation R>0.3 with Jul-Sep accumulated rainfall. And then, probability
analysis was applied to monthly rainfall which was employed for insurance index value. As a result, setting amount and
periods of insurance index was suitable. Secondly, household survey was conducted to investigate farmer’s conditions
of income balance. In recent year, agricultural damage on farmer’s income was not so large (less than 3%), because
65% of farmers income relied on non-agricultural sector. That might be the one reason of constraints of insurance sales.

Key words: climate change, agricultural damage, household survey, risk assessment
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FEWEZEIN 7.6% &K < RUAEE BN Mas5 72 & A AL 2 %5 K O AEFEIC R D KRB 588 % 3 L |

WIS & L COXREA T v 7 ARBEOFREM: 2 5l L 7=, ERUFET L E2HWTORRO BINELZ R 7=
R, avry =Y ITH A v AT NRET 6-8%DWINAHERF STz, BHALX A 17 R 3 » AREERK
BEKEFEEOBENS, 40T v 7 ARBIEH SN TWD 79 HRKE EKEEEOHBITE L,
REBABEOBFRGIE NS A > F v 7 Z0OHMB X OMEIIMARZY TH D LS. ®’IZ, WEKD
A PE BB &R OHERS > D& IR - BRI HHERE R, BEMEINAICKIETRELZHEE L
B, IHE T EEI AL 3% LT /NS otz BE~OMIEAHREAE L, HHINAD 7 BIFRE %2 SN
NEDTEY BENAOEIESITIA) /NS WD ERNKEA T v 7 AR K OLEZER &5 2 6.

F—U—F KEAE), REWE, ERtEA, VA7 EH

1. [FL®HIC

I A TRV Y A OEFHENZ2EREYTHY . B TH 0 ki CT& 7z, M0 EEMEIERE Y
DOHDH LTV Z, WETITEHHIO 55%2 KRN O TS, A DRAAD 8FILL EAKEER L L,
L NY720 OFFEEEIL 100 F 2267225, RS X A EOKITEKEL TRV | EEAEHEEKEI FAO
DA ATGHREIT LD & Z A TBUE S HFAEOKEHETH D, Z A TIX 1989 £ 6 2002 FTh T
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THK, FIEDIT L > TIT(E 5000 R/VORRFHE R AW - 72 & 7 T BHFEEAT ADB O#EITR L T 5,
ZDONROKN: (12 & 5000 R/V) WBEMAEFEDWNC LD, KOERIZEELY 5 2 5 THIARE/ 9 E
(BRI & RIRZ b, RCER OFE & BE O/ &) DNREEENC LV SBEFE CE T £ 34
RDEHBNTND, ZTOLI RO T, KUEEENIES Lic 3 A EPES AT AOMRFHIARD THE
IR E TR D,

Bl 212, XA EHO 3 AAPFEBEOEBFERIZOWVTIE, BEIZWES (1981) 723 1968 4% TOH) 20 4
a2 xtge e LTEfT 24T > T D, B HIFRIE S A M vEE CRERANIC KR E RIEREB N AT HZ L %
R EE BT, FRUTIEEREDO D7 & FEEMTOIC WHIERS LA D 028 215 =12 L7-/KH
HREOIERDER L TND Z LA LT, F7o, AEEOLEEITHIL - /B mfEL (2K BmfEH o
R EFEHIS) - I AR (R A O EFEEIS) OEEIC L - THRIE S, s E O
TiX, TN DAEEEOEEICKFETESIIHIRIC L > TRV OENRSH L ZLERL, ELTEDD
& ZEBIREEOREDORETH D LR TWN D, FAED (2002) (X4 A FfEOEEAE)FEREL LT
AL R BIRERN R & ORISR A, 1979-1998 40D 20 EHIZI81T 2 RIROFRAFERFHS L O itk & &4
% 6 WORBERT — Z ICHESWTHT L, BEETIZ Y OMIBICB W T RZBEICH R CAEELENE L
SREL, . BB XOKFIERSEICEE 0k Tk, WEE - RE2 8 U, EELahiTE
MHEEPBEREICAAINDZ 2N L THELIND EWIHIBREE, 2oL )i, EHMOEE
WMatT —2 ERGT — 8 LV AFEEEZ I T DR FIEDRN L OPREINTVD DD, FD4E
PEZE BN 2 A EETAN LR A T3 2 PRI AR 722 < UF 720,

FROEIRYEFROL &, AR TIT T AEES AT DTHT D REET B LN L, EEWRED
FERTHIZIT) 22 E T 5, 2072, BUERURIZIIT 2[R ER & 2 AAEFEOBRMEZ B 52
L., FEROFHIBEKBEOEN T AEFECED L 9 R BE 52 50 EFHIT 5, 7o, BEISKE L
TORGEA T 7 RO ATREMEIC DWW T B RFTT 5,

2. xR

AR O 2 AGHETH Y, a IXAFICE > TROEEREW THH. = A OVEFHE
EELOK 2 B, BHmEEON 5 H 2 5D 50, ZONaOKENZ A FALEICEFR L TWD. # A
AL 31T D BEDOKE I RAKBEETH 5. FEIEITHEES FTRE Th UL, F 2 HIERTRECToH 2723,
2 A FALEBIZ I T RHIOFEBE=R DY 7. 6% (2012 I R) LK<, [RG RGeS x5, ¥
A FALEIIBE o A — U RUEICE L, BABRZRNZE L N ET 5. KilT 5 &, 5 H~10 A 25MZ,
11 A~4 ANEZRICH=SD. HEMZILURKICE ST, dEhmaEAarsEoLBlicioTExEoNT
WD DI, HALY A ORI A OMOHIRIZ LR TRENTH S, TILZ 1 ICBIT DK RO E %
B 1R, ZOMIBIZHENT, EEERLREIRMEEZ2D0FRKTHY, EEIC, BRY v
TN—T DX ABMIENTHLHER T v 2 AT R, BT 2 RKIEA > T v 7 ARBROIRGE
%, 2010 421 A XV Khon Kaen R CRALA L7= FEHED | 2010). ZDEBEDA 7 v 7 AMEEE 1 ITRT.
% < DRFIINEAANT Z A BREBFFGHIT BAAC) O FEFCIERIZ AT 2 72 OIEAZITY. £0D
EABD 10% Z R E LT3HAD 2 LT KD, BAKERA 7 v 7 A% Tl 72BRICR R THEA
LD 65%F TIRRENZ I DA L 72> TV D, 90 FRETPEE TIIAREORRICE SN IRE T X
P % 5E o CT/MEICHR U D EE N —EBRAFE Lz (BR, 2004). £72, BLFOHYTICE>THRE
EHILD Y A7 BT A v EBD L. IEEBHIDA T v 7 AT 6-8 HD 3 » HIEERENAME
HEnin, ZO%REBFOEREZIY ANT, 7-9 AMEERICEIESN, SOICEHEBRA~OXIGD
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727 AL 89 ARELZNGEEROIA T v 7 ANCEEN ST, 7o, BIETHEIEZ 1 9 &
(Buriram, Kalasin, KhonKaen, Maha Sarakham, Nakhon Ratchasima, Roi Et, Sisaket, Surin, Ubonratchathani)
TREA T v 7 AMERPITE SIVTWDN, EEDOA T v 7 AMENATFTE 72D1E KhonKaen B D
HTHoT-.

K1 BUATOA T v 7 A LD LR

BKLAL A TIIRIE RIESEE
BHIEK 1AM ARBRKE
(Early drought) 100mmELT fEAEND10%
&K 8~9ANEHEMKKE
(Drought) 320mmEL T EAED15%

#FziEKk 8~9ANEHMKE

3 9
(Severe drought) 220mmELTF EAEND40%

3. ERBETILERAV-RIEEEFZE T
3.1 EEEAHE S UVREICE (T 5 ELEHEE

Z A FALER A 17 BRIZOWT, WEKOBNEZ HIIZH, HRIRKEZFRAESE LSRR %
1ot F£12, HFHOBKENEEROEIICKITT AL EREFRIFREO K E STl Lz, f#r
BB K BT — 2 MG 572 1986~2013 D 28 4E[M & L7z, 7272 L, IMEDORLET — 2 1M GH N7
A3 7- Kalasin K, Maha Sarakham ¥, Yasothon @ 3 EZ DWW TIIfET 2 1986 45~2004 4D 20 4E[H]
e L.

Fiz, AES (2002) D HIEESEIC, BEOHT b FFEEFERZ A (1) & LT RUT L0 g
Wt 2 AT o702, A LTeT — 2135 A EREERG O 1981-2013 £ CTH 5,

W EA = VED RS X | A= P B D AR 722 (X— %) | (1)

ZIZTC, BAREIZBIT B X) O D DIRAEZ A X—%) & 55, Fo, EEZRTHICX
>xDOEIE, [ EEROVERRZE| =0 >E W FEHEEEr L Lz, EMiEIc OV Tid, Z0FE0Z A
E R D EM it 2 L 7=,

AL & A RIS T 2 A BIRK EOEERRERRR LXK 2 12877, ks, RPOHLE00.2 BLEEIED
FIEA®H W & L CTRT, £35<-0.2 ZADOHBEH Y & L THRTER R L. HAED (2002) 1% 6-8 HD 3 1A
FERREAK G L NFROAEFER & OFICEDHBZ R L7, AFEICENTH 6 AN 17T Repe I}, 7
AT R 6 RCIEOMBEZ R LTz, £72, 11 HBKETIZ 17T R 5 RCUDKDOFE L Bb 2 A0
B BTz, HEENFET L OHEER L 2R T EAERIE 17 R 10 RTO0.5 BLEZ/R L7223, 0.4 LA
B SEL 0.3 L EN2B’THST,

BUESEIC B D EFEOHERHFE R 2 X 2 (2R3, #E5E4EIT 1988 450> UdonThani T K 20 i Baht
IEL, FEIZBWTHEENTNND R T 6 (& Baht BULOEBEWENRA L TWDLZ ENGND. 72
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B, 2000 FlRBIT HHAZ A DIROWZEKARELEIL 435 {2 Baht, F7-KROAEEFEOE I 4.6 (E
Bhat (Mukdahan) ~41. 7 {& Baht (Surin) T& ¥, 6 {& Baht B DWW EITHFICRKEXWEE X 5.

x-2 BHRNZBMEHRELEAMNRKE 6~11 8) ORERFRHK

5H 6H 18 8H 9H 108 118 EHE R
Buri Rum& -0.01 -0.04 0.25 0.20 0.09 0.02 0.00 0.40
Chaiyaphum® 0.31 0.14 0.09 0.04 -0.03 -0.16 -0.16 0.48
Khon Kaenl& -0.15 0.05 -0.06 -0.14 0.27 0.44 -0.07 0.52
Loei® 0.18 0.02 -0.24 0.29 0.17 0.14 -0.28 0.63
Mook Zehnder Hahn & 0.25 0.00 0.11 0.44 0.17 -0.33 -0.27 0.57
Nakhon Phanom/& -0.19 0.24 0.09 -0.43 -0.21 -0.17 0.09 0.48
Nakhon Ratchasimal® 0.05 0.12 0.33 0.00 0.28 -0.54 -0.22 0.62
Nong Khail® -0.29 0.06 0.17 0.05 0.02 -0.07 0.15 0.36
Roi Etl& -0.35 0.49 0.15 0.55 -0.08 -0.27 0.05 0.75
Sakon Nakhon® -0.08 -0.11 0.36 0.07 0.21 -0.06 0.04 0.53
Sisaketl2 -0.05 0.25 0.08 0.18 -0.16 -0.13 0.01 0.43
Surin® 0.63 0.16 -0.71 -0.18 -0.15 0.19 -0.50 0.59
Ubonratchathanil® 0.05 0.59 -0.05 -0.10 0.06 0.10 0.05 0.44
Udon Thani® -0.41 -0.14 0.19 0.18 0.49 -0.18 -0.17 0.58
Kalasin & -0.24 0.56 0.21 0.11 0.32 -0.07 -0.23 0.84
Maha Sarakham® -0.07 0.34 0.20 0.56 0.13 -0.13 0.05 0.82
Yasothon & -0.09 0.10 0.24 -0.03 0.07 0.27 -0.09 0.38
m 20 X Aloei
18 *XUdon Thani
XNong Khai
16 ®Sakon Nakhon
14 +Nakhon Phanom
-Mukdahan
12 Yasothon
10 ¢ Ubon Ratchathani
— mSi Sa Ket
<
g 8 Surin
6 . Buri Ram
¥ ¢ [ u X Maha Sarakham
N X ! N
4 ] L4 Roi Et
9 ++ A . + A A s Kalasin
X B XX a
IL._,_A.-)E A:"‘y X:t. XA A‘.x._ Khon Kaen
O ‘I‘“"+|_ |- — T I B e B e B B N I B S |- T T T T Chaiyaphum
— A LOO N0 O +— AN M < LO O~ 00 DO — AN M < LO O~ 00 D O — D
000000000000V NOOOOOOOOOOT—r—r—r
PO HHOIIHIHHHIOHHHHOOOOOOOOSSoooo *Nakhon
——————————————————— NNNNNNNNNN

NN Ratchasima

M2 HRIZHEITHHELEDHRE (1981-2013)

3.2 EEIFETIVIZEL B4F3KF A

WIZ, 2100 LEFE TOFPRREE P2 T 2 BKBEZEE N 2 A LRI KIT T 5825 i L7z, IPCC #i
T ZAE, By - AU CITAUES 1'C LRI 5720 Ta X AEENMET IS & shd, LaL,
SR T do 5 WAL Z A 1B W TRIRT —# W AF TE 72013 KhonKaen DA TH -7z, ZDIZDAR
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WFETIR, BEAKREOE#N a2 AAPEICRFTREORIERTLHZ L L L, [IRERIZ O TUIAE DR
BEE Uz, AR TR RKERKIENZEAT (1B « KT AT 29 v 2 —) . ENLERBEFTET.
WETE BT I FeREAE CHLRIBRAFS - MERFE BL S TV 2 2BREEE 7 /L (MIROCS) O&ME T HIME 2 L 7=,
FRMTIZIL DIAS 7 — X _R—Z TRV TAB STV 2 2SRRGB EE A 1. 4 B X 1. 4 B8 | RERIARAR RS 23 H BT
D, 2006 H-~2100 FOHIfEAE -, IPCC 55 5 WMl E=E (2015) Ti, RCP (fRFEAVIE R
Representative Concentration Pathways) > U A DNHW STV D, RCP & U A TIidtEamy - fREFHIZR
FERGIIBEE T, TR TS 50 R 2B i8S ) OB O G | RERRSOZTIRL, 2
EOERMBEE TRIT 5, BOREINTEBOHSRE S T U I E2RS « MRS E D 2 & TRk
EPAGET D2 ERARETH 0 | Bkx 2B FR - ISR ORERICENLTHZ ENTEDL L WVWIHFLER D D,
RCP > VU A Clk, 2100 FE28) 2 H5RE T (Wm?) 2SN h DG 2.6, 45, 6.0, 85D 450
U ADBFET D03, Kﬁwﬁi%%ﬁ%&ﬁ%ﬁﬁ%ﬁf%éRw85V%Uﬁéﬁﬁb a AE
PEWCRIFTHEBLFMIT L & L, FRIZBIT D 2006 4£~2016 0BT — % b L1, ABIKK
BEOWEEIEL LOEEREL —BSEDL L5 A T A IEEZITo T2,

[X] 312 2006-2016 4ED ) BN %195 2090-2100 4E D P HINEAL 2 H R THER LTz, HIbZ A
DO HIERICALE T % KhonKaen ., MahaSarakham ¥, RoiEt W23 T 6-8% OIS Tl -, £
7=. Loei IR, NakonPhanom ¥ 1243\ T 4-6% OIS RIS 7~ A \ZHAL & A & B OFET R B
(1986-2013) A3, fiHm & LT, MBI FEKREDD 2RV EIZ I W TRUE R, A = IRV O REK
DAY O R CHIBE ) 28 L S A7z

prov-NETh:

Rate of chat

B s 1 - 1200

[ Er [ 1201 - 1400

[_ 24 S om o 1401 - 1600
0--2 Bua L [ 1601 - 1800

I o-2
| 2.4

L

[ 1801 - 2000

3 2100 FI=HFHERDEIER (2010 FLb) 4 FRIZETHFEFRKE (mm/year)

4. XKIEA 2T RAREOE MR
41 ATy ARRAYEOKE

KA T > 7 ARBEOBANIZBNTE, NI —Lhd A>T v AMl (2 2 TR E Sz 2
Rk i) 2SxPSR koD EEE AR PERFE 2 M L CIEEICRE SN TV DR EE &0 5. 2 2T, fidk
PEASEN & K& & ORRAE R, AFERICEG T 2R AEEEROEE N, EORHOBEKEDZB) K
W20 %ERL, BHSNTWDA VT v 7 AMEDOZSYEE R 5.

F142 5 (2002) DIFIEIZHE, Z A BALE 17 B>\, 1 2 A5 6 #» A £ CREEHIR 284 108 2
RFHABI OFEE K B AL L7 b O L AEFER O RAEZ R L b D L ORERDHZ & T,

-84 -



AEPEZENS, EORFAOBEKEDZEENTER LT\ D027 L7-.

HALS A 17 BRIZBWCTHKE L AEEE L OBRE RO L 25, REEICOWTIE 3 » AR, %
FRIZHOWTIE 4 7 AMOBREBKEZ ISR E LB AICHEBRARZBEBER RSN, KEA VT v
7 ZMRBEDKRI G T o D NBEEKICBIT A RA0 3 » AERERKE & AFEROHMBREEZER3ICRT. £
SORIZBWT6-8 AHMKEEZA VT v 7 AL LTERHAT D Z EDRRBEHEEOEWVIRE 5252 L
DR STz, FEORGEA 7 v 7 AR S YW O T 6-8 A OREHEBEKEELZ A VT v 7 AL L
THEALTEBY, RBRORFHIITZY NS -T2, —J5, Sisaket X° Buriram B0 X 9 1ZFHBEFREME L
WG IFE LTz, ARIONTHIR CH 5 80 4£4X « 90 MY HFZ B\ TIE, FRIEDHES 5 & TS 23
T T o7z, LanL, 2000 FFLARE, BEEOMMIRR 73 E 2RI, RMIEOBRFIENBALH O Bk
~EBL LT, EBIC, RV v ST DA VT v 7 A% 6-8 ABUKEDD T-9 ABKEICE TR
L7y, ZAUTERES FIEOZIZ LD 6 ADBEKELY 9 HOBKEOTNEE LW BEOERLE
B AN TH 5.

K3 MEROEEEL INABERKEDHEBREK

5-78 | 6-8A | 798 |8-108 |9-11A |10-12A

Buriram 029 | 016 | 0.34 | 0.16 | -0.01 | -0.20
Chaiyaphum ((R7 O 0.21 | 0.09 | -0.21 | -0.17
Kalasin (ORISR 034 | 0.23 | 0.12

Khon Kaen 045 045 0.56
Loei 0.55
Maha Sarakham 0.21 0.54 0.57 0.43
Mook Zehnder Hahn| 0.05 0.41 0.40
Nakhon Phanom -0.08 -0.47
Nakhon Ratchasima | 0.26 0.43
Nong Khai 0.07
Roi Et 0.37
Sakon Nakhon -0.03
Sisaket -0.04
Surin 0.34
Ubonratchathani 0.32 0.31 0.18 0.17 0.20 0.36
Udon Thani -0.15 | 0.21 0.33 0.14 0.07 | -0.20
Yasothon 0.32 0.11 | -0.15 | -0.26 | -0.35 | 0.02

4.24 07 v RED&E
AT v AL UCHRE SN T HMKE @I TR, 22 TR OFYEEZRFIT 5720,
FIRICHBT D 7T ARBKEL ZOV8 + 9 A D 2 ) AR R/K &I 2 IR MK &2 BN, &
FHE GRHEIERD . 70~ WEIC K 0GR L7 R, KISk L TR 7 o~ WER R b S @ h - 72
(®5), 7o~ WENSELNE 7T HBXUS + 9 A0 2 0 HBREMKEICHT 2 HEELE 4 TR
F, Khon Kaen JRIZI WV THEEEIRTE S TWDLRIRA 7 v VL U TERIE S LTV 2 BEKE O iU
RaROTFER, THREAK] : 7 ABKE 100mm Tl 342 18], [FEK) : 8~9 AR AR 320mm
TIX AR LA, [RA7¥8/K ) - 8~9 AFER /KR 220mm TiX 30 412 1 [BIOBHE CTRAET S LHHE S
Nime F720 BRPZIT BN DR DO WIRHEIL, 5. 15% & 72 o 1=, BEZEN S 9 RBEHI 2 — 2 D 10%
ThHDOT, ZOEGIIRZY EE2 b,
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0.500

2450 o AT x4 aVHFVRIZEITATABLUV
Nn—+ty 8+ 9 ABKENDEIREM

0400  __Fimoat BEE 7H(mm) 8+9H (mm)
0350 —4URLHFH 50 41 208
. . 30 48 224
{élj 0.300 — WD (EFHE) 20 55 239
om) 16 59 248
E% 0.250 12 65 260
™ 0200 10 67 269
8 74 281
0.150 5 87 311
0100 4 95 328
: 3 107 354
0.050 2 130 407

0.000
0.0 50.0 100.0 150.0

B &K E(mm)

5 7 HRRKEIZHd MRS MO H Tidw

43 BEHEELVEROMBNRAICEZ HEEDFHE

KA A T 7 ZARBROE K D3> TWAER D 1 > & LTEZED [H O] B 2 7 [k Hbe
LTWL ZLeBBIToNDN, FEE, BREOBREEISEINZOWTITIL S bhros T, 22T, #
B SN R EAN EE O RF A EOREOREND 20 & il 5720, Biico R
HARREZ T 72,

BLHC O REF A A G AL & A B O 65 f:icxf LT, 20156429 H 15 H - 18 H - 20 H, 2016
4 H6H-8H, 201649 A 8 HDFF6 HAT- 72, BEZEMIH/AFFED HIEIL, B EZ I
LCA=INEeT VU TIZE VB Z L ICHIA L MRETY 2307 v — NadTol272, EfEleT
—AB/ONTEBZLND. T o — MIBFOMERER, KRR, =R, Fatko,
R - BN LV OREN, RERRICET 28R, REQIRREOLRISI Etkx 72 E TR S
TS, 23, ral 137 A TRICHN O 2 EE AR T HALT 1rai=0.16ha TH 5.

BERRTRD &t h 7= 0 ORI 4.2 AT, SEEZOANBIT 2.7 A, FEFEERIX
4. TR CTho T, T EMEREIL 243 ha TH Y, FEFEEFE T2.09ha, KAKHEZ T2.67ha ThH-o

7-. EIERAOEEEOR AR (EERIZEF) 1X, AEAD 80%, R MLt 4 —F—MN 72%, HiFK
M 32%, MAD 16% ThoT-. FIHBRE -T2 KEAKLR ML 3 —Z—3EFERAKE L THEE

NEHHHDE 1L, BEMSLLEEMDTOThH o7z, £z, MALUSOEERKOREE RO AR,
7o 44%, MK 12%, FERFAK 40% Th 7=, FEAKORARNE M- T-HH L LTE, 4E
OFRE TR AR LOEIRIZE S E Y T TEAMIC - EROBEMRRE 2Rk LT v — T o
7272 T, HALH A OFXRERREREED 7. 6%RE TH D 2 L AR T 5 & EBROREM A KFI H =
FEDIELS D bDEEZLND.

FTo, BIKD 6% DRENT-DMAFTA L, ZELZFF> TWVDREITIBED 122% Tholo. 72
TEAZTO TV DREFIZILADETH 1D, FEEWE L TVDREDITE A LITFRAL THAI
ANEfG5720 L EE L, BRAFRFOIFEM & U THEEL T e, BB A ITA L TV D EFIT 80% % i
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Z, FIELTWARWERIE LIZEEOIZE A EPMLBIL R GG EET 2 EEE L. ZoZ Eh
5, FEEFART DEBIZNOTO LI ITREFEDOTOTII L, (EOBRRIEL ol GaD Y 2
SHE L TOEREVWRR o TWnHEEZILND.

O IERIN NT 380,240 Baht/year Tiho7-. BRI & AN AN /D & EH B AN
131,840 Baht/year, “FEYJEEAMN AN 248,400 Baht/year T 0, FEEILA L BN AOESITH1:2 TH
ofc. Fo, BENNIZEL TS EEE LIZEEN 0% ThoT-DIZk LT, BAMNAITZE L T
WD ERIELEERII 0% 2. BROFHMEMARDOZL 1L, BETIIRCRTEESLAB R 2 L O
IZOWTEY, BALZELEZNANSLND LI THS.

2015 F-DOYEKIE, (PMEDNAE U7z L EE LTCRFRITIED 80% TH Y, %< DERBEKOHE
2 &> TUNZ. T 2015 R0 5 2016 AEICNT TOWKDEEIC LV, o XA DINERD R LT & &
RICRE B W, BARHR TR OEN SO, FEEEMOEESRIEAr Y 2 —VOEFRTHD. %
72, T6% DEZF N BB > T\ D LR L7223, 500 Baht/rai THEA L7200 0s &0 9 ERIICIT 2R
Z0N 8] ERE L. 10 530 1 Offif D 50 Baht/rai THEA L7V E WS ERIICRILTH, 72
B 58%DEEMN bl LA Lz, TOREZRIMAE LIRSS AR YA DI D DM
TERWVWEWVWIEIZENRETH 7.

R OAEFEBEENC L AHEGD, BEMHAFCR L CEOREDFEL 52 2 02T 5
oIz, BFRMHUANE D ZHWEEOEIE 2L FOXEHWT, FREITRDT-.

WEEORIG= (BAEREY Y OPEFE X EYiTAERE) /1A (2)
SERIPTA T A B O EFZ A AFRE O R TH D 2.43 ha ZHEFHIMOT X COFEE CHEH L7,
ST A DHERS 27797, 1999 - F TlE ¥ A EHAEROMEE R L TR Y (BMOKESE. 2002), 2016
FIXER O MRAZHEDOHK R TH 5. FHMFPATHEEFH AN TR E IEIML T\ D720, #hERE
DENE RO BDENIBAEE O MR AZEH Lz, 7 =2 BAE LW BEEIZ OV TIIRIZIL
LMEZ A L7z, X6 12K R B EF RIS 5 D 2 EFEOEIG OB 2 77, 80 R IT V<o)
DL THAFILAD 20~40% 12 b K SEEFHFEN L O, Lo LTS, BFEEINAICE O 55O
FEITRHERICH Y, EOFIETE 1994 FLIE 10% 7272V, L7e-> T, WRIEKROAEEE)NC
L DWERY, TFEORBRFMEAEFICREREBIIG XN EZZLND. O, WEERE XS
ETDHRGEA T v 7 ARBRITIMADREEE BARDME NS D Lfllr S i, Z0 2 &% KA > TN D
—mThdEELLNT.

40

35
= B
EERMA

30

5

20

NN

B2 A (FBaht)

15

10

Dﬁ%%%

1983 1988 1992 1996 1999 2016
6 REEHHIAOHER (3 - RIMRAG)
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