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Abstract

Since the water release from dams has a large impact on the downstream river flow, modeling of flood dam operation is necessary in
river basins that have a large dam basin in upstream. In order to forecast water levels and river discharges in lower part of basins as
well as dam inflow, water release, and reservoir storage in real time, the present study developed a real-time flood forecasting system
incorporating dam operation during a storm event, and applied the system to Niyodo river basin where a large dam basin (Odo dam
basin) exists in the upstream area. The results showed that the developed system showed good accuracy in water release from Odo dam
especially for lead time one to two hour ahead, while forecast accuracy decreased in more longer lead time due to poor skill of rainfall
forecasts. In addition, the river flow rate and water level up to  four hour ahead could be forecasted by the developed system in lower
part of Niyodo river basin including water level in the low-lying area. In the Comparison of the forecast accuracy between the two
method for water release forecasting (i.e. modeling of flood dam operation used in this study, and simple method that assume current
water release continue during the lead time), the developing system showed better accuracy than the simple method. For more accurate
forecast especially in the river basins that have short lag time such as Odo dam basin, better rainfall forecast data such as ensemble
prediction are necessary.
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WETH-7= BIZIE, AR HPFH, 1995). LasL, NS BEEE 2 H7 BRI e B s
57O OB RIERITSY DTMARTZT O TR TIE AR5 TH Y, WUZRREEWN 21T 5 7212, ¥ L5
Tk« B kR (BFKAL) O FRER, Tz 1L U0 & L& MR OBK TRIERA R AR TH 5.
FERE TR ICB W T LAOBIEEZ RSB & LT, EILD (2005) 134 AfEOET MUIC L -
TH L L DTG A EE L0 ABR TR AT AORBEEIT, L LAMAREZIZILD E LEA
IIMEBRN O Z LR EEZEERSHEET A L ZAREICL TV, 2L, ST T VX, B
R OZER 34 % ZJE LI AKOBI# BH CX 5, LEMADORMEEZITW S WEDORI SR H L5 H O
D, BETNDONTG A—=RDOFERT 4 NZ Y v 7 FEOBEAICHEERME D 720, BEALZV. B
MR EE TR L2 WA IR HIThN T E EPARIEE T VT X D & LA RO R T
2 DEEDETF AL EMDBEDED Z & THAITHINTE 5 & &2 5. AR Tl @) ik L
D RS Ktk z 81, EPRFGEHETT VI XL 2 X AR ABROER B TRIZJLE L, SOk 2 L4
TEDET IMLEAT O T & TH LB ER K OWFKEOEREH Tl %2372, S DI, itk Td b1
JUHPHRER « FIREBIZIHBWTH L a kA L LIERERBIR 21TV, R 7 ¢ V& 238N LT JIIKAL - 3
BT AT LA L, KA IREOTHNEE S JOF At &0 F RO R 2 HEE L7z

2. WAERBES L VBEHTEH

SFRFIIT IR IR CH D (Fig.) . 3@ 11T Eh%
W, R A AL B ik FE 1,560 km? O —#&iAT) 11T d
% A RAET EHEES T 1/100~1/150, F#i#< 1/1000
FLEE L AW THDH L OD, FREICIINAEN
SR DIEHIA LR > TN 5.

RFRHKIE, 2003 4255 2016 4EE TO 14 4R D 9
B, JRAREESOFFICB N TE— 7 iR 4.0 m’s?!
km2 L ED 8 HiZk & L7z (Tablel). fEHTERHE, W&
(Fo7 w7 ZFr< 25 i), KOE U\H - & - 278), & (o - gH), KREX AICBIT L4
Lk (AR, HoisE, IkE) ThY, ELREEOKIKET =2 =2 X0V G L. ek,
W LN OT — % 2 VT 5.

Fig.1 i@k

Table 1 %f&:Hik

WHE | WRHE | c-sRE | E—shRE A (%)
No. | 4 £87 B NEfiz
(mm) | (mm) (m/s) (m?s™km® | gen | o | mm
1 2004 8/30-9/3 5 324.8 363.79 7485.00 5.12 96.9 123.3 112.0 5
2 2004 9/28-10/2 5 290.8 300.18 5859.37 4.01 84.8 107.7 103.2 8
3 2004 10/19-10/23 5 373.0 349.99 9079.75 6.21 83.0 104.0 93.8 3
4 2005 9/5-9/9 5 623.7 583.59 10996.66 7.52 82.0 102.1 93.6 1
5 2007 7/13-7/18 6 461.9 548.26 9858.84 6.74 A 131.3 118.7 2
6 2013 9/3-9/6 4 305.0 227.23 6500.03 4.44 75.1 95.8 74.5 7
7 2013 10/23-28 6 452.2 401.17 6562.08 4.49 83.9 109.1 88.7 6
8 2014 8/1-8/13 13 1270.8 1238.69 8722.05 5.96 83.9 120.1 97.5 4
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3. EEfEKE - REFHUETILOHE

3.1 MHETILOBE

AT CHSET BURIE 7 LTI, i) b .
W7 E s KMES DHR) - BT 7y 7 (KIS A gm%ﬁfﬁrﬁ” e

~GtEF) « T w7 (B ~CW) (ST CEHR A —=
75 (Fig.d, Fig.2). €7 VX EFR R ET v —
D 1O ThLHREMBHEHET Vv LSTET V) &\
B RIBYE T L Cd 5 kinematic wave £ /LE LN s BRNE, oo
dynamic wave €7 /L& 2. 7o, BOKEESY LERE
DETMCEITD ZLIZLD, KRIEX LD O &E
AHEE LT,

b7 w7 Tk, EPRET AL LTLSTET v

KEX LD
BIEET L

,,,,

FEAL, KEX LOBRAREZRHT S, Ok, &
PRIEOTTMLEAT) 2 IS8, KRS ADED Fig2 {0l 51 2 SR
Bt EERENT S, hiRT ey 7 TE, AEREAT BORT R 2T LOBLEX

K57, Bik MEBEOHBORETHNNELRDZ L, X LBIREORZENREN &5
FHEVGBM MBI D . 22T, 7 1y 7 OIEFGBENC kinematic wave E7 /L &M L7z, %
Tz, WHEORGEARITTR T v v 7 &2 KE IO, )0 —FERoEsicoE L, LSTE7
JAZE ROz, Tii7 vy ZIHMEEHTH V 5KOEENH D Z b, (FI—{HRIZIs T
VBN dynamic wave E7 /L&A L7, 7238, Ti7 2y ZIXHEBEN/ NI W &, 1ZEAEDH
KT LI R EN D RN LN LR AREZ KT, dynamic wave |2 K H[EIBHFO A %
ITWKRNALZ T L7=. kinematic wave £ /L, dynamic wave &7 /LD RKiAIT (1) X, EBNHFREREAX
znzh 2) &, Q) XTH5.

0A  2Q
el i 2 1
o T or W (1)
A=KQF 2
10Q 10 (Q 0H n?QQ

aa*m%(ﬂ o Tps 0 3)

ZZIZ, A WOKWTIERE, O EIRE, g WERAMR YN0 OBGEAR, ¢ RFHE, x o HEEE K

P : kinematic wave &7 /L OJEVEEL, g BHMEE, H: KL GEHER2HOE S), n: Manning
OHERS, R: BRETHDH. FfEf#ik L LT, kinematic wave &7 /UIZ1% MacCormack {%%, dynamic
wave &7 /T leap-frog 5% W o, IReZE[H % 71 kinematic wave E7 /LT Ax=1,000m, Az=10s,
dynamic wave E7 /L' C Ax=200m, Ar=1s & L7=. Fii7 1 v 7 O LS RS RS Ak, T
7wy 712805 bithwEE RS th, FitmE R AT B oI, {SPEOKNTHD.

3.2 KiEALIZEITZ_KES LIREDETILE

KPS DT —ER—EEHBETRU L > THKFHEHI 21T T D, —ER-EREKR T, ¥ A0
ABDYKHEPGREZ B CE— 2 ICET D L TRARICH LT EDEIETHRIKL, ©—27%Ii
Z DR R ORI EEZ RS F R TH L. ZOBEIILUTO L) IcERbaind (HEHES, 2013).
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Fig.3 KX LTI D HFEME & 5RO & o g
) . -
;= .
M@t e(Q,— Q) (@, <Q,)
Qs +¢(Q,, —Qy) (@i, > Q)

TS, QL FERGOBIR R (m¥s), Q, : RERiDTEAR (m¥s), Q, : BAKHEBMTER (mYs), c:
B, Q, : =2 iiAR (m's), Q,, : FTHRKHAR (ms).

KIES L TIE, Qp=2,100 m¥s, Q,, = 6,000 m/s ([E L2284 MUEH TR, 2016) & LTND.
AIF LT EDNRTA—=FTHY, RREEEZTTICe = 0.4 L HEE U CRHE Lz, BEZ K T3 28T,
FRERE D DHEE L, AR EZ FEl- 72H S CHlEiREL Ik, Q) , =Ql & LT-.

FERETFMCL DB EOHRE AT -7 (Fig3). M EOBRMEZMIET 2803, ANT 5
ABIITBIEZ HVy, 2 eIl G b EH RO & 2 FERE O i & & Hl U7z, FHROR B3 54
iR e B —% L, o E CHUKFO BT ES R STV 5. B & 300 m¥/s LA E TR
L7205 ) 3875 RMSE ((5) ) 1%24.8~134.0m’s (F#4 65.1m%s) Th Y, LiteT /L citk
D RYE X B DR FERE D BN+ RETH D LI L7,

1 N
RMSE =[50 _(Quat = Q) )

IS, N:T=58, Qu, : BHGRE (n's), Q. : IFEEAE (m's).

3.2 BETINFA—FDHRFELKE - REDERER

LST €7 /D37 A —Z [ IREX LFIBICIBWTRE L, FELZ/NT A —% 2 Hhjigo LST €7
JNZH Wz, NTA—=ZEETIE, &5 8 HKDOHMND E— 7 iEdD LA 2~4 LD 3 /KA [FE H
AKELUTEY, 3HAKDRMSE OFFHEZ BRUBIEE LTAT A =2 2E Lz, Kb TFEICIEAES
#E{kiL (Stornand Price, 1995) Z# M7z, [RIE S72/3T7 A — & % Table2 |29, 7238, Wil o LST
ET VOB o 1 TFATERRAICRE L, KIE—)I M TiX o ke, )T — (BTl 4 R & L7z,
kiematic wave &7 /L DEL/NT A —4 K, PIIHEXI KO TR L2t 7 v v 7 OFEE %
FWCHE L MEBEOBUREN RO, 778, ~= 7 OHEZEEE n=0.03 £ LT3,

FRNRT A—F EHWEET VOFBERE Figd (R, £, KEXLOFAE (Figd (a) (%
E— 7 i ENLRMNMNIFEH SN TSRS B 5, BEEHIK S EOBERMEITRIF CTh o7z, ®mAKHE
(BLRGEA & 300 m3/s LA E) 123815 D RMSE [E[FEE /K T 133.4~348.4 m’/s (-1 268.7m%/s), HRFEH
KT 140.5~386.9 m’/s (F1221.9m's) Ligo7-.
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Table | FIE SN LST ET/LD/RNT A —XH

a, Gy as by b, A Z, Zy t,
0.0039 | 0.027 0.009 0.073 | 0.0048 36.1 99.4 12.9 0
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() Fii7 w7 OWJIKL (K \H, A : )
Fig.4 {IZ)INZRIT 2 KN0L, BREOFIHF

7wy 7 o)Ila - FEOREOFHRGR (Figd (b)) 1%, MRS bISR/NMEEERITHY, =
AItho 7 HAKTHIZIEREBROME Th - 7=, Wi RMSE 131 2T 2 @A (BRI E 500
m’/s LL_I2) @ RMSE (% 590.6~842.6 m’/s (CF-¥J 727.1 m’/s) , (FEFICISIT 2 s KER (BRI & 1000 m’/s
PIE) @ RMSE 1% 540.5~14142m%s (F#) 906.2m%/s) & 7p-7=. WS THHKOFHEREZRD 5 &
(Table 1), JII 1Tl 8 HAKH 7 KT, FHEFCI 8 HIZKH 3 HIKTHiHER  (HAIR T ok H &/
BERE) 2% 100%Z B2 THY, MEARNME/NCTHo7Z EHIESND. L—F—T 2 X AfETHEIC
O RGHIKOBEROZEM a5 &, KIEX LT JOVNABLLE XLV & TRAKRERNZ < 72
HHKRDZ GO HTZH, Figd JAUIN O OREBHAIL 1 HEOATH S, o7, Tk
DORBEPPIBFEANEIKREN TN RNWZ ENEZ BN, KOKBELISETVEHET LTIV —4F
—HEOHAZZEZLLERH Y, S%ORFHEEEE L2\,
TR7my 7 ONH, TEOKMOFEGERZ (Figd (¢) (RT. MR L HIT, KKHE TITEH
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EEDENRLLNTZD, @A TIIE =2 25 CRHREKMIZERAM EBEL —H LT\, Tz e
v Z WK AE A 97.0km? (&K DIB L E 6%) TH Y, BRAEEZBEET &b o miEnSE S
. AR ORRZENT, JE Wi 2 FEE W & RE LT B 7o DIRKE N ERRE LD b R&EL<RoT0 D
TENFEHERELTETFOND. EAKE @UIKAL 8.0 m LLE) (281 5\ HOMERFAZEIX 0.14~0.35
m (CFE¥029m), KT D2 (BHIAKA 5.0m L E) 1320.15~028m (¥ 023 m) THho
2. BE—ZBIBIAKMAELRRKTOTI mICBEE->TEY, BKREOKMGFRICBNTAET LT
FHCHIETEDEBEZLND. UELY, BFTOMEEISH D L OOMAFIRANOFE, KOLEFHRT
ETTCWDIEY, ZZTHRELL/NT A—F &AW CERERANMTE T ZTT S .

4. ZLWREEERE L -ERREKE - RETF A
4.1 FRFIRDOBE

AR CHE LRI ET VI 7 AV 2 ) 728 AL, 271y 7BV CER M H T 21T -
7o TRSEATRRIZ 6 B & L7c. F72, B THIEICIIIR S OB b < & ARET DB
MERRAkRLE (AR - HFAL, 1995) 28 L. &7 v v 712810 5 BN FIRIILL TOEY Th 5.

411 BRIy OFRFIE

EWi7 vy 7 TIERESX 2ORAR, ke, IKELZTRT L. TRICEEL, IEIAr~r 7 400
ZEmEML (- B, 1995), LST €7 /VOH 1 Be ¥ v 7 EB:OKIES, DIEIEZ1TH . FHIFIE
LT Oy Th 5.

O BRROBHIRAREZ AV, Z 7 KRS, IR AN~ T 4 VK VEET S

@ BEIELS 7 KES, Z WL LT LST 7 /VICTFHINEZ AL, FHIRAEZRD S

@ @) X2HNT, THIRAED D THBGREZRD S

@ FHFONTIMAE, BIREN S TIORT Z LMK EOICGEHR 21T, THIKEEZRD 5. 72k,
S /K BT O ML 1345 T B AR R O BLINAT K B 2 e L7z,

4.1.2 vFE IOy OFAFIR
RYE—JIN AR ) H — G COMRAZRRIICHND LSTETVOH | Bt ¥ v 7 OIKIES, Zhi 17
A vH (R 40100 ) IZLVEETS (TEES, 2011). B2 THFIEZLLFO®EY Th 5.

O A OB &N DR 7 4 L ZIZ XD RE—JNAMDZ > 7 KES, ZEIET 5.

@ BIELTH v 7 KRS, ZAIHE L L CLST E7 /M THINEZ A LEGRA &2 RO 5. Riiha D
VI KIED TR %A AJ) L, kinematic wave E7 /LT L 0 KIE— I A O TR EZ KD 5.

@ A —FEFRICENT, OLFRROEBEZITHWTHREZRD LS. EitmOiE&I@ TRO7)IIA
DT REEZHND.

4.1.3 TRIOvIDFRFIE

TH7 ey 7 TE7 40U 7 %{THT, dynamic wave &7 /LD X HKALTHIZ 6 FEfiJe £ T
To7-. BmIZIEHii 7 vy 7 TOFHO TR EL, Fitm I3RS O KRN bk 5
DL LT DKM A Az
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L, 2, 3 BHASE CIIREIC B A RBBRIC SRR TFH &N " smtam
TB. ¥, TR PIRA RS SRS NG 0, FHET 2 ——

BERIAS L ME SRR L ARCBRI TR SR ABAS R bND. 2 Sis [T :
e — 7 BRI &V RETTHIL TV A0 Th 5. BT, X 51 ,,’(x”

V& DRI OBV 0 FEf TH D, Z OEBNRBEFICHN TV . 05 | o=~
WA, o i T TIERII O RMSE % Figé [oRT. JED b~ o Lo TR
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4.22 BFEIOVIICETHANIREDTREER

Fig.7 \2)IlA, FEHORED FHIFEREZRT. T LOFRETHAELZX O, IR, P TORE
OFBRIETE/ NEE DM DN DTN, K7 4V ZIZ L DX 7 KEOEIEIZ XY FHREEE 2 E E
LCW5. JIIA TIHRAEOENREFD 0 B Ch 5 Z &, 3~5 BEFE TR EIC e — 7 &N
BEBATTHSN TS, —F, FFB T, ER» D OBKOERERFNELS, R AROREIZE
WTCIEAUIREH] 4 FEICRIRL L T D72, 4~5 IFEJEE TIIRE R < THITTE Tz, BRI, TRVFER
SREE S TEAE L TR HK (B2 1EHK No.d) Tik 6 BEFIETH & 2 RRE TR E 2 R > T -,

Fig.8 (278 O T HIZEA TR B D RMSE 27~ ¥, K7 4 VFEZHEANTLHZ & TTHIRENRE <K
BINTWD. K7 AN Z BTGB L REDOHRTT 4 V2 ) T 24T 572856 D RMSE & L
T 5 &, NMAOTHREEIL 1 RFHJETH 70%, 2 FFFSE TR 45%, 3 REHISE TR 27%, FHEFICBVW TS
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