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Runoff analysis and prediction by the flood critical model

Yoshiharu Shiotsuki (Dept. of Civil Eng.)

A new simple method for runoff analysis and prediction will be introduced in this paper.
We can express the basin water budget by Eq.(1) and the flood critical circumstance of river
basin by Eq.(2), respectively, where all hydro-terms reach to the saturated with suffix c, like
as, rainfall R—Rc mm/hr, river flow at basin inlet Q1—Qlc¢ m3/s, river flow at basin outlet
Q2—Q2c,indirect runoff Qw—Qwc, evaporation e—e., mm/hr, base flow Bf—>Bfc mm/hr,
storage change of basin water A W— A Wc¢ mm/hr, infiltration g—g, mm/hr.  Here, alp is
called the rainfall coefficient in this paper and is used to formulate the direct runoff from
rainfall, alpXR. When we have much more R and Q1 in this critical state, the flooding
flow Q2 can be expressed as Eq.(8) by subtracting Eq.(2) from Eq.(1). As we can set Bfc
=Bf, AWc=AW, g. =g and e, = ¢ = 0 in the critical state, the river flood O and the
inundation I can be written as Eq.(6) and (8), respectively. The new necessary river
conveyance capacity Q2¢cN is written as Eq.(11) well to drain both of O and I, where (1-zet)
X1 is the direct runoff and II is the indirect from accumulated inundation Is. Here, zet is
called the stagnant coefficient. The flood critical state for us is mainly determined by the
river conveyance capacity, while for other beings like fishes, birds, and aquatic animals must
there each flood critical. Various different flood critical states will be defined for some
beings even when the low river water stage. Therefore, it may be considered that the present
flood critical model can be applied to any states of river flow and can be used to estimate
new flow Q2cN. The results of runoff analysis show the present method to be useful for not

only the analytical work but the predictive work in cases of river basin with small alp.
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Figure 1. River basin
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Figure 2. Hourly runoff analysis and prediction of Koyagawa Dam basin , Case 1.
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Table 1. Calculation scheme of hourly runoff analysis and prediction by the present flood critical model

Case = 1 (14) Re'e = RHik-1) = 56.2 nn/hr
Time =k = § (15) fe={l{k-1)-alptBe e}/ {{1-alp*Ec'el= 0.11
(16) Hee=le/(1-alpt*fetalpix3d.B/R= 56.Z2 mw/hr
(1) A 84.1 kne (17) Hc'p = Rik-2) = 2Y.6 mn/hr
(2) Blk-2) 27.6 ma/hr| (18) fp {0(k-1)-alptBc p}/{{1-alpi#Bc'pl= 0.26
(3) H(k-1) 56.2 mw/hr| (19) Rep=Oc/{1-alpMfptalpl*d.B/A=  27.6mm/hr
(4) Rk 28.6 mw/hr| (200 Ode=alpx{Rik)-Reel*f /3.6 + Oe= 160.5 n"3/s
(80 B(k-1) 7.6 mo/hr| (21) Bdp=alp*{Rik-1)-Ecpl*A/3.6+0c= 193.3 n"3/=
(6) Ho = Dik-12A/3.6 | (22) Overflow Os=(Rde - Oc)*3.B/R= -0.7 mm/hr
= 176.6 n"a/e | (23) Owerflow Op=(Bdp - fci*xd.B/A= 0.7 mn/hr
(7)1 alp = 0.025 (24 Inundation I=(1-alp)*{E(k-1)-fptHcpl= 47.9mn/hr
(4) zet = 0.850 (o) Is = sum of zet*I = G64.8 mn
(9) bet = 0.0100 (26) Hunoff from Is; II= bet®iIs-Thl= 0.2 mn/hr
(107 Th = 50.0 mn
(117 Bf0 = 0.10 nns/hr{ ##% Estinated river flow Hest at ko ok
{12y g0 = 0.33 m/hr| (27) Belk) = {Oest+(l-zet)*kI+II+Bf0-g0} + Qik-1)
= 14.0 mm/hr (= 326.6 nd/=)
#% Heal river flow s | s Predicted river flow Hpre at Lk ks
(13) BCk) = 18.0 nn/hr| (28) Bptk) = {Opret+(l-zet)*I+II+Bf0-g01 + Qik-1)
= 419.6 n"3/= = 15,4 mm/hr (= 359.4 nd/s)

LTI HEI R O R A R OFHRRIC L
Tedo T+ 2, 1 RITHE 2 KoPTF
R R (k) 23 KA 56. 2mm/hr ZoR L 72 B4
DG k=9 TOMTEEEZRL TS, &
JIFLZ

(1) A=84.1kn® ; BRI,

(2) WiZlk 76 2 FEREIRT O 1 RERE PN & R (k
—2)=27. 6mm/hr, TR DOLGE DRI EER Rep
DOFERS pZ2 ZDOFRAT) DL HITH 2 HDIC

b s, WFplTOVWTITHRICHIAT S,
(3) KiZl k 725 1 el AT 1 e pa i & Rk
—1)=56.2mm “hr, FIT RSN TR,
Z 2 TOPIKEZERFENIEK 50 43 (=0.8 IFfH)
Tholo, OFVBERITEEEDEH TITH 1 K
120 . Lavd ZhUE alp OfENRT XD
VZFERN DED 72 5 1Tl E 72, BRI S A
O 1 R TIHIE & A ERTgmE I e > CH
BRI E DY, BRI TH T 201K
D 1B E 2D, LER-> TR Q (k)

W AR TR e iy



24 (24)

EHEET D201 1 REERTORER R(k— 1) &£
D EEITTIEEL R D,

(4)  FEZk TORERE R (k) =28. 6mm/hr %787,

W Qk) ZHEET D DIT, Bl k TOREM R
(k) ZAE L@ O & 725, 22T

% R(k-1) 2> 7256 O FREEICK L,

R(k) Zff o 72 56 1 IMAT 1R E & 5, ffAT 1

K(OYH O EMEIZIRT e T, THIEXDS

BOFBREMEITRT p TRDOT Z LITT 5,

(5) 1 AT & At AE Q(k-1)=7. 6mm/hr,

[RAMEE LTH b5,

6) Qk-1)®m®/s F£x, 176.6m°%/s,

(1) FEA k TOREMFRE alp=0. 025,

(8)  HFZl k TOWHALREL zet=0. 825,

(9)  FEFEAK Is 206 O HAREk bet=0.1,

(10) FFAEFEFE MK Th=50.0mm,

(11) Y3%idk < o Al IE &, Bfo,mm/hr,
(12) KAl k ToORZEMER, g0, mm/hr,
(13) Bk TOEMKEQ (k)

(14) fEHTIEREDLS ORI FER R’ e =

R (k-1)

(15) (9) X TEHAR D 1 FEFAT O H AR EL

fe=0.11, BEZI k IZOWTH D fe NLEL

TWD ERET D,

(16) Eo fe % (10) FURA L TRD 2RI

M/ Rce=56. 2mm/hr, & L fe 230.75 2B %

720 Al o TEREE, fe (XEALEH 0.75,

0 CEXHZ HNDHDT, Ree ld R’ e & H7p

->T<L %,

A7) FREEDOL A OMRRAERRN Re’p

=R (k-2),

(18)  (9) X CEHEAE Z 45 2 FERHIRT O i (AR EL

fp=0.26, KAl (k-1) 12BN TH I D fp NXK

BLLTWD EET D, B, H1MDED

(BRS80S 72 D & fpid/h &< e TND 2
LR SN D,

(19)  fp % (10) UARA L TR O 7= T HIEE

DOEE DR Rep=27. 6mm/hr, R TC< fp

230.75 AR 720, AR T-RFIE, Rep %

Re’p L #7725 TL %,

(20) BRI X DEHTIEREICIH T DIEL k C

Vol.54 No.1 (2003)

DEHEH Qde,
2D G)RIT X5 THEEIZIBIT 2L k T
DEHERH Qdp.
(22) (BT L DFATEZE T OREZ k TOH]

JIFEEE Oe,
(23) (BT & 2 FHIEHE TORZ k TOH
JIFEE Op,

(24) ®RKIT X2 THEEIZIIT DL k T
DOWNKIEAER T =47.9mm/hr, BiR~R7Z X H
2, BERIERAIO 1 RERCIEIZ E A E1TNK
2D DT, NTEEOSAEREREICXL S
Qde %R 2 OIZBTERN R 2MEDIL TS |
IR B DR Z R D 5 72 O DINKFE AR
1T OB Rk—DIC X D T &~ 72078
Bholz, T7bb, WARBARICEL T
FEMTEZED TIXPHEED T LRI U & 5,
(25)  FEEAK Is ; L TITHRIREL zet &
P U7z zet X T DFCIENIZFE D | I B R
MO HDIE (1—zet) X1 &5, Is 1T zet
X1 OFEZAE, mm TH D,

(26)  FEHAIK Is 26 OFEH 1T1=0.01 X (Is
—50). mm/hr,

27)  A3x (15) XUz LD Q2cN % fihfriii &
Qe & LTHILELD,

(28) A (15) KUz kD Q2eN % ik &
Qp & LTHEHLEDLD,

5. R & TR

RIZR AT TET, WA RO oo/
B BDOFENENZ OV TN & FIRIRGEZ 1T -
Too KBNS A ERNF 2o piskimfE AL
ZHEN 84.1km2, 72.4km?2 TR TH 5,
FRFEIE 1975 4E~1999 4E D[] T D E DRI
DEEERRTNEN 5 F—R o\ TiThbih
7o fRNT. WGERERIZIVTHROLBEEFTH D,
FENTICOWTIERTH 2 CRLIZZ V7 ET IV
IR DRER LS, SRIOFENRY 7
ETNOREZES Z EBRREND,



5-1. KBS LR TDRAZEDEN & F 8

(1) BR7y7—X1 (95%7R11B.H2)
BEICIK 2 OFA TR Z R LTV D, FHE
FREQTfRAT. THE BT 10 5 —Z2DF TR

X Do 7o, FREURESLT B I LA C QeS=144. Omm,

T C QpS=143. 5mm THEEED QS=137. 3mm L
BUFRERE K e ote, ZOBMRI —ADEBE
& 7 BT M XD EBLQUIEA RO L X
DERWEAEZTRLTND,

(2) BR7y—X2 (1981£6A25H.K3)

120 BF9 72035 5 AR OFRAELERD 5
H, MOEARA N T LDOL I ICEROE—2
26 DR HID I EILRS=610. 5mm T
ST, FEFTOHE Ce=0.959, Se=0.802, T

(25) 25

DA Cp=0. 944, Sp=0.931 TH 5, FHHHE
B OB X MR AT T QeS=415.5mm . T ] T
QpS=404. 2mm TEEFED QS=396. 6mm (ZiTVY,
> 7T IVOFBUIERN O TR e -
72o T D72 Ct=0.909, St=1.621 & KiglZH
kL7,

(3) BEmy—R3 (191498 138.H4)
FHBEAR S €, HEHERAE S T, T OSBA T
Z i Ce=0.974, Se=0.582, Tl ®H A 1%
Cp=0. 974, Sp=0.575 Ci@E TN, THI &
LEBETH D, BBEMEENEILMT T
QeS=112. 9mm, TIT QpS=112. 4mm THEEED
QS=110. 2mm (23T, ¥ > 7 ETIVOBFBILZ
DORER 7 — ADOHA X, €1=0. 983, St=0. 499
EAMDFIEL Y FWFER L 2> TN D,

u Iyl T T TT T T T T T T ]
“‘“||| ”V ‘| l“ “ H‘ E mn/hr
|
1 PO, PRI NS OO M b
fp, 0t T e
0 S . o o Z25_580
cEe o E5 B10.5 nm
A= B84.1knZ B35 396.6 mm
— ® — § Hes 415.5 mm 20—
S o He Hps 404,72 mm
B i . Op Ce 0.359 15 |
e Mt Cp 0.944
0.309 B mmshr
0.80z2 10
0.931
1.621
5_
0
g
0 10 20 30 40 &)  BO 7O 80 90 100 110 120 130 140 150
Lihr)

Figure 3. Hourly runoff analysis and prediction of Koyagawa Dam basin , Case 2.
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Figure 4. Hourly runoff analysis and prediction of Koyagawa Dam basin , Case 3
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Figure 5. Hourly runoff analysis and prediction of Koyagawa Dam basin , Case 4.
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Figure 6. Hourly runoff analysis and prediction of Koyagawa Dam basin , Case 5.
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Figure 7. Hourly runoff analysis and prediction of Ikumigawa Dam basin , Case 6.
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Figure 8. Hourly runoff analysis and prediction of Ikumigawa Dam basin, Case 7.
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Figure 9. Hourly runoff analysis and prediction of Ikumigawa Dam basin , Case 8.
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Figure 10. Hourly runoff analysis and prediction of Ikumigawa Dam basin , Case 9.
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Figure 11. Hourly runoff analysis and prediction of Ikumigawa Dam basin , Case 10.

Vol.54 No.1 (2003)



(5) BRY—X10 (1999F9A8240.111)
MERRIE 2 ARIC 7= o TRV =23, B H O
WixFH»., OB E—27 0 1 EENEIX
25mm & 8 X e NERFHENCTH D, MEIX
RS=135mm Td o7z, N DYE Ce=0. 951,
Se=1. 055, THIDLGAE X Cp=0.956, Sp=1.004

THh 5, BEHAER R HEIIARNT T QeS=109. 4mm,

T T QpS=108. 9mm THEEED QS=123. Tmm L ¥
EBHIT 10%REED 2, Z 7 BT VOB
IFE— 27 HETE L GB/NEHmE 720 | AHEY
FREIT Ct=0. 934 FEHERR 2213 St=2. 278 & KIE
WCHE LT, 2O —2AOWTIE, SEIOE
TINELE 7T VLR U < /NI O R
LT, BE D BERNOE LA RENBLIH A
MBBENTZ & ZAIChoT2720THD LD
b, LnLARIOET VO, TRk E
X7 ETNVEDIEDNIZRENZ EPRRE
iz,

6. FRIEER

LSBIOET ML D THRlE FEE 2 RN
O 1 FEERE R(k—2) & Rk— 1), i@ 1 K¢
ot Qk—DNn5H, 405 1 REffkE L
BERAOHE PQO=QR %2552 & ThHh
Do BT, A0vD 1 NS TR D B
O PN RE RK Z 525 2 &S HkIE,
FERRER Rk—1), THIFER Rk),1 REfaTIC
FRFEH DT EPQO =Q(k) i~ T, 5% 2
RE e O ETHIE PQI=Qk+1D& 5,
[FRRICA T4 2 BRSO 1 BT & T Rk
+1), 3 FEfESED 1 B & THIE R(k+2)
WL, 3REFEDHE PQ2 =Qk+2), 4
Ref e ot E PQ 3 =Qk+3)D Tl b AIEE &
5,

TS A LB ST 1 R & R (k)
ZYHHRES LTRALZSEA. 72bbk
MIEERIC TR ENZ5E. iR LeeT
DR — A2 DWW T T RIER & 1T - 725 3
MHABIOET VO TRNEEZ LS, H5%
DOfRFTFERTRIZ X 912, (7) RO RS £

31) 31

R, AR E D LANS Y, T
HEE T ELICZOBERRLNTZD T,
FHIFEER T ORI fp 13&E%0.25 ERIE
L7z, T OO i/ & 72 5 72D T,
FLIE WA IE BFO % 47— A 1~5 TI0. 25mm/hr,
=2 6~10 TIZ 0. 2mm/hr L ZE X b7z, £
FERBHERE 02OV TH RS E7-,

B 12 13RI 2 Lk, B — A 1 TD
FERTH D, LI T 5 1 R TR &
QPO D FEEE A HHBAMREL C0=0. 989, FEUEFAZE
S0=0. 733 T % DITxt L. 2 Wl T Hl5i & QP1
DKE O AH B AR B C1=0.974 , FEHERR &
S1=1. 097, 3 W[ T HWE & QP2 OREEE DO FHBIFR
$ C2=0. 965, FEUERAZE S2=1. 244, 4 K[ T
it QP3 DFE L DFABIREL €3=0. 966, HEUERA
7283=1.234 & HAe D TRIRF IS & o 11 1 XkS BE
NEL 2o TWDLONRbMND, X 13~ 21
DD — 22O T HEETH 5,

LU G, 3 LW ERGELSRICHF
SL LT, BHETIES3, 4L FHE
HEANICIE A2 5D L5 ThH S,

1. HeENLE

UED L5, Fex ARIZ E - THKIZIE
EHRV, PAKREFHZAWNT A 2 (LT 5
WA & BT — 2 0D, PKBRET
JNZ Ko TR MAENT & FRIVNFEETH D Z &
PWrsil, THIERTRENELIIC, &
B DOBEKBRIE T AZ L 5 TR EIZERIC
Mz oidEdThsd, HERFHNE T A
FEHETHRIZ L Do B ERG RIS
SEoBmEEERTIW,

L EB TN

1) A ER B 7 =T, F LB,
No. 183, p3-8, 2001

2) WEHEN, f: BEY L I7ETNMICED
IRF P B O AT L 1L P R AR
A Vol.52,No. 2, p29-46, 2002

W AR TR e iy



32 (32)
T I 0
||| | B mq!hr
1 25
fp |
[ Teee eeereesessaeniniisietiniany 25 50
cze 1 E5 17V8.0 mm
A= 84.1knZg &5 137.3 mn
— o — @ co o 0.989 20—
& o OPG 01 0.974
T »x HPL CZ 0.965 15
B + [OPZ C3 0.96R N
=« OP3 S0 0,733 B mmshr
L a1 1.097 10
ng 1.244
53 1.234
L 5 —
T "
|||||||||||||||||||||||| |||||||||||||||||||||||I||||||||||||||||||||||||||||||||||||||||
0 10 20 a0 40 a0 B0 T an a0 100
ki{hr)
Figure 12. Forecasting result of 1~4hr ahead discharges for Koyagawa Dam basin , Case 1.
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Figure 13. Forecasting result of 1~4hr ahead discharges for Koyagawa Dam basin , Case 2.
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Figure 14. Forecasting result of 1~4hr ahead discharges for Koyagawa Dam basin , Case 3.

T T[T T T T m T ™ rTT 0
L w Wl ] R mn/hr

1 25
fp |
[ DR A et s : 2h_a0

cee 4 BEs 409.3 mm
A= 84.1kns 03 407.0 mm
La7T 20—

== D D O O

i a0 B0 50 120 1a0 180 2li 240 270 300

Figure 15. Forecasting result of 1~4hr ahead discharges for Koyagawa Dam basin , Case 4.
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Figure 16. Forecasting result of 1~4hr ahead discharges for Koyagawa Dam basin , Case 5.
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Figure 17. Forecasting result of 1~4hr ahead discharges for Ikumigawa Dam basin , Case 6.
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Figure 18. Forecasting result of 1~4hr ahead discharges for Tkumigawa Dam basin , Case 7.
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Figure 19. Forecasting result of 1~4hr ahead discharges for Ikumigawa Dam basin , Case 8.
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Figure 20. Forecasting result of 1~4hr ahead discharges for Tkumigawa Dam basin , Case 9.
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Figure 21. Forecasting result of 1 ~4hr ahead discharges for Ikumigawa Dam basin , Case 10.
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