207
fr H OB OB % o % A b

At Wig .- mE M- 20 EE
WA K

SYNTHESIZING STORAGE FUNCTION MODEL
FOR FLOOD RUNOFF ANALYSIS

By Akihiro NAGAL, Mutsumi KADOYA, Hironobu SUGIYAMA and
Katsuhide SUZUKI

Synopsis

A study is made of possibility of synthesizing the storage function model for flood runoff analysis.
The theoretical relations between parameters of the storage function model and the kinematic runoff
model are derived from the stationary state of flood runoff under an effective rainfall of constant
intensity. These relations are examined using a set of optimum parameters of both models obtained
by the application of the mathematical optimization techniques proposed by the first and second
authors.

As the results, it is clarified of the storage function model that one parameter is common with the
one of the kinematic runoff model to make us assume the Manning’s law to the rain water flow over a

slope in lager floods, and that the other parameters are able to estimate through the parameters of
the kinematic runoff model.

In order to simplify the above formulae for estimating parameters of the storage function
model in the practical sense, a set of new equations is also proposed for mountain river watersheds.

By using these formulae, the storage function model to be a lumped model essentially can be
used as a distributed model for flood runoff analysis. The usefullness of the proposal is verified for
several floods at a few points of mountain rivers.
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Table 1. Watersheds and floods for study.

No. River Station Basin Area}iﬁm‘é};uogfel{am ‘ Floo.d for Analysis *
(km?) lBasinf Outskirts Peak stcharge’ Number (m?/s/km?)
i | T (m3/s/km?)
1| V. Kama 0.245] ol 2 3.4~ 6.0 ] 4 0.4
2 | R. Shimokari 1.32 1 1 4.2~ 71 | 3 0.8
3 | R. Tenjin 2.63 0 3 7.2~14.1 1 3 0.4
4 | R. Echi Nyoraido 108 4 4 2.6~ 6,3 ' 3 0.0
5 | R. Totsu Sarutani Dam | 200 4 5 4,8~10.1 4 0.5
6 | R. Yoshihara  Kusanomine 46.1 2 4 7.3~ 8.1 2 0.7
7 | R. Kagami Hirose 68.0 1 3 4.2~ 6,3 3 0.7
8 | R. Niyodo Kuzunosagari | 155 1 3.1~ 8.9 3 0.6
9 | R. Niyodo Shide 239 3 3.2~ 7.8 3 0.6
10 | R. Niyodo Kawanouchi 610 1 5.2 1 0.8
11 | R. Niyodo Oodo 673 12 4.6~ 5,1 3 0.6
12 | R. Niyodo Kawaguchi 924 20 5.3~ 6.7 3 0.5
13 ' R. Niyodo Ino 1426 30 8 4.4~ 9.5 5 0.7
14 | R. Ushiroyama 3l.4 1 3 1.8~ 2.7 2 0.6
15 | R. Kosuge 43.4 1 2 2.1~ 2.6 2 0.6
16 | R. Taba 126 3 2 16~46 | 2 0.3
17 | R. Tama Ogoochi Dam 263 6 2 1.6~ 2.7 4 0.3
18 | R. Nabari Nabari 432 7 3 5.6 1 0.5
19 | R. Iga Shimagahara 519 9 4 3.6 1 0.6

Note: 1) Qx: minimum discharge for optimization.
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Fig. 1. The relation between basin area and mainstream length in objective watersheds.
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Fig. 2. Retention curves in the Sarutani Dam basin.
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EHEEFANTIE p=0.6 DEXD kopr %5 51D TROEL, A7), I)XDOMFHEEF~S & Figs. 7,8
DEHICIB, CNEMREFAT S EZNTNRAPELND,
K=2.5kA%2 e (20)
Ty=0,45kA%%p,~04 e (21)

T, K, Tr BEEEO & nm—h B, A BEIER (m7/5s¥%), 4 FBEE (km?), o
ERE— 7 HE Qp(m¥/s) OBHRFNBEBREE (mm/h), 7,=3.6Qp/4,

20), (21) RiF, BifrE DXL »7- & &, Hack O:Hlic Fig 1 KRUE #=1.35, 2=0.6
ERV, B 4/6,=0, B=1/9 LT, A7), U)RXHSBLNEHDTH S, K IKHT 5 (20) NiIFHE
EEXSHALTNS, B0k 31, Hack OEEAICE T3 RO «, v OREIILIFE)IFBICE T 5
HEE A 5NED 5, (200 REIPBOO—REELSEDEELONL, —HEUME 7, iCD0T
BIZooEhENAE <, (1) ROBABLT Lb+4ERVAZND, 71 OFEERN ZHE0 &<
FBELTNBEV-ThHE,

Figs. 7, 8 3 E A HBROBROIPRINTOE Y, K IKBET 2 QORXIHEBEOKRLE b
IBALTVES, TOT &R, (20), CHRMFTED HHFIFREOE/MICOHIEL I 5T L2RELT

20 T T T T T
(] 1
o 10F 1 — 5 7
o of T PELin ]
o L[ 3 /_/f/ ]
. b | 3 o V.Kamo * R.Echi
2 -8 o o R.Shimokari ¢ Sarutani Dam

2 2 1 o R, Tenjin R Niyodo
N = e R.Yoshihara © Kuzunosagari
X © R.Kagami |° Shide

| bl A AlbartankinI N
0.1 I 10 100 1000

Basin Area, A(km?)

Fig. 7. An estimating formula for a parameter & in the storage function model.

— 8 —



A+ S - Bl - B BIEROEOBAL 215

10 T
© L
(o] | 3 °
W
a ° 8 |
" o ©
Q.
24,20 e
S | \«AO' fe 1
2 TE 12045 8 T
— - ot -4
3
2 | o—1 ’/ﬁ/
k4
< ]
]
e
1 1 11l L 1 L1l 1 1 L4 1 1 11
Q. ! 10 100 1000

Basin Area, A(km?2)

Fig. 8. An estimating formula for a parameter 77, in the storage function model.

W5, TPk, BEIMER b=V )™ OKEENBRMSERICENE, (20), COROERMILZDE
{7E23bDEFREING, —F, 71 BT 5 CHABZTHHROBRLLASL BTN TWEL b R
X%, UL, MEDEIIENF — 2 OBMER d/=103UTThbs. COEEFERTLCERFT—42D
B FCTNLL, EANCERCHRAERVTO 2 EEDbNRS,

Fig. 8 ® 7 DR LD EIKDVTISITELTAHS, COFERE LT, (21) RiTIIFOMZERIMbsE
BINTNENWZE, $B0R T 31 Foys 7 OEEWRERIALEEDTHOTEY—/ REDPLT
ERTBICRRABHZCEBEBBTONS, ThDMicd, 7 RIEEOHRKITHHECERES
BEHEMELSH B 1P I b 5T ZNE—EETAUL TN B L0 =XV EOME, 503 7 D&
BADE  BFEROEAER, HENMEHLD SRS -TEY, 70 OFEALEBHLICCNHENS
F—42 LOMBLH B, ChoOMBOMRFTIISHROEESE Lz,

4.3 LA OBEEEEER

LR (20), CHRRZHHFFRBLSERTEZL0IBEE GO0, RERER ¢+ 2H L THREK
DK, T 2ETIEPRETCH S, FAMKESZBLEOIR, BH K 7 2RERbERO A THEE
BERTENEBLVIFHAETDH S, TOLSICEAT, P=0.6 iICEELIZEXD [K,Tilop EFHBRERKED
HEEHNIASEEEHNS &, Figs 9,10 X5 TH-T, FEEMEOEMEERE LTRAMESH
%,

40 T T T
®

© 8
? © ° N B
a 014 09 © g © Cam
5 10 = - K= 56‘_ i ] B Ry
- - o e ©
s [ te—rTTTo °
' é
& B
€
<

1 1 Llid) I 1 11t 1 1 1t11 1 IR

[oX | 10 100 1000 2000

Basin Area, A(km?)

Fig. 9. A practical formula for estimating a parameter X in the storage function model.

— 9 —



216 FOKBASSATERTAER 255 B2 (F57.4)

40
e V.Kama i . " s Sarutani Dam
o R.Shimokari R.Niyodo ® Ogoochi_Dam ®
© R.Ushiroyama © Kuzunosagari ]
© @ R.Kosuge ® Shide
S o |-© R.Yoshihara e Kawanouchi 8
" E e R.Kagami ° Qodo ]
a ® R.Echi © Kawaguchi
5 @ R.Taba ® Ino ° 3
2 | ] 04 © ofle | ® S §
- 0,‘\4 {e' M e |© ° 0“ It O 2 Sl
< TL:O.QE)A - L e o
€ 8 LT °o o =Y
E ' =
~ 1 ° @
3 _ %
o
~N
= o
vt da s N e bl R
0.1 10 100 1000 2000

Basin Area, A(km?)
Fig. 10. A practical formula for estimating a parameter 77 in the storage function model.

P=0.6 e (22)
K=5054%1 e (23)
Ty=0.95A4%Yp,%¢ e (24)

zzig, K, P, Ti: RESBBEs D &3 (mm-h BifY), 4: JiEfRs (km?), 7 ©— 7 Jilt Qp(md/s) OF
REENRBEREE (mm/h), 7.=3.6Qp/4,

Zh5ORIF, FIRERUEED D, 4<300 km? OB THIEREEBER L TED TV S,
23), @HRKBYZ 4 OEFOMER, 20), CHRTOZNSDELD b/ASLB-THB, 0,
IR TIE & S—ElE L3850 &L, D Hack OERIT 9=0.55~0.70 g s 5 &, Ko A%~
027, Tjoc AVR~02 4,04 L IR B L HERRINIC TFREANS, T Ty RBUKBNERR 2 KBTI HDL
BHEINB D, AR ORET B BKIERRHEER TR 1o d*27,70% L2 5TW B, —7F, Figs. 9,
10 DEERD OB 4 DIEMERET B &, Koc 412018, Tioc 01402 4,704 L0 h) K, T LT3
A OEBRIELAERICSH . TNODERPBIEOELE >ThbIVdbDETEE, 7 1KHTE 4 O

fesis, LOMBHTRME BT —HL, »OARLOMKIERIEERLORERLSHONS,

(23), CORDEEBLVEMOBEERET IR I SICMRIRTORN D 3V IRETAER + OB
DUBETHDLY, 4ROBRICLD CNSOWEDBETEDLZELTHZIREBEMLEVSDOLFHL
T3, C)~CHRIF, LVBATOEHMERE UTERICETHELZ2 D LEDNS,

5. RE(CEHEERORKRE

5.1 SHDNGREABORESHEE

HEhR e VO EBERICESOTHRE LIRS LERHEER O~ %, HHEEF v ORFEEY
A LT, Z0#ERDEREEEF = v 795,

AHERERER TR, TREERIIOSHLEEER LTV DhISEILRK, BT oy 7 &F
BT ay 2 DEREFNICKBRMERT 5, X7 v v 7 DEKZC)~COXTHET26DEL, &
FEOIEERIROL S ICERET 3,

VemkelQoe, Vo= [rar~ [fQar e (25)

TTIT, ko poi FIBHRER, Tic MEDOKEEBOBNER, L HRT v v 7 OFER, Ve EhkE
T ZEEUIAEDOHPGOFEAR, 1o Qo H#7 0y s ORARE JUHHHE.
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Fig. 11. The rule for watershed modeling and the definition of delay time 77, in the
distributed storage function model.

BHEOHET 1 v 7 ~DHEARICIE, Lifh o DOHAREFEREOMNEREN? S ORARND S, 3k
DEFNTRINSDHARDEEH ZHED LFRMICHEAI R TS M, 22T} Fig. 11 (b) DXk SiT,
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KRAZET, METHETHENARTS50ELTHI . ChU, FIRORALERHERICIRTTI
FABMEREETNTOBECEAERLLLDTH S,

Flhdd—DODEK, MEOENKY 7i© 13, BAROEY—7M Ix OEHBEETHREE-DET S,
SEEICIBFE RSN O OBAARIC L 2 HRE/L D OREEEICE/ LS 305, FHEEIZE OE/Lh
MHETE26DLT DL, E—7HARDEERME /0 B3RATEDLINS,

%
iw=L7;ff—;; v (26)

D te ZEELUT, T RRATHESTS (Fig. 11 (0),
Tie=tw—1o. tw>1o
T.=0, tw<to }
TCIT, to: T 0y 7 O L ©— 7 ERARH & THH ¢ — 7 R RAEMHH O,
BHROSHETIRL, XHBSICTEOREERLESALTH S, XHRBT = v 7 TR, (22), @)HR
KkokEs K, P E2RFOT, RATET @ 2EHET 5,
%=7(1‘17(1—01)911'P ............ (28)
Zzic, It HEMEEE, Qi)=Q¢+T7),
DEHEIC, Q@ DERBEICHIET S e ZRVTEOKXLD 70 ZHELIE @ % ¢ DIEFAKC T4 720
FTOHTXHB T oy 70WE @ &5, SAMET vy 7OHETR, ERT A—kL, Pope, 11,
ELUTHEB LT 10 2RO, ZOHEE CDRKD

KEB Tie 220 ¢ DEFMICT B4, ThEmHT oy \!/ A-oniskn®
2D DHHE Q ET5,
_ A=25.49km2{>—
5.2 AHERERERICKSRERE

T, WIRERESS 200 km? (A4 L HiR)~ 1426 )

- '\ . N v sub-basin 3 | L=2695km

km? ({Zjg) |16 EHS EORID @ 5 Figic Bt 3 8 Hik %

stHE LT, BISTERE U EFYEROEEEEROZY D channel 2
BERE L THI, Thicik, RebEgiteo ke -—<: A=8761km
FIF LIS » Fo RN bR D &3E) | 2t S 5 L g A=3257km? : >—ri
BrEHEOHKDATNTOS, REROAHR =TV & sarutani Dam

D7 Ay I EF 3~ T, Tay s @HIE 25~400km? T Fig 12. The block diagram of the Sarutani
BB, —~FlE LTHRAL LFZRD T v v 7 X% Fig. 12 1 Dam basin.
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Fig. 14. The worst example of simulated hydrograph.
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Fig. 15. An example of simulated hydrograph based on the shortage data.
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