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A REAL TIME FORECASTING SYSTEM OF FLOOD WATER
LEVEL AT A DRAINAGE PUMP STATION

By Hidetaka CHIKAMORI

Synopsis

Two flood runoff models are developed to construct a real-time forecasting system for flood water
level at a drainage pump station. One of them is a distributed form simplifying the diffusive tank model
for analyzing flood water in a low-lying area. Another one is a lumped form composed of a retardation
pond and two tanks for expressing flood runoff from urban and rural areas.

The forecasting system is constructed by combining the Kalman filter technique and one of flood
runoff models. The usefulness of this forecasting system is examined at the Ogura and Kumiyama
pump stations situated at the outlet of the Ogura basin. The system is operated for two floods caused
by heavy rainfalls in July 9 to 16, 1972, and in July 20 to 22, 1986.

As a result, it is clarified that forecasting of water levels is performed with accuracy enough for
practical use by either flood runoff model, and that the system using the lumped model has an enor-
mous advantage of the reduction of computation time over the other system.
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Fig. 1. Physiographical map of the Ogura Basin.

2.2 BEMTIdR K

(1) BBIMTE T AERICELBHK

BFATE T AW, 7TA9B~16HD 8 A, HWRATHIAE6FICRIMINTRELLLDT, £O
BREERYEKEST 403.5mm Th h, EHEFE COERE, ANETIOERRIHLEL TV,

ZOYBOPKEEE LT, ERPEKESIC ERR4RE 13.4m%/s, FRA2E5.0m/s BLUT
BRI 74 29.2mb/s, Bat13E, AMEEN 47.6m3/s DXL FHRBEEINTEY, AMLH KBS IIRET
Hols

(2) BBFN61E 7 AEMIIC LMK

BEAIGI4E 7 A20H /A A 521 A BENIA,TT, BARBRRICER L TWRETROGENERICR Y,
21 HOBEA & 9 BREEIC 2T C RS S— X EM 24 ) BB KWL &2 o 720 ZOMIE21H B A I3/MEIR

_2_



R L RKEBERBOKIRL E 70 & ER KT §) 257

HERR > TV, RENSLBRICHTT, BUBMLWIE % o7/, MEIITERIK G T2UR MR
K 257 mm, 48KFRIFIE 333mm AE SR T 5, ZNIZ24RFEN R CO0EMESR, 48EFRI TR TL004H
FIHLT A LN SN, ERBKTREINE ERAROERN ThH o/, ZOFEMICLY, WHEADOEHT
BAKRHEAIPAEL 72,

ZOMBEOPEKRERIE, ERPKES T ERA - RERAORY TRIBRATE T AFMYRLFELTH S
A, TEBRERY 71 G0 HBHMS3EICEHRSNT, AHENIEET B.9m¥/s Lo T, LL, 20
EWRBICETRAERY 71 AFREOLOBE Lol T, HNTREDOAMLPEABESIC 30m®/s
DET 1 HEVRBEINTN T,

3. ARKEBEAEKRHETN

3.1 EFHL27EFILEHLEETN (FHFREFN)
(1) BEEFINV
IhICEMBEFRBRE R E LAKDERITTIR, TICAR - BEICLAETFHY v 227007
PHOLR, F2OBEGHEIBRINTVS, LEL, SOEFVEERFT 754 Y RHIREFTVTHY, * ¥
54 vHHEKBERICHW TRV, 2T, SZTRROL I ZHUOTIVRTERY 77N % Bl
L, Bf - AU HAES COERMAZFHICBVDLZ &Y 5,
(a) LS, EE#s v 7 EFVTHVOR 7Oy ZRERKENICE LD, PBEOSY v 7 TRET
b
(b) FELEEBALORBIETHBRT & CHERBELTHVCEET 5, FRRET TV OERICIIBRA
DKW EFNVEHEHICERELA b DL HVEYY,
ChECIERBBETHVONTE LR FML BT FIVIIMEOME Y » 7 LTMEDKE Y » 7 DFf
133D v 7 TEBEER TV A,
CoTay ZEERD L ICEMILT S,
EEy, B, TEO 3R MR ST o TEY, Bk, #), BitomiketT
TRAOBEMEHY, 1, 15K LOBHEEIZLEH5,
ZZC, tNeETFIDI rORABEAELT LS 7125 LD P.Kumiyama P.Ogura

b FTEKES, HU EREBOKMIETERSIZHRTr2E LS P (P

DT, LiHERTIESY 7 2 HERIAI LTS, Thbb, Chudan
TN EFMEO LR THERT 3EDY v 7 LN THREERT 18 1)zl 5 [—

O, BEH4EOEY ¥ 7 TEHT 5,

—%, BB« TEREA,ALOMBKIZ, WihdERBERES IR > A A
ALTWAZ EREELT, = TIRmE - FTEONESRE | BOK 4 Gedan
By r7iliboTRTIELILT S,

EFNVOBES Fig. 2127 T, SOEFNVIE, 4BOMES v 2 3 Al
1~4 L 1fEOXKBY 25000, 1~3dHNE, 433N
HFNTHBE, SRITREBERL TS, THLLIDETIVI, Jodan
ERiSIc B kR R EPICEB L SHREF VIR o T
Vo [ Ptain O Channel

FENERY S ORB I BNEEEE L BAVCEHET S, 5D N\ Weir
AEATE, A~ORAE 4T, 3 ORAZCEOBEPLORMT [ o Watershed diagram for
BRI Twna, the simplified diffusive

(2) H@XEMEEEE tank model.



258 TORES KFFZeRT R #3659 B-2 5. 4 (1993)

Lo & 3 2L S ORMIERD & ) L FEEEE AV TEHET 5,
Q‘ = a’his/s ......................................................................................................... ( 1 )
ST, Q:HLEEODHMENHOWM, A MIETAHE TOEE, ‘
LERTIRIERARERE LTRRAEAV %,
SEER !
W 4 WG+ p+ — B
2 A&

QT QP QN F Qi (
5 e 2 )

EEIHER
Q= F(Bgy Rg) weeesemere e (3)
SIS, WiKETHEME, h: 77 DK, Qu: ¥ ¥ I ~DHEAER, Qou: ¥ ¥ 7O DMUE, Q%7
i, BOTE, by, hy: FRENY 7 4, § DKL, 22 7 ¥ 7 OEEER, At: BHEEVER, AR (),
k+1 3ESEET,

() XEDOKEEE W icoWTit, KFHY ¥ 7 EFNV TR, KBS ¥ 7 OKEERIE—E, 78S
YODFNEBBAET - Y ICETVTKIE h OBKE LTRAL TV, LaL, FHETE, &7
Oy 2300 RKENTEDTVEDT, &% v TLIZK—AKTEE—TFEE H—A-V) OBHT
HoMLOROTEE, KB LT WREHETLI LIIT 5,

(3) AL TANEZ—OHA

CORKKBEFMCHNC 74 VT —2HBALT, FKBSICBII2ERBAMNTHEZT).

() RicBNWT, LEHBTHY v/ HREZETER f 3—RICFHEFETHL25, TOETNVICHLT
YIANY —REHTAOICR, ERRERBATILENDD, 22T, Q) K% by, by I220VT, %
7=, (1) % b 12DV T Taylor BBL, 1 ROET W THRIALTELERDL IR,

Q,(k+1) — %alh’(k)z/a (hl(k+1> — hl(k)) + a‘h‘(k)S/S ............................................................. (4)

k k
), k)
i

Q‘(}:+l) =f(hi(k), h}k)) -+ L(h'(a_h— (h‘(k+l) — h'_(k))

(k) (k)
+ af(h.ah,jh, )
ST, B, BP R FNFNEES ECBITAY Y i, f, 1 DKAL
@), ) EEHER (QR) RAL, TLOTHHRRTHERDE I T2 5,

MkX(k-H) = ka(k) + dt ....................................................................................... (6)
ST, X REE - FLEBOY v KE, BBES 2% n B, FLEHS e mBELIGE
2, My, No iz (n+m) X (n+m) OFF), Xid a+m) RIEDOXZ MVl b,

(6) XOWHIZ M T2 L,

X%t = (ka(k) A D eevere e e e (7)
T, 0= MIN, =M 207 RAREHBERE V) ZLilh b,

PEARBBRT O KM IZDWTi, BRAIFRRIBETHELE, FOTIANT s 74T —HEATS
5o

TANZY Y IFRICEELTIR, YATLARESR U, BHNBESB R, REEEOHERELSBIT
FIOWBE*SH S LORDTEBLLENDD, U, R DREICHRVWEIVALFENEZLNEH, 22T
BRDL I e HEZH 5,

(hj("+l) — h,,(k)) ................................................... (5)



ik L FKEERBUKIHE 7V & EREAM TRl 259

0}%1 0
02
U® = [ (8)
Owi
0 N i -

R = (g3 G) ++rervreerrrresrssemens e e et teb et e (9)

2 = {(R-l‘:("’)z (Az*)2 2 V,3m)

Vapn (Qx?)y? < Vg
................................................................... (10)

o = {(#y‘(m)z ((uy®)? 2 Vi)

Toolven G < vem

ST, A pEB. L, BEEOY VI OBRE,
I = h,' — 2, U= hobsi —Z
S zin Y DFFES, has: ¥ V7 (1B HKNOBEE, ELEHOY v 7 DBE,
Z; = hy
L5,
T2, COEFUICANC Y TANI TIN5 205 THEATHE, BERREIZHHEH
Hollzd, U-D HE7LTY XL EE LR,

3.2 EPBETFN

(1) EFILOME ERUETEZE

3.1 THRAZEF N, EFEHSY V7 EF VLB LG FREFTNTH 7245, TITIREHIIHHE
KRB EFVEEZ D,

AR IC B AR FRHIOFELE LTI, LEH»SORARRZEBO LI 2D LHRBTHAUE L
ARG TERL, ChICERHNOMBRERRY THARLERTLIHELELLNLA, I T,
THRBPSORAELZ2BOY o b0ORBEE LTERTLHILICL, /2, BB AHILER
12, BHHECHONLAMN-FEEOMBR RO 1EOKE S v 7 TRT ZLILT 5, ETVOBMERK%E
Fig. 3 IZR7,

%5 v oo, BHAENIIRA

Rainfall

By oy Qe (11) Wi W

= ] <z |
Ql = alhf/3 ............ (12) - L = l_ Upsteam area
dh, _ Y R
S o Qe (13)
dt 2 Q1 Q2
Q2 = gohy eerrereenes (14) =
%‘;_3. =fQ+AQ - Low-lying area y
.............................. (15) 3
hy =F (V) eeeee (16)

2K, @, @ ENERLERE, LD

. . . . . Fig.3. Al is.
EADECES, BORS A: EHE ig umped model for flood runoff analysis

— 5



260 FURR KAFZCATE# 4536 5 B-2 5. 4 (1993)

W, o, he: ETIRY V7 OBEAE, Vi BEROFER L HIRERCH o ZREIEKE, b TRAO
KEE, 7 BEF, Py THAE, fir T2 CREBRICED2HEROERLEZSR, =1-f,T 2,
LB, LEBO b & VORI, do»LoBBHE, LB OhKE-FRERGRERY 5, ((16)
Ao

(2) DT T4 a—DHA

11) ~ (16) TEH SN A BARMEF MIZHANT Y 74 V7 — %A LT, HREEIZB1) 5 EREKA
FHET

ZITR, 2 MO LEKEY v DBBKE by, by &, BEBS 2 OBREERKE V, 2 RELREL LT
FRBHILIT D, F72, TOEFVERBICERAT L, X7 X—-% ay, 0, 3EKRHMTH DY, TITH
RERICERBESMA DS, ABICIALDNT X -2 bAELTCHBET A VYY) v TOFELR
WhHZ EIZT B,

TP, A)~AKETLdbE, RXOLHIL D,

CDEFMIZHNT Y 74N —2BHTL IR, BB TELENHL, 22TH, a,
>0 THEREIELEERLTa=at, x=af £ ZLT, REERE hy, he, Vs, 0, a0 L LT
F3B% Taylor BRAL, 1ROEF T THIALT 5,

ZOWRE, KDL BABOLNS,

d
WX=AX+B ................................................................................................... (20)

X= (h1 hz V3 [24] az)T

—_ %al(hﬂh{kﬂ/s 0 0 — 2 al(k)hl(k)S/a O
0 —a? 0 0 =2 o hf®
A= %flal(kmhfk)zla fas? 0 2 fiaf® iP5 2 frall hiP
0 0 0 0 0
0 0 0 0 0
_g_m(k)zhluo + 7
2 aiPpP +
B= _ % _ %flal(k)hl(kﬁ/-? _ Zfzaz(kﬂhz(k) .......................................................... (21)
0
0
22U, af®, afP, bP, b ZENENREE K 2B D a, ag by, by DIETH B,
E512, (20) REHBATVIORBRFALAVTHBILT AL, XAPBON L,
XUFD = @ X B - T By -+ re ettt et (22)
o, = exp (A4Y) = T+ Adt+ % (AAD? + % (AAD® + _2171. (AADH e (23)



FR L PUKEERABOKIH E 7OV & EREREARM T 261

I, = [exp (44 — N A!
— 1 1 1
_At I:I+_2_AAt+g(AAt)2+_21.(AAt)3] ........................................................... (24)

ZZTIT, ke BEE, T BAATEI, At: BHEREEAL

T/, ()R TCRENDZBPHENOBBT 2LENFSH D, 22Tk, MEATWBRBATE 2RAL
T, (IO)RERDE ) ZRIIKHT 5,

h3 = HV3 T L LT LR TR R PP TR P PP P PP PR (25)

ZD(22), )REHNT, HAKBEMOKMETFHEKEBEZIT -T2 8IZhb, 72, ZOEFN
TH31DEF VLRI U-D HMTNVTY X L% 5,

TANE )Y TFUOEBICLER Y AT LREGH U, BHIBRESH R &, HMLEFVORE LR
BRIZCLTHRETH I LIZT 5o

4. EREFREANDEA

4.1 BRER THKEDFAE

PEKBEB BT B ERBRAEFRICE LTI, BRKEOTFHISMEL LS, ThIZREBLLHFEPEZS
haH, 22T, BEORMBED ML T CHETL L LEE RESRR#ERE tHYA
LilT A,

T, BROZLLHE, Ry THRKEOFUIEETHS, ThiZiE, R 7ORERNZEIL, Tl
KO L4t TR Y THEKE R B S € 24 (RIEHRNERE) WERATH A, BEDL-HI, BN
TFROHBE L FRICBEEDOIKEN 3RMA T THET2 L L-FE (BBAHokE#RE) dBRETs2
ElZL7

4,2 HEEEFNL (DHRTTN) OBER

(1) EFNOBEREMHE

b7V CRRIBEED 7 v 755, FLEROy v 2 BIEICLE S, TALIMED S ¥ 7 Dk
EOREEERIIL A, ZONHER, LEHRY ¥ 7 DFE, hy, hs TERAHEKES TR S K E
WRESOEEL, hh~h 123 0.2~1m OKBREEZXH T H, T/, FEILEHE S v 7 OUEIKE
0 &35, HEBRERGHITI P id, HAER Pu~Ps =100, Pos~Pioi=0.01 &L, FEHHAERE
035, £/, VA7 LHE - BT OXSETINICOWTI, Van=0.4m?) (:=1~5), 0.001
(m?) (i=6~19), V,jpn=0.00001 (m?, Vjgn=0.0001 (m?), 1=0.05 £=0.0001 &L, Atix55&T
5,

(2) HBF4TE 7T BERAOEH

BFATE T HEROESHEABIBICBITAKMN 1, 3EHEELEOTHHER® Fig. 4(a),(b) IZFRT. T
7z, Table.1 I FHIREEER T,

ChoDMERRBE, KUFHOBEOFHEIL6~8m L TTHoEBbh b2, BAMEIR 50~
Nem ERPREV, Zhuxt L, BHESHEKEREER, 1EBAEFUOHEIIL 2L, 3IBMELL
BEBERIDRIVKELS D, | BBREDOKMTFRHOBRZIKEFHOVLAICEHLLT, BATIRIZIT
S50em B THLI XD E, LHL, SEMEFHTE, KELOBBOMERIZE - TW5A, FillEE
DEKXEGRVERHEREOH AT 90 cm i, HEEAPKEREEOBAIZIZ2.5mIZbFEL TS,

(3) BBFN6LE T AZERAOEA

BRFIGLEE 7 AR, ERYEABIEICBIT5 1, 3IBEEOKMOTFRIFHERT Fig. 5(a),(b) IZ7RL, %
ZDE E0BES Table. 1 1IZHRT S, Thibh, BEEIFHETE~8cm, HAETD 40cm (1B

.__7_



262 BOARGKBRgEFTER 4536 5 B-2 F5. 4 (1993)

OO 12 0 12 0 12 012 O 12 012012 O 12 0 12 01z O 12 0120 12 0

T LU S

RAINFALL
(MM/H)

OCURA P.S. |

e OBSERVED

WATER LEVEL (M)

- FORECASTED
{ 1HR AHEAD)

z L { 2 1 I} L i I t 2 1 i ) Il J. ! ) Il ! I 1 1 !

120120120120120120120 12012012 0120120 12 0
JUL .8 10 11 12 13 14 15 16 17 18 19 20 2i

(a) 1 hour ahead forecasting.

OO 120120120120120120120120120120120120 12 0

| Y T T T Y T T T T T T
- 1] mﬂl
ax
[T
E % 30 r |
a -~
@
80 - ]
11 ¢~ i
OGURA P.S.
_ - J
= ] .
quO
>
= - A
1
- i ]
o5 9
E s OBSERVED
= [ e FORECASTED 1
(3HRS AHERD!

12 0120120 12 0120120120120 120120 12012 O 12 0
JuL.9 10 11 12 13 14 15 16 17 18 18 20 21

(b) 3 hours ahead forecasting.

Fig. 4. Water level hydrograph at the Ogura Pump Station in July 9-22, 1972. In which,
forecasting is performed by the simplified diffusive tank model system (SDT System).
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Table 1. Errors of forecasted water level by the SDT System

Absolute errors (cm)
Flood Pumping I&fnad Ogura P.S Kumiyama P.S
00 operation* (houi) gura x.>. ¥ >
Average  Maximum | Average  Maximum
@ 1 6.0 47.4 - -
3 8.4 93.6 - -
Jul. 1972 ) . 2
.2 52.9 - -
(b) 3 30.8 250.6 - -
(@ 1 5.7 36.1 41.1 194.9
3 17.0 81.7 66.2 322.3
Jul. 1986
(b) 1 7.7 48.5 34.7 231.1
3 27.9 251.3 100.0 368.0

* (a) Operated under the defined rule
(b) Forecasted under the condition that the drainage is fixed at the present state
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{a) 1 hour ahead forecasting. (b) 3hours ahead forecasting.

Fig. 5. Water level hydrograph at the Ogura Pump Station in July 20~ 25, 1986. In which,
forecasting is performed by the SDT System.
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at the Kumiyama Pump Station in July
20-25, 1986, using the SDT model.
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(a) 1 hour ahead forecasting.
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(b) 3 hours ahead forecasting.
Fig. 7. Water level hydrograph at the Ogura Pump Station in July 9-22, 1972. In which,
forecasting is performed by the lumped flood runoff model system (LM System).
Table 2.  Errors of predicted water level using the LM System
Absolute errors {cm)
Flood Pumping | €29 Ogura P.S Kumiyama P.S
00 operation® | o > >
Average  Maximum | Average  Maximum
(@ 1 4.8 60.9 - -
3 14.0 144.7 - -
Jul. 1972 " m =
. .5 - -
(b) 3 15.0 150.2 - -
@ 1 6.5 73.3 14.9 90.6
3 16.5 206.7 39.9 236.4
Jul. 1986
®) 1 11,5 83.0 16.5 93.8
3 45.1 236.7 59.1 271.8
* (a) Operated under the defined rule
(b) Forecasted under the condition that the drainage is fixed at the present state
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Fig. 8. The time variation of the model parameters, a; and @ of LM System at the Ogura pump
station in July 9-22, 1972.
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(a) 1 hour ahead forecasting, (b) 3hours ahead forecasting.

Fig. 9. Water level hydrograph at the Ogura Pump Stationin July 20-25, 1986. In which,
forecasting is performed by the LM System.
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(a) 1hour ahead forecasting. (b) 3hours ahead forecasting.

Fig. 11. Water levels at the Ogura Pump Station in July 20-25, 1986. In which, forecasting is
performed by the LM System.
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