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BUILDING OF A LUMPED RUNOFF MODEL AND ON-LINE
RUNOFF PREDITION TECHNIQUES

By Zakuma TARASAO, Mickiharu SHIIBA and Kaoru TAKARA

Synopsis

An on-line runoff prediction scheme is presented on the basis of filtering and prediction theory
developed by Kalman and others. A lumped runoff model to be the base of runoff prediction is
newly developed, and, by incorporating noise terms which are products of Markov noises and state
variables, the runoff model is transformed into a stochastic one. The resulting stochastic differential
equations are solved by an iterative differenice method with the aid of a statistical linearization techni-
que. In order to verify our scheme, it is applied to some historical events. The rainfall prediction
data which are required in the course of runoff prediction are reproduced by Monte Carlo methods.
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Table 2.1 Storage Variables.

$ slo]?c system storage element

variable

%5 (mm) tension water zone of the forested area
xfp (mm) free water zone of the forested area

Zty (mm) tension water zone of the unforested area
xfy (mm) free water zone of the unforested area
x5 (mm) tension water zone of the lower soil layer

xfs (mm) free water zone of the lower soil layer
# channel network N

system variable storage element

%z (mm) the jth reservoir element within the resservoir
cascade for the representation of the channel
network system; j=1,...,%.; #, is the number
of reservoir elements
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Fig. 2.1 Schematic Diagram of the Runoff Model.

2.2 #EREFINORS

KeEF I, HERAOKEERHONKSZHEEEER L CERI N LOT, SFEERNEOFK
OHBEBYT 5 C LRI TEE,, REEIKEAR, FREXRHEONKOBEHORR, FHEZRNTON
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Table 2.2 Continuity Equations.

4 slope system
dxspldt=Rp—Ep—R.p
dxyldt=Ry— Ey— Rey
dxfpldt=Rep—Qr—1ir
dx fyldt=Rey~+Qpr—Qu—iy
dxygldt=115—FEg
dxssldt=iss— Qs

$ channel network system
dxcjldt=Qj+ Qc, j-1—Q¢, j, for j=1, ..., 7

Note: Q;,0=0.
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ERBICHRATIRHMIEETEZ DL L, HMERFEHRRT~OKSEL (Tubbi) KKATS 0
&5 3,
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100%ic 133 L —EMBTRET 26D LT3, FTEHADEEE 7 (3, SO TEREAERIKE xs TL
2T des & irs KREEEND, TROKSBEICETZ DL 27 ki3 Kitanidis 52 3 LT
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Table 2.3 (a) Functional Representation of flows in storage variables.

# slope system
input R: rainfall intensity
P: potential evapotranspiration
output Qi: slope runoff height per unit time
Ep=Ppasp|Mip, Prp=ApP
Ey=Pyxwy|My, Py=AyP
Eg=Pgsxrs|Ms, Ps=(P—Ep—Ey)M:is|(Mip+Miy+M:s)
Rep=Rp(x;p|Mp)™F, Rp=ApR
Rou=Ry(xty[Mi)™V, Ry=AyR

Qr=tkpxsp for xpp <D
=kpxsptap(xsp—D)? for xsp>D
Qu=ayxsy®

ip=ApipcPl(xrp)t, Pe=l+4cp(l—(xrs+ats){(M rs+Ms))
ty=dAyiy.Pol (x10)t

irs=ipprs(l—xss|Mis), ip=ip+iy

ifs=ip—iss

Os=asxss?®, as=(Apipc+Ayiyc)| M rs?

Q1=Qu+0Qs

4 channel network system

input Qy: slope runoff height per unit time
output Q: stream runoff height per unit time
Qe j=a.Fjt=me(nox,j)me, Quj=F;Qy, for j=1, ..., n,
0=0., ne
t 7(x) is the step function defined as 7(x)=0 for #<0 and /(x)=1 for x>0.
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2.3 FEBREFIORH

BSY 1, BAMBXADFNAL kinematic wave 3T 7 1L 3 13 GO HBELIR
dw/3y+3s/3t=p(»)g1(#), 0<y<1
w/p(y)=ac(s/p(y))me
=0 T w=0
=1 T Q=[wly=:

EHATOD, 72fEL, #hr) 1284, ¥ (RKTT) RAIBZEED L, 0(0)(mm/hr) [ZITE~DHARE, e,
me {35EH w(mm/hr), stmm) ZHBEKTH 2, 1d) XDSFHEE Qm/hr) 2535 3,
(la) K& 7. Fo3r UK (G —1)/7e, j/ne), j=1yne T EWCHESL,

Fy= [ji’: o PNy
Fei= (j’i’:/np:dy
Qc,j=[wly=j/n,
Qij=Fjq:(t)

LB,
dxoj/dt=Qri+Qc,j1—Qe,j

E@Bo E72, pU/ne) & Fi/(l/n) THEPT BT EICELY

Table 2.3 (b) Parameters in the Functional Representation of the Flows.

$ slope system

Ay ( — ): areal ratio of the unforested area; 4;—1—A4y
Mip( mm ): upper limit of x;p
My ( mm ): upper limit of x;y
Mys ( mm ): upper limit of x5
Mys( ): upper limit of x g
mip ( — ): see the expresseion of R,p in (a)
muy ( — ): see the expresseion of R,y in (a)
D ( mm ): see the expression of Q in (a)
%p ( 1/hr ): see the expression of Oy in (a)

ap (1/mm-hr):
ay (1/mm-hr):
s — )
(= )t
ipc ( mmjhr):
iy (mmfhr):

sce the expression of Qp in (a)

see the expression of Qy in (a)

see the expression of 7;5 in (a); pre<1

see the expression of p, in (a)

final infiltration capacity in the forested area
final infiltration capacity in the unforested arca

# channel network system

me( — ):
a. (mm!~mehr):
ne ( — )z

Fi( =

see the expression of Q,,; in (a)
see the expression of Q;,; in (a)

the number of reservoir elements for the channel network

system

contribution ratio of the ith reservoir element; #1+ F2+

i Fa=1

Note: all the parameters must be positive.
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3.3 KM - AROBRC KDHEEBEDIELE
AETIE, B (A-1) $ TOBRIEHIC K 2RE~ 2 b #(k—1) (BRBESRERICEDI 2N K
FED HD) DT £(k—1) LIk P(R—1) BRDONTVAEE LTHERZ #ED D, BA LI -TH
% k=1 SO A TORRREOENME »» LHH £ ORHBOBRIE y&) BSEoNIEL X 5.
ZNSOEHAEBMUT, RENY b 8(k) O (FfFo &) P - HAMBERD LT LEEZ S,
EMINBAEOS b, ¥9, BRBREOCHIE » X02ECHAVG, TUbL, RE~XT bre
2N Kt L, BIBICH~IcHEIck D, #(;-1) OFHE #(k-1), o8 Ph-1) »5, RE~T by
x(k) DTG EEIBEERDT, chze ¥, P LEbT, ki, BllfE y(*) ZROTRE~ b
v (k) OFGEEEABOEEEET S,
—iic, EEWEAs b s OFHEELNHRN & P TEAOh TS L &I, BiRME
y=hx+tw e (19)
MHELhEED & ORASEEY, 5K & P 3 Kalman 7 4 v —itL > TRHONE, XKL,
h 3FF~7 by, w ZEE0, S5 0 @ & LIMTSEIEETH S, Kalman® LB L, 2hodF
o &g & 58 P 13, Kalman 474 v
K=Ph*hPh'+o®)' (20
ZROT
#=F+K(y—h&, P=P-KnP e (21)
ELTRDOLND,
AOBEA, BRKER »(4) 33 100RD & 5 BIEREEETH 205, HIHRBATFEEZERTII,
HE)=hx(B)+awB)+b e (22

OHICEDINS, 727501, h 12 2N KIADFTRI b, a0, b BRAHNFT—TH b, yb)—b REREELEA
g, chi(DREREOXTH 205, (20), COREZHEATE, KR ¥ 2RV k) DF
o & TEME, FLoE #(k), P(A) BRHOLNB T EICE S,

3.4 FHEFAOZINTY XL

PIE3#iichl > CRE L FROMBOKNE Fig. 3.1 1CRT, ARTR, MRGETRE~NS
P IR AANT & X DIREEN S b VOEEE L3 ETF v 7T & P LEDL, 2V BLOREN7 b
NOEEE AR v, P ERFILTO S, 272, AR, A -1 $ TOBMEREROORE~Y b

| Tie Ry l LT
H
I ] |
PR S K
Kk-1) Rxy e ROom-1) K (k+m)
P(k-1) (k) P(k+m=-1) Plkem)
PR — [ S—

Ely(k))
Viytky}

RUNOFF_PREDICTION

Elyikem))|
Viy(kem)| !
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OBSERVATION

i
v
'
'
t
'

Fig. 3.1 Runoff Prediction Algorithm.
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N x(k—1) DFIHME 2(k-1), LN P(—1) BRHONTVBEED S, RAHBEECHOMBEOWE
RTEDTH 5,

T, B A-1 g, WA A1 HOEK 4 S TORRBREDO TR 7 & FRAESNME 2 1525
na&,

awa(b=D)=#4, Pryuon(k—1)=Ra,

Pioner(f=1)=Poys1,i(k—1)=0, 7=1,-,2¥ (23)
EBOTRITUER L #(A=1), P(h-1) ZBET S, HLRINIKESS AL, 32 THRNEH B
&Y, #(k), P(k) 2R, Zhhs 3.2 WREFFOT, y(k) OTHEEMRERD B, KIC, B £ H
SESZ) A+1 £ TOMRMAED FHIME e, FRERBEDE Revs, £ % b+1 SEF L ()REENT, &(4),
Bh) 2HEHT 5. UTHRICLT, KEEIh5 BEEE TORERDTIGME EEDRERDEZ, Th
BHEBPRIO 70 » 7 ThH b,

RIT, BEF A ICIS T, BRI =1 D OB £ S TORFME 7 MEONZ E, TNERNT 4(k=1),
P(k=1) 5 #k), P(k) KD B, SOIC, BZl b OFKE y(b) BEONBE, (8, Bk 15 £#), PK)
ZRDB, TUMT 4 VEY vy DT ay ) THB,

4 BRFRA I AL—Yay

HIETE, MHTPACKETERTINEE 2O FRIEREMKT “BRTREE" Kk-T520h3& LT,
FEHTFHOT VT ) XL/ LT, bBAA, ERBACOFKHTFUFREEMT 21212, COBRTR
FERBRED D TRF LR S0,

AMeDAS ©F& L — ¥ DEHICHED, BRI FRREOBRIZZHICHEL LDo5 5, D & bER
BTRBEIINENTHARBEELRNDOT, AR TR HHFUSFRFBEORRFRHRE
BIET, COBELRATICLRTERD, 22T, APETIR, BLOBRRIL OB “BRTHE
6" ZHEEINIBETREIRZCERER, ChEBRTHY I aL—va vE X,

41 BEFPMVI L-YavDEE

AHETE, BEOEMHKESGEROTHE FUIROBEDULRITS C L5508 L LT, BRNE
POMICHER “FRIE" ZEESNBETHRTIBERTRY I 21— 22%ET 5,

BRTFHY 1ar—213,  BEGOBREE () 2, FPHSBZEOELEH0, HEsEE Ini i
R(r) i3 B LS ICTFRILICHE #(r) 2KDT, (#(r), R()) ZHHFHBCE T, BRETFEY S 2 L—213,
) DEFEEE-T #(r) ZHETI0TH L0, 20HERDBAAFHRFRAIZICIZIHS EE0, DT,
rr) Do M) EBRETIHEERNS,

LD D S

Ep(@)—r(m)]=0, E[G@—r=REH )
THb, BRTFRAY I av—2icat LTI, #() RBEROMETH O, #0r) BEHTI~EEY, THbbH
RERTH B, (DREMIT #r) OHBARRIBAELONDD, #1020 THENEZ L, #)=0%%
FROWETENDZ LS ICT B EEERLT, FHHE =), 58 o) 2 b OERBENET, BEEE
BENEOICB LB ULEEMEEL S, KL, COME, #0) WORZELTISIC m), o¥)
EHRETEHDET B,

m(7), o¥(7) BRDLIIC UTHET B0 v=mlr)/o(r) EH< &

@/ RE=FONRG) @
ThbrLiHET 5. 7L,
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1
ver

) =2 R - )+ DB+ W K RO/ H1/2) s ®

¢(v)=‘/—%—;‘ﬁye—’”/24r
EBW, BE oA #7(), R OICH LT, @REHAT vE Newton HiT K » TR,
o(r)=r()/k(v), mxy=r(zi/kv) e @
EBLE, m), o) BROLNEB,

m(z), ofr) DREING &, FHE m(), S %) 2L OEMIBEREIYE, AROLFI0OLEE
B LIcb D%k 7(r) OFRIE #r) &T5,

AT, Hic, BRTHEENK RG) &, EBFRHO 2 RS TRRM o ICLFITE K51

R(y=as®r®(r) e 5)
&35, o FHAEHRTH B,

4.2 EWPUCIaL—Ya vOER

B TRRERTFH Y L 2 L— Y a YRROFEEET 3,

1, BRFRAEEOARICHT 28E, THROETHEHM0T, HORMOSEEEEEEVIM
FL, EBEOFHEEOHHI—HTIENI CETH D, EHTUBREMICHT 2BEDBR BRHT
AmBEMCHT ZREDOMY ABL T ERLBZOT, RTFUIROBEERATL LS, COLARER
THbo

21K, BRTHEELHETEZ20T, HEFUBECENTIRESRIZTEELR B INTSE
3o Chit, HECHHE FINSELEADICSNBELINIBHTABELRDS C EETHICT 555,
BRI - RIS 27 LARETOEBERE 5Z 5 DIRILD,

k)= o e P u((v) +1/2)

5. ERfEAOERLIER

5.1 MRFBOBMEEIKER

wtpmE e LB EHAE S ARRAE S RBEREIT 342 km?, B EFEHEST 128 km, FELAC
120.0107TH 3 o FIROKEAHIUMTHRKERINE {, BEBHHZ OBLE ED TS, HHIZESLL
THRUHTRETS 6,

AR TR AR « i@k, 1970, 197UEOKRE & LS OERNE, ATL AERGEARTSH 5,
19704 D 72 k12 6 Al4H~18H1c, 197THEDFE HKIZ 8 B30H~9 A 4 AICAR LTINS, 19700
&R VREICAY, 19NE0REE FRIRTECR NS,

5.2 EFNASAIORE

(1) ®PEHEHEF LD/ 4 2FEE

%9, 2CEBALAEPBEREF VD95 A 2 ERAET 5. BEICHNSHMIZ, 197046 J10H~30
HOMTH 5,

AITH B BENRERHEOBENERESEBENTERETH-1cbDE UTEA, ZREHER, It
#35° TORPBIEEAIZ AT Thornthwaite X iC X DHEET 5 (Table5. 1), 2. 4THA L 27 v 7B
DRI, Glx) D85 24 €3 1mm &5 5,

Table2.3 (b) icdbF7/¥5 x 2D 55, BKEBERE fr. e BOVTHOAEESICK > THRIITHS
NTVAEERAT Y, m R EABANEBANTROIEER NS, FERROEN KLU TEHAZ
NBEKIER 7o EEPMEEEEOBRICDVTRELZRIAINEIEBEINTVSA, CCTR3ICH
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Table 5.1 Potential Evapotranspiration by the Thornthwaite Method.

Month Me;‘efrx‘.”fhly Dﬁ;“;‘gnﬂﬁ E]\g;;é?gni;::&ﬂ
- _mmfhr
1 3.5 311. 4 0. 0091
2 2.0 303.9 0. 0044
3 6.0 369.3 0.0229
4 10.0 390. 2 0.0513
5 15.0 432.0 0. 0976
6 20.0 4325 0.1514
7 23.0 440, 4 0.1812
8 26.0 416.0 0. 2044
9 20.5 371.4 0.1345
10 15.0 349.8 0,0791
11 10.0 309.6 0, 0409
12 5.0 303.8 0.0147
Table 5.2 Parameter Values and Initial State.
(a) Fixed Parameters (b) Optimized Parameters
ipey tye  0.23 mmfhr Ay 0.00559
m, 145 M 75.3 mm
Fr, Fa, Fs 0.346, 0.365, 0.289 My 18.9 mm
T Mis 341 mm
(¢) Optimized Initial State Mys 106. mm
xp 343 mm mepmy 1
xfp 0.135 mm D 114 mm
Xy 3.70 mm kp 0.0254 llhr
x7y 156 mm ap,ay 0.713 1/(mm-hr)
%5 3.56 mm frs 0.399
xrs 44.6 mm ¢cp 125
%o 0.467 mm a
xcz 0.781 mm

Zes 0.919 mm

FELie SHETE £y, Fs DERBBRL D BN HEIEZE S LickE L, Th5DE% Table
5.2 (a) ITrRT,

BOD/5 2 2 8 LREBOTHIER, HRERE L HURROBETLHMNEZNS T2 L0005 58T,
HRABHER L V2 —~53 1475 ) —D3 v T Ly s ABEERBOTERTZ S E b, RHERENICL 58
HHMWESWALTRE L. ChoDfE% Table5.2 (b), (¢) IKRT,

PFDs 2 5, GHIEEROCRBEOERRE Fig. 5.1 1ORY, BEBERRIFTHIHM Ay D
D DEREZSHIMTFRUIMELY SBHITNSODERB >TLE 2 T2, THIZ, ThoHDHEDE
ROTREEZRELSTELLLI>TEEINZEDEEDNEDT, 4%ORIEEE Lz,

(2) FERBEHHHEF VD5 X 2 EE

STHR LBEERORIHEF Vi3, TOMROERE L EDHURHREF VAT TG 5 2 &
&, RN HEROAFICET /95 A 2585 2 8 L LThH T3, THOD/NF X 2 R FRICES
kT2 ER3EHTHLOT, BPARHEFANICEENE /0T 4 213, ZNERERWEFLE LTH-
1oEEDNF AR EEEDOEEROTREE L, HRISELD/ 05 2 4 2RFHBIc L > TRD B &ic Uiz,
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|
o
E
<
=
o
=
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= 2] ~--- Simulated
T~
=
=
Zo
o A
~
=
10 12 14 16 18 20 22 24 26 28 30

Fig. 5.1 Observed and Simulated Hydrographs.
(from 1970.6.10.0 till 1970.6.30.24)

PR L, BEEREECEAINSIQ0)RNDAE wk) O ¥ 12, 197047 J2611 0 #5~290 0B &,
10H20H OM~25H O My CTOMBENMIM T, SHIBEIEEICK - THMEMEE LD 3 & LTRD 4K
DIEEEO. 0155 H LCRIET 50 F /o, REFERAICHA Lc 3 (ORhDAE 2;(8) OHCRIBHRK
pir €i(8) DR 052 3 7 KXOT—EME p, o* 2EBHDET B,

PLORHDS ET, ITROBFNEEME LT, 1KE®ROKHEETHTS, BREHMETE0T,
WHPREZERRHEF VEBRDBRECL > TETIHDTH S, COHHNPRIEEDOHI M3 TH
NIFRICEDE]S » THEINZEICHIET 2 X S HAED €5 £ £ p, o ZPELIZTNUTE SN,
ARRTIRIABICE 5T, p=0.5, ¢*=0.005 L2 HEEF. THOHDEERH VA L BEHROGME FHlE, &

|
~ o
=2
i
<
£ o
=

«

o - -
P2 ~—  Observed runoff
=t P

I AN ---- Predicted runoff
e 97 / \ with 1-hour lead
£ ol

z ®

=3

vy

°

@ 1 0 error corridor
= o
* 7
<=
=
=
5]

o~ s \,\

N o

18 24 6 12 18 24 6 12 18 24 6 12 18 24 & 12
1S 15 17 18

Fig. 5.2 Observed and Predicted (with 1-hour lead) runoff
(from 1970.6.14.12 till 1970.6.18.12)
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HPRIEIC PREREOEEREZ IR LT TE 2 HRER (UT lo PRFLE L) 2EAHEREER L
b0 Fig.5.2 Thb, AETR, EURBDIRLAEDN lo FHEBICA-TED, o DHEIBISITIE
{E-ThEEEZ NG, FEOBERAEFMCH UTIEBNICREZ LTWA T EITE 2 BELANC
E-TZDHERVD,

5.3 FEFRHE

BIETCRD /85 2 4 HHNT, BEIOTUEOTHEH FRIZEA 5. MRS 8 A30H 0#~9 H 4 H 0D
&9 3, MHTFRHOBARMATANKETHEIOT, A TEBLABRTHY L aL—v 3 YEEZHEL
TTPHEFRE 525, BHOTERER, Z2TFAOEA W1 G)RhD 2,=0), 1EHE%TETTRE
EOBUEREDEREROL/2TH 254 (25=0.5), BAEWO L ETHIHE (ap=1) D3 r—2%2EZ
%o EBOBRTHUTRERSTRAEESDZBOM, IO 2y —X LHBOLDICEDHT B,

BRNEETRATEL oN5E L& (a,=0) O 1KMH%~ 3 BRI TRIOKES Fig. 5. 3~Fig.5.5
i<, BROTFRL ap=0.5 THEZ S5N3 L&D 1Kk~ 3 RBITH TRIOKEL Fig. 5.6~Fig.5.8
I, BROTFRMEED ap=1 THEZ OIS E SO 1 EEIK~ SKBLE%REH TR %54 Fig. 5 9~Fig.
5. 11 [T/RT

%7, B TPRERTO 1 BHZEE TS 3RH%RH TRZ LT 500, BRO THEEN
ap=0.5 THZ OGN 5 & EOHEHTHIR (Fig. 5. 6~Fig.5.8) 29 5, THRMSAE LS E TR
EHELILEM, ChICHIELT lo FHFEDEGAEZ L >TEY, ~NFas5 70 LBRERNT, £
HHRBOEEALD lo FHHOFICA-TVE, TR, FAKELGE5L2EH TSGR
LT3 E%RT,

i<, A—TPREHTORN TIBEORELRIT 51, 1EHERE FTACERFINEED ap=
0, 0.5, 1+ xDR (Fig. 5.3, Fig. 5.6, Fig.5.9) #5453, ZhoDOME D, BETHKENEL LS
128, ZRRBON Fo s 73 7ORFIDO -7 KBl AEHN2 DD — 7 IKHbn B ERP, ¥—7 D

21 o Predicted rainfall
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= ; with 1-hour lead
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E o] A \
= \_J N
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o]

=
~ =] "
g AN
= ol A 1 5 error carridor
E- AN/
5 L N

. 2 .

24 5 1218024 6 12 1824 6 12 18 24 6 12 18 24 & 12 18 24
30 31 1 2 3

Fig. 5.3 Observed and Predicted (with 1-hour lead) Runoff
with ap=0 (from 1971.8.30.0 till 1971.9.3.24)
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£ N with 2-hour lead
<
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z
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PR3
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E &
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2 "~
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QUNN/HR)

TR BIR BT 255 B -2

(HE57. 4)

24 6 12 16 24 6 12 18 24 & 12 18 24 &
30
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Fig. 5.4 Observed and Predicted (with 2-hour lead) Runoff
with @p==0 (from 1971.8.30.0 till 1971.9.3.24)
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Fig. 5.5 Observed and Predicted (with 3-
with ap=0 (from 1971.8.30.0 till
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Fig. 5.6 Observed and Predicted (with 1-hour lead) Runoff
with @,=0.5 (from 1971.8.30.0 till 1971.9.3.24)

24 6 12 18 2¢ 6 121824 6 (2 1628 6 (2 18 24 6 12 18 24
30 31 1 2 3

Fig. 5.7 Observed and Predicted (with 2-hour lead) Runoff
with 2,=0.5 (from 1971.8.30.0 till 1971.9.3.24)
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Q(KN/HR)

QUNN/HR)
3"3
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x10°!
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HARPIRBIFFEER H255B-2 (E57.4)

i

R(NH/KHR)
a8 1‘2 LE 20

4
1

o Predicted rainfall
with 3-hour lead
( ap=0.5 )

x10°!
E‘G

-— Observed runoff

--- Predicted runoff
with 3-hour lead

2

24 B 121824 6 12 1824 6 {2 18 24 6 12 18 24 6 12 18 2¢
| 2 3

30

Fig. 5.8 Observed and Predicted (with 3-hour lead) Runoff

with 2,=0.5 (from 1971.8.30.0 till 1971.9.3.24)
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Fig. 5.9 Observed and Predicted (with 1-hour lead) Runoff

with ap=1 (from 1971.8.30.0 till 1971.9.3.24)
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Fig. 5.10 Observed and Predicted (with 2-hour lead) Runoff

with @p=1 (from 1971.8.30.0 till 1971.9.3.24)
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Fig. 5.11 Observed and Predicted (with 3-hour lead) Runoff

with ap=1 (from 1971.8.30.0 till 1971.9.3.24)
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o Predicted rainfall
with l-hour lead
( ap~0.5 )

h

RUKH/KR)
4 B 12 16 20

— Observed runoff

--- Predicted runoff
by the deterministic

1.5 3.0 4.5 6.0

PILEVE S

~ Observed runoff

--- Predicted runoff
A ANSEN by the stochastic
\ \Y mode]

0tN/HR)
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30 3t [ 2 3

Fig. 5.12 Predicted Hydrographs by the Deterministic and the Stochastic Models
with 1-hour lead and ¢5=0.5 (from 1971.8.30.0 till 1971.9.3.24)

BIVERHEOZNL OB BAHEANERL L > TNB T Ehibhd, T, BRR TR DG H Tk
BICRIRTHEBERLTOVS,

AU FRFRORNEE S LD, RERBEFMCK S HE TR BRIKRICL S BEE LEVT
H) EHBT 2, 2T, BRTEMED =05 THEIONEE SO 1 EBRISELFRSES BT
% (Fig.5.12), chxdH3 &, WERNTFMCEZHHTED, ERRROERO € — 7 ithi 335
MRS, SEMICHHESDIEOE ERENSODICHNRT, Akl FHIERUITEMTES HENE < TR
LT3, FHABRRE-CDEHOTHEDT, i3, EEHAEEYA LT, Kalman BHEHN
AR TR ROHRERT D TH B,

6. #& B

ABIETI, T, Wk EEGH, MERHOSBBOREEREERT ZRERTFVE, MHEET
DHT + AHBREHRAMICERT 2 HBRE 7 1 &b 5155 BEHRIOERRN =7 L EF i ICHBR
Uleo OT, BHSED =7 VBEICHIST 5 S 2 A 2 RN TS 1 )KE CEHEE L RERORT
=7 LU CRDORFRIERR T F ML, RERBRNALEF L E L, COREERITH =7
NETRT BHEMAFERORIES UT, SIS & 3 HFHIL S RHREE8M U, Kalman
7 4 B —ICE > TREBEEZEE L oo, IPROFHBEO TR & FRISEMIE 52 3 FRIGHH T
FREME L. CORMTHFROBIICH - T, BHRO FHIEE FRESEM IS 5 BHFREIC
XoTELBNG & Uiz, BEOMRBAZEE RO THETFAFROEHMERIET 5 1< 2R TS
BUETHBHE, ERFIEE 5L O NBECHIRRET 5 Tkt 6B L,

LEICER U2 R R LR, B IR U7 B = 5 L O BRI 5T
s, CofbAETF VEERE LORR LARREREETANAR, RERles 1icks
FRED SBELOFHNE LS T EABRS AL,
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LHLIEHS, ROLIEHRITBEFESEI NI, T TR UIERRER =7 VOt HEEIH+2
ThbZ LR, EFVEEOMBILOMERERTODTH S, 4% LI FHADORIABUKRETH S, T
7o, AETIE, BEINCENHEREFAD S X 2 2EE L, 0 UAEFEDORH 5 £ 2138
Btk »THAIW, FABREOKHNRIICE-T, kEAE, BRERE-T, ThED/35 4 2%
ETBENI L VBB FEDHADEEBUTOL BENHHD o

BB, F—2O7TAt, HELEET, BRE, 4R%E NHREOBEROHNIEE, DL TEHE
2%T 5,

& ¥ X ®
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