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Step 1
Set an initial tank model

SteE 2

Consider the delay of one
day to the estimated river
flows

Step 3

Draw the observed and the
estimated hydrographs

Step 4

Parameter estimation of
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Compare the peak of the
estimated hydrograph with
the observed one

1
Step 6
Steep: ay 0, Blj>na1 na, , nB1
’ 2 b b4
Step > N\ Mo (0¢n<1)
Two shapes”” Gentleia; o,, By-»may mag, mf;
are equal ’ ’ ,(2>m;1)
Yes
to Step 7

(0



from Step 5 1

SteE 8
0q,012 > N0y Ny,
Large: { or
Two values
are equal O 07> Moy May,
Small: or
B, —> ng
Yes 1 1
Step 9
Parameter estimation of
2nd tank:
Compare the recession
of the estimated hydro-
graph with observed one
Step 11
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Step 13
No —> Large: az-)naz, Bz—?mez
Small: uz—bmocz 82-—)1182

Step 12
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Yes

Step 14

Parameter estimation of
3rd and 4th tanks:

Compare the estimated
hydrograph in a dry season
-with the observed one

Fig. 2.3 Estimation procedure
for the parameter of

four-tank model
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Step 15
Follow the same procedure
in the case from 1lst to
2nd tank

1



§ 2.2 REHMEAROKBIRE T I

22,1 BREMOKIRAL
SLT, KHERO S, Fig 204 TROEINLHBKT S
ERCEIREMABROKEIRTOL AR 20T H A D,

— fo
P TOrligawa
water level O

Fig. 2.4 Water balance in the basin of
Lake Biwa

Wi BT HMOKRAEEAB L, BNILIWAL 5 0 R
AL UHEERE R £ Yy, Lbniee) CEZHRRK
NS OFER fo CHEBER W &) A, RBEBHELT
RO, RIBRS OREARAORE 6 < n it 18 KAT,
CERKY LEAK L RKEAKEORKY, TLHFKD
PEIERTRILEALL, HE Mo B 2L KRLE K
KELHEF LA bhx A5,

Ahg ) + F,(0) = &f: () + 4 (k=1) + V2 (k) = Vp(4)
(2.10)

I1Z



LT, k&8, Ahgd) = hahH) - he (h), hy 12 KL,
dhet KL 0 KA, f, BIHRE, i BRET 2R
NE (B kE, RNACt IR EMAKLIIRE L mm B

), rewHehE V. tHBEEREHE LK, a,
G4k, (A-1)BRBETIZARANHOBAS T N NREH L

1w 4,

2.2, L BT MADOKBIELT IL

251, KRLBA®KK (2./0) X L9278 FL0E
EX (2.1) K15 (2.8) KRE»WTBEHREHE T
FLEROD, 27, HYHERBEHOENL, KES
XTI 18T L0HBEAES T

X@®) = F X&) = §{ fulXhD) = Pyd) + W () |
(2.11)

tEhE R, IR BB KORLBIRN (2.10) &
KE>»nT

W= af, (X))t 4 (XE-D] + F () =V (4)
‘ (A.12)

a2 (0w, ), X)) Y] (2.13)

Pty & Ay 0 0, 0] (2. 14)

WA [ ), W) W W) (208)

13



NI ADE

‘Lu L [ I.(‘ﬁ)‘ h:] + &lzl[xu(&)"hlzj
+ °(1.[ [ X.(R)- hz] + 3] [ Xs(‘&)‘h;,]

T Ay Xy (4)
(2.16)
X (&) X&)z 0
I(xw]2a { (217)
0 X(4)<0
I(Xl&)]
A
0 > X (&)
Fig. 2.5 function I[x(k)]
Rt 4 2 | (2.18)
/ N
|- B, 0 0 0
[F _é__ Bl(,'ﬁl) "52 0 0
BB (1-8,) B (1-B2) I -85 0
L 6162.53(|_p|) 62‘33“"62) @3“‘53) I—°($‘/
(2.11)



D
>

8.6, B, l 0

L B, 62 85 82 53 (33 [ J

0

( )
A I k) -h) t & LUX (k) =hp)
oI (X2(&)=h;]

31 X;(k)—hs]

(Z.20)

7/

(2.21)

YREY 3, REL ' REEE VG L RRAKS

1 (&) 1 %é’é?tﬂnﬂifc)\% tEDhY,

IR, REBAH KO, W), V) 1T 70 TIRADE)

VARE L 2,
E(Xx®] = X©

E( W&)] = W)

E(v)] = V@)

i

E{(X©0)-XO) (X0 -X®)'} = P(o)

15

(2.22)
(2.23)
(2.24)

(2.25)



E{(ww - W] wi-Wa) | = Q) §4-4)
(R.26)

E{(v)- TR (v - VD] = RBSK—)
(A7)

e, mEAer & X0, TRRANA WK, FURHE V),
i HE O EMBRTHITREL K,

16



% 3% kM IKeiE

$3 | RMMAL- LT

BEMREOKEERTT LIT, RI&T 0K L LUW)
BIW F (X)) TRAONT, (20K, (2.12) X085 KK
WM ESTHEXNTEDT TR, BEHOBRNE
TR ) RLRIBEE 10 % KTT, OBECTNAERD
BABEARKNTREY, 11T, 58ME +R) 15 KIEE
SAT LDKEE Tbammwﬁ“ﬁxm>tﬁ %3
CREY), BLTHS KRN REVWHET, BEH XK
Ty, FRREIAND W) ¥ REAKBE vR) KD 5N
AL 0L Ghns, 11T, JORKYIATLOKRENR
EARARIVTEATHL,

17, brtamommmT- S 2 TEAY, X DHMAL
OREBEIRENIS ALY RABWOKBECHEL T
CRARL- 22T IR20TEA Tk, BhN=f(tBEEOLBL Y,
ﬁﬁﬁﬁyn)umoxjuaitﬁ@

1 T
TM = % | xo-x@ | o T ww - Wm Ve

T N
+%%§%[vqw-&d
(3.1)

TIT, X, li;?H’i&'<x’Ax>ti1bL, 1Rk, Ra-
7

2 :%rﬂn-& L2 -, T 4T ¢l Kk, B&HW, 0 7T(T)
&ﬁu;'ﬁstvx;waawq V) EEKO 3 L THIY

I



X 08 KA K ot (2.01) KLy, ALRE TW ik (212)
KL o T X WREST S, X TT, 4180 Ko kHN
513 R7FILAR) CAANT I TE XL, THh5D
REMERABIOATHE HD & ROoL I REE LK,

H(T) = -J(T)

)
Tgi X { Xy = F X&) 1§ U Lxen) - Fott)

=}
+ W(&)J} +él 3 (£) { (k) — & f [ X(&)] “’07‘,;[1(*'!))

HAOEERD)

(3.2)

X245 5¢, A~ ORI, #E, KELHH
THHAEK (201K CEBMEE QDK 0O REA#D
LT HM § BART AL HAXKONT 25— X0, KW,
W), W) ERG ABEIWE LR, X LT, 0B,
BT A4 - OHT ERRR T3 NE AL X, 68
BERMALTICTA S - THERALRL T LIREY,

M6 v B U T.kA, 2EL TR XOT LT ) XA
ERF L Fa 3l 0k inia, 31T, MW Ok EOK
TERL B EED L, ¢ & &P RiBHx CEHE
YR X RED L Tus., TOEII, RNAKBEHONH
B oxo FREL, HUHBEEIR TEINT AT -
k=1 ##5 T & TKko, Afogf NK) KK 2V TILE
B NT) T FATHEMBREHT L, 2%

18



G

Step 1

Input system parameters,observational
data and initial condition,

>
A4

Step 2

() (%) m
Xk)= XA -G § [m-n)”’Joy;,,(&)+wd>’

under the constralnt K(&fU;O

Where £=12, -

\4

SteE 3

V) = KA (XA 44 (X G1V] + b))

m-> Mt
! to Step 4

1



|

to Step 2
4A SteE 4
m) ]
30 = == [va)- T
SteE 5
By using A(Tf" = ai(T)Win(?l(T}J/aJ\(T)
o _ 9, (A4 )
AR = {F - () 6 A (A+)
o™ 25 ) ) of; 01
TR ST ) SX)
5
Step 6 )
aHm o (m) -1 o —
oWk G A&) = Q) [ W) - wi)
H” (2D o
aK@ { X ()’ ) & - } (1)
-1 wm ___
- 4 % ( )('u) 3_)‘3_;)(_(% — {Pm[ X0) - )(‘O)J
nrmt

to Step 7

20




to Step 2

~_|

” l
Step 7
(n) (R) — T —_—
1 ) 2 | (n
= = ) - XK(0) e wWik) - W(R) .
J(T 7 " X(0-K "m-)"" 7 E—l ll ) ,rnws
R o_ )
t2k ' (VW )
y
Ste Write X(M??
ot @ Wit
—— TO™-7m"> ¢, @&, Wiy
Yes
Step 9
(mh m w
W™t ww™ & s
) m 3H™
X0 ™= o™+ €," 5xm
under the constraint waMﬂ;o,
Fig. 3.1 State-estimation algorithm by nonlinear smoothing

21



Aat Moww  sH7axo THEL, X 0Gatik LT
ERINCT A ) -t HELT . X LT, #ieig s 0B
PEANRECH > ECIAT, (L)X C (2.12)X 9
MRKMOL L TUL RN EHLT 5 B i e 155 N
EEOUE AR, KENDI I, feieH 25 AR EMSEY
DBCA CA AL TERLBERGIRSTE L T XIit&Y,
Kkows x5 - X0, X&), W, 6& % V) §HE
T32(NTX £,

$3.2 ALTYT41LY - 0 H

KEBEF L (2.0 K € (2.12) X 0 & B4 £ w)
H &N 001 11, KK ITIEIRIRTY TH L 1, B aey
RIRY U THL, 1T, B A TLOHAIL,
R~ 48t 0B RTEEIKERTE € 856523 H LT >
74 - F, BAMRTEMETCKBERET LIRRAL
o Wi AKEFAEX (21K ¥ ALRIME (212)X F
oM ILExEFTL

Kk) = ALX@-D] X(&-1) + B IA (&) (3.3)
Y)= CLXBYXE) + &) (3.4)
Ckbxnd 2T,

Alx-n] = F - § £, (K1) (3.5)

P = ¢ (3.¢)

A2



ClXAY X)) = &F (X4) (3.7)

COTRKRTX I LS, LR, FRRRAD UG ¥ AR
Bt ZW OLAECABMI IV T, TR

ECuw] =P, k) - WK - bk) (3.8)

E(Z®)]= R ~ V&) + add) + 45 (X))
(3.9)

E{Cuk) - WO ( U@ - W) )= Q) §tk-§)
(3.10)

E{(Z-Z® (2@ ~ZH)} = RO §(k-7)
| (3.11)

CEkbhSRhE, b, b)) € dk) 11, ¥ rACRAR
¥ £.(00] ¢ f(Xw) 9ZBBTH S, L0k I,
BT AT an, KERMIRE (B 7TA
AlXe-n), COXW) ERATEDF LI TXR, ©
LT > 7401L 9 - REIKEHRE T, KE X(©) (I1<5<T)
CHES 2017 k=1,2-,51,5S § TOs8T-7 &A
W, RA- 227 0&EH I AN 5L (&=t T)
NEERIT - F1tflbtivy, RELTIL, 2OALT -
790 - 0FAERALETL T KAEARTL Fy32
NEAIN L, 20T, (B =C(XH)) T, M), P*)
IHKRELH XKk DH®REZEZOAHAITS, KK) RHE
AL, X 15 RRBUE Hk) B 155 ET0 TRIEME,

X3



( Start }

N

Steg 1

Input system parameters, observational
data and initial condition. -

&> &t]

Step 2
, -
Pid)= M) - (CMBICR)+RGK))
- M (&) Co) CO'M(4)

s

Step 3

KW = R Pk) C4)

|

to Step 4

4




to Step 2
N

Step 4 ‘
Xtk = X+ KW{ 4k - ( CR' Xk + ) }

~
under the constraint X(4)Z 0.

: Step S Yes ‘ Wrife
uA Sl Az N R
N -

{ Stop )

Vi

SteE 6
Xekt) = ALX®) Xh) + B U (&H)

under the constraint X (&tl) Z0,

Step 7
M (k1) = ALXAD] Pk A(Xkt)]'t B R (kt) B

Fig. 3.2 State-estimation algorithm by the application
of Kalman filter

5



X0 1L EEME TR EIFLROKEE, N K HE0
BRI (RN EDp LT b, 37, mEA# X,
ey, Ko, Mo, TREL, &Lt g FmicE T Xw)
X&) (k=01 N) EE DO T K,

e, kEMAA-S T30 ALIT>  T41LF-
DORKAOVNFTROFTERKENTE, CATALADOERHML
KELHEOBK ARG s> 1, RBLGHEEIFS noE
ROEIEEHU N, UROHEZO - 2L L TERANLOD
t&bNh3,

26



Y4% BEATBROKERL T

$ 4.1 HMIELETL

A1 SFHRIEOMRIT- 7 Lt oL
W7 - 4

BRI OKGERIOFREAY P RT3 RO 1L, B
EMRKERORDBB I TECLErHE, 1T
LLTR, £, BEHABRRBYELLEAN O~ T,
BT - 0 RLE > TR BN ARIIY T AR
LWL ERY, 251, IREREEHARBEAKRIA K,
B RROREYREL 0Kl E RS L Fig 4l
0L IR A,

@® RAINFALL
A WATER LEVEL
O AMOUNT OF FLOWING WATER

(
THE BIWAKO d
CANAL ‘
’ RIVER o xAsuGA j
MIKUMO
)

L_‘\ \.‘\’,‘J'
s
( MIE

Fig. 4.1 Observatories in the basin of the Yasu River

217



AN QOEEN Kt EEoBKR (H-ad#fg) T H5
Pk ToX, BEFCRMLEARL, H-Q diREA
ALIEOSRTO S, Chi, HAETRELECHRDRT
WAHREKTHIN, KEAZiL > TARNE# L LFHEIC
MY Kk HB_ESA LS, REIT, AR (R20M) K
), 1R EREE, WEEEE (200 K xloom)
WE» TRBITN T A, 72X, ITNSOERAITFT- 79
K’lf!.k7\\'(it’.hf:.

9% {1 3 Li

o O KALIEBHR L ZF0 2 TEESHT 03T,
TROBMERKARK RERARK SO ELT 20T
Lo ZF b o MBMEEA R, ZE 0o KMmir !l B
KRR B AR B o22@BMRISHTEY), Ths0K
M%ﬂﬂb4W7amﬁzkx> H-Q &4 # 5F#HBiR
FEtEn 1o 5,

AR ,
ZEoORELERACAIBKNY S, RB0ORFAEN, X9L
KB HY 6y BRIkt (A8, ko, #a, FE,
MY O KAR ) £ YRR, IHS ORER, wEHT
FRAVEFRIEC L HIN, R AELRLL) T L
BB 0T, - IL T, AEOTIBLEE A TAKNIL
>UARBEAE (k) TKOLK,

6 |
) & Peo (8) = M -3 1y () (4.1)

4=

XNT My 3 AEoRELEEEDL, TR IS
Lk (41248 ), 3k, r @k 1155E oklRle
LTwuh, tie, B@E0MRRHEIL, FiI
OFHIBLTLN- T A, < 0BEXL,

A~
D3

fl"”

A8



RtHELNBKEERATHARMFY AL, AE - BE
BTOHLETHANALLOO BBEUFACEL AL
tT¥s, |

IR X RE S

W 0 R B ) A 0 ERE L SRR EE A
wWhke BB AEELRLCTFHIBTSEAOF
M8 3T Ltio T b,

4. 1.2 Hoanimat
mEgR AT T L
AmBAE T 0F) AR

ZOMRBT- JEE, .78 0.23
TLONTLY —HED 5 NE =
( Fig. 23483 ) 462 T B M & o | 0.12
NBEMLFLETILEKD T 1< 1To
LUTARAE, i mMerT
LERELTUH LRSS, |—°°"
Wilt, §TRBEMRA LS L‘]lg%_'g;_
NhEM (EK, =) K0T

TRCE > TH L AR N, dL@w
Fig, 4.2 oxvmﬁﬁmmmt‘ -15m4
T‘lbﬂ“’ﬁ‘bwh‘(”éﬂf SN E L
NPT LINE AR, 0.0013

M RAT T L

bé4a #, 471 i lﬁ‘;&a li‘Ejil %” Fig. 4.2 1Initial four-
" ¥ A ;ﬁ,f, L wREE )0 . tank model
3%% nRBT-T E Ay, Fa

BRELI TET LKL > TK |
DEREEREO=20NM 0T T BRI TS,
INF X 9 BT DA MBI TEATAEEG 1T M IRAD

A1



REAEFLEKOE, HEH, A

PR EoORER UM 1 0.2
¥, ST, 4A05 1A ——
iTroRT-IREroik “ oy [ 015
ReEF LOINTIL 9 -EkbHE, ,@f’
0 &N LT, RS '
NEGHIARETLERT L | 0.04
Fig. 4.3 &)X 1L 3

- ﬁg]
Fig. 42 O o BRMiELETL 008
LB L TRtMEEOH 2 LU | 0018
| RBOREEINT A - 1K E g]
(H>Tns0Ths, §F ooz
S0MEIL& L, Kk ER - | o003
HA LB Caq LA
Q).T“' 1 mﬂw <0 & 1 T‘iﬁ” 4 Fig. 4.3 Four-tank model
o TR BRED TG0 Y of ghe tesu riv

Thnd, i, N5x4 -0

BREROOT, EFLONT T

HrmEIL FIHLEEAL TR L3 MBELED
T,

G REOHE

B EATTLIE Fip 43 TRIAIHKRA IhE
Ro 1M *naReEEmELLR, XL LT, @
fn 46 £ TR O HERREE Fis. £ 4 W INLK, £12,
BERMEL RC-F LT3, IR 464 4R U5 888
TRET2 B OFHNNFY BREORTRELE Car ¥

N
Zey(R) — Z oulh)
Ew _ :{ 5 | Z ey (k) 0y | X 100 (42)

*=' Z.o?(&)

30



------- Tank model

-~ —o——— QObserved data
3
£ 1004
(1]
H
~ 50+
-
(1
>
-
c
[ ]
@
£
>
]
e 10+

S

Days (1971 Jul.)

Fig. 4.4 Daily mean river flows of the Yasu River

SIRbOK, TIT, Zeyld) C Eoglk) 13, 4 N XA
MriomEFy B Re MUPHEeREE NiIEA0L
HEA DL T3, COBRETT7 TADTL Fig. 5
NEAY RT3, AR 0% RIQRERET, 4

~f kg oRmEEr 0~ 20 % BEY P55 (2103
C, BMOSKATREL LTI EF LUt OCEDbNE, 2
XIU, BIU A Bin4 £ 0 48 105 8§ 3TO G AR

FOoHREHE Emy ERXE)KROK,

> Foulh) — i Z oy (&)
EM?’ = A ot i X 100 (4.3)
Z_ Zo?(l

4+l

31



swi [l Daily river flows
% The case which excludes
__ 304 7 storm raintall
o~ - -
. 20"
o
5
c 10 1 {l
s
3 9
= 4 5 6 7 8 Month
w (1971)
" 210
=20 -
Fig, 4.5 Absolute estimation error for the daily
mean river flows of the Yasu River
.f1
401 1! Monthly river flows
Z The case which excludes ;r.:
__ 304 7 storm rainfall : ;
S i
201 P
5 ¥
s b
c ] i
9 o
g [
E O T ST e 7 8% Monnh
7 R ~ )
-10 - L b i 2
L ! %
vl
-204
Fig. 4.6 Estimation error for the monthly river .

flows of the Yasu River

LY4



OHERREETTITEADTC Fig b6 0F N
AR EFHNBAFOBREBESL ) NX A>T b, I
B, =73k (43) K S bt sty , BiREOAR
TS EKOTo2ky, RA0BBEELNOREriisL
Bt RIUTRBLIVALEAS AB, HE A
uﬁn1n4ﬁﬂﬁi,Hmit%hﬁiﬁiﬂﬂ*<n
PTVE3E, SHSORBIIOIOTRY6ETHRIY S,

$H. 2 REMAROKBEET T L ORE

4. 2.1 RHZMEDEMT-T L1 9 RL
(1) %RAT -9

BRI Lo g Rt $200 K
AN HI, LD L, REOCL 3, B REMAR
NTOUZOUGEMNETTHIL I LY, RUOKSH
CLT, REMAABRORAET LR TRIL T BMELELD
LT\‘Y."’)#IU‘I 5, Bk F:3.4.3 TEHhENIH
/7‘“’" wRETLEHEE N /m.%(‘n L ETFTULRA K, B’

THRA DR ERE KZMKIL, 9xALE §1 Y
C Fis. 47T 983163, Agudgstie ) EEE
BNRERGH L) iR BEMKERON S b kAL
K& 2T, XMy HEEBTR T A,

PER, AHOHEIARTIEE AR 0 AR LK
TORBME L7000 T Fig. 48 WL LK, AB0BK
B R CEAD S KR & AR 1T L (TR
hh3 0T, RARECKKTER, Fig 4£7 KAT LR
,M‘XE‘Fﬁ‘WJL BEBITI VTS XHREIREY T4
qkhﬁ(,ﬁﬁ[ﬂ,’MlﬁﬁLT,%KIOﬁﬂ%
ERBOEY RHCY) | 1tk BTEOHEY Ko,

33



@ RAINFALL
O EVAPORATINN

[ ] -
NAKANPGO A WATER LEVEL

ABURAH!

Fig. 4.7 Observatories in the basin of Lake Biwa

34



e Pprecipitation
O Temperature

A

Nakanogo

andokoro

Setagawa Minakucrg
( N Tsuchiyama

Fig. 4.8 Observatories for the temperature and
the precipitation in the basin of Lake
Biwa

35



BB BT I,
CR) BT -7 0 AL
A K F
AMEBRCHANS 10R F TOREHMESRLBOBRK
T, ssed (KO, R, Y18 s, 5% ) O
RERAEL) Kbk, ZBE®BIE TRAEOATS 1%
\ VWL AR, RIKOBARE F(k) L0 BMIFH 1K &)
B Lk,

) ‘
—+ 3 Foi) (44)
Az

Fo (k) 2 Popih) =
ST, B AR ELOBBERETAD L T3,
RE, BFOREONCA4ATS 10 ARG T, 10
RIAFE ) 1T 0t i EBARRKONT 2BAE
Pep i (&) 1103, |

— 7, AMACBKILELFTEY XY, B CHEILE
TMKEUCHEREL HMETHSNIQOT, WFOE)
KRB ETDPILT, RBBKE k) CEMMESL
Sme B) & 3B LK, 17 WA T hRBE RS E
MEroTEoos (R, ®, B, L) KITEL
SLRBEBEHANRL D (42 0B R TE L, 10
BREEADFT L Fig. 49 D& 2, TIN50
AIRE»r T (B tE oBkE P X, BK
FoBMBESEIEE C; ¢ AWK Qw $EHENLT

Prj ) = P () (11 Aw Ciyp ) (4.5)

SR LI NS Y IS 1% TEES S

36



4L th zone

\. SN
T W .////,\/,\\\\ //
N > Aw\ AL
Gk 120%”@\ &

N\

AQ\\V.s //,K
SN /\\\\\\\\\
,AMMVflK. g n NN
\\’ "0‘/ v .M = “ {

=y Xx N
< ““ m mm WWI&V
)« - . .
e 2D
N3 - 5 .ﬂ.\\A\\\ /\\
V2 W Am ~ 0 &N&EV\\
0M\&w ﬁwpmm q!&\ mmw AAmv

3rd zone

1st zone

Fig. 4.9 Division for the basin of Lake Biwa

3



Pin ) (L RAEIEF ( [stzone, BE 0K ONRIL Ist, 2ad,
3rd, Bome =, LERDLKR,) D KELRHLTH,
CHRARBEY BHTEHE ) KO KR, i, 4 K Fi®
’7%%/‘55/;&”1I~ﬂ76@ﬂ§%i s p (1;5[/ A
RIABKE KK I

M=

4
P (k) = L

PR Py (A) (%.6)

*

EI Ry sns, nb, pRKOAFR RED 0() &
KHh TRy, 000 MTTERNILEAK, LT,
RE ) AKIFTORMES Sy k) 1T, AL A
TEH 55 Fuh)tak) L ABKME R KA TS 081
BE L TS mMety ) ot Lo T KX

Sip ) T e bt Mot ) (R1)

ol 90

FVBE LR, 33T, M R AROGKMTBROINEY

6 L, ti k) I3 AW b it® 0 A g nTHY), Kok
IR LTKOK, <ABoRAERRE 0GR & u“ A
mE tie (L, RROHEILAMRTEYL (o0om 119
X 0T(c) LT

o= ti, - o (Li1 = i) = -8t (48)

%0 oo
Rdr T8 B LK, (LT, Ao snd ndh KE 4L

1, REWE, Limyg (BRBILE Limn (O EE 4
I ¢ 4

38



Aki = -%1"— ( 1A,M\qx. - ji,m\in) A (4?)
LK, sweEmoB g At (&

At = £ x 4L (4 10)

kb, Ao BRwFoFEIAEE L, 1

002 Lijmin + 7 0L (4.11)
)ik ok, kEL (AKX TEELRESA
K, SEOIUHMSHEGECHEAL Cv v, KED
(45)K 25 (4)X IToBEH A LT, %2880
RRER DG RABLE (4 7ETLOANTS)
P, ) &) 12 RAEAAE FW) CRBMTE Swed) 9
& L2 T, KX

Pop i (B) = Ko k) t Sopq (&) (4. 12)
FVHELE, LT RBHES Sm.k)

S m g (&)

bl
v'M*

4
2 Mg Sep k) (413)

1=

VK OR, BE LT BEAOBMY ARE ORK

3



FI.5C Table 41 O &) IT 14D,

Table 4.1 Area and parameters of each region
and each zone

Area
Region a
(kmz) i3 a Cij s,

81, 0.117 C11 0 Nov, 0
a 0,068 (o} 0.16 Dec, 0.33

I 861 12 1.0f 12
83 0,063 C13 0,32 Jap. 0.66
84 0.024 C14 0,32{Feb &k Mar.|1.00
a, 0,156 C21 0 Nov, 0
a 0.024 C 0,24 Pec, = |0.33

I 774 22 0.9 | 2% '
a4 0,044 Cz3 0,48 Jan, 0.66
8,4 0.020 C24 0.48|Feb.tMar.{1.00
agy 0,132 C31 0 Nov, 0
a 0.072 c 0,32 Dec, 0.33

I, | oz 32 0.9 | 32
844 0.043 C33 0,64 Jan, 0.66
LI 0.037 C34 0.64 |Feb.&Mar.}1.00
2,4 0.074 C41 0 Nov, 0
a 0,085 [ 0.40 Dec. 0,33

I 622 42 1.0 | 42
a3 0,033 C43 0.80 Jan, 0.66
a4 0.033 C44 0.80 [Feb.L Mar. }.00

TR KRS
B sRamiib T ?ﬁ%%’[t:& ) EREO R XA T
nmf,: DA h m\raﬂ%PI:M;—maozgaﬂﬁz;ﬁﬂ'g%ﬁi
umﬂnr
“ﬂﬁm
”x Mo KALIE, Sk (F& Ao, KF, BE,
BEY ) TH ﬂﬂ%ﬂf&ﬁjw\ A & 0 BF 8 Kk

40



RERIEFY £ )ROSR T B, TS5 BE AR
W, e AL EL, BB ORABY B b
TIBRREIOBPEL T, 0 4s LR > &
BMET 3, 11T, MR, AL, K& BaE 04KE9
MRMEE ARG, AE okt EyrEL e LT, Ko ¥
MEHEVEZMOBEN KL hek) F X0 K,

4.
heh) = £ % he (&) (4 14)
=l

SXT hyik) AAREOAEHKMLEED (T 1 5,
ﬁﬂﬁﬁf‘fiumr)
ﬁ%ﬁﬂbom%m,ﬁmmzﬁ%ﬁﬁmwgﬁnfﬁ
B, LT, e 0N AR RBE S ORREL TS
REMAOVEKEE) KT b, (EH>T HEHA
SOME ARG fo) F LXET KNI L LTA S,

fo() = foa B) + fou R) T foc (&) (4 15)
ST, k), fou k) focR) 17 ﬁﬂ%M~;b@#5®
ﬁi?ﬁ%—], ¥ 6 %‘ff’f(’\”)%ﬁ\ﬁ BE K ‘)Oﬁ(nﬂ.ﬂ
TERHL T3,

RZHomaL~0o@mE k) 1, K tHe:, 4
RAERCE T REOAS LT Lo LT, #E AN HL
D 6wE (FAR, KAk, ~t €@ ¢ 1TLE)
DRRAEDBMTRE N vy, RRTEX L K,

¢

nw:—%énjw> (4.16)

41



1T hh) WAL OMBEAEZERD LT A,
e ERE
PO SO KRG Va3, #E o BRI L 3 A
By A TKOR, #lAARr b TERSILE Ly L
1, RKX |

3
V) =4 5 Vi b (411)

.

i

FVBEFLE, JIT, Vaitk) B, 8@, FgN, KA,
NELRIE T H 5,

3) BZMORXNEOHE
MEDBREErx, BN ARTTLEHEEHRALR
ALERLT EEHOFWERNEGFEVARNETH
FLlhk, 1O -fFsami46 TH RI20THRGL Fig 4l0
NE ) RKt? K, EROEAOERCMAT A, Fa 1L
TEEQORAVWANTHL L INE, BT 7% R k&
R L TEEARKRKORE TR 0N L RPN
b, 4, Bin 46 £ 0 4AN5 10 AT R2TRE
MoOB RNEUCARNEOHEBEERKOR, 17, %
PAORY BRANEORITHESEE ta 13, KoK

N | Zeg(R) = Zop(4)}
tar = 76‘32, = 1”(;: X 100 (4.18)

I KO K, LT, Zal) € Eqk) 1E, X tXx*,
BEMOBERYAANE (N, (26)K 0 £ (X&)
K)HETA3), MBAEHBANE AP L T 05, &
BRE X Fia 41l OF ) KUY, WME 2 EIXHGEHIFY

42



g

-~-- Tank model
-o— QObserbed data

g

3
3

re -

Daily mean incoming flows (m3/s)
]
o]

5 20 25 30 31
1

1
Days (1971 Jul.)

Fig, 4.10 Daily mean incoming flows of Lake Biwa

KEOBAVKNTHYRS - K, 2k, HEEHO
RANEOWEHRE Lt ROK

N N
*Z_( Rop(h) = X Z k)
Comg = — 4 X 100 (419)
L Eoslk) |

41

LY KOR, XOMBRAEATL,  Fip 412 05K

+3



200
ﬂ Daily incoming flows
1801 @ The case which excludes large error days
i r
100 ,
801
NG
15
e
@ 40
c
2
o ]
£
E ,
0 6 7 8 9 10
- 20 Month (1971)
=401

Fig, 4.11 Absolute estimation error for the
daily mean incoming flows of Lake

Biwa
2001 r
i | Monthly incoming flows
180 1
dv
=
100
801
= 604
2 -
5 40 i
c [
L "
= ‘o
g r -
- r 1t 1
u [N 11 [
w 0 v v r 1 ol Y
AR St 6ea 7 8 ] 10
1
-20{ it Month(1971)
i
ckd
_40.

Fig. 4.12 Estimation error for the monthly
incoming flows of Lake Biwa

44



FHERNEORBBE RN THREZEN,INSCTi2 Rk,
I ARNEEFHERNEORLWoN S KHT B3RO,
AANOBMECNRYELZAKRKOFELIINT T,
LOE Y GRETBSAKOTRIE DN CEDRE, D,
AR NTRBEAL LS O RodtMiy o TIRE ¢ 2
T"ii"\" 69

4.2, 2. REMABOKBEREETILORE
LT L9 %

BE RO KBIEE T LIL, ¥2 % 222 THFH
RER * R K, J2T1, TOEFLITERONIIR4 Tt
VT A HREEOHMEEK D L,

2, KBEAEXCEIAMREILFYITIA F, G EFOR
Biv T A - CREeTX S - o REBEA T KDDL,

0.8 0.0 0.0 0.0
0.16 0.91 0.0 0.0
F = (4,20)
0.014 0082 0976 0.0
L 0.0 0.002  0.023 0,999
N 7
s N\
/. 0 0.0 0.0 0.0
0.2 [. 0 0.0 0.0
G- = (4 21)

0.008 0.09 1.0 0.0

00 0,002  0.024 .0

45



CHo, 927 RFLONALEDBEKE FPenth) T L
0L S FRANMBDIREIATATHIRN, T=ZAI}
Y7 AWK TV A, |

2R, BABBIEOTRNOBRE<KROFLSTE R
e o, 4 OME, (2.0)K RENKEETHEA L
TKRK

y |

4‘3[ £ 1) = 4 ] [ £ k) + k) A - K 0 - Vy (k)
Q=-

N 2
5[4, 4 - 4, (&-1)]
&=

(4 22)

H = [ - ﬂ. (‘%-23)

EYkO R, NS OWEAEE A0 fE 4R Y R0 YTH
3L TN 2VTRTL, Tae 42 9 & HIX W~ K,

Table 4.2 Coefficient for the basin lag time of
surface runoff

Month
Coe>

a 0.43 ] 0.54| 0.34§ 0.53] 0.84 10,92] 0.49] 0.50}0.62] 0.74 (0.68 |0.36

46/4 5 6 7 8 9 10 11 12 {47/1 2 3

b 0.57 ] 0.46} 0.66§0.47} 0.16 |0.08] 0.51) 6.50 0.38} 0.26 {0.32 |0.64

KAEMURK R, 46488, 98,9 A 9@ELK
ook, GRBIEHIEAREITAOPEIRDN

46



Dr3r N L& b,

m%wmf TRUAND, Bkt

G R ARUND, H& WHRBMHEET T (2.22) A
TS (221T) K O &)1, 48k THEF LNrFBETELD
MR, KREBELCRTIINI 2T, THA50F94E%
AR E IR LAY, T, 3R 46 L B0 414
DAL T - 9% AT E TR E o T R0 &) KBREL K,

17 HBEMeRc T I NN T H L Rk4TH A8
FHME X0) CAME PO 1K 0T AN

( )
50
. 40
(0 = 4.2
s 40 (#.2£)
1000
&&Ww
/ N\
400 O
| 100 |
= 4 25
P (o) O 2 ( )
10
\ )
CHE LT,

IR, FRENT W@ K20 TERAE L, TN
M KSR R R whuKE (BARE P%%z%)

41



DRERELNS, FHME Wk 13, RABKERELH
EormEin 0 £ AT,

( N
Wia (k)
— Waa (&) |
Wid) = (4. 26)
WBA(‘U
Wia (k)
N )
(bo kB, LT
4
WL (k) = 2 Wia (k) (4. 27)

1=

ROBARAS AL T 5, LKL Walk) (2 RBLEP 0
BRSO 2 XXG0KEAETHE, T8 QW 11, K&
Mg k) (0 (mm) § By 18FCR, 747
Fatk) < 10 (mm) T3 EREENT Fuk) 210 (mm) T
ERH s, AEOows »XK&s pEBELEN
AINLHRFBYNNCLCTA2 T3 CEL R, T7,
Fe(k) < 10 (mm) QA& 46 £ 44 15 108 & TR
707

(4 0 o |
QL) = 0 2 0 (4 28)
L 0 0 0.4

48



T o4& AT 4TE3A 4T 20T & Re

/

WXL HA30T

( N
3 0 o
Qb = VA S (42)
0 o 03
\ /

R L, t R k) Z10mm) OBL L 464
4AN S 6R3ITC 10 R2T K StBe B EN EIH
PR TH2LEAT

/ N
170 0 0
Q(4&) = o 0 0 (4 30)
0 0 |
N /

Ve N
1400 0 0
Qk) = o 70 0 (4.31)
0 0 T
\ /

YOV, 46E NAKNS 4TE3A ITROTIR, B
KENRBILEEE LT EZ KT 472 (BB Rk)

el



LTANRBRETEE LT3 011, RIKBAEOES
TE LT LT

P N
30 0 0
Q) = 0 2 0 (432)
0
k 0 0 2 )

CHO R, b, AEABELFTNRY 3X3 KL THIE LT
MEOI, AT RTLO4KRBY S0 ERMILE %
AT LKA,

BV, ARAKE VR o0 TEAZL, J9ME
MAE 1L, Mok, KLk WRERESRE b
F e mEREMRE Y ThA, MBERIMR OhE
PMEDFHBEROTHICERT, BAKE 0 #1914
INTYITY

V) = V, (4) (4 33)

L of, 20T, YW BEIMNE L)KbLARE
RETHa, 1L, A#ME RK) 11, FRYAH CAKS
HWOBRE ) 100mm) EHAH-HTRE LK FT1h

S, k)0 (mm) T, HBE R, REARYKEE, M
REBEEEN, FaR)Z 0 (mm) T, TH5EKN
THBERBOX S 73 MKY L, A hITL 3 AR REE
T, A h g RERBE L THRbRBELEALE, LO&)

RUT kO ET8E E7 3 C Tadle 43 O &) 1L lin 2,
46 0 THERHSTAQ @)z (0 (mm) fijddR,

50



Table 4.3 Variance of observation noise

,\\mn th .
Rainfal1 | 4674 5 6 7 8 9 10 11 12 | 4771 2 3

rl(k)<10 13 13 13 20 13 35 10 15 15 | 15 15 15
ry(k)210] 125 | 125 | 125 | sco | 800 | 800 [125 | 70 [ 70| 70 |70 |70

AEBEREC L7018, @0 Emito % L TT R
L2 12,

e, CITH, THRAN (EAKEE T EL 0 LEM
BT H3 L ZARS, REIRE, RAERHKCHBERD
Mgl k3toC&bNE, LAL, i ) S
F -0 0RRETLTRD L RARERS O TIK, 1D
Wirrh b hsOot oL &hN3, |

Rl JITHALRBRET-T QBRI >0 To0L
1TH <, BHNEROBTCIRE ¥ n(LIRBHO KILX
RAE Ko, MR TERRE RERL S E KN
(k#P) &), tr, ExFz, AEAKKERT (45,
AN 4B )Y MR EHA BRERSBEREBN, LW
BHEY BEMAA (B8 FRTHI-R) £, % MR
LT kE Rk, 4% BEE2EHAAOBKES ARLAEK
ARETHA LK,

51



Y52 SZHMIAOKGE7rP0LAD
SEY: 3VIOK 34 '

S 5.1 MM AL- LT RED BE

AR E

KIER AT A ORLENONT THIBMKEIF, %ok
7ot 0t Ll s kfke)EC oBErRALE
FUHS, LAL, LT, COBExBEtegs rily2
“RET AL, HRORKEHE S TR KT TH 1,
LT L, B0 K > &FE > kb BEongEgs
dEWHELEI T LFLEA S, LORERESEE
TERUANACLTHUAF TRNREhEIN, FHRENT
FHEONBEE 422 08I REEFI3 L, 1oox9-
KB H 3 RBLERM TR L MEIFREINS §HRE 3

--- Nonlinear smoothing 7
—o— Observed dada ’// /// / 5/4
// it Daily rainfall on the basin 210 mm %/ ),

1 5 10 T 15 20 25 30
Days (1971 Oct.)

Random input {mm)
™
Q

NS
s

Fig. 5.1 Comparison of ,estimated quantities of
random input W) with observed data W) -

52



IXATER, X O—#lEigdkn 46 £ (0 1T 2 0THRY
C Fig. 5.0 0 &) 1012 1, BIKE B A 10 (M) pA
£0B®, 422 TEAKRL) REEHE R — RTINS
(, MRMBREL L TRAPDEREBEEADLT S T
DL &hhna, Ny, LTHRLHEEL REFS
BRELEBIEOTF UL TREMEN L) RBRES
KOk, UL (0AkBrBENTS 22 MKEL,
B0y URBAREETHETLL, —~TARY T2 B%
Tt AAT,

2ER, Ao BEE IS CAHOBKE Y HEL
Ko AAR LB KEO w Bt SBE K13 kO, RAE ¢
AEIL, *5 KAERERES R 498 LT, EHALR

Days (19%2 Mar.)

T AT

20 25 3031

~--=Nonlinear smoothing
—o— Observed data

g

—l b
~
(=1
(u.m) 1 PWIMOouUs pue 1ejurey

Random input {mm)

Fig. 5.2 Comparison of estimated quantities of
random input WA with observed data W&

under the snowmelt effect. Shaded bar
chart indicates daily quantities of snow-
melt

53



DN S EBERE Py B ( RBEE C RIKRET 0L
TI9LTEFLONDLHS ) CER LK, BELLK BR
T EQAR, CWOERBEIIUNTHEREO L HOET H
Ry SSTR, 1005, LBOMEEOHS 3A 9 RAK
BRKEEEZBRERN>0T Fie. 52 RRLK, #Htrzd
B, BEENNSL, FRENN (11 TRABERHKD)
EECHREF I UM TALOCHL, RERIBELAL
, MEEL VL H (, HEENI IS » 0K,
FRICAVT, BAoKeN THho AN S MR
TREMEH &Y, 3£, RESARFTTELRALS
LR eF N CBAEQOBIEL EHALD I ITET,
WA KE P (k) T mm HAVEETREETES
LY XA, AL CTER O3 0t 2T
MO TeRS it K,

g &

CHBKL RBoRY Y, BLVRTIETA SN,
S5 0 @ MR AE T REL, IR RIS
DL ELRAERKE CRETILEN LK - TH
, LI L, IS5 0FGEHMAT A LLAAED N
BAUCFTRIEC, 5T TRTI5 7Ky ) Xt A%
M)BOTH2 R, Folkt, 9787 LIL0HFEE
EEAG GAMIELTE ), BT AR RBETT L
H, J9HEHEKELZHE L LT ERbT ICFTXRLE, Y
LU, X2 FE2TCHRE I 4 —0ABEMA L LEALIE
MRE 3 Ra- 2o 7 tighAlERBE RAVEYEE X&)
CHERB L HE S TR, OB -BIELT
L Fig. 53 9&RT> Ry, It 3% SHG L@
W HE LA O-TAR? TR IELD T, 1HREIA
FTONLIERCH TRECTHL, 2By LENRT
FAYTREY L SRA 4RE N3 7 WTHA

54



— Nonlinear estimation
10109  ---Suitable initial value P U S ey e

W
1000 §—4—brdt T

A--»;-;--‘--‘--».‘..‘_..__‘__‘._‘_*

_ e
€ 990 ‘ )
E % '
§ GO; —t—s
g ’ e
RY--o..0.
§ ' A '.~-.._._‘.__.__.__.".
. Ny
g “0 ""'0--.......-......4.-........_.
5 4
]
=

204

Fig. 5.3 Comparison between unestimated and estimated
values of water storage levels X(4)

1080

1060+

-
°Q

o
o

[
o

Water storage level (mm)

15 25 3031
Days (1972 March)

Fig. 5.4 Water storage levels X(k) under the snowmelt
effect

55



BCMBRECH) Rt ASCK> Tvd, 440~
WﬂmﬂﬁMT'7l£7~1W“%®Mﬂ@€ﬁ£$b
STLIREY, AT b TR ILRE LB R LA
3 K % p,\ioﬁa\cﬂ bk, 16,808 E 0%
RECKR B, 28 B RN BB L ¢ T A X <
2T, UAL, 3RACALBRIHEGCHATKI O
Kb, - TRORBRTRAEDEL FAAKSE CTin T
\\60

XK, ABoRKTEH R THE LR, —HIL
Ttk T4 3 AOHWERRKT Fia.5f KT LK, B
OV fiotans tH4GT, 18 oFEE 0L e
WX, INE B EFoRTBREOTE RAM
%’ﬂ“r’kﬁvagg‘tu:v(ﬁ?ﬁf::ttiiétd)z.‘i’,*m‘vﬂa
ARG, AU SR T TR, REAPBPOGEERAE
oﬂ?iéﬁ%w1ﬁ%<iwﬁaﬁ,ﬁ?wba$ﬂu
BT, BMEDELHSEIRLEAPPIKOFEOH I LA
hho g,

CEREA

E O E VY ILHL S REEKIE KB kT, BK
$EELTKAY ~KEA L LTEINR T, {0F,
DS ELHE, TR BESIILRELL, AR
BT QOBRKEREZ T3, g9 3 L RF TR
Ve XX T, MR DS BRH L ARAMEN K E L s A,
RERE L, RO EAME L KRG L A EAE 0 60~
% R bnTx DY UL Yok ckpr
REARBOKBRELET LRES L \O?’e,ﬁ’:’éimm,
FAORRMUANAC L TERDF I TEL, 2T, &
AL ok o MABEEFAE L, FARUNDI 0N
;<7—lﬁﬁ’iéf}mcﬁﬂmLTXA—i;'/"’zﬂ?f:ﬁéi,
COFRBYUNTEHMEFT FALNTELR, JTOIKR) —H)

56



3

--=- Nonlinear estimation
-o— Observed data

" Daily rainfall on the basin 2 10 mm

(<]

Evapotranspiration (mm)
N

(=]

15
Days (1971 April)

Fig. 5.5 Comparison of estimated quantities of
evapotranspiration with observed data

Days (1971 Dec.)

-
o

N
o

(Www) jjawmous pue jjejuiey

w
&

3031
s
E 5 ~—==Nonlinear smoothing
4 ~—o— Observed data
2 | |
B — A
ad A
] r 1
[ =
82
©
g
@)
0 v v v v <
1 5 10 15 20 25

Days (1971 Dec.)

Fig. 5.6 Comparison of estimated quantities of
evapotranspiration with observed data
in-winter season. Shaded bar chart
indicates daily quantities of snowmelt

57



FIF L FigbS o0&l fk, NI Bk HE LA
ROV THLREoT, 2me)tishin s &R 5 40
BRI Lk, EMEMELBAEIIKEN TOhE T
VLI NHH A, TR, Fig. b3 RIRbhA T sL
IRREBOBLEHC VI LIEE L0 LEDhh),
“FAMOAERBEEHE (T L, TEEE LELEME 9
2% LR, BROUAET-K LK,

72X R, Ao RAERMAH 0 -FIE Fip 56 KT
R, Shid, MEPorHrRPUEIM--ToTTANE
AEI®H ), tk BREOWKLEAELATEFYR
2T RKBBEKETHERKEE TN T AU RKS ¢
Ot\%‘b‘“bg

AL LA

MAKREL, HOER, Kupdunt HorENLE
£, KRR EREHE Y156, £1T, TH50ER
COBREHION FodEFOEITOL) KHEHHKS
VPRI NVTHRE(BBLDITERT O 2 &, Lﬂ‘L,
L0FE BT -I S KBEERES IBA O HKEMR
RE#HBTERAFTTEFLRETHL, 10T, MEOESR
HRLE3ERHEFAMERAREL, Fig. 31 0LH R,
KERE X&) CFRUNA WHR) OFRLWRT N K
BEFIA ¥ 3¢, SOBRBHE VR) CHWETSI LT
MO TN R, 1OBKO - #BIT 84 464 88K
IVNTRFYL Fig. 57 DEYRM- K, WRER, HaE
ERENIHh I TRHMLT B, ThH Oz, HEER
X KILAR BB E S 15 i3 B0 ETH 30, #lEaRKX
KL, B RE, WRT, %okAT- 7 EANS IR
L27, MUME 0L i MEHRE G o3 LT &K,
FAE, Lo pxeBmt a9 EEAKRK, 1
T, ARKODKAGEAES L CRAB s T3 RAT T AH

58



~

N

50 1
7
Z/j
45 i -=== Nonlineqr estimation /4
—o— Observed data é’ 2
I w2 Daily rainfall on the lake 2 10mm Z{ 7~
" 17
- 7 i
A R
E [/// \ ’ e
S » /’
o y
2 v
e 10 1 i e
R L
%0 v '
8§ 1/ 3 , ! 3
bys9TAm)  af b
‘~f
-10 -
Fig. 5.7 Comparison of estimated quantities of
observation noise AMk) with observed
data A4*4) for observation noise V (k)
—_ —~—-= Nonlinear smoothing
E —o— Observed data
o 124 %7227 Daily rainfall on the lake 210mm
(]
2 ] 'A\
c 8 . ," ' 7 A
_g : ’I‘“ ,,’ \\ ‘I \‘ A %‘ \\‘ ,‘\‘ 'A ~— y
';’ 4 AN ‘\ 4 \ / AR ~ 4 ‘\ H N\ $/ .-
a o. II y I" ~ |\ ‘\’ \ L/ ‘\ A A 4L '
S 5 7 0 %/ 15 0%, \ 25 \29
. ,,j \/ Days(1972Feb) ¥ - '
4 |'I ‘\ y’
_ 8‘ ‘V’
Fig. 5.8 Comparison of estimated quantities of

observation noise %) with observed
data 4*4) for observation noise V) in
winter season

59



NETKS W Rof®rhs it b, 1K, 20
BB KHEBATPHYIHBERS 0 ALY T TS
fiz Ty a", SHR, X9KrE b EIRUEL
PHECMBEIIEINRAA- Y 7 EROROCEH A S
N5,

Ik, AYOBIL (T, Boo4T42 28 0OREE Fa 348
KR LR, BRRICH 78 "N, AUHEEOR 5L
VA A,

$5,.2 ALTL T4 -~ODRAREDHBE

SRR

MEWEK L TORNT- I o TKEHRE E47)
AL > v T4ILY ~DFEXERTMRT AT & TP
NHKMBRETLINRKALKR, ST ARk, HECEHAL

Nonlinear smoothing
=~~~ Kalman filter

o] ~
o O

n
2

w
?

Water storage level (mm)
~N H
3 o

30

Days (1971 Aprit)

Fig. 5.9 Comparison of two estimated values of the
water storage level X,&) for the top tank,
one is by smoothing and the other is by
filtering

60



TERALEBL T CAERP A - 20 TRERTEH BN L
TRMETH2, BRO-HBIX LT, Wi 46 & 40 01 1
BOBE I Fig. 5 RALE, BEE oerpiley
B0 Wam RAA -2 L TP R&EFBEREECMT U547,
1RABONTTHIRENR* ABRHBEBEBIKRACA K,
Shit AEoRxVEREITIAAKBET O FE RGK)
DREYREOEKIHLEO BB EZ YT, FET1 >
Ki#) KX EBEZsNERHEER S5 HI,

61



P oF KURTT LOMAE oY

mbE T

17, BEMRBOKBIRT T LR 0 TF CEIRE T
LTV AL ETLOBEAL T OTERLE, TR, 35
LOREHEBOMEOSME I ICHALREROY > )
EFLERA R, LOERTLONT A S —it, Fi3. 23T
AL ERAEENTARE? TEKD 2L TX, T
MARBKIL IV TR Fa43 KA*NILY T K, <
DETLIRE>THBMNFHAREXARETHE( LK
R, FHARERREOMBBAELCTADS N, ARE
Bt CHBERCKOSrE, AT - 0P CRAT
FLEHERRDLEODEAL S, OGN REET L
FHEZEAERB A | TREMRBR OB LI AT 15,
Ao S EopEL LT, REMFHARNEOHRERE
LM EW BEREORPIURT KX 2 X, $E
MARNERL 20T, ANoBB& KN BRIBAYL
By, 4RC PRI OTELIHANRC 1o 1,
VED> T, BREHARAOKBER O MEPME §, KELK
RENEERT -9 NS MWES 3L E BT D KFAR S
buTlR, ¥56RLAETFLTHIH) L ZbR D,
PEKE |

AN SRRATT ORBAEN, RtHF ABKOAE
AHBEE LWL EATHELL, ~FAMOERKY A4 -
PITRE ) RAAEEEHECRE L LREA, AR
Mmm AL FOBRBMETCEDSNE, (4L, ARE
TRBHEI I T4 L<n ), KexnwEZEEFELUL,
WA 46 £TATIE 26%, 10 Tk 38% 9FREE

62



EU R, TARH LT, BREMTAEL ABT bz %
HRE> DT A4A8 L AHKOHEROT I, F 71}
TRBBEREEAD AL (T HEFEFN LF AL ) TH
it 20%, J0A I 2T% AL L, AMEFL T, %Y
%%OWﬁ&iﬁéLfﬁﬂﬁﬁﬁ<ﬁkT*é\Zﬂ
BRI E » MBI A - 20 TOREEY) 8] 54718
-k, |

d Rk, A, BAORIBRENrHY) ok~
wavm h&é%*i@%?ﬂt*<k5f@l£hﬂ
3, £ T, RBTABBUEXC WG F¢4 K 20T 44
L, XS RARBEERAMK LT CTITE, 087
KUY, 254 AECMEE, 1t HLBFEEEE L
T, $BoEL LT, BHIFHARE» TR
NEBRENT, 2RGHEARCABABLKETIREEY 3
LT TR R, AL, LLTAE (B4 +T4 OAQ
BERES RO, (4B)K REIERBEHOEL
BEY N CAIN R 20T oXEET T CIIEL O,

B &
REOFLHT, ANRLEY RAERKS ¢ K055
AOEBRRIEENETTH I, BRI LI L BHBAL
FAREWUELC, BEF Z-BOT AL LN > K, LK
AEREBon eSS I MARCRET ST LI, % 4
DEYNRRANRY> THRHEEL v, BIAR, Fig. 5.3 TR
hREAN L, HBRGHE T BRT-7 E#THRIIR
ELRBBETY, RAGBESAL S THRENH S, 1L
T, 'ozaz;in Fig. 11 X Fia, 412 Wik xn3 ¢
y1i 4R 9 m‘,zwﬂ BRANECARNEORXLELY
FRRB->T v 5, ChRHL, HHBE GO FHEX D
B EARANT - 9 X RAARRLRETSREL, (31) X0
YU KREO B EER Ot L, 4A 0 -5 A B0 AL A

63



FT-9NRNBErnTHEIEEHRET S L, MPFEE s 13 L
b, 2ROFEHOMMO L E - RO HEES 3 U
T*L |

%nxr]
mmmﬂanﬁ%ﬁ%m'mmo#%mzmvb,ﬁﬂ
REEAR B NVAN S L EENETHE, tHhILE 40 DS
T, 520 FHALAGY 5 0EBHEEB L0k b
MY CMETXS ~MENFTALLT > £, L L, &
BOEKI L ARMBIT-F EHAL, §31 THEAER
FABKEREALAERA 2L, AT AOTRBENL WK
OMERE L LT, \omﬁiﬁﬁntmma A G
Ra LETY T, RABRKETCKEEBRCEE >~ NEETDS
MR SLWRRISARTFT, RBOHER RAK
REEH CHEY) LTk, ERERSEEHE, a0 N
Iy &Rt 2r5 X0OMEHMALRABKEHE
EWHE T WU AR O,

A S
lOMBYNE ik, 21, MeaER, KEAREHKE
AEBREE oL vILREREIEE TH £, A,
—mmu,w@%%%mﬁ%ﬁugammm;u$5<
KR RABRE XK HE T LR, KRENBIEEER
leMmfﬁb,téﬁ%f?ﬁ,tﬁL,PiT,:
W50 e 0F HEVEWIOESHES > - ReVtTA
B, BACHSH RSN T oL » L, LT U, 1
BUAEBBERY RREL, (30K 9k ) 1ionfkistao
RS ~kBE MRy KERK XB) L
ARAUNAT WHR) OFRBEIAEAKEE A 3 T L0 K
10, MO T OMBARE F - BT HES 3 LT
fe SR o BR, HEMBREROIABDERXRHOI NI T
Wh2 vk, REI M CHBERErMET X300

64



By i<, 9 COBE, kiMoo HDAEO 1S5
PXOBBEG TRM UK, AUHHE LN T (o) KER
BAHAOR - FARMAAERET, 10 FR X, KESUKSY
PO BT RERE REIMAET YN 0 [,

IR, LoMeMEOREREL Y, FHo RIR oMy
PAABREY S EEARRKY, REH R ER 0T 6B~
FIKEh2 8 % KGMETLRESF AN L OFL
PRITHES 3L TR, #HR0FAR BT, ¥
MNFHBRECARE, INREEHPHERNEOH
ERKXNUBEE AU RE - ORBIZ, SR8F (FR235)
NRA I ERIBOFLBNTRKEI N R ILE»r T A,
BRIk E R Bobher g 1F3Hefs It K,

65



FTE & &

KRy, BEHMRAOBKEL S P — EXHK—
Rh ™ ER LELAKEETOCLAO NPHEE - K74
ARG N KBHE AL 2 TR LR, #HEAS S, KIEIE
TOELROM@Me 70T, ELTKLEYLRKIEY
PN CHMLRE I TAR, Ik MK HE —
ERW — RA WES 700 AR 70T 1, FRX Cravfod-
Limulog ™ 12 § ) R O ARG ML E T LR LR ETL
FR T LB INT XKk, LT L, K%E7ro €A
BMEO R BEHLBAGEIAh T, BKESEKITES T
AN -702AFALLTEREFTZICHHEAGID
Ethy, R, ANREYEKRE, £X%KE, % oY
BErARAoOMBEEHoRE Lt BI&IH S, G
5, Wk, RAGKEVHFEE ERKEH 5 RAKAL
MUK E 48 -ROKBARCHRES I LIIRABETH
7Rk,

XL, FAR TR, HEOKTA LR, LTLA
XKL, AN IKAE FomnT-9 0 LG HEEH
R EHEIG, RAORKRDATNLSE, RAOMEIHHE
YIKCBALEFROT S 78T ILEAY, ARL KL
MK CEmabbtr iRk T, KOS5 ERLE
AKBIRTT oL A ERRA#ME) > AT AL L TERELTR,
TN S, A REY ERKENEROEH NS RAD
WEH ¢ KEIHE®, 9. 72T LOHREX T AT
KETHKXEES, 28R, BE#M oKL KRENER
AR (-MmR, RAMRKEL A REF &) BAT
Bvo) BBl hTo sl wEd LT, BE#MO GEM

66



KRLARK ERNBHL LT, KBBEeET LEBRELL.
LT, SoOREYHAEORYT -9 v T, g
MEFTRXTRDINERKBEETTLIR, A4a- 327
CAN T2 740 9= OB Iitsd =2 0B IKREH
RATHA L EBR, RABKEo R EBEC MR E
AR ICERESC KL S, s a Bt Xy
THIRRAS P LT3 LU TER, 22 RHOH
KERE TR, BEowMMREs FRBLC 2K
FOHARKI L v e84, FEH oo T,
DIMBMBE 1S WRILRIP S LT 4 T LT 2 HEY
NDERIE AMCHES 3l TE R, PR ERRH%
AR EN T, REOLAK, EFEA AR THES S S
CATX, RBOMEANHM P R AR THERCEE
AU TRR, UM b T, KL O LKL
vlE AEDBERE X5k, RHMO SEAKYEA
Kb b 7o~ "oFROBEE I KERLT LK
MDD L ICOBmIVE NI TAEMLTHES 3 47T
K,

COEY LT, BAA S ERRED KBIETPIOLARE
T2 ZAFALLTEDbL, LHEHEL R NT
WHKEY KREORBT-9 KE 70T, AL T H
RERTONUR > ERABKECHE 5, LEHEH, »<
KA HE Ho KBBOMNPHE & - MeIHES
AU TXRY AT OB TATRETS LT
¥k,

I8, AR OG0T, BAKEXETEET L VT A
T=0N) RABMHTHBHEINLILT, X5 2 3t8 L #% ¥
HEOT o, BKEOGE KL YT EF L) RSN IR
TA2I(N T2 80 & hn3, § = HLT>-2qu9-
OFARK3FRMLEL HACHHIHLTER & S

67



(16)
HEY3 LB REST, TS KETRXIN L N,

63



4 %

RETRNE, WA 41805 RIRKEEBL R 1H v 168
Wt 0T, MELEHO T LIS 2 THLOF 2 OB
NEf, LI, MREOL S P ANA @A ER IR, #2
SRR L T T X0 AR BB R, TR, LHTIK
Eom&ithye T, th, FRONER 2 wTidung
ME T ok ST B KR, B aBE R, 15, N7
SR#n&E &L,

BRI, RENMBT - LV RAERLHME T LK
WERREHIEEHM e O3 EM/ENT 4, ¥R
B risE i nE OERAAMEE O MA B -
LA, e eRit SREBRER, AOZWMT S 3G %
EFR) TOREVRRERE KR KB, RBXME AR
Yo 1THBF 421KV LR @A KEF - B § 11
Vb, EAFRETOSKEEC ALY LEITE T,

61



£ A X &

() #MIR ¥ ﬂ\o’fféf "oz obke (1973)

@) ‘Hm#t ESE&S Ltk%’aa (1961)

B) BREC, ~R LAHEHMA" KL B (1972)

“) G.L. Awlin and L.B Am/t«‘m, “ Th Une of Radar 4nm
U«v(nn; Hvdno«foﬂ,\\ Towrmal of H?M&%, 22, 131/142
(1974

(5) Irnmow. K&AMM - I tue awd Jeséd M, Huarm

" On Ahe TMMMMWW wﬁ- Pw»vt Rwufaﬁl A Akue

Rwaﬂ Watin Ruseurces Restanch , 10, 721/735
(1974)

(6) Irmois- Kmd/z,iM — IAunke amd Jesd M. M.z//(o./
" The Design of Raimfall Networks im Time and
Space * Walh Ruseurcyy Reseanch, [0, TI3/728
(1174)
() H. I, A Moded gor the Walin Regime of &

D-cocd,u.mm Feust * T ournal w{— Hv«d«ala.ﬁ 2|, 201/210
(1974)

8) 5.7, BaLxmaA, EWMW} Em,m.w Budbw(’ Cavmfammﬁ
As Defevmine Loke Huron Eqrapsaafion Y Wl
Resourcts Reseanch, 11, 617666 (1175)

(1) BEHE#LE ;emc;f; TN REO R B L WERAT
B9 T :L;Lt*/\t%x wrk %236% 51/

( 1915)
(1) R. A. Rae and R.L. Kashyap , * Stechastic Medeling

of Rimer Flsus ©  I1EEE Taams. Awlomate Contrsd,
AC-17  874/gs ((174)

T0



()

(12)
(13)
(1)

(15)

(16)

(1)

(12)

(19)
(20)

1)

O. Iheda, M. Ochini , amd Y Sawraragi ’ Seguential
GMDH ﬂj-?«wﬁm amd A ufp.ﬁcvﬁ‘.w Ao uiven fAour

P\m.o(i.c/uw: IEEE Tuaw, SW,‘MML amd

cM b, #13/419 (1176)
iRk %, ﬁﬁm=w LGz, T6 % 0L
mﬁiﬁfmn)

HESMT T ERMER " KGR OGERIGH BT 3

BEME " MEMMT L RMERWYE F 475 (1169)

TRED, "HEE Mk R ERA " HtaA X (25,

Ne, 373 /121 (1972)

A E, Bm]o«w and M, FW Smm/fﬁ-tm; {8 Linmeaq
and Nenwlingan Dmmcd SWV} U.S, Ain Foru

Tech. Rept. ASD-TDR-63-111, 353/3¢¢ (17¢63)

IR “h e qng - EEBRE (1177)

5. Adimets amd H. Shimiga | “ A Sytum - Thiswlic
Sitwd? of Ahe Hv«o(aal&?«c CTJL an e Basin of L ake
Buwa ©  Prec. of Me LFAC Sympssium on Emvirgnmntid
S yplomn P/fw/m'mﬁ, Derign ama Combral , Kysde Aug. (1177)
" K %,Kﬁmﬁﬁwﬁil”ﬂ“mmuao#om@
WY D ATLAERGIZE " HRAG SN TR AL,
13, M2 (188 7)) (1911)

L. Wetina |, “ Banic D,«,M«watw: Am {’-420(4.(/&4\3, Evapma/&h«n\‘
Jowmal of Hydielogy 23, 159/077 (1974

Rege K. Linslir omd  Toseph B. Formmpind, ~ Walin =
Ressun s E“W? " Mcartw HAAU (l‘f'll) ‘
fﬂﬁ%, KB L BBoER 1> T EKREHKE
KYEWIEFETR 4% KL (29/137 (1161)

Tl



(175 (1)

KRR e 2 BRER B K

AR, AR, AR TEEHOKRLCE 3
SART ARG ER (F 1K) ATARL A
#dm LA

(2) AK, A AR, HEHOKRLIHT S

AT LHHAR $ 148 SICEFMTEER
ThE

1976 3) AK, A%k, AA " HBHOKRAL BT

()

(5)

177 (6)

CAT ARBYERE (F2H)7 $28 374K
RNV & § T

FK, Ak, AR, T HEHKERTOTAD

Azt QR KEHRE F1106 844y
EEBEAR (HA)

Ak, FK, AR T REMANE) FRETL
K21 §2 @LATAR LA IABERLR
AK, AR, AA, C BEMRAO KO EIEC
MY5 A7 aBMOAER" it Bl aYHHIR
WRE, 13, No2 (HBEKTE)

S. Animets and H. Shimigu , * A Sypltim— Theptic
Sudg of Mo Hydrologic Cycle am Mhe Barim of Lake

Biwa Proc. of Mo IFAC Safmfwium\ s Emunirom~
Mkl Siplms Planmins | Desigm amd Control , Kyola,
Aua‘. (1977) ,

12



