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ERRT, IREZEHIAREER] & bFEN D, n(z,t) 1,
L0 FHEERITH D038, M2 BT 7 e —
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FNFHEST BRI T 7o —FIT L BET LS
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2.2 ZHETHEENRY OEA
Hifigp(z,t) % ML FlGrm(z,t) & T v ¥ L4y
w(z, ) ICHRELTEZRD L,

¢(2,t) = m(z,1) + w(z,1) (1)

LB, WEERIRHER (2, t) BERICIN Th 5 LR
BT HZ LT, Kk n(z) Lkd D, L2 ATEIE (2, t)
iX, RERRAET VIRNTE Cd 2 IR EM f(2,) &
ERRHE R (2) & DFITHHEHMD,
#(z,t) = f(z,t) +n(2) (2)
LEIT D, £ Tf(2,t), n(z), m(z,t), w(z,t) OB
EEZTHD, WERNORMBHTET NVREMTED F L
U MEEEBEREL TV LS RRRIIFHmTH Y, e
TNEED ML » FEEITRZRD L3 2 TRTIE—itE
ROV, LEEBoT f(z,t) & m(z,t) BELL RN E
RARLTEZD, BeREE, K1), b AT A
Zn(z) &7 U by w(z) OBER S — MRS Tk
RWEEBZDZLILD, &I TEEI(2) ICZEMAHE
EHIRY L 55 REERBNDOEEEEX, n(z) &%
DEHD & BERIKTE LR\ T v & DS w(z) OFICHE
REVIFEER,
0(2) = b+w(z) 3)

5B5, CONIERAHRERD W THEINT L F A
R TIERL, T LARKIZRIT 5 R e EEME R %
KTbDERSTWVD, LEERST, m(z, )ik

m(z,t) = f(z,t) + b (4)
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Fig.1 Schematic view of the proposed model
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Fig.3 Schematic view of proposed modeling
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Groundwater Effective porosity of 0.1
catchment area 100m
of 900002 Impervious boundary
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Fig.4 Hypothetical groundwater basin
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3. HTFKERTA~DERA

3.1 BIEXBROHKE

AT TIL FigAD & 5 7 {ABH# T K FiiEk 2 487E L 7=,
Z OFIRDORFKISEE L, ARSI BIRIZ/R->TERY,
FFHFIC—EER L TWD, Ko ORI ELRINE
B (9/R), @HNIANMEES (54), TENIEANME (3R)
Thd, EEEOES (HTFAEAER) & L5 (HFE) 5
DT AIEELRH S b LBRELT, AREHRL (FEM)
% W2 IEE E AR T KT TV OEAE KR & R A
2o RIETLOEBEHERIT

%:%{k(h—s)%}+§—y{k(h—s)g—2}+s

9)
TREND, TN, h, k, s, el FETEDRRR, #
TARNL, FkfRER, EEm, TAEBEEZRT. 2B,
YEBR TR TA=01 0 2% 52 BET D, 22T
DOFEMERIEIC L 2MOEHRICEHL TR 1 23RS
v, ERTIEKREFESROTT MR TR LN
7o H FARNLAR & BLRIE & OFRZED b MR A KAT
DEMAREREZFEL, THETTNENRICHEL
THOLNDKMBOEBE BN LT 5, &2 TIXEAR
BT DV AT LRRE(ETNLVEE) ICERT D,

3.2 EFILREIE
RERPETNVERBILT DD, TOETANRT
A — 2 (BARE) OREREESILHELBEbhs, &
ROGZE, EEAHRERZBRY BRVWIZRETET VR
FGA—BERODRITRORVEVWSEEND D, £
T, WRHTFEIEICI3$EIE Kalman 7 4 )V % B [REH1E
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FHEIIVAT AREw(z) BT ANVE LR D, BlHEZ
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mt={ hi } (10)
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Table 1 Identification results of permeabilities in the
cases 1 and 2

| Zone | 74 | 7 | Zc 7
Casel 208.4886
Case 2 150.0000 ‘ 300.0000
Unit: m/day

150(m/day), 300(m/day) Z#RE L7z, £T ZDOREIC
*F U CIEf#T 247V, Figd TR L7 9 ROBHI S TOR
BB 2R U7z, BARREOMICET 27 10T,
Casel : fHIRZA~Zp & T KREE IR2EKIK

Case2: fHZa+ZB, Zo+Zp PEx—HRIERFEKIE
LW 2 0DRIFAERE B AT R & Lz,

WISk DT FiE 2 W T, % Case BB KRS
ZFE LTz, Table 1IZZ ORAFRER R EZRT,

FIRN S 5 Case 2 1IIEEZRETETRY, %42
MAER BEEOBIN - £ERZITETOERD I L
Wb, FRATET VT CEMRTHMEN R LS 2 5. %
DD Case 1 TiX, SLIROFRIEMH S ET VAR (K
) #EH L, BESE ETOEREERD, T0%, 22/
e E B % HRR 3 2RI FH U CRIALR C ORI
DIRALIRZED 0\ RDHEREAT o0 ZOFEITL ST,
BRHIRUA OB EHROEESET VRIS TRE
2B LNEIRTE D,

—fil& LT, Figd?d E BT BKNMNEE % Fig.61C
Y, TZIT, FRUIEOLE), XENLET AR, O
FUIAREBET NVFERT, ARLY, ERERORMICE
WTh, OFIOEBRXEIL Y & ERITITNZ & 23R THR
B, TIVIRERTE T MIC & B AR 2R AR E
BEFE LINKT 2 Z & THEMOBERM EL TS
LB bnD, WiREDERPEMAMENMTRE 2
D, TNEY RHEEREFE L= ROBBIHRTE S,

EbIT, HEEMES Fig. WORT, FEROES1LFig.6T
ATHLOLE—THY, =T —"—3]MYHHHE#RE
#WPEZRT, 2L, BREFGANRHE VIS TOH
LERDIBETH WP OVTIIBRICKER RN E
DTS BRRLT L THLDIERLTNDE, ZOES
BT DAL« OfORE SBRECHHEATH D
LRZRLTHSTHD, FXIND, Casel DFERITHEE
BAEOHAD HBA/NEL, £z, EEHZOHANL
WLITZ DL THDHZ &b b ILERBER EICHEE T
ETCNDBZENGND,

LD HiA LT HFEFOEMAR b, RFETORME
EBRTIT, ARBFIEOAIENERTE 2,
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: Initial state value

Initial value 3,
Ty, X9, Qo Ry

: Initial estimate error
covariance matrix

}

Q, : Initial plant error
covariance matrix

Zo/—1 = To .
/ Ry : Initial observed error
Py _, =%, X ;
covariance matrix

|
: Filter equation :

: {ﬁt+1/t = .ft (it/t)
|

}

F,= <_a“’t+1>
awt :Dt:ffit/t

]

Estimate error covariance matrix :
T
P, .;=FP,F; +Q,

Observation matrix
H,

Ut = Htmt/t—l

Kalman gain:
K, = Pt/t71HtT[HtPt/t71HtT + R,]™!

Filter equation :
By = By + Kily, — HiZy]

}

Estimate error covariance matrix :
Pt/t = Pt/t—l - KthPt/t—l

Last date?

No

Fig.5 Extended Kalman filter—-FEM

Table 2 Identification results of permeabilities in the
cases 3, 4 and 5

| Zone | 74 | Zp Zc | Zp |
Case3 214.9693

Case 4 138.4683 374.3410
Case5 || 100.0000 | 200.0000 | 300.0000 | 400.0000

Unit: m/day

3.4 BREHS N4 REOHIERE
BOBKBRESSAIL, FigdDZa, Zp, Zc, Zp

A& E—ZAKEEOKEKE LT, JEIZ100(m/day),

200(m/day), 300(m/day), 400(m/day) Z%E Lz, =

R & FRRIC U CRBRBLIE & R U7z, KRBy
BT 5E T MBI,
Case 3 : fHIRZaA~Zp & THELRFEKIK
Cased : fHZA+Zp, Zo+Zp 3% % BB I2TE KK
Caseb : fHZa, ZB, Zc, Zp HMEX ICEIB 2 Z KR
L) 3ODKIBALRE ZMATRRE Lz,

foe VN T RITET R AR IZ & Case B IS B ARMRE & FE L7z,
Table 2ICZ DHEARIERKRZFL T, ARPLHLNIC
Case 5 [JEfEXFIETE TKY, Case2 L[F U < fi##T
BTNV CERRMENEKXLL S X5, 20D
Case 3, 4 TiZ, [REMHED DT T AEITIR (KAL) 2 HH
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Fig.7 Estimation error ranges at point E in the case 1
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and 4
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Fig.10 Effects on bias of spatial uncertainty in the
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Fig.11 Effects on bias of spatial uncertainty in the
case3 and 4
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A3k Boussinesq 12K (9) W5 03, BfFE ARSI T
B7®, T I Tidd 2 THRIAL Boussinesq HHE: (A1-2)
ERAWTHIAT S, G EOXERMIL, X (A1-3)
DEFET, BRIBD do ITHEHT D h — s 73,

h—s= (1 — G)ht + eht+1 — S (Alil)

LB LICERLT, TRIZHDIMLOGEORXE
HE2RLURRE by ZHER LR TR S Tl
BHTE S, 2B 0B L TR oRER IS L
T3, XT, #IL Boussinesq HFE=i

oh 8*h  8%h
)\E = kdo (@ + 6_y2> +e€ (A1—2)
B4 h=h on Sh
~ oh
q:—q:kd()% on S,

(72721, Sh: KROCEESR, S, : MRESER)

ThH D, T do IFEIKEERT, ik V TR\
L7 (A1-2) OFFFRERD, THETRBI ¢ 12XV
ZERIC R L, BERIZESY /8T A —% 0 (0<6<1) &2
WT hER (A1) 1I2H5 X 5 RSB ZHK L, Oh/0t
B U CHEEIZE Y 21T 9 &, R (A1-3)~(A1-8) 2153,

Aht+1 = Bh; + Wito (Al—3)
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A= M+6S (A1-4)
1

B= M- (1-6)S (A1-5)

M = [ x¢p" pdV (A1-6)
\4

a¢" ¢
= Al-
s /V ko 2292 gy (A1-7)

Wipo = —/qudeS +/E¢TdV (A1-8)

Sq v
WERMBMAERD D LT, Bt + 1IZRT B KRS
MV hip DG %, BEEE + 1 TORME (IFRF1) &5
REEME (RF2) ICaE Lo blienBl L TERT 5.

hit
hiy1 = ) (A1-9)
hiiq
TIPS LT, FIERIC
h;
hy = (A1-10)
h}
A A
A= 11 12 (Al-11)
Ay Ax
B B
B= 11 12 (A1-12)
B21 B2
‘-‘-’%J,-s
wipg =4 (A1-13)
Wite
s, 22L,
1
Aij = M +65i (A1-14)
B;; = ! M;; — (1—6)S;; (A1-15)

At
(1,5 =1,2)

R (A1-3) ZETHIRFRICE B DL,
A A ht1+1 .
Az Ax h?+1
B B h! !
e Cbad U (A1-16)
321 B22 h? w?+9
LB, hi & wi BBEAR, wl B RMETHHZ L

WWEELT, X(AL-16) & hi ITOWTHEL &,

hiyi = AL [Bnhtl + Bi2h; — Aixhi, + wtl-',-o]

(A1-17)

2155,

1 §%2
#i3E Kalman 7 1 /L2 FEM DIREEBFE 1751

FEFLOFBERESR L CREEBITIIF, kDD &,
LTFD 4 >ORBETHINLER I NS,

e
~1 T -
P IS NS 7 A v
oL, (aLt 1) R
oy CoE )z,
| Ire L (A2-2)
Jrn JiLL
ZZig,
Jwn = A'B (A2-3)
_1|0B11 41 oB
Tnr = A [ 5T, M+ g, b
0A 1 0Ai
_B—_Ltht-i_l/t — 6—1;th?+1 (A2*4)
Jrrn =0 (A2-5)
Jer =1, (A2-6)

L72B, TOJR XU TOLOICLTRD B, Jpr %51
~_7 MVIZSRL,

== ‘h P .h _
JhL - [le 7Jn] mt/t={ﬁt/g (A2 7)
FehRy s EEZXD L,
oAy 0S4 . )
oLc = 0 oL = 6(In10)S;;, (A2-8)
- - o _ 08
ZZIT 8 = ok LT5
Eil=JMcwal=
0B;; _ c
oL = —(1-6)(In10)S5; (A2-9)
£oT

. — a 71 a
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Statistical Evaluation of Spatial Uncertainty and Its Application to
Groundwater Flow Model

Toshio HAMAGUCHI

Synopsis
This study proposes a numerical strategy of analytical and geostatistical modeling for unsteady groundwater

flow with spatial uncertainty. A hypothetical aquifer is designed to get sufficient complexity to allow testing various

aspects of the modeling problem of spatial uncertainty. The true aquifer is divided into some constant-permeability

zones. The changes in the water levels to be calibrated are assesed in the modeled aquifers with heterogeneity.

The scheme to geostatistically model spatial uncertainty including modeling errors is herein attempted. All the

results to be discussed can be seen that the proposed estimates are successfully in best agreement with the true

ones.

Keywords : groundwaterw, spatial uncertainty, geostatistics, modeling error, bias



