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Spatial Estimation and Conditional Simulation of Truncated Gaussian Fields
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This paper proposes the method for estimating the conditional mean and conditional variance
of truncated Gaussian fields at an unobservation point under the condition that some of their
realizations are observed and known. The method of conditional simulation is also developed.
An example of a one-dimentional stochastic field is given to verify the effectiveness and accuracy
of the proposed procedures. The results are compared with ones computed by nonstochastic
methods and Kriging of Gaussian fields. It is found that the conditional mean and conditional
variance are dependent of the realization values. This is a remarkable difference from the case

of conditional Gaussian fields.
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BERORBERR T TIVEREERD =D, 8
B & TR BRI R OB EE IR L T2 a
L— b Lziudiz sz, ZO0Iidsemk) T
RINFZERILEFEARE AL W, 372b AR
ik, IZBNTHRSN=Y > TIVEBEW (x,) 280
B &R L TnBOBRAMEW (x;)(i = 1 ~ n) ZH5.
BHRIEW ()6 = 1 ~ n) ZAWVNS 2 &ITKD, kR
EREOFIRIZNED &, KERR, BT
WVEBEW (2,41) EROBTENTES. ZOXDK
FETHERRBERRIZIIMEANCETE 2R 0 IR,
UITERRRBCBI DRENT S TINBFEEL L
WTES.

UV ESRRBEI®D LK, B5NE
BEOY > 7 NBED SRR ICBIT &MY T
IV E, S TIVAEIE, SHRESERE
DHERZERD D I ENTES. ZhbHkatEREE2N
(19) OZ&EAHEHME, K (22) DRHMAFE, ok
DB EEMAHREERE KT Lk, B
MBEOZUMEERETT D ZENTRETH 5.

1. BERBERBIUEER

4.1 SFEMUINERERISOERIER
ST IE R RIB I B A& EMHEERROER
TR, &Y Ial—YalEOBERRNTS. 2T
TREEODIZITE—EENR LT 5. Bk
RO FEEE Ly = 1, BEEDBL %
1ELTERS. oo id & o R OREHEIH
X V;, Vy)=exp(—lzi—z;||/5) LBETD. ZDLKD
7RRMR T TR LI R R R R ER A &)
BERDHICDOWTRT &, Fig.1 OBfR(fyv(v)), K
B 1) Dtw (w)) £725.

BHESIE8 A (z = 0,10,40, 50,70, 80,90,100) &9
5. BREICBT YTV EREIIEEEET BE
HHERBORF I 21— a ik D FOHORD SN

—612—



HOTHB. =L 2 T TIIYMESRERBICBNT

HINER—OBBEENEONEHDERETS. T
D& SR CBBIE S U THORHO T HEEROEY)
O MEBATR M (R ESE, SEFR) ITRIE
TEECOVWTHENT 5.

Fig.2 171338 (19), (22) 12k > TR 5N UMTE
HHERIBIC B DM EE (Bl E ), &8
SEEKRT, £2RK0), (@) TREINZESET
HE, BEESEETRTRT. (a) KB 50
HAICEZA S N-BENEE, (b) ROZIUIERINE
ZEKTS.

Fig.2 K0 bMh3 LD, UVIKIERBEREORSEN:
EHEIIEHRERBOZFNL D BREI B> TVS, T
N 2. TR & D ITEBROHERDHIEH T HELRT
B0 ENEHBEO—BRRETH D, REHEREE
U T O FEEIAIMEIR IS W TRE Y
BIGED KD ICEHENTWS., BHRIESESET
Bl & D REWEEONIFE, BWEMEFEHELD B/
INEEOBBREONBEOEESTH> TS, T
DEOREEERLTWS., HEAIBRBSEE—FT
DL, SEEHEIBRIEEZR2I—ET 5.

S (Fig.2(b)) 2R2 &, BllEOKREXIZ
Lo TREHMADENESEIBREL D DRERSB T
EWoNG. Fiz2 DOBRIR RN —EE 52 5
BEONE Sz, I72b50<z < 10,40 < z < 50,
70 < z < 80,80 < z < 90,90 < x < 100ZBIF 5%
HAREERS &, FOMIRBRSOMEZzICELS
TEHLTWB I EEFETES. RAKL D &G
BRI L TWD I L 2R TES. BN
MEEL RV BRAHEOZENNS 2D &, &M
BUIESESBOTE D <. Elishakoff et al.? O¥fET
Sal—a LB TIR IO L SRR
DEHEDME SR,

4.2 FHFZal—a @R

KiZ 3.(4) DFIMERED FHAT 2 2 1—33 25000
BoY > IINGEEREXIE, B5NEY T TIEDE
NS E RIS DN TRENMY > IV EEME & S fbfh >
INHBIEOWEHBZ KD, Fig.3(a) W5
FIVEE, Fig.3(b) LG TN RIETHS.
ETFOZIMIESNDZHDD, Ial—Taild-

THELNRERIIFig.2 OBEEIZEHEL TS Z
EWNbns. TRhbbEmEE I al—a itk
HREBIFIF-BLTHED, T TRELEZREMY
Ral—valEOENEPRIETERETRAS.
BrIal—TarEREECRE, YTIIVREERE
MEEREICREIE DO ZEEMRL TN,

PA ORI RS IHEREERENERARD Z &gk
THRET B, 6 DOZRINLE (¢ =5, 20, 45, 65, 75, 95)
BT B Y TIVEBBEOEESMZRD, FRIZDN
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(b) Conditional variance

Fig.2 Theoretical solution of conditional characteristics of

truncated Gaussian field
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1 == Unconditional
== Conditionat
QO  Observed Data
. i }
0 50 . 100 150
Location
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A NS NS L
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(b) Conditjonal variance
Fig.3 Simulated conditional characteristics of truncated
Gaussian field (5000 samples)

TR BRI Y L TR Fig. 4 OHIR
T 5. EFARI Fig.2 OERAL SIEATHE, &
PERTSHE) BT DA MR RN (7 (14))
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Fig.4 Comparison of simulated and analytical results for conditional probability density functions obtained

at six spatial points (5000 samples)

T, B Fig. 1 IOR LB & LTOESRER LN

MR BRI R B IC L S TR—TH 5. HAF

Fig.2(a), Fig.3(a) £R5&, z =5 200lENE B
PP RS T S EE L, S5t =20 AE
DHED I BITRE A AT MEERL T BT

HLTNS. o =45 OHAIIERETSEL 0 bhve  E
D /N VIR 2 B DB (z =40, 50) OFRRchzE  MES

B&, FUAREREEBBOBINIHEREL D/
REEEETHD. H—EEELTWEOT, EBEfk SVHIERLTNS. JOTEMPSHAMTSNE, &
DEIESERFELD /NI <D, £ =951
LRERBERRTH . 7 =65, 75 OHISIIERIF
XD BREBBREZE T BB (2 =70) DL
NETS. #€o7T, (d), (e) RKDDOMNBIIIT,
B EbND. ThED, SMRREEEE e (o) ROBRIIGHER, SUEAHEREERBOMIIHR
s =20 ADTNIEEFADRRFEREK S 3E—  EHOEORIVFITERL TS, o =T5HRTH
EREO/AE, FIEZREVBERMNIBNT
72 5 NI RN TERE ERIRIBRE AN RS

LT3, ZOEFigd(c) Kbhakadic, gl No.

HIZE X 5N 2 /eI BHR O RS MR R EERIRIC &
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(b) Conditional variance

Fig.5 Theoretical solution of conditional characteristics of
Gaussian field

FINIRE LA EICEE Y D MR E M OB/
RICEEERS., ETRELEL DI, ESRARIEME
CBBNEDBIFRIC R D, ZERMRIC K > TIaG I
REEBRDO TS « LHBRBETORESNRNICE
BBHENDHD. ZOXDIREEIYIMERI G %
THIBE Uz ETRENHEEREEZ IR 5 Z &AW
HEThs.

4.3 EREERSES NICHEMHRIEOBR & OXLE

Fig.5 IS IESRERIFOSAATESHE (X (20))
EEMADE(E (21) 2R, RT3 ESAESE
CEESM BB BIRTHEEL T\ 5. KIEEMAE
BfE &8> TERMCEA R BEHEHEIGED XS
ITRDENTNS I &, SMBENESESEICGE D
ZEind, LRIITEENIFig.2(a) DYIMITERMERE
DHREFLCTHS. FENDEICDONTIIFig.2(b)
ERIBOFEEERLTOS. TRbbIERERREDE
B BUIERK A BE D DRELZST, BHEHEIC
KELU TREASBORESIGEVDSR NN,
NSRS BOBREEIC L 59, BN S O
DHEET B0 THS. YINERHEREORMEMN
B EWEBRENBIIRRDERE S DY, EMER
BTRAENA—EE LS. TOXD I RS
DREASTE DA RBPHEERE RICER BB RIET
ZENERTED,
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(a) Aitken-Lagrange interpolation method
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(b) B-spline function method
== Inverse-Distance—Squared
Weighted Average
2

O  Observed Data
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(c) Inverse-distance-squared-weighted average method

Fig.6 Spatial interpolation and extrapolation computed by
nonstochastic methods

TR LR IIHERNHHER TH2H, he
HEERIRMIE S BT 2. MEWMREITEE L Tl
F]TRY L D123 DDFE (Aitken-Lagrange fifeHE, 3
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HERBIEGE T, #BMHR SR SREE O 2 I I
PIL - EARREHEAEICR U TR L &b miE 2
BFTNS. ZO/REFig.6 ITRY.

Fig.6 285 &, MEIBAEEES L5 ICES 0
RO HNTNS. Aitken-Lagrange %, B-spline BEI%
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Aitken-Lagrange i T3 BIRISMN 5% < BEN/-SMEEIT
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EFBMUTMEZEL, B-spline BEIETIINIEL MME
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D= DIZ LRITTBEOMMHRE RO 57— A %2E
A%,

1% 2 Aitken-Lagrange 8

BIE 2B LA PSR OHREIT, SHEAL
L T Lagrange fifEIZE5, Hermite I E/2 &0
FAVBNS. Aitken-Lagrange fifali%, Aitken-Hermite
BB BRI L FETH S, RAERITHE
ZEADLEE LT TN Z&IZLD, BRBEHLE
ZAoN3EEEREED &2 ZEITREND 5.

%, LRTHEEZ, ﬁ?ﬁ'l)f—ixz(z =1~ TL) ki.’l:l <

Ty <o < TR BMWRLTVNBEET S, ZOg; ZREM
e EWEIZIEOMWA T 24(i =1~ n) &5 5. Bl
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FREBOBLUAVWSZ EIZKD, (2, W(2)6 =
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Lagrange I3E—DLEAZ AN TS0, ¥
USIEB L= ER2 2 0B 5. ZOHEET
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PA RIS/ REI S EHRE D72 W EB O L ER
spline TH B0, HDEOT—F &R 2EAITIT
Lagrange fiffl & FRICEBIZE I TIENH D, 2O
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