PR BOZRAHE R
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PRCALBEARE R

BrdBGRASFHE L

PR 2 B B R ERET BRI 0 #T - MRE P IREER T ERE ERE G
R o WIRE AP RA SR AW iR WP R 2 ERE S R RE » 877
RREVBH B EARE S A TIREA P IRER RIS M7 71T - E5 2 @A
REFEE— m MBI b X—EEIBRNEEPRE BEEBRD - &
T B 2 ELE ER AR K Bk B R 22 MR AR (3 > LSRR A - B R AT S
PR RGEER M D EGEITIR S MG TR - S 3E X E QA RREN 7T ERARSE
Pl 2= AV SRR o2 0 (B XERE G - [t - EARXES  KMRH—EL m
HERESABRHER S BERERUMER B  FUTERESHT » REPRENE
AR HIR L BEERE - XHRMEBHETERERS L » SRR REER S M -
REEFTERRERS L WSR2 AR 2R RERBARECESPER -

BIEER | BT~ FRE  KEFPRE - fREC

&

T EFTH MR AT (geostatistics ) 11
bt ERIN—RE R RN EEREE TR
BN Bl 3 171 B A E R B RHE TR, » T2
2 TR 48855 1 5 26 R R (O i AR A B0 P 1 L B R
SRR > TR R B R A S B
HEARLER - HRAZZEMEERI T » £1R
7 (semivariogram ) # /B> & AN RIRREE - 34
41 Burgess and Webster (1980) & McBratney and
Webster (1986) #J 1+ 3EFZE (soil surveying) ; Deliner
and Delhome (1975) HJ7KE 5747 (hydrology) ; Clark

(1979) K Matheron (1971) #&t#RME (mining)
FIHEYIE IR (mineral resources) HIMIEEE - B
HIERATEE R (geostatistical data) BY53H7E & FI
PlRERRITER RS RN FillPRE
FHAL G BN EE CERS Bl & L%
3& > Z0 Davis and Borgman (1979) ; Cressie and
Hawkins (1980) ; Hawkins and Cressie (1984) ; LA
B Robinson (1990) FX & - MEH EANERE

T

LR BEEREAPRZ (sample semivariogram ) °
Kt iR P iR ERAE S (goodness of fit) HY
e E B AR AT A 77 1) #HRE 2 ¥ AB M E  ( directional
symmetry properties) M EFER » THEELR
ERHR AR RBEEREN - RMESEM LG
It A 5T BC R B 9C 26 A % > Davis and Borgman
(1982) BHIE(TIAHERER) m #H{K (m-dependent)
A& P A3REHEE (strictly stationary random fields )
b IEEEMEE (fixed lag) FAREPRREZE
PR # RE5M A 3 Baczkowski and Mardia (1987) FlJF&
BN EREE - H—EEE X NIEATS > KA
PR ACH BB 2 MRS PR EL SR
AU H RE R o BA L EBGR CH R AT
AP RAEEE -BIEUBEZMEES (marginal
distribution ) ° FATMEH RS FIKEAHHERTI S » RAE
BEPRZHBEE S MR 2R o i H Davis and
Borgman (1982) & PR K HY m ABMRKIGLE K FRAE -
HREPIREHER (spherical semivariogram model) &
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ME— A2 L — IR R (W HE BR A ET AT AL (geostatistical
model ) » ¥R ER (7 FE 5w ( A0 2P 4 22 A AU HIJER
M5B Davis and Borgman (1982) #U455H » fH:
M BIME  KA9IRIR - I Baczkowski and Mardia

(1987) FI) R #5487k At HAAS SR B SRR I ERR S -
Fio-TTH  BESFAEM R AR AR
iy & - AR A & RS R%5 (Gaussian random
fields) b o IMARG$HMBEHEH ST - KA
NHIEEER L m RS E — SRR A
fGE > NG HE AT AR T RE AR 5 1A% AP AR 22 O 7
BROM o UAASE m FRIGIERBME > X%
BT 2R AR R 1% "B AT A S

=

=]

— PR REE

T{Z(s)seD I BERMER 2 FESD FIYFE
LS o sERA AT EROE BHEE SRt e -
B (single realization) WA 5 24 A (incomplete
sample) » [KIBLFTZ F7 EIRE RIS — I e —Fsdh 22 T
(AT {ERER > FUMR %6 41 a1 UL A TR - BT
Je ZEElkfi £ (Spatial statisites) - #SH {5 HIRE%
B b5 T8 (second-order stationarity ) » JREMEE%

E(Z(s))=u,VseD, (1

Cov(Z(s), Z(t))=C(s—t),Vs,teD° (2)
(PR p B —HEC QX FHKE C () MRS L8
P o B -t BT B
TR ERBE AT ST AT E R E R AR RS

(intrinsic stationarity )  —BE#SE AR E(DH X H

% Var(Z(s)—Z(t))=y(s~t), Vs,te D > (3)

RIIRE LLRE B Sva  MER AR - )y 2 By ()
BB 4PR 72 (semivariogram) » PR RENTEEE S
ZE y(h) = y(-h) » Vh Hy(0)=0 - —FEHLE 51 E
R RHRL B NE RS > BHPRER

BT HER I E R E FRIE » 55—l » A
TRREER &S P i SeRE bR L5 5 — i T RE s > e
PR IR AR 25 i tae - 1Rl HAR A TR 22
fRkR 3 (i) L8 B AERE (covariance matrix ) S fEi{L
R RANREE A HESETER L ESA
fi o

AIIASHRAD N ¢ TEE ZEN o M AE R
AR MR T BOAERR 2 IER AR AT B S = 0 /248 —
Bl $AM 53 B AT BRA AP AR 22 B B BT I & AR R
RS ) 0 00 A AR A HE SRR o B RIS R A
FIYEH -

il

M BRUS
y(h)=C(0)-C(h) °

{HI L A -—=RERAL + TRl — AT B B L5 A
—E pt CFETIENRESS MBI J—HEZE
fiE] b a R 5 1) (R P A i BHIEE) (isotropic Brownian
motion) (2% Robinson, 1990 and Cressie, 1993) °
FH RS P AR /T RS FH R B e HLL K & &
(2% Robinson, 1990) » A&KEL U HIERILIHE RS
AT ES R R P 7 2K o B R 2 P 4 B2 B (T 1AL A A
BRATE o DAL ATRE SRR 3 TR AP IR AR £RET -

T~ ¥REOvbEt

i —MEKHE AT 0 0 2 15 B —HEE ] — A
FERURERRIGTENTIE s,,....5,e D LIVEHEE - HESL
{H,,... B} 5 5750 (lag space ) H f—{[E 53 #] -
g1 w=1,....k> BTETE H, TITTHE RIS (fF
HEEENERN) BHE—E w=1,.. k> % h, 3
S5 H AR - & S={(s,s)i<j’ HsseH}
IO S, HfA 7T 35 5 HLEERE R AR 5 (3T ARSI (2
EW & N, FE S, P TR - —aE D
HBEMRE (“polar” partition) » EMRIBNFEEIVE



HAFGLEBER B

ERAGEDHE - #1052 RIEMDEO, 7w /e, ],
P /€15 2P mac €1 Y s ooos ((€171) PralCr s P 1 YEIF B 5
KE{[0, 7/cy), [mley 27icy), ooy e D) Tic, 7 )}
(Hr r,,, BRI E R R AHIIREET ¢, M c, B¥ax
RIESE) ZH REFFE (Cartesian product) RIS
R EeE 2 E-H,,.. B Hyv=cc, - HHBD
W eT ik Lt e, B R L Bl R R -
B3R H B—{E B E/EE > By (h )R hEt 21
#_bFRF B 22 kKA - 7REN

13

5 ()= —— Z(s))?
PN, 12610

(=1,...,k)° (4)
S, PRETTHEG,s) * s EHEE > (BLiER]
RER 4 > BIIE B AR R T T MR RS 8 1)
Hy (b )E—MREEE R (unbiased estimator) ° A4
X TRCE FRTTE BRIV BBEESE(F (h): 1,4
WEEEPREE -

BIRE RS

ol

_\ETJ

{Fi% {Z (s):s € D } 55— N ER A RBA BEHESSS - (1 —
KB rxe » x Fy 7710 FABE R EL 2 TR EE A E &
AIERIR 744 (regular rectangular lattice) i
BZ A - WA HERRIERCR (2G,):i=1,2,...,c and
L2y HR R S B ERAT B S B 45 y (B hy)
K x Fla LN R b By TTMINIE RS b,
ERIRE o 15 LS TS T > BTk ET 4
B H= {(h,h)h=—ct],..c-1 K h=1,..r-1}U{(h,0)
h=1,e- 1Y P AWM BN RE - (H BFGHEE
BEE—) (HPHE (evenness) Z# > £ H T#
MAFREZ B E 1< K h<0, h=0 Z1E) - 1E
BRI T > AR ZES TIITTRATEA :

X

(-c+1 1) X X
X
(-c+1,2) X
x x x
(-c+1,1) (-c+2,1) (-1,1)
EJ_M

(LD

X
(0,0)

. 1
y(h,h,)=
" 2= |h D=k,
min(e c-h) r-h,
i=max(l,1-h ) g (Z(l’ ']) - Z(l + hr’j + h.v ))2 >
Hihp=-(-D~c-2),..0nc—1 B A =01,..,

r—1 c R/ EENRZ H00=0 - A EFM
Y(0,0=0 tHY)& » H—T71H » (i BRI R
HALH & H R O B BHE S - RmiEkZ el
T o —MTEHIEREEA I ERRER o BT LUGL
BRE/ MO RIFBRE R KR - FELT
MBI RBREAH = {((h,h)eH: -] <
h <I,0<h, <l (k. h)=#(0,0)} BT EZ# &S
ffi» Hho<l <sc~1H0< <r-1 - EIEHEATRIH
&R 2L +1 +1 BT o TASCLLT il g 24k
ERmEBMEUEEBRH 2P RANEZME
BRI &

(c-1,r-1)
X X X
X X
(0,1) 2,1 X
X X X
(1,0) (2,0) (c-1,0)

H R 8RS
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FUARRE BT SR
G =[7(L0),....9(Z,,0), 3(=1, D),

=1, + 1D 70D,

DT )T
BEALRE  ERZ [ (RBIEEER - G T
F1 HESIINEFE BES B — o e 2 — S RARA I 1S — )
HETAMIER « £ G SHNER G WL RER
B o B AT RIS AR (R 2 R0 B i
PHIMEE A - IR DS ROAR © LI %
A, h,) = log (v(h,,h,) A(h,,h,) = log (i(h,h,) * B

L =[A(1,0),....A( ,0), (-1 ,1),

=1+ 11, A(LD),

A5 LB A B 2 (B B A 72 HCH BUR P T RRT 7]
e

— ~ R

TEHE SRR A 1R 22 MR 7 @ RE b B
fERE% 7 d& R » A7 B3 B E SERR K 0 » T o A A R
2 [0 BE (o7 PR OR B T 8 - ORISR flEaT 2 0
Fff a8 Y 3 38 %€ | 3k /Y 7 3 3% (increasing-domain
asymptotics) (2 Cressie, 1993) °

M 1 A R AT R B
B RIREHLS 2 A PR A RIMRER 73 o B A2 380 £
PHE » BERCRAA AT |
511 & X,,.,Y non,. . j, e NBIEE

(n.m)? [CWD WA

Z k HERER 10 B HLim 2
CEHER s Ja)

D
Y ompri—>Y

i
g h,n, —>x "’

i) ?

I)iY,

Chodn)

Ej,,>o Y
ERHTE >0

lim lim sup P IX o~ Y (m-n,)u..ml >g)=0 -
jy—m ﬂ‘—m

Sy 1y —>,0
iz,
EIJ% nl’nl —>x X(n,.m)-_ﬂ-_) Y °

B b 2" R

R

258 15| FEES Brockwell and Davis (1991) &
rf Proposition 6.3.9 FIZE{H » HIEHH @M AL »
B AN
BITE 2 P{Z(s)} B ZHE (m,,m ) FIKIUBEAE T A2
BEbEss » WTE— K/ NBrxce 2 xy A AHASR L]
e ] RE ) L AR T AR T B LB LA - 1R
HATEW s E{(Z (s))'} <o > HEHEERBIEHE 1,
Fl 1> B rc>o,4re (G-G) IR DS 85
WAL WILIES o 0 KR Y CTTRE
lim reCov(y(h,,h,),7(8.-8,) =

[

1 1
heg, Z B"./'J',h, - Z

B

8.8,4:8, )’

1
= E(Bh

gl)’

" 1 me m+h, e
Wi, =78 ¥ ) b= max(,

b

b, =max(h,g,) > B

C, j)y=
Covi[(Z(t,5) - Z(t+h,,s+h))
+(Z(,5)-Z(t+g,.s+g,))'],
[(Z(+is+))-Z@+i+h,s+j+h))
+(Z(+is+ )= Z(t+itg,s+j+g )]}

HEOH : SIS Lu (1994) ZREHE 333 -
T 1 9{Z (5} B— AR TREERS - £
— K/ rxe v xy /7R FHES R R TR R B L R 9
EREFEE T LB {Z ) ME - RE&
E{(Z (s))'}<o H B E Z WAL & (h,h) M
(g.8) " X ¥ |CG <o > Hif
ci.p=
Cov{[(Z(t,s)-Z(t+h,,s+h))
+H(Z{t,5)-Z(t+ g5+ 8],
(Z@+is+ )-Z@+i+h,s+j+h))
+(Z@+is+ H-Z+i+g, s+ j+g N
HISHESMEE LM > Ereco o, Jre (G -G)HY
WRER MRS MR EE - WHZIERS o R Y
HIILFER

Y
G(h, A NE8,)
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=lim rcCov(y(h,.h ). 7(g,.8.))

0

1 1 |
=—(B, -—B, -—B \
2 ( hhgg, 4 b 4 28,08, )

JESE
B, =72 X CGD

BE A m Hm STE IR EE - HRERY
(Z"(spse D} EHA—TTHZ" s)ﬁﬁﬂ
T —RERREEE S (B, k) (ks (B k)Y 2 HTETFR
i i=12,,n 0 |h|<m Ble|<m, > BZ"@s),
Z"(t+h,s+k), Z'(t+h,s+k), ... Z"(t+h,
s+k)BIBEE A Z(,s), Z(e+h.s+k),
Z(t+h,s+k,)HHE
5 o> m, B> m, > B2, ) FIZ" (4 hys +k)
HAHIRLTL o
Q2" (5)} B (m,,m,) TRARIBAR T RRRE 5 B
E(Z" ()} <w » (2" (s)} LAURRALRAEG™
JREN
G" = [#"(1,0),ns " (100" (=1,,1),
FU=1 41D P (L)),
P (=1,2)e (LY

% GBS EIIERS G " 2P Bl L 2> Jre (G-

GMPIRRIR 53 (i 55 % 8 R g WISZAETS 0 0 ST
yELE DD poe

G(h koA, 8,
=lim reCov(y"(h,,h,),7"(g,.8.))
I
=5 Bl;"h, _J_B:’hhh —lB
2 SR, 4 WM, 4 2.2,2.2,
. | motb,
Hep =Z__Zh 4_2‘ C"(G,j) » b, =mathx, )

' b, =max(h,.g,) * A

(@, j)=
Covi{[(Z"(t,s)—Z"(t +h s+ h}v))Z
+(Z"(t,s)—Z"(t+g_,s +g.))')
[(Z"(t+is+ )=Z"(t+i+h,s+j+h))
F(Z" A +is+ j)=z"(t+i+g, s+ i+g )]

gk RE r.c>o
Jre (G"-G") —> Y"
by ~N©O,2") o 1 FAREMENE m m, >
YUY o BHGR L S FE R >g, >0
@>&W%%’%%

B e = SO o))

i=—m, -h, j=-m,~h,

Cle

m th,

B, .. =7 Y )

4 i=—m—h, je-m b

IS m,,m, — oolkf 2

Bl:.h\g.x. - Bh,h.g.ﬂy °

Rh.iux.g, = B’;i’h\g,z, - B;hxﬂ
B R (77 (ts)y W R ) > AT LLE [ij<m, -n H
dsm b B o @ pH=CG) o X BB

5% lch )< BAZ" ()} WR ) 0 FREL > 8

’
m.,m, — ®

Ryee 20 ° (h)
FIHEER hh, g, g, BAOTEFE (5)FRARIRAL ST = IR

HIVEE m.,m, —» @’

m
B’uhxxx. - Bh.h,x\g‘ °
V[t 4=
R LAES m,,m, — oo [ 2
o" > °
(hoh g 8. ) thoh g gl

thit &% m.m >olff > 7 > x" o FI > H

FY~NO,T") e LA

TETHFASIEE 1 Ve (G -G) BRI »

(MRS AT =L, ] > k=01 Ke>0"
lim lim sup P{reli” (hk) =" (B, k)

3% oo
m,—)m ]

m.,m -l Y'—2>Y H

_(?(hsk)—"Y(hsk))l>8}=0 ° (6)

P{re

7" (h k) =" (h k)
- (?(h’ k) - Y(ha k))l > 8}
< reVar(y" (h,k)—Y(h,k))

2

€
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l

2 War(y" (h k) + Var(i(h, k)
=

- 20" (k)G )]}
ity >3

lim lim rc Var(y" (h,k))

m o o

= lim reVar(y(h,k)))

[

y
- c(h.A Whk)

lim lim reCov(y" (h,k), 7(h, k))

m,->® r-sw
m O -y

— T
- G(Iv.k)(h.k)

RIBK(6)RE ST = Mida 518 1 » BFISEE rc > o0 o
Jre (G-G)—2Y -
ERTTHEM | 23 -
EER 1 WA > BB (27 (5):se D} IR
(ESERIE = CAR =V
({Z" (s):s € D} B35 —HehS T FRRERSS o
CIE{Z" (s))']<w ©
=)
C" (i, )
=Cov{[(Z"(t,5) = Z"(t+ h,,s + h )’
H(Z"(s)-Z"(+ g s+ g.)'],
[(Z"(t+is+)=Z"(U+i+h,s+j+h))
H(Z"(t+is+ )=Z"(t+i+ g s+ j+g )]}
=C(i,j) » ln|<m, |n]<m,,
lg,|<m,|g,|<m, °
@ = |>m, 8 |k>m o
Z"(t+hs+k) > HAHNENT o
MR > (27 O IB— (m,,m,) KA T BRI
15 B HIURE) 72 (EE « FHHH_LERE 1 AUHEEEFE
TRl HAG R -
55— TJiTH » B# T Baczkowski and Mardia
(1987) ZIEHEE R MG FAVSRS - BAMiG%
AP AR FEHS E RIS I RRIR > S REBE 2 o
TR 2 Ri%{Z (5)) B— T HEREHE S Hah 2 e 1

I zm@,s) F1

MFT AR > HIE res o 0 Vre (L-L)RUMIR 2
MR REFTE - MM o BSUER Y (5T

A
G(h‘ ER TN

= lim reCov{log(j(h,.h,)). log(§ (2.2, )]

o

1

kY8, Tosrecer
Pt FIREEE 1 RS R SR delta /1> (2
M Serfling, 1980, p.122) » {Fa[15%] Jre (L - L) ki
FR 7> i o

{EERHEEH E R i L 0 RS AT B E R
FIeAf 5eaBab 5 15 — = T RE bR, » SRR ER L - 1R
LRI T B RO AR S OG- Kt - e HE 3 o >
BAIG T st — & WTREH 5 b  BEAR (R 2= R R
Srifi o RFEEM » WAARERESWERERT - €1
1 PRI L ET % B 2 AR5 - 45 5w b
BRL 73 (M St s BLAR R 7 TR B o] B PR ZEt E
Mg o Wik » LUERWEEEmS - 8 3 HGHE
(B (E A -
T 3 {RE%{Z (s):s e D} B—NERPREI i HBE A
5 o fE— K/ NBrxe o x Ky J71a) FABAR I EL 2 FEB&
FEEEE] Y IE R FT A8 FEREE HAE - (Z (s))
P REmE

S 3 [1(q. +h.q +h)

+v(¢,-8..9,-8,)-v4..9,)
~Y(q,+h,~-g,.q,+h —g )] <o

RISHTEES L A0 L Ercow » Jre (G-G)IY
MR B 2 B RS - EEAS o - S R AEp
Y ITHEES

0_.

A
th, kg, .8,)

= I’IIE rCCOV[?(hx s h,v ))s ?(g, s g_v )]

com

> 3 (¥, +h,.q,+h)

!
2050 oS
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+v(¢.-8..9,-8,)-74..9.)
-¥(g, +h ~g.q,+h -g)I
] BLAEEARIEE 1 LHEEREIER AL - sARE
“HE B om >0 ~ mo>0 0 FE % — HBE 5
{Z" (s):se D} 5
E(Z" (s))= E(Z (s))
H
C" (h,k)
= CoV[Z"(t,5), Z" (t + h,s + k)]
C(hk), Flh<m,
- {0, 5K > m Bk > m..

k'va,

H C(hk)=Cov[Z(1,5), Z(t + h,s + k)] * HI{Z" (s)}
B (m,,m ) SR NS RB & ThERELS - & G™ Fl0
G" (REMEIEH | FHAMERZME M Lu

(1994) BIRH 333.1 7 Jre (G™ - G™) IREIE 4>
Fs S e - IS o HAEIER 3" fy5T

"
G(h, EREACN

l = &,
== X[ +h.q +h)

+7"(q,-8.9.-£)-7"4..9,)
-Y"(q.+h.-g.q,+h -g)I

TREL s B rcow » Jre (G"=G™) —25 Y7 » Hih
Y"~N0,Z") o HRIFAEHE 1 MHE.ZRE > BaE
Jre (G - G) BIREIR /5 5 5 B i BE YD - S
R0 HERBHY Mt EE

y
G(h,ﬁ. Mg, .2,)

| © =
=52 X [vlg.+h.q, +h)

g,=-o g=—w©

+v(q,-g..9,-8,)-74..9,)
-vg, +h ~g.q,+h -g)I

EIEMNEHE 3 278 -

+=o
o off

HERETEI 1 AORE G H o BRI MR A
1 5 B R JE BB o AR ZREBRT AR Y
HLGER TR M S - 1 TR L E
(19 o L1 IR AT A (RE B3 25 108 S TR » i
B2 B A IR @ WrbE et & M ERAR 3 H& BL 2347 25 1
& TR E A 1 SRR AR AR R 22 O RRRR 4 i -
DL » EBR 1 {7 FHES A FEFR R - S o i Ra b a5
ME > BTEEE 3 AR A1E L Davis and
Bogman (1980) ) m FM{KIGHFERRFS - ERAHE
B PAR 22 R > R ERHEEAY (spherical model )

W m AR (HIEMTEER 3 At &R eE
RRER T B MBPIR IR o B8 R
R ELHEEF % % 19 [ M (isotropic) X £ i FE % 1) 18] 1
(geometrically anisotropic)) 4 iR 7Z= L8 o F448 Bk
F58 (exponential model) * /&35 (gaussian model) »
BRIARAEE - PR 3 B0 5 ke Es - miEas R
JTMREZETE » B — Rt A E R i &
ME - WEMHBHERSHEHER - &% ZEREY
R AR HORR SERE R AT LUK E R LR HE 8 e
TR R L HE 2 A R T HE R AR RS o
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A Note of the Asymptotic
Distribution of the Sample Semivarogram

Hsiao-Chuan Lu Shao-Tung Chang

Department of Applied Mathematics Department of Mathematics
Chinese Culture University National Taiwan Normal University

Abstract

The semivariogram is widely used in geostatistical data analysis. Most often, it is estimated by the sample
semivariogram. Knowledge about the sampling distribuction of the sample semivariogram is neccssary in many
statistical inferences, such as assessing the goodness of fit of any proposed scmivariogram model, and testing for
directional symmetry properties. Some theoretical works have been done on the marginal distribution of the
sample semivariogram for a Gaussian m-dependent process, but it is not of immediate practical usc due to the
restrictive conditions and the presence of spatial inter-correlations. Although the joint distrbution of the sample
semivariogram has been discussed through simulation studies, theoretical support is needed. In this paper, we
prove the joint asymptotic normality of the sample semivariogram under a mixing condition which is lcss
restrictive than m-dependence and is satisfied by most geostatistical models. The distributional result is established
for random fields without Gaussianity assumption and then specialized to Gaussian random fields.
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