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A Spatial Statistical Approach to Residential Differentiation (1):
Developing a Spatial Separation Measure*

Sang-1l Lee**
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(spatial separation measure) & 7{&dke Zlojth o F7t Beld S Aoldh A Ado] AF F1tol duht B3 £
EH QAo it AWt ofet 283t BT E27t ReFe T &AL H T ARE S MR SAROI:
8 A A= o2 2o AR, 7129 3 d¥A 2S(spatial association measures) 9F ‘FZH2 Fhol-Afo) FAF
(spatial chi-square statisticsY & F%38to] M2 E=& /Pdglen, Uuistd WEs} FALS A 88 F=of gt {24 A%
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Q0| : 30 2ol 25, 72K Ba, AolAls, BUBAR 2204 A2A,
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Abstract : Residential differentiation is an academic theme which has been given enormous attention in urban
studies. This is due to the fact that residential segregation can be seen as one of the best indicators for socio-spatial
dialectics occurring on urban space. Measuring how one population group is differentiated from the other group in
terms of residential space has been a focal point in the residential segregation studies. The index of dissimilarity has
been the most extensively used one. Despite its popularity, however, it has been accused of inability to capture the
degree of spatial clustering that unevenly distributed population groups usually display. Further, the spatial indices of
segregation which have been introduced to edify the problems of the index of dissimilarity also have some drawbacks:
significance testing methods have never been provided; recent advances in spatial statistics have not been extensively
exploited. Thus, the main purpose of the research is to devise a spatial separation measure which is expected to gauge
not only how unevenly two population groups are distributed over urban space, but also how much the uneven
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distributions are spatially clustered (spatial dependence). The main results are as follows. First, a new measure is

developed by integrating spatial association measures and spatial chi-square statistics. A significance testing method
based on the generalized randomization test is also provided. Second, a case study of residential differentiation among
groups by educational attainment in major Korean metropolitan cities clearly shows the applicability of the analytical

framework presented in the paper.

Key Words : spatial separation measure, residential segregation, index of dissimilarity, spatial statistics, spatial

dependence, spatial association measures, spatial chi-square statistics
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A W AR A 7F F7HE A 9] AR
F)A)2jgke] MEH U FAY Bk ofet A Akt
gho] thokgt 2of, B3] Z=AAEE 32 ZAAA
o 23 T4 F9 shtol7| = djrt Aol AHE 7
A AL 2t AT JH2 ZAFZE HollA Aol
& AHE ARshe Aol slen, 2t e 2 ¥
7 Eele oA AAAIA 228 AAAehed 7]
gt ST ATE Aol AFA] HEjg A=
7Hethe A2 F Ado] thE Yoksol| vis) Yt 7H
A e F=rt srhe A 9uiats, 53 2AjY J
o 7F AFA EEl9 ATt thE TAlo) v Erhe

I A9 AE FER7E AdEeR o B
i?EM Acte A et ufepa AFR|) Bt
W =A T AN A ALE-EH dF
el ojA] A FE-& AR g

oje} Zo] ALE)-F7Hy ZREAAE olFishe ] ¢
o] AFA] £317t 352 Aol=hd, A 7 AFA
229 Ao iz A 3t Z T (measure)S A|
53h= A FA] B FastchMorrill, 1991), st
H e 7 AFA] B2l AEE AFHoR £A5
£ A2 AFA £ @l tist 71e3 2% ol
AFA) HB3lo] L7 (spatiality)ol] st ExS A

Al & 4= 7] wiEolth tA] WA, AFR] 2

= B3] I dAolr) i, 1AL S
T HA] AFA 289 A A B3] =4
e 2 FAste]ojof gk Aol o]t 9
sod, 2 A Ad e sy BAsH o2 Axa
T Z 28 i) YEiAe 2 343 SHEta

ALS 2 XA}

Q= 375 ASHspatial statistics)<) 01?-*431}01] 7]%k
sto] A 2o didt 7189 xS 2P
a7t ok bl 712490 2A 94 %l%‘:}.

olgi3t FHA, AFA £ =g &3] ¢
3 &3] AHEEE AOlA+(HHRIEE, index of
dissimilarity)= 2 712} EA1HS 23 Uk AolA|
e W] SR Al AFA el ot wjE
ZHQ) Agolth, &, W3 o2 39 4 Bl
thall TLTE AolAe7t =28 4= thWhite, 1983;
Wong, 1993). TS oA Bed] 784 A+d
£ 5AH =7} ofdth. &, A5l dligh Al=]E vist
Frold ARl AAIEe] 9lA] ek 37 A A=
(spatial indices of segregation)?] 7ji-& ¢35t 2|29]

S H AolA SAE SEEE AR
0] B7HEofoF 3t 2t Aljkd ¥4 A7) A
S A% 7k BARE 2801 Qi oA, ookt 3
¥4 A A7t AAE QAN gelgniet a0 A
AR A AR A E £330 A X=E
HA| 8] A=Y 8 FAE %7} opct,

ol AN EAAE vpgo g B e By
< 3EARY AT HAHE AFA B3 Aol A
&3], Q2L Z=E M 94 ARHEE A
Alste]) olE feluEt 7o thEA|Q] AFR] Bl
gt 2492 Aol A&she Aolcth Bk LA|FQ
oAl = tha 2ot

A, M2 30 &
measure)?} 24 HAWS gt ol & 3, 7
20 Z7H 22 5T vmEoR FEstn, 37
FATAA MLE T ABA =% (spatial
324 Fhol-adlol EA%

Al ZX(spatial separation

association measures)2}

- 617 -



olg

(spatial chi-square statistics)& 23}, E3 49
A ARS8 ‘dutslE dgs}t H2W(generalized
randomization approach) (Lee, 2004)2] Z-&7}5A
& ARG olaie koS vigon I oY &
=2 2R FAH &4, 21 7HEEA ol of
g Akgte] 7id Aok,

%Z‘H 1 t‘“ﬂ%& FEUE 7o =AU NS, FAE
A, i, B oA, 2499 B ARA) £ o

ol 285 H‘—} °l AR Aol A 40~59A] A1E of
o2 3 A 7F ARA] 27t ddoh, AFR
229 7180z RS o 42 R AF
A 227t ‘:}—r?ﬂ 73‘1113‘1 XFE°1] ——]511*1”} ﬁL 5]'“

i

F

Re d0M2 cra x| A2 491

= N8O w3 el 604 oHE AT A
o A% ool AFS Fusly] st 2Aolt), At
2 13y, 308, AslEos FRam A AY 7t
A%7) 8] A5g 24 Ry,

2. 71& AZA £e) Ko it
o 1%

1) MOIX|4:(index of dissimilarity)2| 28|

Ho|A|4 S Ak Alolol A gt A% Bxel 7
G2 23] 913 Unparze] Aol ol Falof sk )
2RYo2N B AT BE Ao|4o] F ek 7t 7

Z BARAL 4=2]3)31 A OID}(Duncan and Duncan,

1955). Aol RX4E Fol= 22 ofl| o} 2}
ly| X _ Y
D=7,2‘X Y‘ 1)

7104 X AA A X-The] Q1T 2 xi jxjod
ol AF3He Ak AFHE RS X/Xs iAd X
A Ao A X Ao gt vl &S ujsit.

olefgt Aol |47} 2= Bl cheiAl Afslstat

A ATFERE sy A H = AT, A2l T
TR SHAA B} Fad AL Aol|47}
7HRIL Qe E37E AF3E Aol & AolA
Si Az 2ele) B L 2R et o

£ gAHog HoF= Zo] White(1983: 1010)7}
‘AALE EAl(checkerboard problem) 2tz &
Aot} o)JAL F7HA BE gjglo] 71X Q3= 27t
2 oj&X(spatial dependence) & F7+3 A7)A¢
HHspatial autocorrelation)?] EAIS | Hsh= o]
o 19 12 1007he] BsIE A T 47
Aojel Edg 5 Ahe) Aolgt ARA 2o PG 2
%3 gick £9o® HelE e AUl 100%
AZee Aol m, £ 02 HelEA) ke BEe B
Hko] 100% A8k A Holztl & uf, 2 2% wjel
o] X sfelol uls] A2l FHA o] YAl o
FEHYo= 8t %%_'E’l ol gho] AbzEl
o &, Ade SY9AHI SOAA THA ARG B
oAt TA= BAG Y+ FHE gEAS B
oFIL e, AdolAg= olF FE3HA] Hilhe
o]t} Massey and Denton(1988)2] g-0}& W A
o|X e AFA] £el9 ‘EBxf5Aunevenness)
S = AAT, 3 WS Z(clustering) = &
A Xk, &, T 304 HfEe EdsAolMe 2
A9k, HFEolAs FA3] o2 Aot

ol HFE 9 zol7t FHA= Yujs HHst
ot AFR 2 E AHE A wiA| Y] F23) et
A Aneta & o) AR F A Al A4 o2
Z dijdofA A o @At 25 ATt o] -9
A8kt 2459 FE HA] QEX HEoA Exl o A
g Ao] Agsieh ot 7t AR AA Y 222 ¥
TE27F ARFAA 1 I AAE iAo A
A wf o] F A= AFA E3ke] A< 6‘
AA)7h S8 thE Aojrt, kA AolA
A 299 3 2EE AR wrdaka 9JA] #a)
o, 3 194 AAE F g B3] L&) &
T Qe TN Z2E ke 22 o ¢ Al 3
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3% 1, White?| HFEE ZHI(E2F, 2004, 18)

2) 32 A2 K| (spatial indices of
segregation)2| S&n} sHA|

AZBRE FHLE oA AAE Aolx|se] B
V30l th A &o] Slejgren o wet FriskE
A2 A7t Ad=AdG, 21 F F23 Aog
Jakubs(1981)8] #g-71¥t A} A|$=(DBI: distance-
based segregation index), Morgan(1983)2] 4=4%
A 2]-714 R4=(MDBI: modified distance-based
index), White(1983; 1986)2] P x4, Massey and
Denton(1988)¢] ACL, Morrill(1991)9] D(adj),
Wong(1993)9] Dw)et D), Waldorf(1993)2) gg-7]
¥t A2 Ag(eelocation-based segregation index),
Charkravorty(1996)¢] IFF Ed% A+NNDI,
neighbourhood disparity index), Lee and Culhane
(1998)¢9] A% A4=(clustering index), Wu and
Sui(2001)9] lacunarity-7|4¥ A2] 4= Dawkins
(2004)2] 374 AU R4, Feitosa et al,(2007)2] &
Btate F7HA Ao] A <=(generalized spatial
dissimilarity index) 0] 9ic}.

A7) HE AolA5E AT FehS H5hn 9
+= Morrill#} Wong 9] x|<poll H&sta} g} 2}k x|

St The ) Zo] Fojhn,

33 lefz—2)|

* Morrill(1991) : D(adj) =D— s5e
g l/

* Wong(1993) : D(w) =D~ Zwylz -3
i

* Wong(1993) :
D(s) =D—%'ZJZWU |zi—z;1 X%@

o714 D FOIAFE onjshd, 2= iR F0a
9 olulel 5% xeke] w52, 7= 9t FoRo=
AR S NA Y B e v]F-g o]t
PO} A F7EH9IS] B4L YERR: MESolt}, of
T ApEE BE o)2pef 7Nk 14 &
4 A HsEEY 3 &Y 32 JFES
25 gk FEAE 27 Uk, M FAA0
2 gdshd, 74 4 A Aol &3t
3 o4 RS AYele T Hu), U 53

T AV e Baln, 20 o2e
54 REe g ghe b Holna, AR Apolx)
Sk A4 A Rolch WA, S0 2 9
24 32 304 AT Ravhy, 274 oz
A e glol AR AR LR Ao|xl4) gho] W
oMAA Hlk, 23 WP Dol £ 445 B 4
2)9] Sze] by Wit 4 9int,

FH Al A4} oA AFIEA| ®oiZ] 9)
s Aolls7t 12 SYsAR B Eye e
A 7HA] shief) chal Slo] AT R42he Mg A
& Hsk 1Y 29 ZrhWong, 1993), LYoz
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D D(adj) Dw) D)
1 0.94 0.94 0.95
1 0.83 0.83 0.84
1 0.50 0.50 0.54

02l 2. 37 Z{a| Xl4{Wong, 1993, 563, Figure 28 +3%)

Aejd 2R o Fde] 100% AFshe Foold.
A|aghol| A Bo] AQHE 1M A5 Al gjdol
3] mF o2 gk 4hEsla glon, M &4
o] ¥ HHof| =2 Fho] FolA U= &+ Uk
olgjgt ¥+ A A 1 7HsAolE B8k
th2-9] Al 7kA] oA A7 ek, AR, 73] H
AR AojR| 4ol SjEHolm, ARME A4 F of
L Zo] Bt AEAIA WEA A gk 219 Al
Aee AU T3 37 234 3 d(spatial
proximity matrix)& o]gA| LA4gsk=1fo] met 12
2B 2y 0 2= o7 zjol7} gtk B, I+
Agl e A3 g ST FAFLEAY
A9l AR} et A7t FAF7] Al 1 A
2ol REEZ(sampling distribution)7} & XA}

|45 7|k} AR AL = e g4le] Al
glojof it} AA# oz Ao|Ajg ZAjel| gt 7o
4 ARE o Aok AAET e AAolot
(Ransom, 2000). A, FAHQ] I A A8
AEstee A= Q71= @ARKMaly, 2000;
Wong, 2002; 2003; Feitosa er al,, 2007), o|2|gt 7
2 F7F ATA &S (spatial association measures)
o Ao AAET Gl HelE ZEol FAH A
Zholl ZR3h= 7PHAl 87 (additivity requirement),
= 2AY 259 BRe ey 2Eo} Pope 24
& WEAFIA] i o]AL FRA fHE AHH
7 H o] AHE 4= ok AR 9njict
et f2o] /g Fr H9E ZE25E 24
A EZert APF R A9E £ U= FHE Hok
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Ho}, A2e ZEE 7l20] T4 Ag A% 7
Sl ‘Azl moke woh 3YAY ofn|E FE]
98 Kzo) e Aol the) B2 By Zxat
olg-g Hofalr| 2 Het.

fr 2

F(F

3. 33+ 2|4 & Z(spatial separation

measure)] 7ljgt

1) 32t AN EZ9 T 71020 SHE
Ol Chet 2=

(1) 32t AN S=(spatial association
measures)

QoA AFE AAY, AEA a $2 2y
SEE 39 900 $LA L2 247 32 o
'Lﬁnom

2 °4:1L°ﬂ/\1 %J A (univariate) 37t ﬂ”f’“ £ A
Lak= 719 FRA40] AHET A WHMassey and
Denton,1988; Wong, 1997; Lee, 2001; Dawkins,
2004; %29, 2004; Brown and Chung, 2006), A3
g A7 gAZ AAHY A2 gt ®g 2
Moran FAFol Z5she ATl Qlof, A4t diiel
w2} Aojdt F7 AWA Fxrt ARSE Fadol Az
FA] FHL Q= Aol 53], Moran FAFC| &
M3 oJEAE &A% 8l A wts 1Y T4
(covariance)& AME3N=T| )|, Geary A3
£ 79 Aol & AMESLAL Stk Hof| 58 Jart
Att. o)7L AolAleyt 3t A Aot fAMIE
e AoE 238]8 Geary?| FAFC] AFA| 2 &
TFollA= o AA-E 4= Q&S AAIBke Aot
a8y M2 3 294 SEe ol¥w
(bivariate) 7t ATY FEA o B2 FHEE &
ojopgt Fit} Jubsiy, F AW AFA] EH F
Aol 382X e 718] HIZE ou|dh= o]
7] wj2o]L, oz 7t AV F=rt 1% A

2o

7FX 230l oiet LS 2 ()

X

2t

(i

=9 Jh

Ok

2|

A
ox
1P

(co-patterning)®] A= Z-2 o|HIF F7tx oFE A9
BEE SHske ARE AL Q7] HEolthlee,
2001), ¥R CM(Cross-Moran)(Wanternberg, 1985)
3} Lee's LlLee, 2001)0] AAEo] Q=0 CME 1
AAE B EAHE 7T 7] 2o, Lee's Lo]
Bop geERl AFA B2 549 djtez AAE
£ 9)& Ao = g

Wk S Ty @

Iy AlZe] 7iuE B3t & = Geary 9
UHF SAGE o|HF L2 SR o T Gea
Ao sy Heh A EHE vpHdE ¢
Ao AetEnh ustd ol AdF3t AAY, A

FE7t B M oE2AE AW Geary
7—‘“‘“’0““"‘] AuE AAY, AT Y59 Aols B9
Bt on| QIA EAE 4= vk wdE7] figolct,
T WY FEIF AARBRE B O E Fa% AR
oA AXE AHH ot agt BalaAE B3
FAH FE2 golstA HEE 5 th= ARl

O_l.
A

o

r
o wu

ry
A

ek

. off

(2) B 710l-2H0 SARZHspatial chi-
square statistics)

N2 e 3 2oy S e flo) MERE
o 4¢] A4 thR= AT HA(goodness-of-fit)
T2 Hr} g2 9uj9 ¥E dlo]g £4(categorical
data analysis)at :L7;l§ =7 AatEe)(spatial
epidemiology)oll 4] st A7 a5 AvE 9
27} giciWaller and Gotway, 2004), vk #
F2) gt 71EA o8 FHletal e HEE v}
238 AT o] ojd RlE EZE Hol1 1}
o] ZAE ujstn, 1 W= Ex7} o] AHY o L2
€ F DU AFA o7t 2%t 3E 4 9
7] wjigolrt, o]2jdt EHojA 7]EQ Fiol-AFo| A
AL F7HH o2 A3 Tango(1995)2F Rogerson
(1999)9] A= AlAtshs Bzt 2t

o|H £40] Y Mz B2t FIHA E24e B
olzAl 284 2AE HAY 4 9= WHoE A
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ob=l 7}-]\0] Tango Z]—’}\—OII:}(Tango, 1995).

T=3.3%;(rp) '~ p) 6)

=

oA7loIA as B2HEY 7 S BAS Rolshe
B 24 HY B Qo i B AT A

i o U pul

X9 9 F A F -?*]"1]’\1 wEshe U7 vl
%, & @-¥]F{(column-proportions), r/= iR F7t
9ot AT T BEShe XD I B-
g =23 A4

BES oujakn, P RE Q17
A7 5 R FHAYoIN BESH: A7) FujE
& P A BUSI0L T ThEglel] Rze
£ 1A AT - v)FL oz
Rogerson(1999)= wy=ay/pp; L1213l wy;=a;/p;
2 @ %9, 9} Ao The 3t 2o) ¥olEE Bl
A A2E B2 71ol-270) $ALE Akl

R =22Wy'(rix—pi) ('}X—IJj)

¢ rf-p) (rf—p)(ri-p)
R s Sl

ol wj g $Ee AukHel WP Fjol 230} §

Agoln, § PR vkz F0H 243 B 2
Holch, AG)3t A@)7h FHsHT Yk AL 2 Iy
9ol 574 Wue GulFe AR AT Wee] @)
o2 UFe) BZIE T F, 139 Bav} HelFL
304 924 25T Yok,

o

ofefat B7k4 Fhol-2dlo] EAZo] AASHe ut
£ Ajzol e 37 4 F57tE Qne) @)
F9) BAZ B3 HAstElofo} Srks Holrh, Uk

Hog I+ AWY S=E ¢ o] & T W
oAl RFABR= H)F, & §—H|Z(row-proportions)<]|
2A& F1 9ok 28U Bt o $a% AL 34
Ftol-2Fof FAFO] F A F=ot Ee &4 F
71t o) Alolsl E Jl8 183l Qb= AFA o)
o}, HE E-u]FE ARGE sioigte 37t QA
229 Z¢ F 30NN ek vl gl 2
o, HA 2o digt 7)o =t 553 Aes
gt &, HlF glol & U4 7 “H Z 3l
A ERE AR e AL FHERoA ] 49

AUAES TR SFch. ol ZHeIN, 7 B2
©9l9] 54 A7 W9 G-uFe AR AT Al
§ 2t RS AR FOE BRI RS

S

¢ gl Ao 2 wetgrl ojAL 0Oden(1995)
o] $38 Moran BAZE AN ol5:2 Y53
= Bojt}

() 37t 2ElY F=o| =A

HoliA] A B A& vigog NEA ARtE 37t
24 227t ZpAof ke 2AS HAs o2
=
AR, B2 Ee4 = & AFRTe] 3 F3h
9 WollA Z= vS(E-u]F)e] ohet 3 A
o] F7HHY Thof| A Zhz vlF(E-HIF) 22 FAEH
of i}, o] R F Frho] F7H AofA Halwo =
7t 287 gertE Bkl YEAs 74 3
ol A F Jeto} AA|ehe vlF-S H|wsk= o] of
Uat & ko] IS E 7tz ogA Bxsin
U=TFE vlaEjof 317] wfiolct wakA o] AL A
ojZ9 7IEES FAGTE AL Yuditt X, ¥
5 Ao i FAEgelAe] d-ulFe Az 2
HHZ T o, AQo] Vet Qe dolAeE o
Zol xgdd 4 rh

.

l"(r FlE
Jl)l'
rlr
et
r

[‘

BEA7} opeh G-ulF 7o) AR FAE ol
oF Bt} © Ueprt 2t G-l B2 Flol-24)
of Aol Hojz ANY Bz
A HE)E thg} o) Fojd 4 itk

AN
a&%
)
o
N
E
_F,L
L

=% (riX—Pi)——(riY—Pi) ©)
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o1 B9 19l AW, T2l ol F2E
5 Ueldel 5 Age] A, of ¥l X7 FAle]
welsfolo} sk Aolck, A A o W] 7H 948
SYH 02 Sl DRI AL IR, )
B2l 2ol ks 24 told 37 hgolHornt
Bk SlolH A7hE BA Aol ASSE ol &
B TS QI shAlE 1 B8] Al Aol
Aol che AEAE 2o7] 9Ih 23H 02 2
o)3 ik B 1 WAL Gtk &, BB Aol
St 28 A oRold Aol ohlet T M7t $A
of MeiE 4 G FHA 24 722 MY Wast
Sk Relek, oleit ZHelH ol B2 A &
£9) 742 H2T 4 otk E WolA AFWE 2A
@ 30 9B 359 722 BEoRA A4 &
£29E $olstl FAH 258 o|Zel W 4 Ut
25 oJo)E Y 4 A Bk

2) Bzt Eald ol g

A, HB)IA Foizl Tango 24§ o HF3}8}

o ok} o] 012 4= Qi
T =Z/2v,, W =pp = =p)l -l -p) =" =p)) ()

A7VA vy B 284 B (spatial proximity
matrix) VO] @48 £ 27409 7+ 94 TAIE 44
ok vt 33 24 BEol ol% A4 binary
contiguity) Bl 82 HoL|rtH, & FIHSvt
BAE HhaL glew 19 ghe, 197 gow 09 gt
S Zd=th e oA RS s gET,
Otr'e E ThE A X Yol gk Zlolct, Al A
HEH flolA AFE AXNY, $4 2 F0HEY
g-H|Fo] ®E3tE|ojof §hE & 4 Qlrh 123 LA
Z+ FRlel] i ol FrE] shhE Aegt &
X} YTk k2o djsf) &3St G018 A8 T
T ohe, I AlE S8l 37 A P oliA] S0

HFER| 2stof cigt SsAHRH "2 ()

Z
(.

O

Al
i
0x
I
H
1o
=
g

A& 7EAE £ #3ks FHE Fste ook v 3
7F 244 Pdo| JP-EFESHrow-standardization)E]
o ot o] 49| ojuj= Kt} ¢A olaiE 4= 9l
ot &, g 3PSl e, ol Tt d-

J

H]-& x}o] 9] Wx}-Fcross-product)ol] that 715 B
e A, Be Sl g 2 7k Betgk

< Atsto] A FAIFO] A& El= Aotk
thed) Bl 37 AT SEoke] B4dE 1
Sh= Zoth, doliM AERt AAE, ol 3 A
A 5= B2 ARFEE £ e H, 53] ojiF
&

Geary(bivariate Geary: BG)= 1 7FsAlo] & &
Ho|zjt op27tx] A b k. AHF Geary 9
A2 A3t o GearyE T3 thdo] 54
o2 AAE 5= et

ol ,Z!Zvﬁ(x,-—x/)(yf-y)
2;;"9’ «/'_E(xi_f)z JiZ(y,-—?)Z (8)

OHF Geary 2] EAEEY &40 doiA= o2
oA AA|3] thRojAof siAlRt T ThA] AR
o714 g Zazt ok AR, 71digte] & W
7+el moj&9] AFHA| 4 (Pearson’s coefficient of
correlation) 2 Fojch, o2& B Helrt % 4
©e] F-ulF 7h) Al o) A E|ofof gtk
£ 4L 7 o) oh$ TRH AHe] obd 4 g1
ot B4, F+2AH2E A7)T W AR FEE
s glh. ol A0)& A8)9) Wel2 Wasi|n o
37 A F=olA ofn| HEX ookt A
4 23S o83 & Q7 Hrke AL ojujatey. A10)
& )2 F2o Lol Waslel AFHA T2
2l Z&(SSM)E AAISHH thaat 2t

- ;;vg-[(n"—p,-)—(rf—n)}[(r/-p,-)—(r,-’—zy)]

SSM =—2=
2;;\’;‘ J I_Z(rix_Pi)z J 'Z(Viy_Pi)z ©)
2RE 40)E Hepin sk 44t 259

REESE A8 BGolM ARG A 83 HOE
FAe| P2 wHstE ohEat ot
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_n-1 '(zX)T(Q—VS)zY
SSM = Vi (10)

ol f, 1& ZE 247} 12 o|Fo|A nx1MES
oJujatm, 249} 2V HE| O] 2t @ 2k TS} Zo] Fof
e,

riX—Pi rl wii
z¥= :La——, Zp=__ " &
2 pYin J r"-py/n ay
E3E 37 A o] Est 2 FtolA 9}

} =
=4, o33t HEe AA 5418 o]} Hl(quadratic
form)o.2 Z33l7] 98 Y4-FHolH(Lee, 2004;
2007), o}5ollA =98 FoA FEH MEoH=E 8
FE= Aot} & o AAI3] AAEHH thEat 2o

S _ —_uS —_S
;Vlj Vi Via Vin
— S8 _
Vi jZVz,- Vi o o V3,
Q-Vi= . . . (12)
s s
Vo Vo )Y Vo Vi

V5= 05x\V+ V7
3) 7old AHH

S-oA AAe ‘Autsle Hyst HAW(generalized
randomization test) o &J&} o]Fo]A 4= ithLee,
2004; 2007), ] YL 37+ AR =9 7MdAA
< ol AXR Aeg, %’-Z_—‘l Eg/doletes AR
o digh 7HIRAE FE 4 A Bt LutskE A
43t AAHe 324 -9kl P A (extended Mantel
test)’ 7 ‘Autsle W G H A (generalized
vector randomization test) 22 TAET Z} HAHY
& 2m0) 379} AGHo|F FAHo|LpE THTEA
AEE 2= QltHLee, 2004; 2007). ©] 3 YA SAF
o] o4 AR A8 2g-ntE FAL 7ds] 290
81314} gt

39 AL Mantel1967)2] A1-B7F €124
zEo) HAHS
A5t 2102 Heo and Gabriel(1998)2] o] v}

(spatio-temporal dependence)

g T o AL T oH B T2 FAFO|

T BEY Aol~ E 1o o= FHE Uy,
1 5% 52 FAFY ldigiat 24k duiske 3
Ao ojaf e 4 ok Aol Al HEe v
o) Fej= gojd = lofof e

[ =X2p,q, =X (PQ=u(PQ=tr(PQ)  (13)

7|4 P BEsHE 7 24 BEL ojojsh,
QE BAE FHY 44 $44 B (umeric
similarity matrix)& u)gltt & AR}= FHH
28] 9 HAE Aok, $a= SN By
g 3E e BAIE AoRit) E u( )= FEY tizt
Aoj fA3E BE gk itshe 3E eodoldS
ojmgic}, g &7 919 Fej2 AHoHTiy, o] &
59] 7|k} BARE Th3e] F4lof ojaf Foj R,

EM)=EC")+ET™) 14)
Var(D)=Var(I™)+Var(l)+2-Cov(l™, ™)  (15)

4(14)¢k A15)F B9, 7S HEiAe F Y
a4 AR e Al He a4l gk Hel7t g
a3ttt A& o e, 474y 248 Fsty)
NaME T o th=9 (quantities)o] gt A e)7}
I a3ltHLee, 2004 F2).

A Z8% 22 4O)0llA AAE 3 B4 2
T7b A)(13)3 22 P2 HEE 5 =y e
oltt, Pl FeE HHY 410)& |83, F
4 Sx7t thge F AEY AolaE Fo &
2 HydE £ AUSS ¢ 4 AUk

uﬁ e

lo s

P
Q=z,- (ZY)T a7

of7)4 I'VIE 3 24 B8 BE 242 Y
ARITHE 24 oJUlsiE, Q-ViE 402)0], 2% 2’
Aanel AAE} Sek, o] F HBS ol§3tu I
2oy Smo) JlYigE BAS 7 4 gk £A2
2g 4 9o,
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B 73 FHE 0l Batelr] whRo] o)A
£ 7Rke PR S4jo] @) EEEER e
AN SR} ST}, 4142 B} 45 EHE e
3+ Zti(Lee, 2004),

E(D)=E(F)+E()

_[PY)—te(P)-(1"Q1) —tr(Q)] , tr(P)- tr(Q)
n(n-D (18)

A6 17)M F3E F FEE A8)ol oA
3 Atstd 2= 71k o ol Foidtt

tr(V)
E(SSM)= [1 - }

Ve | (19)

kst 17P1=0, tr(P)= ‘nn;l '(1‘ tlr’(:fq ) ra

=0, 2281 t(Q) = n-ry,y2 TR 4= Q7] W0l

th, o] & ryis F WS X9} P HARE oot
T, X9} v 5 Anre) Baokd 9-vi5S ojujaict
Cri=p ] [(F'=pi ]
rf—p, H-p
x= r'=p; e 1= r=pi
_rrfv_pn 4 L¥d ~Ps J (20)

TG, oPHF Geary®] ¢ I 2N 99
hzdefl 08 = Zlo] YrtHolnz Bl tr(V)=0
o] &o] HFARI 7|hZhL ryyE o} ZTh, ofHgh H
Ao 7|digka} Bito] FoiAH, -ghe ALkt ¥
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FAAFE ololM 4¥A4 tiE vigh), AL EFE
ujghe) A Q13 Ao s JLESLT QT A7k A
A 29 J=g Z3ct 7|2l FH=
PHES AaPed, @ FHTH TFE A=
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$ 9T FHE o157 8 299 o 4797} oI5
Sfof she ACE Ueidth, QuHHOR o] Bmol 4
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YA o St heAelE B2 Ae 7 AR
A B2, B3 38t Adi AstE A 7k AFA
#eph E300) veta U 02 B2k 4 ek
T el AFE ANY, BA/FHE TRY S
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2 71308 Amum BE AVt ek Aske 7ho
A -0.80)ake] gte Holn oln, TBte-FEH 7ho)
£ 0 3o e S0 $20l AuEE ol 9)
om FaeAne Tl e 21 Auol
At 9Faiel A7} ehdn ek 53] 429
Zote SR 7I0ES 06622 o T g 7o
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fol%2 005014 & o, Tate ek ek
o Afolol 4 BT AR Heph WA 2 AL,
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o

H 1 EA| M SR ET BB
=4 B gAE 8 Rt vlF (o)

h a8k SR A&
AEEEA 522 19.85 66.13 14.02
ARG A] 216 11.03 69.80 19.18
o3 A) 129 12.84 65.77 21.38
AHATAA| 114 10.11 72.14 17.74
FEEGA 83 16.56 64.90 18.54
R TN 76 17.42 62.64 19.69
SARGA A 46 8.88 73.30 17.82
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B2 Al Y e F ZH HFx) 22l cist 32t 2214 S0 R4 B 2t
ZA| =55 8 - A3y a3 - 338 58g - Aty

FolA 0.4665 0.3376 0.1607

AL SSM 04175 -0.5363 0.3080

Vil s -0.8647 -0.9485 0.6609

3t 16.2575 12.9071 -13.6157

oA 04168 0.2838 0.1603

Epm. SSM -1.0046 -0.9470 0.5095

7IH%k -0.8759 -0.6938 0.2602

z -1.4699 26617 3.3506

oA 0.4158 0.2659 0.1720

PR SSM 04331 01305 -0.2531

VAl Ty -0.8652 -0.2848 -0.2340

z 8.2409 3.7024 -0.4614

B AolA5 0.3805 0.2423 0.1539

QAT SSM -0.5965 -0.3621 -0.0498

4L e 0.8575 -0.4258 -0.1003

23k 45311 1.1268 1.1120

Aol z|4= 03711 0.2032 0.1912

| SSM -0.7808 -0.4117 -0.0070

71eg -0.8749 -0.3995 -0.0943

z-Zt 1.2904 -0.1716 1.5257

Ao 2|4 0.4665 0.3188 0.1874

el SSM -0.4590 -0.4392 0.1488

7Ihgk -0.8406 -0.7874 0.3456

23k 55301 4.6092 33977

ol Al 0.3630 0.2590 0.1401

FET. SSM 0.7932 -0.4497 -0.0346

7IHgk -0.8469 -0.4444 -0.1000

=3 05417 { -0.0632 08395
(16,260 Ho|1 glo], TEHo] x| el F50) ey Aok S8k o 7hl A o2 f-o3t
I oz YZeo} Qg Wuk ohujal At o] X)) o] e BelE Uehd Ale Ag, oA, o,
2l FEE FHE R QA3 Aol A3t Aoz Filo|t}, B3] 9] A= 18- ety 7hof ¥
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o Ao E Tt ghdd, BAE B A B A HEEe]-S 28 2§ o] =l vl 2
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QA g2 Ao FAFH RE AP =& =39 AFA Bz 8731
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