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Abstract : The main objective of this paper is to elucidate the characteristics of a new spatial association statistic,
S, in comparison with local Moran's 7, local Geary's c;, and Getis-Ord's G, . S, as a new local statistic measures
how much (and in what direction) a local set contributes to an overall variance reduction resulting from the
smoothing effect which occurs when an original variable is represented by its spatial moving average; the presence

of a strong positive spatial autocorrelation in a local set results in a higher $ and vice versa. The main findings
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of a comparison of the four local spatial association statistics on the basis of four main concepts (spatial clusters,

spatial outliers, spatial regimes, and local stability) and two additional criteria are two fold. First, they are largely

divided into two distinct categories, I, and ¢; as more association-centered ones, and §; and G, as more clustering-

x
centered ones, Second, S

can be seen as a substitute for G in the sense that the former satisfies the two conditions

for a LISA and its distributional properties are better known. A regular tessellation analysis is conducted to examine

the feasible ranges and distributional properties of the local spatial association statistics. Major findings are as follows,

First, correlations among the local statistics are much smaller in amount and their feasible ranges are much narrower

when compared to their global counterparts, Second, the feasible ranges and distributional properties vary in

accordance to the number and shape of spatial units, the number of neighboring spatial units, and the specification

of spatial proximity matrix. Third, both the skewness and kurtosis are much more pronounced when compared to

those from global SAS such that normal approximation is proved to be much less reliable for significance testing.

Fourth, differences in spatial configuration of the 7 largest cities in South Korea dictate differences in the feasible

ranges and distributional characteristics. This study can be viewed as one of the most comprehensive studies to address

different pros and cons of the local statistics and is expected to help researchers choose a statistic suitable for their

empirical studies.

Key Words : Spatial autocorrelation, Local spatial association statistics, Local Lee’s
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ol w £ ke RES K, =M E( T M,
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2) Jtsx| Hel 2
AR o2 Fele] FeGkdd, A, £749)
oF A= oh2 RS Tae4, 256, 1024)9] T3f o] 2

Q1 7FsA] W, & 2 Hsghs AFEsIIthaE
4). 8 A5 Aibe= ohgat 2k AR, F414] sasé]
7FsA] M= AR sase] 7R52] Wl BlE Al
Wtk oS 501, 25670 AR A9 A 2 FA
2Fo| 715A] HE -1.0485-1.02160) A, 2L H$-

o] 2R A mE EARRE] 73] WOl 68.1321~67.0655

ol I8, A, 4] b5k 471 ol )
of 9l FA3] Soluck. A2 Sol, 3449 7

AA 329 A7t 6470 %‘%4 F—Xl “*HL
-15.3111~14,11859| A9k 1,0247[181 A= -217.8127~
216769622 A woizlch A, 5 JEH Fefjo w}
o 7H5R)9] Wigle gebde) &, 712 5] we A
7t soldrEoN 4308 448 7
N N
785, =AA 2 SARE] 7heAl jfhe e

9] -78.7444~77.6778°14 S B Y 9] -56.6891~55.5
2 Zojech WA, Aol sassh wrel, A

Aekel 7154 Wel7E S7He] AR 08 VR0
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=20
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ne
2l
0
o
=4
re
=]

B 4, TAN BUSBSSIR-O| 7KsE| Hek J2Telel selet el &1t

SAZ ¥ 7k MY
UL | 30 .
_ N SAH 2 SAF SAH 7102 FAZF S A%
2 N - - - - - -

A & Zf Fa o i

64 19.8806 21,0235 48,0000 0.0000 15.0000 0.0000

] 256 77.6778 78,7444 181.3333 0.0000 63.0000 0.0000

1,024 304.0267 -305.0589 704.0000 0.0000 255.0000 0.0000

64 16,9948 -18.1376 45.0000 0.0000 11.8000 0.0000

A 256 67.0655 -08.1321 170.0000 0.0000 50.2000 0.0000

1,024 203.0965 -264.1287 660.0000 0.0000 203.8000 0.0000

64 14.1185 -15.3111 43,8261 0.0000 8.1429 0.0000

$7+y 256 55.5997 -56.6301 162.0426 0.0000 35.5714 0.0000

1,024 216.7696 -217.8127 622,4842 0.0000 145.2857 0.0000
A FEL F2(oo Y. Y FHEE Y 9 0D AS@EAEA B 30, AAE A ALE N, $743A
e ODE e Aol deixnt AL semE 28 SAZ 7lofe] FAFY BE ¢, S AT = WE A&

H 5 IXH SUABESAZ 7ISX| Hel: FH S| et drFEsiol it

N A% ¥ 7154 W9
524; 099 244 wel BAF 247 71oje] BAF s; BA
e o ERS 2 ERS ) ERS
CO 2 32,4917 -32.8548 (9.4468 0,0000 17.5777 0.0000
o 3 39,6652 -40,2099 92,5957 0,0000 23.3443 0.0000
C* 4 45,6016 -46,3878 115.7447 0.0000 29.0046 0.0000
6 55,5997 -56.6891 162.0426 0,0000 40,3062 0.0000
. 2 89.4792 -90.4792 191.2500 0,0000 84.3333 0.0000
;:VQ_ 3 72.8229 -73.8229 170.0000 0.0000 63.0000 0.0000
:vt 4 62.8739 63,8739 159.3750 0.0000 50,2000 0.0000
6 51,0388 -52.0388 148.7500 0,0000 35,5714 0.0000
5] $7He Ao maAT Floje BAFY AE ¢ B wE, 5 A% A4S ¢ & wE A8%
oo} o Wigko & iR S o) gk Held ma oFo] Bk X7 |AkE] sl SekElel gk AkETh 4
AR A9, MY W AT 2, 82059 A% odrheo] 37 AlEe] SR o),
= 55 RS 3308 g eR 45 WY 02 A% sAS BAFS] 7FeA] WLl gt 3=
tho] WAk RS uhdEl 5 9ot R4 sAs W Fh) Ao} YEste] Ak FESIYHE 5).
9] A= olyst d/do] YeRA| o=t 7)o B o|& flall 2567 AP LR o]FoiX gl o] dE T
o] Ao Bolg BAFo] WlElgler 2xd & Ao 0|57} Zhzt 2, 370, 47N, 67HQl S ZkEol o
Aol 9= 187 &2 A= Helrh thAilA|, = 3 7FeA HAE F3lch =3 PuEse] guks oot
27 7)ofe] EAk 5= H4gpo] 0ol HTiglo| w7] Q) o 71 AR ok sme ARSIt Al
- 2 o] ghel BEHS Hel), et 1 Wk of 7]5ket o]g} SPMFTZE 24 00 ¢, o AE
2 ditfjot}, &, =214 7ol SAFY A= 29 EFIE SPME WO, C'= €9 FOdAY 18 Y&
T2 A7) dis) SR ghe AT 4 9lX) SPME, W' C'S HYEFSLeH sPmS oJufgiet.
whako] Bk A71AEe] SR 0), 8 o A9 7V Ba% AT ATHS, 7HsA) Skl thet 79 3
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Usizr TIPSOl CiEt Blm 1T () XN 5 SHAYES FHoR
B 6, ZX|N LS AZC BEEET BN S7IHR|O| HEHet Ji4o| sut
A% | zowd gy | Coon FEEE 5 -
N 7| Rk FA Y= A=
&4 0,018141 0.,408801 0.154893 7.987376
ALz} 256 0,004183 0.373374 0.040121 8.726264
1,024 -0,001009 0.353800 0,010119 8.930165
227 &4 0,018141 0.301722 -0,180282 7.992798
oy A28 256 0,004183 0.278928 0,046419 8.726623
=A% 1,024 -0,001009 0.265091 -0,011690 8.930183
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27+ 256 0,004272 0.192416 -0,057076 8.727350
1,024 -0.001020 0,180114 -0.014332 8.,930234
&4 1,142857 1.225746 2.263560 10,839593
743 256 1.066667 1,120069 2.397998 12,094830
1,024 1.032258 1.061398 2.432753 12.438230
224 &4 1,142857 1.067504 2.266261 10,914658
71018 A2ty 256 1.066667 0.978954 2.397951 12,156292
=A% 1,024 1032258 0.928464 2.432054 12496125
&4 1192547 0.990047 2.310080 11.212086
27} 256 1,089362 0.873870 2.436503 12,447291
1,024 1043124 0.812365 2.469388 12785611
&4 0,238095 0.108146 2,636701 12,952105
ALz} 256 0.247059 0,120651 2.779172 14,450041
1,024 0.249267 0.123904 2.816027 14.860229
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SAF 1,024 0.199218 0079143 2.816027 14.860229
&4 0,129252 0.031870 2,636701 12,952105
Ee¥is] 256 0.139496 0.038464 2.779172 14,450941
1,024 0142019 0.040221 2.816027 14.860229
* AR 3L FA0ockY. I FHERE Ao FH I Ae@AEA BSE 0, ALE AsE ol $43
A= NE 2= Aol daiAT AL sevE 2 FAFT 7|ojE] FAFY A ¢, ST BAFY F¢e wE AE%
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WOt w o] A= 1 I Tt SR
5 7FsA HePE dadit) o= wA4 By A
o] th3t 7]&2) A7t AakTiefelsdorf er al., 1999)7} 7|
olg] BAH 5 SAFNE I HEEE HoiF
= Aotk doflA A3 AA™, A9 sase =414
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A2 sAs gholl Aldhgt FaFe 71Xt As et
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3) HEEZ EM 24N

Faslel Gefst et sasel
of njAls IS AuET] 3l M= e
o) Feiar, A2, S2Ret A o
(64, 256, 1029 il FH2E
ol 7193k, 24k A=, Y= AkEsh
R4 23 chea ek A, el sase] ot 5
s40] Avtel ulms) 2 w4 5, 2015
Hx), gt o) 749 AHH sasket 4l o
FaL ok ol oAl I 719 Sk
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=
9

ftlo

=
T



7 A SUAHESAZS EEEE Y FH SR et #rEstol it

$A% oo g | O S0 HEEE 5 :

N il &5 A J= A=
2 0001424 0.065161 -0,032605 8725907
, 3 -0.002136 0.097358 20,040121 8.726264
233 ¢ 4 -0,002848 0,129299 -0,046419 8.726623
et 6 0,004272 0,192416 20,057076 8727350
= 74]% 2 20003922 0,494179 -0,032695 8725907
, 3 20003922 0.328160 20,040121 8.726264
w 4 -0.003922 0.245151 -0.046419 8.720623
6 0,003922 0.162142 20,057076 8727350
2 0.363121 0.162512 2.457029 12,3035603
. 3 0,544681 0,292060 2,397998 12,094830
Q-X] 51 c 4 0.726241 0.453802 2.397951 12.156292
ol 6 1.089362 0873870 2,436503 12,447291
% Z“ Eok 2 1.000000 1.232490 2.457029 12,363563
. 3 1.000000 0.984436 2,397998 12,094830
w 4 1.000000 0,860400 2397951 12156292
6 1000000 0.736381 2.436503 12,447291
2 0.068932 0.009392 2. 779172 14.450941
. 3 0,091546 0.016566 2,779172 14.450041
¢ 4 0.113979 0.025679 2779172 14.450941
s EA 6 0.158299 0.049532 2.779172 14,450041
poerhe 2 0.330719 0.216197 2.779172 14.450941
. 3 0.247059 0120651 2.779172 14.450041
w 4 0,196863 0.076605 2770172 14,450941
6 0.139496 0.038464 2.779172 14,450041

* 2567 499 ALY BEH 7o SAFY BFE ¢ F2 wE, S $ATFY Bfe o F2 wE A8

= Aol =4, 71Hge] 79 1ol Jejet A T g WRITh AR o] 2 194 sasef 7R
0] Filke sas HE depic B i 7joje] SA gk gkl 5, 20155 3 3 F2). oo i
< SR A7t gobdaE 7|uigke] driighol S BAF] A= € H w283 A9 7|k
sk ui, 57 FAR] A9k TR 5§ o] AXIch. EA, AR Al sas Bl thf ul-EE
Al 7= Aol SA4F R A5 710> 3t SPMO| A= T FHS] ANTE EoldaE 5
ashal, S A7t gordas 719 A 7FSIAIRY, REFSE SPMO| F9= ol STFEE
Moz SRt AR, #Ae] A9, 2l 7]ole] it ol ollA A At Aaet FYsic) Al
FAFY Ao AR AR Ao, 33 A, B sasol] thef ot Mol thit WxEdte] &
] 47} WopdSE sl 8 BARe] A9 Tz EABHA ket el o] ik 9 g1t
© HARIN SAF R 44T BN AastL, & 9 7ol Bah= o] digt Y SAFS] B Al
A A7t gobdas Ak S71RInh d8A e QJslale njulaieh, AAAoR 5 o] Het= et A
2 REER E4olehs ZyolA B, § = wdy) 7 ZoflA Fr ek T} AEmEste] Avhs A
olg] FAFI= 4] e 54& welrt 1Al =tk

o2 1 Sk eof Rt w417
SASO] FEEZ EAJo] u]x| e A RHok=T . 22|L2} 7T HEA|Q] SHE Cie| B
(F7), F8 B4 A3p= o3} g} 34, 23 57
F} 7]oj2] SAFE] 7RI C°9f B FH AR FAEAIA 9 el Bk FAH o= A
9 M7k Eebol wet MalshARt, weel Aol 7] §18) oA A Ee feluet 7o) i
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LAY STHATESAR—Ol it vl A7 (1): =XH 5 SAEE sz
H 8 2|Lt2h 7o Al ciet 2X1H SZARES A 7HsX| Hel Hlw
SAZ 4 7HsA M4
EA |8 olX F SPM A4 2 SAF SAH 71918 SA%F s, BAF
A B Ad e Ao e
AL - C’ze C' 87,1898 | 832140 | 2521271 0.0000 58,7983 0.0000
(423) W 3o W' 851286 | 86,1280 | 246,1667 0.0000 59.4286 0.0000
Hap S5 C’ze C' 45,6000 | 467414 | 133.6156 0.0000 31,0024 0.0000
(214) N W’ 3o W' 42,4651 | -43.4651 | 124.2500 0.0000 29.5714 0.0000
g7 570 C’ 3o C 80974 | 291322 83.2965 0.0000 18,9350 0.0000
(139) W’ ze W' 27.1541 28,1541 80,5000 0.0000 18,8571 0.0000
Skl C’ze C' 33.4745 | -33.6456 99.0575 0.0000 23.4265 0,0000
(146) e W 3o W* 285832 | 295832 | 845833 0.0000 | 19.8571 0.0000
Bz s C’zo C* 191187 | -20.1829 57.7302 0.0000 12,8701 0.0000
9 W 3o W' 17.9662 -18.9662 54.2500 0.0000 12,4286 0.0000
=] i C’ze C' 155731 | -16.6475 47.6326 0.0000 10.6552 0.0000
) B W’ zo W* 144944 | -15.4944 44,3333 0.0000 10,0000 0.0000
A 51 C’ze C’ 11,8230 | -12.9816 37.1724 0.0000 8.2936 0.0000
(56) W’ 3o W' 10,2044 -11,2044 32.0833 0.0000 7.0000 0.0000
*EA 2O HE Y Ak A 3EAY ey, BE SATH 71oF FATY B ¢ 2 wE, 5 AT Bee
c &2 we H83

Ae] g% dolElo] Hesiglrt. 4, sase] 7K
WOh EAER Aol7h WA S A BR=E|E §),
G0 B Auke ohewt Lok A, BE sase] glo]
7R5A] WSI7E A HE QPG AN E molm ol
o5 Sol el B A%, A%l 1A Wk
180 Q1] Hha), S4be] 9 24 Awo] Buksi
otz X 4o] UEht Qs APAE o2 v
RO, TAA sAS FANEG EARI] G ulashs
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9, 2Lzt 7o iAo ChE XA FAREEARC| 222 E4 |
FERE 4
TAZ EA] .
71 A%k Bk Y= A
g -0.002427 0,171955 -0.034622 8.832964
HA -0,005049 0.186489 0,068201 8.675806
o 0,007498 0.169580 0,104610 8.510063
A3 nd EAF A -0,008077 0.217766 -0.099645 8.532866
=S 0.011442 0.174955 0,153911 8.295532
A 0.014137 0.175319 -0,187250 8.155432
£k -0.021066 0.196670 -0.255061 7.881058
A 1.024213 0,778100 2.453748 12.623804
HA 1.075377 0.848501 2.427984 12.360823
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* B¥ SAFD 7lolE SAFY A g, 5 FAFY e wE F8E
A AEZF & 59 34 A7 Helvhd, 33t W AT H3 olakg Ao vlE Aold 4 gl
FEsto ot ZAkY] At AtistA EAsh ] wie o= A 5ol A=A
o] Wj W = zHA ot Aotz Aol A4S 3919 Aot ),
saszt £/ BlaLE 913 o714 &4, & 33t SEa AR SAPE] =, WIEZS} o7 Fo] HAA sase] 7h
HEAS, SE2g S0A%), 37 Sold, 34 Al A et FEEE B4 ofugt J3kE 7R A
Al FAH A, T4 FUASpelle] 2, oA B w913 o]Toua% ), 0 232 qokstu
o] H|=9] AR/l YA A4 SAsE H|ugt thaat Ak AR, A2 sas 1ke] AaatAof Hls)
A3}t [+ 3 ol T2 AA, ¢ = ST = 22 sAS 7Fe] AR -‘,:_]’7:“% S e = I A e
A QA G 9} S = AT FEATE PR $ 52 7)Ao 7 FU AR vEAch EA, =
% Aoz W= o9} st T 7HA] Sa%t A4 sas9] 7heA] Hle 94 sase 7hsA] el
AEo] ZEHE A= A4 sase A F E vl 2 gk e HA| ] 7 soldE
2 FEETE A, S SAeier = e 7Fs A1) W= 543] solud, 371 FEfoll wt
7ol Aurdell AFdl= 19} ¢, 12jaL A AE A et 7hsA] JL17E Eepich Al %{EH 7t
2 37 SHAES 7|E teg Hgehs @9t s 2 7hs A el 713 Bk SPM«I l e} o]
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o} Ho] vg fuks 7o) EAfelA] eker) AEA
S} 7o) dhEAle] e Anl =AY B
ool wek 53] Welrt BAS] SR ARL, kel

A9 B At AAA BRARES A o
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golE| o), o] 22|H SASE Esl o] AnE 3
Haze] slol M © £ 5329] e A Yol
ST S AARSEAL Qi 53] ol ML
2419 HTAPE A bl S sasolA]
3] oA Th= AL ko 2 AAS 2o} o] ZE
517] SJalA= AR (exact distribution)’ X Tiefelsdorf,
2000; Leung et al., 2003)0]u} ‘QFE L AKsaddlepoint
approximation)'(Tiefelsdorf, 2002)2} -2 ¥H-50| 11
2= ojopit gt

5 9k G 7 FAH U AR
2 2], 1A FApol vl s
7IiA frelidaAe] SHolA Aol
oJu]ali= HE7} AT Lee(2001b; 2004a) 2] G377} o]

RoAFE AA, 55 ¢ o TUT Yo g~
Sk BEATES ARt AR 4 Al ©f =]
A AN ZARE & 7]kl AR T
7Pgell 2713 Fold A7) Wk ofet A4 e st

| 277 WE 3K conditional ran-
domization) 7}(Sokal er al., 1998; Lee, 2009)°] 7|4t
3 /M AAL E83to N, G’ = AL grct B
AgtH oz Hrt QU 37F FEAH B d7E 5

ek 4 oo webd 2 AT TV Fad A2
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18]a

o¥st L EA 8K Lee, 2001a; 2001b; 2004b; 2012; 2016),
o|H=F 7|ojg] BARHOIY, 2007) o] STt

ESE A A o T SASE XX A= AW (Anselin,
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O] FEHS AP TS e HlolEE &
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ofe] ZRIE 7740 Sol ol Tk M= WS
)&kt Fotheringham(1997; 2000)-2 fARgel
oot T Aol HejH ko] ohfet 2
4 oy, Al Bl et pelet BAE oh ek
A3} 7sat BARS) MES Zaste Aol FA
Hsle] SRz SYolel vl v ol
19909t 234 w]=9] NCGIA(National Center for
Geographic Information and Analysis, =72 =
AAIE]) @} 9d=9] ESRC(Economic and Social Research
Coundl, ZANISIATLS) Fo] F4lo] Hol et
weop} 1isgEigton], 7 Z40] Ade] E459} e
o] Mo 2 Z7FH uf QltKFotheringham and Rogerson,
1994; Fischer, er al, 1996; Longley and Batty, 1997), SDA
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©}GIse] Al Tzt LREAR1 Arge]] thelii= Gooddhild
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SDAGIS F% Ze|UHTE dst=tll o] EsDaL}
CSDA(confirmatory spatial data analysis, 22 71|
oA 9] T2 a3t AekS SI3IT). Bailey(19%4:
207} 43 sDAC] o] Bz GIS9| /452 ESDA%
CSDA ol A olehe a7 EspAs B
o 38 2sk3S el Zlo] Amalck, AR ‘Giss) 2]
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1996; Unwin, 1996)%= =2 ESDACJA] B Zi50]ch
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