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Spatializing the Pearson’s Correlation Coefficient:
An Experimental Comparison of Three Relevant Techniques

Sang-Il Lee* - Daeheon Cho** - Minpa Lee***
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Abstract : This study deals with spatializing the Pearson’s correlation coefficient as a dominant statistical
technique for measuring and assessing bivariate relationships. With the presence of bivariate spatial autocor-
relation in a pair of variables under investigation, not only Pearson’s correlation coefficients themselves but
their statistical significance are deemed to be questionable. This study provides a comprehensive review on
the three different approaches to the problem of spatial autocorrelation in the bivariate correlation (modified

t-test, spatially filtered correlation coefficients, and bivariate spatial autocorrelation statistics), and examines
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how compatible the results from the three different camps might be by conducting a simulation experiment.

The main findings are twofold. First, with some exceptional cases, the three approaches are quite correspon-

dent to one another in terms of experimental results; the higher the degree of bivariate spatial autocorrelation

as measured by L*, the lower the spatially filtered correlation coefficients, the smaller the effective sample

size, and the higher the p-values. Second, the most compatible results are found between Z* and the spatially

filtered correlation coefficients based on the eigenvector spatial filtering (ESF) approach; there is an almost

perfect negative relationship between the statistics and the correlation coefficients. The major contribution of

this study to spatializing the Pearson’s statistic lies in reaffirming that the statistic is aspatial in nature and in

clarifying in an experimental simulation that the three different approaches yield consistent results to some

extent.

Key Words : Pearson’s correlation coefficient, modified #test, spatially filtered correlation coefficients, bivari-

ate spatial autocorrelation statistics, eigenvector spatial filtering
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W S sh= A% 24 7 YE Etekal 4
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7F ek, 2 FREIERA B2 S A T
A R gA 28-S & YR B 01E 5.
2015; 2016) 7 ThFEt 314 B24] 7)o U

(Fotheringham et al., 2002; Grffith, 2003; Anse—
lin, 2009; Anselin and Rey, 2014) 2 EA ] o] x| =
chief Bo) B} 23o] Waro]A] Qli= i}
wEbA] 2 At SA/PE H R A A
i AFo =z 71 de] AREE AL Q= 7
(Pearson’s correlation coefficients)
21} e, Hop pAA o s AT 1)
A7 o] AT A, Hols A
2A0] 244 AT sAA 7o
A7} Ay sh=A] ol o A At g
2 A7)0z gl ol A7) A
52 on] 1980 ZRF 7ol o] Fo 3l
t}(Bivand, 1980; Griffith, 1980; Haining, 1980;
Richardson and Hémon, 1981). ] o]t &4
of AL AAeH7] A A7t e R XS]
o] f=t ol= Al 714 A& el 5= AUk (Lee,
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Clifford et al., 1989; Dutilleul, 1993; Griffith and
Paelinck, 2011), o] B4 220 2}0] X E A

AFShz A4S vt 2ol AR,

e}
|
—
)
=

n'—2

A7NA n'= A A7) A A A=
=+ FEAREIVE ugitt, AlFE 75 &9 ER
AA(n'-2)5 b AF=E AL S A0 5
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712 718G SelA) ok MR Wakes 2
n]5}=1)|(Getis and Griffith, 2002; Griffith, 2003;
2010; 2017; Griffith and Chun, 2014), ©]4 2] &

=

gk 4= 1=t (Griffith,
2010), 971 A= S AEA 7IHoR de] AMEE
11 %)= SAR(simultaneous autoregressive) =& |

7Rt B} (SAR A A7 E 7 E B (ESF,

R =
2 304 dHE BT A
>~
T

eigenvector spatial filtering) 7] o] 7|43} 214
(ESF 2])o]l thsfAfvt o}=7] = ghet,

SAR W4]-& F7FQ 2} 5 & (spatial error model)
= 7P de] AFEE AL Q= SAR B of 7]gtstal
QUL TS} 72 Al 0 & Y A8} Frh(Baily and
Gatrell, 1995). 941 44FA 9] OLS(ordinary least
A1(5)e} o] o}, vk LA}

A Holi= & fpAl0] )
y=Xp+e (5)
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EgA = A A, e= A2 HE, n= 31
A A7) o] AAE, X

HE | 1= T3 (unit matrix), V= 2728408
& (spatial proximity matrix) 22
(spatial weights matrix), p= &7+ 2}7]35]9] Al
(spatial autoregressive coefficient)o|t}, o17]A]
Eofjok & A2 A)(9)olet, ket 3314 A7) 2]
H A A7) o] EA ek A}
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O B2 FA A7VFT O ZHE AFEE 2Hy)
olt}, olwf, (I-pV)7} vt F7H4]

=)l
HHA Q1 H4=0] 3114 e o] o9 A A8 A9l
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AR () E TEHFol FiL SHsE FUsHA &
= RPEAENCR LAH BY)E 45k 4](10)
T} o] FrofXick
x=1,1+p, Ve+n. (10)

7M1 BE A2 47 19 ¥ E (column
vector)o|t}, o] T B ol 37 A713H
Al4=9] F=7ggko] A5EWA (R, 41(9)E P ok
o] 2)(11)= &3l &7+2E W= (spatially filtered
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Al (11)0] YER} 9= SAR WMo o5k 21(16)
of] Ureht Qli= ESF WHAle] oJak & thE §ig(y)ol
g 3AREE H(y) 7 EEE 4= QA o] AR
T SXPE W 1H9] wjoj AT} HEE 33t
L E] A4 (spatially filtered correlation coef—
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(3) OHZ J7H X7 |t SAE

Lee(2017)= sZttolElo] 1]oj iAlTS A
k= 29 wAl= Aol shte] W] 374
A7) do] EAs7 | wi"olekal Wely] ke
W= 7ol o] g 314 A7)k (bivariate spatial

autocorrelation)©] £A5}7] WjEo]g}al Wal= A

4~

5

A7)kl that AE A o
ol dhgh AR (1A 5, 2015)& o] A1
o B S Bk, =, o] T
AR PEAAO) 97 SART o)
(bivariate association)ol|A 2] A7) EA
"0 & NETHEE 4= Urhlee, 2017). 7HE

QoA ok AW W] FHRE 2L U=
tll, Bt o]0 wgko] Bt o149 gkt AvkE| o]
W& & YILH=H)?, Bt o442 xgko] Bt 1|
O] yAHH=L), =t n|Tte] xgko] Bt o1 y
FIHL=H), Bt n|Fe] xgko] Fat vk gL

At} ol T I A7)
Tolgt 54T 139 olF AvHIE Hole 3%t
o7} Z7HA 0 7 HA9 A 0 ' BaslA] oS
gt (Lee, 2017). ¢lE E°1, H=H A&4& &
ol ZF EHAEE o|Fo] Baxslw 9tk

H 2%k 71 519] Aol A= O olsF 34 &}
7)ol Ak ek 4= 9k

OIHTF T A7 BAE F-2 o HEF Ik
A4 EA = (bivariate spatial association statis—
tics)> O|HEF T 2] 52 o|HigF I &}
7)7d8e S5t Slal aete Aol s &
&) Ao WwA—2H(cross—Moran) EAFH(Z-L o]
e wd A o] A v} 9l (Wartenberg,

1985; Griffith, 1993; Reich et al., 1994), 2> o]
& 71o12](bivariate Geary) AL AIQH H} Q1A
ko], 2007; 2008), & AL A% Lee(2001a;
2001b; 2004b; 2009; 2017)7} 7Het L A=k %

Z5ha4} ATk, Lee(2001b)= o] 1A 4714
3 EAGo] Zolol T T 74K £AL AN
QU=tl, A WA 2AL ol pAe) W
7k s BEE ofof gtk Aol A &
AL g B QU B2 e A
7} ¥ Elojof stk Aot} o] F 74A] 24L A
RO A, ol¥F BLHA AT EARE ) A
A oz ATY(FAA sloj ABATT 573)
wat ohjet o] ApHAe] B1H4 WEEE W)
Z sl Bt Lee®] BARE o] £AE BE
B S 02 ol AX ] the o] 42 ) Fol
A},

_ n X2l =) [wi(y—7)]
- Zi(zfvij)z \/Zi(xi—a?)z\/Zi(yi—j)z
FOLRAAG ] Fh7 2271 0917} 294 9
71e] o717t FHA A7 SARE] Aol A

el
i3t S 710 ck= 4 (Lee, 2004b; 2009; ©)4F
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=

17)

5. 2015: 2016)°1 AT A(17)°] HER 2

Aut L FARS L SAFT L* SAFOR &
H 4 Ak o] & F SEEAY] uprt EX o &
L* FAF AEstaat sh=vl(o]o]] theiAl= Lee,
2017 &%), -FZ3H(row—standardized) -7
HAAHo] A2 E™ 4)(17)S & ¢ 7Hg3 ez
kAT

1 1
Lr=" % iwiz:) Wiz) =" Yizn2y, 18)
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A7 A wi= FHZE 847F 00] obd Fh& 2= ¥ T e B4 AIHE HojEX o gigt 7|E A=
w0 PR o 4ol 2,9t 2,4 7F EA)81A] k=t 2 AT olE $8) okt 22
Stglol A 0] EHRL) kol 5 H  (spatial AE HARR1S nFAFc

moving average) #LO|th. 4](18)2 4](1)3} H] 3] AR, Tol& AT E SUAN AR ThE o]
KW [* SARFO] ol JaASet FRH O F W 20 A7)1dE Holss 7HEe] diojgE
At WAl FAFO|EHE AMES HA & 4= 9t At o5 98l ¥ 19 YERY e F wid
o] FAIFS 71A)= vt Zo] AE 4= k. ¥ < o]gataA}; StoH(e] 4, 2001a; 2001b). 7142
10 A7t nl & M7} Qlokar apAt, 2 #7k AT A A9 37719 S oz A E o] it
oA o] = war ghe At el oA ST = e B 39] 2R 7k 779) S 49 (2 A), 2
o] A= F2AH o2 Aujd gl s1A}, o]F A O] gk 2r= 1709 S (3A), 19 4k 2= 13
S ol Al T U T YA = M) 2+ () o & o] Qlet, whebA] ¥
A ZfolE Kol = Bt Aj2o] AAFHTY o] $9] PG} HAk FYatch, 2y dHEF gt
et 4 o] gL o]ZH 07 4] W 7HseH) A 27133 Hrghs SHolA = F dE 4
T ojs Al F LA TP SH(EE AL, co- 3] o2 Aolct, el A0] B FAGH(Moran’s 1)
pattering)'®] Lo A= AR THE #l o] A== 0.681% FTHA O 12 kO] F7HA] A7 4 B
Ao|th(Lee, 2001a; 2001b; 2017), ©] ART}E 33 AFANE, e BO] B AR —0.18602 59
3to] Ar g g8l Zlo] HEE Lr FAIRRI Ao] S Q7S BojEal Qlnk, = o 71 9
c} o]& ATAIGE 0.42290d], 4](2)of] Yl Q1= &
L* FAFo| ol AAE B3 EA A 7HAA ol WEW {852 0.009% 2 F
of| 7} A7) 71of8k= vh= L* SAIFO] mloj A AR F94dS HolEr), o] HlolE=RE 5% 4=
A=) gt oA FAIE S Aojx Bt SA =9 o¥IgF T A7) S 2= e o) S A
O & 75d 4= ks dolot, L BAIE F W Aat7] el o 22 AlEE o] AS gttt $
7re) mols AT 45, 281 AQlEE F Al B2 3790 A T g ARlsith, orollA] ARE-
A0 T A7 de] S48 2 3 2 Jck gt g0l oAl BE FIegjo A A4 7)o
(Lee, 2001a; 2001b; 2004b). whEbs] 545 A= % & ARG YR {AR 8] vA F it
off thgt L* TAG-E 1 FAFL 71Agk(T ol A 9)o] 4ax S 2Me|H o & A Asir), o] AujA Q]
A=) BlE) T} T W= 7H] wjols Al gk A3} W1A] o A2 vlojs AaAlgol L, M=
Ato]9] of 21 o]l YA|5HA = dl, I of& A AL o|HeF F7HA A7) = (S F M4
4= gholl 7RSS 31 A A7) Adae] =t et ARieF 374 A7) g o), =2 71 dlole 9] ¢
AL ougit), 2B [* FARS 1ol A4 olgA] F&19] Aui|E Fol =& 7Hse M A
o] 718kekaL Q)2 sA ol ol RARF FHA 274t I 9.07x10%7 o]t} o] & F Lol A3 £
P ghgstal Qlom s gxjof tigh thA SAF =& gh =329] o] WARF F7HA A BAIRE Hol=
2 B FARFO RA 714 4= 9l Aot Elo] g =&}, B AFoM= EXT 5
A Aot & 5219 AR5 Al vHESHHA 2Aggh

2) M Hx} e Bol= e AL Iashe WS A dict
ER), A2 T2 o FH A7 gk Hol=
Srol A et HhA | wjojs AuAlRE 3713t e Aol disl) =4 17} 37 E 3 AL 7]
ale= Al 7HA] A AP AR SRR oz bt HE A8gith T Al 7HA) 3Re) At ebes)
sl & Zlo]7] uhitol] A= o o] e o 3T IS 2= ZlolEtd, Lro] o)A Bt w2
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27t 9tk 2 A7
WAL AL gl
4% 25% $F
7. WA B
EEE=CREE
1cH(Griffith, 2010; Chun and
Griffith, 2013; Chun er al., 2016; Griffith, 2017).
B R A2 RI FE RS FE RN
TAG O] S E SWE-E-S QI3 L EAA 7T
=/ HAE SOl N B R (SRS )
shaict, o] 7k, 4 -
A ¢4l = SpatialPacke] 2kl 3l= R 97| A]
(Vallejos er al., 2013; 2019; Osorio er al., 2018)S

(stepwise regression)

7142189, 2018)

fr

off Al gt upAE HF 5% Fo]po A 20
g1 0.4229] Fjoi& Al gk 711tk 18y L
of A SAH oWk FHA A7) £
-2 0.000, 0.050, 0.100, 0.150, 0.200, 0.250, 0.302,
0.371%2 A& t}2c}, PAIR1Y} PAIR2E [* BA|2k0]
719%%(0.066) e} W2 gro = 5o o|yigk 3314
A7 Bojet, dusk 33 A7 A4Ee] 4
e e SAFS 7|02 & o 719EH(-0.028)

o} W22 7S 1ol PAIR1-X, PAIR1-Y, PAIR2—
= 29 3 A7 S BojFaL 9lar, 7)o
2] FAF(Geary’s o3 §* TAZFOIYY &, 2015;
2016; 2017)% FARRE &3S Hofsal g}, 1
U SAHC R fFoyulgh LghS Kol Qs A
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uheba] = -1 o] Aok L9} SEE A ok =4, L& 7 A Al AaE Hole A2
5= 7o) ol Aol JFs] 2g5h= Ao= & ESFo] 7|9ket gxb8 ) AAAlS= 71jol Tt &, L*
THETE 212 PAIR1I~PAIR4S] A3l thofjAl= & 7t AL SR S E AT daske AL &
O 4% 212 B0l 2o Ao = Bty A{Ler}f e AP Hojdrh

7V A 4% AL PAIR2SIY|, *9] 71F0R 1 AT 7P & vl Fold duASTE 2
W 7)gigke]l 71 T & 33 Aol Mg Ao &2 HIFZHARl FAFUE 85| skl o] A
Fegzl e ok, ol= 4~ o] A A& shAstr] fla) Algte|o] 2 Al 7FA] HHo] 74
7)ol gl id ol Wi vtk 3-S5 1A B0l EotL A2 4 e 2YE H
S5tal Qlet. o]i= PAIR1Y} PAIR3E H]aws) H Hr} AEris JE AE A5 ol Ut dolof &
Hels)| A=, PAIRL-Z Fgk 9] 3714 A7)/ AR 7 Rz, ol ARG AAE AHE-SHA
S ti¥Istarl 9l PAIR3 OFg F9] 314 A7 )14 w2700 716k i sk BA 7R A-85ke AT
TS oiIstal AR, E= =~ o] FESHA] O] A%, 249 SAEA AuE A ufj Hr} ¢
SOkl Q= A0 R KHlrh, Eh = Aol A ARSE H-2 705 7|00 Shth= A& ThA 3 §1 B4
R 7| A= A3/l 718kt 33 E S AR Ath= AS 5 4= ) e ol 7HAoE &
SHA] gFal AR -7)Hre] $d 8 E = AREShE Tohal 2 ATs 7]EH o' AlEAR] AAS 7H
o], H]GA Q1 At A7t olef I E o] E = <= o) gl Wusl SAE AW ek, &, & A
Ut O] A= Algke A 2 olA =EH Zo)7] wiw
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2 As F A 19 S SA4sk=tl AW a7 ek, & AFelAA " 8719] M A1 o
Al FAZIH O R ARG E| o] & 3o APATE S A7V g Askal A4S AT A
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71/o] S 7%, 1ol A 246 A A7V s Kol felS 5024
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