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Detection of Hotspots on Multivariate Spatial Datal)

Sung-Ho Moon2)

Abstract

Statistical analyses for spatial data are important features for various
types of fields. Spatial data are taken at specific locations or within
specific regions and their relative positions are recorded. Lattice data are
synoptic observation covering an entire spatial region, like cancer rates
corresponding to each county in a state. Until now, the echelon analysis
has been applied only to univariate spatial data. As a result, it is
impossible to detect the hotspots on the multivariate spatial data In this
paper, we expand the spatial data to time series structure. And then we
analyze them on the time space and detect the hotspots. Echelon
dendrogram has been made by piling up each multivariate spatial data to
bring time spatial data. We perform the structural analysis of temporal
spatial data.
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expl-pn(2)-q(n(G)-n(2)] p D) g @D n(x )

L(Z,,U,Q)Z C(G)'

x(2)& 99 ZUlA £
o 4o Al glolA
x(A) ~ Poisson(pn(ANZ)+ gn(ANZ°))
AF7HA Stoll e Aol d9 A o oA
x(A) ~ Poisson(pn(A))
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<E 3> <KFE 1>F <F 2>9 lattice "ol 9 cell IDOIH n(2) ¢ c(2) = &
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<E 4> logh®} p-value

cell ID n(Z) |c(Z) log\ | p-value
4 700 15 2.296 0.031
9 | 1600 | 25 0.969 0.162
2,4 | 2000 | 35 2.861 0.016
2,4,5,9 | 4500 | 70 4.284 0.003
2,3,4,5,9 | 5900 | 85 3.618 0.007
2,3,4,5,8,9 | 6900 | 95 3.122 0.012
2,3,4,5,6,8,9 | 8000 | 105 | 2.359 0.029
2,3,4,5,6,7,8,9 | 9200 | 115 | 1.432 0.089

1,2,3,4,5,6,7,8,9 | 10000 | 120 . .

Ak F7k dolEel Agel zo dMPe sl wol EAGLE, FH BAF A
o Ae 4 e B2 PHel E Ak cell$7t 4 lattice HelElehE Z
o AR A AdsE Aol besdl Hol Ao REE A3 ANT & drh 3
AT cellF7h e lattice HolEE A% AW b Brs RE AL AEFE A
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t o] B < EHOH’H g (=] 1574
gglon, wE 199597 20006 7+
2 34N oE 34zt Fol

Moon and Kim(2006)°]A4& 1990d %= Q1+
TAJo] QlojA] e]=Rle] W A )] HES &
of tigh HAE PATHKIE 5> Fx)., & AFolA= o
toleE stz 3 dolH(<K3E 6>) tisliA

* A%E SuA Bk ol
37k 2o delo] glojqe AMARE Le dEe A¢E T Agd dh=

Agglon, Az fste W= A9s 22 9o IAFARKH 3> Ix).

REA T A— A
Hx g2=F 49 F 2% 99 logA
1990 2 Seoul, Incheon 2,709.62
Incheon, Gyeonggi, Seoul, Chungnam, Daejeon,
1995 10 Daegu, Gyeongbuk, Busan, Gyeongnam, 1,854.60
Chungbuk
2000 3 Gyeonggi, Seoul, Incheon 9,485.13
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<E 6> A= 1571 A=W 521990, 1995, 2000K =)

e A= AT A=A AF H] &( < 10,000)
1-Seoul 10,612,577 9,327 8.79
1-Busan 3,798,113 2,221 5.85
1-Daegu 2,229,040 1,061 4.76
1-Incheon 1,817,919 1,591 8.75
1-Gwangju 1,139,003 286 2.51
1-Daejeon 1,049,578 456 4.34
1-Gyeonggi 6,155,632 1,273 2.07

1990 1-Gangwon 1,580,430 571 3.61
1-Chungbuk 1,389,686 464 3.34
1-Chungnam 2,013,926 656 3.26
1-Jeonbuk 2,069,960 582 2.81
1-Jeonnam 2,507,439 495 1.97
1-Gyeongbuk 2,860,595 486 1.70
1-Gyeongnam 3,672,396 887 2.42
1-Jeju 514,605 169 3.28
2-Seoul 10,231,217 14,040 13.72
2-Busan 3,814,325 4,707 12.34
2-Daegu 2,449,420 4,132 16.87
2-Incheon 2,308,188 4,012 17.38
2-Gwangju 1,257,636 573 4.56
2-Daejeon 1,272,121 1,248 9.81
2-Gyeonggi 7,649,741 11,799 15.42

1995 2-Gangwon 1,466,238 959 6.54
2-Chungbuk 1,396,728 1,268 9.08
2-Chungnam 1,766,854 1,833 10.37
2-Jeonbuk 1,902,044 1,486 7.81
2-Jeonnam 2,066,842 733 3.55
2-Gyeongbuk 2,676,312 3,814 14.25
2-Gyeongnam 3,845,622 4,069 10.58
2-Jeju 505,438 343 6.79
3-Seoul 9,895,217 41,245 41.68
3-Busan 3,662,884 7,447 20.33
3-Daegu 2,480,578 6,588 26.56
3-Incheon 2,475,139 8,801 35.56
3-Gwangju 1,352,797 1,849 13.67
3-Daejeon 1,368,207 2,246 16.42
3-Gyeonggi 8,984,134 46,382 51.63

2000 3-Gangwon 1,487,011 2,475 16.64
3-Chungbuk 1,466,567 3,946 26.91
3-Chungnam 1,845,321 4,911 26.61
3-Jeonbuk 1,890,669 3,430 18.14
3-Jeonnam 1,996,456 2,169 10.86
3-Gyeongbuk 2,724,931 8,713 31.98
3-Gyeongnam 3,992,930 9,891 24.77
3-Jeju 513,260 719 14.01

134,155,726 226,353

A4 WHost QA A golHe 49 NHE #oR 99E AAFHA 1
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<1 3> SX}"J *1*7P ERl= < 4> HE D=z
Step 1. B &7 A EE QIAARE nfgo R o 82 du2 78S 24, <FE 600 A
o] Hl& Z} A= 22 AHAGRE o] &3l A9 oEAE oz oY
S A AxE= <y 4>¢ @)

Step 2. <18 4>¢] A8 "WezaoA A9 AF som T AN EAF
logA & 7l 2Fe Axprt <F 7>l

_ (c@)/n(2) P {(c(@)= c(2)/ (n(G) = n(2))}'F <@
(c(G)/n(@) "'

o] W, n(Q@)= 134,155,726, c(G)= 226,353.
2]
=

Step 3. So| o] AR XA AF £o2)E ulgo® |ogh7t 7FE
%k-.% H’s}% INA S gagor 3t} o7 E A7), AL, 9H, A
, =5 29 dT, Ad 28 FARe 107 =EAIERT 20039 )0l A

logh 7} 7 =2 $4(53,280.2D)< o= AHdS & 7 AHKE-T> F

).

upekA] 1990, 1995, 2000 %] k= 1570 EAJo] Qloj Al frolskAl € =<l Q1+-7F
B AUTE A7), A% A9 5L TRT 104 A9 Acw wHHA

5. 95
7Zk% Bz dolgel 9ol folaAl =AY W e UEhlE A d(EAgh9)
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A2e Faw Baeld. 20 A4 EARKulldortt, 19978 HolE Aoix o
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KK 7> 7 A AAEe gisk T3 AA FAZe] ALbE
qNRAE A= 9+ 9 =el QAF n(z) c(z) logA
3-Gyeonggi 8,984,134 46,382 8,984,134 46,382 23,079.1
EN1 3-Seoul 9,895,217 41,245 18,879,351 87,627 41,792.88
3-Incheon 2,475,139 8,801 21,354,490 96,428 45,326.85
EN2 3-Gyeongbuk 2,724,931 8,713 2,724,931 8,713 1,493.07
EN3 3-Jeju 513,260 719 513,260 719 13.30
EN4 3-Gwangju 1,352,797 1,849 1,352,797 1,849 44.47
3-Chungbuk 1,466,567 3,946 25,545,988 109,087 48,946.23
3-Chungnam 1,845,321 4,911 27,391,309 113,998 49,886.50
3-Daegu 2,480,578 6,588 29,871,887 120,586 51,360.83
3-Gyeongnam 3,992,930 9,891 33,864,817 130,477 53,269.75
3-Busan 3,662,884 7,447 37,527,701 137,924 | 53,280.21
3-Jeonbuk 1,890,669 3,430 39,418,370 141,354 52,890.32
EN5 2-Incheon 2,308,188 4,012 41,726,558 145,366 52,327.01
2-Daegu 2,449,420 4,132 44,175,978 149,498 51,732.01
3-Gangwon 1,487,011 2,475 45,662,989 151,973 51,408.29
3-Daejeon 1,368,207 2,246 47,031,196 154,219 51,120.87
2-Gyeonggi 7,649,741 11,799 54,680,937 166,018 49,348.49
2-Gyeongbuk 2,676,312 3,814 57,357,249 169,832 48,622.63
2-Seoul 10,231,217 14,040 67,588,466 183,872 46,534.96
2-Busan 3,814,325 4,707 71,402,791 188,579 45,566.67
3-Jeonnam 1,996,456 2,169 75,265,304 193,316 44,855.27
2-Gyeongnam 3,845,622 4,069 79,110,926 197,385 43,469.95
2-Chungnam 1,766,854 1,833 80,877,780 199,218 42,875.24
2-Daejeon 1,272,121 1,248 82,149,901 | 200,466 | 42,372.36
2-Chungbuk 1,396,728 1,268 83,546,629 201,734 41,692.85
1-Seoul 10,612,577 9,327 94,159,206 211,061 37,253.34
1-Incheon 1,817,919 1,591 95,977,125 212,652 36,729.82
2-Jeonbuk 1,902,044 1,486 97,879,169 214,138 35,945.72
2-Jeju 505,438 343 98,384,607 214,481 35,654.61
2-Gangwon 1,466,238 959 99,850,845 215,440 24,771.60
1-Busan 3,798,113 2,221 103,648,958 217,661 32,171.81
1-Daegu 2,229,040 1,061 105,877,988 218,722 30,286.37
EN6 2-Gwangju 1,257,636 573 107,135,634 219,295 29,207.08
1-Daejeon 1,049,578 456 108,185,212 | 219,751 | 28,280.60
1-Gangwon 1,580,430 571 109,765,642 220,322 26,676.81
2-Jeonnam 2,066,842 733 111,832,484 | 221,055 | 24,604.86
1-Chungbuk 1,389,686 464 113,222,170 | 221,519 | 23,184.79
1-Jeju 514,605 169 113,736,775 221,688 22,659.77
1-Chungnam 2,013,926 656 115,750,701 222,344 20,629.22
1-Jeonbuk 2,069,960 582 117,820,661 222,926 18,398.91
1-Gwangju 1,139,003 286 118,959,664 223,212 17,119.91
1-Gyeongnam 3,672,396 887 122,632,060 224,099 13,027.31
1-Gyeonggi 6,155,632 1,273 128,787,692 225,372 6,043.92
1-Jeonnam 2,507,439 495 131,295,131 225,867 3,267.06
1-Gyeongbuk 2,860,595 486 134,155,726 226,353 0.00
FEBOAA 9 S wbAsE W olt, & vk Kulldorffol €]
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A (Myers et al., 1997) o] &3t} =, dHolH HKE vtFo=z 3 944 F+x
o] FAA = FY] o AE oz Jdd AAS PFgozH, YAt A =

Fo

= FYolA g g HEFo] 7MesdA Hoh
oo A $-gl= 19909 = QA 2~ dHolE RS oY Moon & Kim(2006)<
A1 A 33](1990, 1995, 2000 =)2] Q1AM 2~ dlo]E =S 3219 2] A&7k "ol (15
TA X 3dhE I, ool tiE A F3F A BAFHY oA S Hed
H ok}

3}
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