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Abstract

In this study, we performed spatial cluster analysis which considered
spatial information using earthquake data for Korean peninsula occurred
on 1978 year to 2005 year. Also, we look into how to be clustered for
regions using earthquake magnitude and frequency based on spatial scan
statistic. And, on the basis of the results, we constructed earthquake map
by earthquake outbreak risk and gave a possible explanation for the
results of spatial cluster analysis.

Keywords : 30 AMEAZ, 37 78X, A-37F =3 28, A d

1. A&
HT o] FHEolAol Aol HIHE x| wyor AdAE A S By Lo
Zith dE &9, 1976139 A 2By 5 7.69 T B AR 242,00001
]

o] Abalglar, 1995l wAd sk Fﬁlﬂ TR 7.'2014}1 AR ) Ko7 6,4339]
ol Abgelglom, 20040 AT gsE R 9.0%0 JAEUAoF FulER}; X 23}

1) Corresponding Author : Associate Professor, Department of Data Information Science,
Dongeui University, Busan, 614-714, Korea E-mail : cwkang@deu.ac.kr

2) Professor, Department of Statistics, Pusan University of Foreign Studies, Busan, 608-738,
Korea E-mail : shmoon@pufs.ac.kr

3) Associate Professor, Department of Statistical Information Science, Kyungsung University,
Busan, 608-736, Korea E-mail : jscho@star.ac.kr

4) Associate Professor, Division of Management Information Science, Dong-A University,
Busan, 604-714, Korea E-mail : jeonglee@dau.ac.kr

5) Assistant Professor, Department of Data Information Science, Dongeui University, Busan,
614-714, Korea E-mail : csb4851@deu.ac.kr

6) Additional Job Professor, Department of Data Information Science, Dongeui University,
Busan, 614-714, Korea E-malil : sgbheum@deu.ac.kr



1142 Chang Wan Kang - Sung Ho Moon - Jang Sik Cho
Jeong Hyeong Lee - Seung Bae Choi - Soo Gyun Beum

A A AL =2 283,10009 ] elgyla)E JFh < 50 7H1941-1990)
AA DA BAYE = 7olae]l A ¢ 5003]d oj2w, A AA Azle] of
15%7F L A oA HAst= Aoz LA vk 53] 2005 28]H 5 7.0
o2 WA B SFoI A QYuE = glAAT, &4 2 FAF Agdel =
A0S AAYE A= T?ﬂurﬂ‘roﬂ Ao g P Ho g FAC
Syl s H7MA = ARl 9lgk A H A = UA| A RE FA
=7}, E3] AR e A Wmrt & Bk ol AW jFE I 50]4k9)
ARoz MAsa o] AHE $Evete] Agom R e Aol oA ojw
TEEA AT Ao tEiM = ofF = FHst = i Aol o]y e 2] A
2 Ao Qs I A% oﬂ ﬂw Hale] = A
A7 P SHER oA x] 7l q :
24 A9 2137(2006)>
E3lo] Ao HF7) DJ%—% | o3 WHORFE o 4F I FAHE A
T10}(2002)F 1997 5-E 20004 Afo] o Hug
g 27 Fe] tiste] nbmeAe 5x] A
_]
[e]

X 12 ol

R FAS AUHoR FEGD, AW FQ00DE S WAl e vy
ARNES 557 AsM 23

N o d

HAh¢-=ie AbetaL, of 71l oM gt
EHQ JJEH XWH]FJP 717} 6.3, 6.8, 7.00] &
002 A 4 3+ o] Azl of

o]l g W A7 A TR

LA 1004, 5004, 10004 o]
Aoleta Fgselrh. 183 )
& ArASANT 277 Abole]

4e Akt ek

T oﬂ, = Fﬂ
) ol
i
mlo O

X
X
o
i
e
oZ
ol
ol
o K

= A 3 o AR Bl
et AR, opAAA = $Elee
A Bad AXEA Eam 9
gzl Agelq A8 g
#AG AAA el o oA
Res ofds] Hol & et
=0 sk A4S an]oﬂ
ﬂiﬁ} 17171 g% e AAHA EHE o} @
dalA ofe] A moh g A7 4

0, N,
2l Y
=2
=
rob
&
:?L_',
lo
>
N
oX,
o
2
Is
oX,
b
rlr

el X @ aju rlr
4

o X
N

w2} A %‘ AFo A= At A Foke] WHAIGE shil-o] X Eo] AgHEE ojH
TFEZ HAEI 9oy, o= X Ho] MANIET} H=2XE FIHEAITA Q] SHA
OLO}EJ_Z} 3t o] 2 Y&t (1) FHEA =< SatScang o] &3] X]’ﬂ‘ﬂa”ﬂ A

= ﬁd OHFAZQ Hliow J—{Ww%zﬂﬁﬂr
A Afet 2o F3F FHEAS S5ke] 28W7H1978-2005) Ay
S E A RAARE o] &3 AA| Hg AlEES 3HANA sk, vpxg Hoq E A



Spatial Cluster Analysis for Earthquake on the Korean Peninsula 1143

50

(
A

(cylinder)o. &
= A Ao BE
A& olEst AAg. old wEl FAIA dAE Sy, AF7HE S
Aol nluste] ¥ T EAS Fds 33 HAE
AL (1) #ZFA7) o]abg el A9+ WEFo| Ry, ¥olFEy 183l Al-
& (space—time permutation model)S 7}A433tx, (2) #= &
Ryt ARPE 7145t 4 ¢
I AAFAGE A A B5A T oltg e A, WA A
7z Z2} 3tk 949 29 UiFddA A oH &4
[e)
=

N 2 ob 1o N i [ ol
£ off

Mo fo A

fr BN A2 2> ol o

>
rir
-’ {
it o o
Q
Ll
A
ol
)
b
o4

oA7|A FFT7Hde] 71Zke] HW F A9 & dHeR R %57} o4t
Fol et HE2Folndg, FopdERdgdd M= w3z et HFH(2005)004 A3
sl ek 2 ATl AR R dEiM e Al-eit =2 2@ES A8,
AR gk 4L Gt Y (normal model)S 3123} Th

23 nyolMe 7pEe A (DI 2a, 37 AXNABS} A7 ARE zhe
tolelE B8 = vt A=t 23 By dugFS v ok

Al

ol
J
N
p
o,
g
=)
lo
o
2
0,
f

(@A 1] A A(scanning window)2o 2 A9 &=
(cylinders)S &&3HA H=d WA st HE 7o A4 A (S A]) el A
A zhste] AL bR S FIRAI7H A AE

[HA 2] A %59 Fol= Ater MAAs 7} ko A|HS W=A] 3
St gl

f

BRE] AW SR Aol Ay $wvld
B0l @ 7bsHol A3 we AGoR R

<]
2005). AW zok AlH dell e A5 AHHFE o7 st T 35 Abe e



1144 Chang Wan Kang - Sung Ho Moon - Jang Sik Cho
Jeong Hyeong Lee - Seung Bae Choi - Soo Gyun Beum

C= E;C'Zd' (2)

whebd 2k A9t Aol dhal A oEss

1
227 E(Zczd)(zczd) (3)
z d
of k. 2elw 54 AMQENAY AREFE u,= Y003, A4 QB4
E5E o7 A 71 A7 Aol QoW b 2R EE AR &

o

g

C
(Zczd)
d

e} =8 (GLR : Generalized Likelihood Ratio)® th23 ZHo] Aot}

Ca
P(CA) -

4)

¢y ... C—c —e
GLR = (_A)(4( o A )(U 4)
KA A

AAE Foto] TR AA dFo sty SEHE AL & AU SEHE 2 e
A dgol diste] S AT FaE fEve HAATAZFLRE AESH H
= ZHIFER &% ZoAH WHo R {FogE p-ghs AAkett

2.2 A7t ¥ (normal model)

AMEYS 7HEs 32 SAZNA A Z Y MA=ES AXGTEE Hat
ol 0o AFEEES WAL sha, Wz o] ¢e Hahi RS AL
Foll,,, s HEE Ayt xetal 7HgekAL.

AP EEE 78T dol= oo 7HES 18d® F da, AA A A7l
717tE A A ylo] JAES o E FAAHET

HO 96 = eout v.S- Hl: 96 > eout' (6)

o] 7hol tigk HAst7] gk ARy daugES v 2k

[TGA 1] 333 o5 FxEo] e 499 g A os dAgrt.

[GA 2] @A 19] X Foz2HE Hb7 ro] &= dS a1dn

(A 3] "-3 rule] Faatd w4 ro o] FHat(E dA7ddAe Azl RS T

ca=

[

a8y
2
N
X
4
N
L
=
=
i)
N

X
QL
9
X
)
)
o
bt
1%
&
il
-
rot
v



Spatial Cluster Analysis for Earthquake on the Korean Peninsula 1145

[A] 5] @A 4014 B3 F S Eshro] oA ¢ H]%‘ A4t

[GA 6] @A 594 doJx HYQEH S F3lo] o] 7% ,
€715 2 Monte Carlo)ell 7]1%38t] pite 73”4‘}?‘} T HAAES AAg

[GA 7] @A 69 AFAD #5740l 717t W rdle] A 9=
et

[HA] 8] R4 r& 0o A FH FHAE Hol7kA] 2o 71HA @A 2588 &4 7

rlo
=
i)
o
i
ofl

2o g e fk A vhed 2ok o of7iA A Wi 959
2oha MRS, oL = o2, =0). A ("G HSGHAFE)E 2

o Z PR AAES] FE oac, Z 9% AAE] FE g, 2D DA
F MATE N=nc +n,, 18 a2k olw oo Ao zo g $=
(likelihood)&

2 Mo = o
1o = flo =1
>

N ol

J

(.7:?—06) (X0,

L(Z 02, 0,,)= T, ,2r°) ?e I S o (210%) 2 70? -

o ®vh. i v HASAZFES

e maxy g g L(Z, O 7eout) . L(E) (8)
N maXgy g =g (Z 00,0 ) Ly

5k oM ZE WA SN L(Z 6.6, ) & Adstehs
Qg vk, L AR SIA L2 00, )% ARSHL ol ek
3. H-EAt=
1 2448 R 2408
BT w2 A8E AR

(http://www.kmaneis.go.kr)ol| A A &-&}aL
golHE <XE 1> <2 1>0] FoA4 9l

BodE A ARRA S 73
A= 66371 A2 HolEHE o] L3t} o]
o}



1146 Jang Sik Cho

Soo Gyun Beum

Chang Wan Kang - Sung Ho Moon -
Jeong Hyeong Lee - Seung Bae Choi -

A 7.0% A}

i=]
3} tH(http://www.satscan.org).

| - :m wu{fi:/?
- ~
{
z’«“‘::{.r
» g
b ?i;a%
L 3T ..’
| I .,aaf-’gé'*-- e
ulo &, . ..::. “:“ 'f‘&.vmiz -
| O..o o-d‘!’ % Mﬂ; . _,, O'.f;/#.
v L emey
-; 'U'
LG %
FATIAE ®2=M=3 23zM=4 @ 4=M=5 @ 5=M=<s
<9 1> 197872005 A XA BY=(R5EA4 0 7]4A)
<E 1> 9AdlolH
4d | AEZR | % | AR | R A4
08-30| 2:29:43 | 39.1 | 124.2 | 4.5 | Horgd=
09-16| 2:07:06 | 36.6 | 1279 | 5.2 | =4Ex
10-07| 18:19:52 | 36.6 | 126.7 | 5 | =Hd%
11-23| 11:06:05 | 38.4 | 125.6 | 4.6 s}aj =
12-04| 15:16:16 | 37.4 | 128.7 | 2.8 AR
06-15| 7:07:02 |33.15|126.14| 3.7 | A+%
06-15| 7:37:47 | 33 [126.15| 3 <
06-20| 15:31:49 [ 38.81[125.57| 3 | A=
06-29| 23:18:05 | 34.5 [129.05| 4 A=
06-30| 00:25:04 |36.66[129.63| 3.1 | ANEE
W 72005 Abolol shul o A 2l Ek 663719 A W AR
f;%o T IS AAlskelh
AR5 o] &3t AlFHA A WA A He] 3]
Atz o] FgTS g AW A (o] FH )
T AR g LHEAS 98t FHEA &< SatScan H




Spatial Cluster Analysis for Earthquake on the Korean Peninsula 1147

3.2 24 23

3.2.1 AANES gF A B} TAEA

AXRE o8k AlF7 FHEAS A7t IS FAlo| m#Etar, ke 2zl
HE S o]gsle] A, o2 59, 3 A3 3 Aol 71se +HENS
Tt WAeR A BE AFY BE Ao diEiA Al o {EAS Fas)
Atk olol W LHEA A= E 2> FolA drk <F 2>9 AF EHEA
AE B ZF 379 #FoR A=Y, A HA £& AFES E3sta glow
(p#=0.003), A o] F+ HA Fo = FAHIL JAHp#k=0.003). 282 AgE%, T4
GE, g d, Aepgd=Ert Al AR shue] e R Ao Ak (pak=0.003).

v
Ti 3 case F time frame Xg‘%ﬂa‘gg pak
AT 16 |2004. 1. 1-2005.12.31| 6.208 | 0.003

) 14 |2002. 1. 1-2005.12.31| 3.648 |0.003

A Aaar 82 ]2000. 1. 1-2005.12.31| 1.502 |0.003

RAE, AAEE | 121 [1996. 1. 1-2005.12.31| 1.261 |0.124
& 8 1995. 1. 1-2005.12.31| 1.741 |0.996

o olRe PO o Sol 4 JHiselzl MER o el wAMh:
HoIM AANGESL B 0 TR AGES GORE o Bl WAT F 9
o ANE 5 drk oY & ANBAN DL F 5% AR U 917
topna @M 5 doh AQTPAGES] A3 TP <Y o] FoiA 9

.

-
< 2> Aol o7k A AT el o7 a9



1148 Chang Wan Kang - Sung Ho Moon - Jang Sik Cho
Jeong Hyeong Lee - Seung Bae Choi - Soo Gyun Beum

<y 2> Alezt TN Aol Ol AFETE 7R Ax 2R E AE
7} STl 7;“4”15, e, depds, tide] daoz A3 249y A7t 52

Qo] @ B THEA) AspE <E >0l Fold A, AALAAUE

gt A
of og Aol ad2 <ad 3> FoA vk <& 3> HW A e IR
EREAE v A -1 pate] 0.9960 2 fojatA] @S o R vEiwth A W

, B, Hord®, A, AR FAEHAT(pA=0.001).
LA 7} e EZ‘EE HA = AHpak=0.003). <13
ez, FY, Hebd®, o, AsfolA A Aol =2 XY o
ol

T D&k
T TP 0001
(127 2) 0.003
0.996

mez.832

<ad 3> ARgpRel o7k A9 AT H = o7 1Y



Spatial Cluster Analysis for Earthquake on the Korean Peninsula 1149

= R4
A otk Aol Mol e Fads) gtk ole @ Aol T gl
A 2FE AGE A¥] §P@g wor AddE d or AZdry w2
Aol M e Ass ddds 2l oy 75%7F i 3.2 olste] 7] wiel &
N Avt 444 AgToR AN ng FF AL @ Fost F o Bew

Aelow s aor & Aol

ARAGRE} AN EE o] galo] 37 FRHEAS A3E W F Ay} BF AF
Z J|Fo R o] E R e m2 W] xxo] wrAEk Ao 7 eyt o] A&
AMEo A 7]et ukel o] R Tolike] A el A MAe] oF 15%7F A A el A
Agtohal ®ks W, B FHeo] A Axlo] F gfEE Wol AT Folgte
A7k gkdje] A3E ®Hlth ol#gt AFE Holal Qv AL dtEE JFREH
QA AA A 2 wf fefAlok(Eurasia) @] Wi $1xtH, guixze] Axdse o
23} o] 3 AA AR&Fo] ofyar, I UF X R&Fe] W &3lr] wEolg
a1 AyZbE T

FaEd
1. A4+, BHlo} (2002). shite]l %] A Z R, %/ &85/ %), 38H 23,
217-235
2. WA, olARE, 1A= (2001). b= A A T H oA,
x| Zel3] %] 378 15, 107-114
3. A, 237 (2006). EAXF whAo] G5 ARE o] A4
FAGS] AR, X5 x), 428 15, 79-94

B, 8, A7 4 (2000). = G ] A9 R
x| Z 3} %], 3678 4%, 545-558.

5. Sung-Ho Moon and Jong-Duk Kim (2006). Detection of Hotspots for
Geospatial Lattice Data, Journal of Korean Data and Information
Science, 17, 1, 131-139.

6. Kulldorff, M.(1997). A spatial scan statistics, Communications in
Statistics, Theory and Methods, 26, 1481-1496.

4.

ofot



1150 Chang Wan Kang - Sung Ho Moon - Jang Sik Cho
Jeong Hyeong Lee - Seung Bae Choi - Soo Gyun Beum

7. Kulldorff, M.(2005). Sa7Scan™ User Guide for version 7.0.

8. Kulldorff, M., Heffernan R, Hartman J, Assuncao RM, Mostashari F.
(2005). A space-time permutation scan statistic for the early detection of
disease outbreaks. PLoS Medicine, 2, 216-224.

9. Myers, W. L. and Patil, G. P.(2002). Echelon analysis, Encyclopedia of
Environmetrics, Vol. 2, 583-586.

10. Myers, W. L., Patil, G. P. and Joly, K.(1997). Echelon approach to areas
of concern in synoptic regional monitoring, Environmental and
Ecological Statistics, 4, 131-152.

[ 2006 99 A4+, 2006 114 A= ]



