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ABSTRACT: The recent seismicity of the Korean Peninsula is analysed by an epidemic-type aftershock sequence
(ETAS) model. ETAS model is a point process model that describes the seismicity rate observed in a region as
a summation of a background rate of independent events and the aftershocks triggered by each event. The model
parameters were estimated by fitting the ETAS model to earthquake data above a given cutoff magnitude observed
in a specific period. Then the seismicity is analysed by comparing the observed number of events with the calculated
number of events from model parameter versus time. The plots of calculated and observed cumulative number
of earthquakes above cutoff magnitude 4.5 versus the period from 1960 and 2017 appeared to be in roughly
agreement with each other. However, it is possible to point out some periods to be relatively active and inactive.
The seismicity appeared to be active in 1960, 1978, 1982, and 2016 in which the observed cumulative number
of events increase abruptly. Also, two inactive periods from 1961 to 1977 and from 1996 to 2013 can be discriminated
from the comparison of calculated and observed cumulative number of events. According to KMA (2018), the
annual observed number of earthquakes since 1990 has been gradually increasing compared with that of the early
observation stages. Especially, recent number of observations are increasing rapidly. There may be arguments as
to whether this increase in number of observations is related to the increase in seismicity or due to the improvement
in observational conditions such as instruments and site circumstances. Referring to the results of the analysis of
seismicity in this study, it can be concluded that the increase in the number of observations since 1990 is largely
related to the improvement of seismic observation conditions. However, we can admit that the seismicity in the
southeastern region of the Korean Peninsula has been active since the 2016 Gyeongju earthquake (My 5.8).

Key words: seismicity, ETAS model, Korean Peninsula

(Sung Kyun Kim, Faculty of Earth Systems and Environmental Sciences, Chonnam National University, Gwangju
61186, Republic of Korea)

' Corresponding author: +82-62-575-5424, E-mail: kimsk@jnu.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14770/jgsk.2019.55.1.105&domain=http://jgsk.or.kr/&uri_scheme=http:&cm_version=v1.5

106

1. ME

A 9 A QG5 hEt A= vl A2
52 A5k dloll & ==o] "k HollA o
@3] Fasith e 2 WgEFol B3 A 9
AR Ap 8] A e 2 RE ARE UL GARR| RO
3t A= Wada (1912)0]2f o8 AA=ol 9
sto] =3 = o] It Wada (1912)= A=A, 118
AL 2AFEAE 59 AR UF 2R E XX
of] 3t 170004709] 7|AHE WHste], AH4lo) =g
F71E(@45) 0l oste] JARXE B33t} Kim
(1978)2 Wada (1912)9] A2 & A ESIH Wada
O A=E IMARNERE 14 2|9 2 RlE
HEEE A8t Jeong (1981)2 A=A, 2L
AL 2GR, QS W FRRAN T So
AAEH O ZHE 2 176679 2|71 WF5to] 7|
o, AJos U =2 A4 S

A KIER (1983)= A= S 4 0] 27 of] T gk
RS AEY FF oz JAR| R 1905 o 2
O] AZ|AXEE-Z ThE0], o] FFof| LA ght
9] AZH =S A5ttt o] dtollxli= Wada
(1912)9] =z of Yehd A7 A HEs dHo =3
© 25 Wi, JARIAIEY S8 HENA
= AA AGA} 2 =5 F751cE 1 F Lee and
Yang (2006)- =34 GAR|Z A=E HEs] A
B7Fste] 218570) X Rof| gt Al 7], X1, A
= 9 F2E fAAsH e, o] 55 ]85t
B2 719 A3t EEZZHE =] XRS5
S B4319 ). =38 Kyung (2011)2 Lee and Yang
(2006)2] 5= 7|22 3o, AR FZ A8 =
Atste] ZAGAE EF A28 555 25
™, KMA (2012)= Kyung (2011)¢] 22 okzk 4=
o] A2 F2E THESGAT. B TR DA
AATRe ATIA “BHRE AE 9 A
A= 247 ) 51l AHRAP], TR, &
AR 2 13 A2} nepbde, 559
07, FREHN T 5o AREZEE A7} B
2 7IA1E 22911 oje} BaE FEe] NI
HrARE 43, AN o] ARSS 722
S, Tof MR XA BEEE A =5}l
GSK (2011)= A28 A2 222 2p4gstsct
ojfo] GAHEH 2 HE YHF AR ES °|

N\

0

EY

vy

23 552 9 A3 Ao gt tfxFgl
A=l

19053 78 AIZE A71 8500 gt A7 7=
HAR|Z &=l H|ste] 7|7k BA|RE AF= o] A
(EAAZE 2GR E 2719 27] F)o] st
o] ok AR AR Hete] A7 A A=
7HAE EZ3He A X150l T35 o] AFE0] 4
Pujo] Yot AE W AGE AXEFH o E A
TEYTH A7 9 FRAT] FHAE AL B
25t ALEA] Lee et al. (1987, 1988, 1989) 5-& &
4 9leH, o] AFEL hEE] AXEFo| XA
T2A UE7b 22 oA YAk Hu Rt g
#H Kyung (1989)2 3= X859 A5t E4,
EAAEE Bet X2l A o, AR s
A, 58 59 BAE THHLE F YA &4
Atk Kim (1997)= QAR 9 A7 A2 &S &
Alsto] kA, @AY, vl 9 A 2&Fo] st BEE
et o A A7 gk X Xlof| thste] Kim et
al. (2001) oAt T 7.1& AASHHAL, KHNP (2015)
of|Afi= Gumbel @] AR B 01831 Mw=7.16
< Aick E3F Hong et al. (2016)0]| A= thokst 8
EE4Q WS AMESte] ol A WA THE gt
Z|tfA|%10] 7.0 o)dolzt= & BrETh

KHNP (2015)]] 2]l 23 A7) 2] [2-2(1905-
2012)0]] 2012 o] %9 7| AXNEZ-Z F71sto
7Heet AXEEC R O AV S5eE 1Y
1o AAget 2o A A Z&FY] FHEEE= o
A2 st AsfetEo] s, St HE
RO AEA o2 gt ofYS HoET) &
H 27 20f YA AJ7EA Q] A7y 9] BT (KMA,
2018)5 A B, TEx7| vlste] Lo
Al (AA 2 ST ol o BE3lgeta
=o| BgstH, olstol A= TSIFE ASSIFRE
FA 7} 55k AAE Bk & A7 AR
Z 4= 19904 o]|F HRFH o2 Frstal glo

, 53] 2013 o] % FA3 F7HE B Frt o)y
st {5319 ST ARG FY F7tel oF Al
A T FEA7] d 233 B H BS540
7R e olgt A RAA| ERgsict oA 1978 35
E] 1998712 9] A7t B AR TS 4= 19.28] 0]
I 71 o]% 67632 FFStaL Yoy, AR
5 201597H= 2 W3t gle ASE Yehd




ETAS =dloi| oI5t

oh olo} 2 AT 40} F7H ARE X
A4 Amo] S7h0 A AA o] 4t 07
3 elo] Qs AOR B 4 ik Ui 2
a7} AR 0w AYs| BEF] 9ln 147k B
T A o] 242, AWBE0| 7|57} 5
7e17] tRolct. et ol g e TetateiekE
201199 T4 A% o] Fo Tt o] 2|0 eHE
o] Tz} vl8) Alei o 2 Shasix| 2 Yrke AT
ZA3KHong et al., 2017)= )t}

o] dtollAl= 1905 A7 |H5 el Hofrl A=
E2 At ehtol A A 9E, A7 E 2 X1
9 HstE nzkel B} gt & O 204 9p 2

shigol

o

I

[=]

ol

A2 ATES 107

q
=

Ml
P

2 AR&F0 77 AR o2 onrt =Tk
EA4E Aolt}. o] FA o= ojxIYof T3t Omori )
S A5t ETAS (epidemic-type aftershock
sequence) X2 (Ogata, 1988; Utsu et al., 1995)= A}
gal7) Hick. 7 AT ANYEL AN ET
WA AN F L2 BafjstA =, U A 2225
< sjAsto] ANEFY 57 Ee AR E wd
o A ot

N

XIZIR}

U

ol
=

A7) L 0] ANBEL 2AE] Parle 7

124°

126°

128° 130° 132°

Fig. 1. Instrumental seismicity from 1906 to 2017 by the earthquake catalog compiled in this study and the index

map (upper right) for the seismicity analysis.
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Fig. 2. Observed No. of earthquakes from 1978 to 2017 (modified from KMA, 2018).
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KHNP (2015).
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Table 1. The maximum likelihood estimates of the ETAS model fitted to the instrumental catalog of the Korean
Peninsula.

Zone  Period M, (Mw) Iggezf u K ¢ a p

0 1960-2017 45 35 525465  2.322e2  1534e2  295le-l  0.7533

1 19682017 4.0 30 82485  4985e-3  2.360e-1  1.892¢0  0.6472

2 19762017 3.5 39 38945  4435e3  1713e-3 110560 0.5936

3 19762015 3.5 57 4323e5  1231e2 91395  1258¢0  0.7079

4 2001-2015 25 53 2942e5  1963¢2  1.054e-3  6.504e-1  0.6480
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Fig. 5. Cumulative number of events (Mw =4.0) versus
time observed (solid line) and fitted by the ETAS model
(dashed line) from 1968 to 2017 for zone 1.
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