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A Note on the Earthquake Double Counting
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/] ABSTRACT /

As a result of active geological investigation of faults in Korea, many Quaternary faults have been identified and some of them were judged
to have potential to generate earthquakes. Those faults need to be considered as additional seismic sources in the seismic hazard analysis.
When a fault is introduced as a new source, the earthquakes generated by the fault should be removed from the area sources that include
any part of the fault, to avoid double counting. In practice, however, double counting cannot completely be avoided as the complete
separation of the fault-generated earthquakes from the area sources is impossible due to uncertainties related to the earthquake location,
subsurface structures of faults, etc. When a new fault source is introduced, the only constraint is the invariance of earthquake frequency. The
maximum earthquake and the Richter-b value should also be subject to change, but there are no competent approaches to estimate the
change due to incomplete separation of earthquakes. To gain insight into the effect of a new fault source, an example calculation of the
seismic hazard were carried out. The example calculation shows that addition of a new fault source centers seismic hazard around the fault

source.

Key words: New fault source, Double counting of earthquakes, Seismic hazard

1. ME

20161 99 12900} HhAsh AZA| (M, =5.8)3} o} 5] 119 159
B A RIM, =5.4) 2 At TlalE guksiglon] 1w Qls) 1|4
ool et =71 S Zarsloict. 1 AT} e Epo s
2017¥15E] 2036¥17H7] 2040]) A & 4vhle] Shibe TE1z410)
A 9 W1 A 37 Ao n, 200236 1820179
2202118) BA7EEAREQTH]. o] HAAo] 714 AU7] 5% A
£ el 900 A 2R Ao sfeh (el S, YAkEor e
3)2]), AR 571 A0 = Teiso gk 20161 At
20174 EFAAL YA A3k o A] 2] 19 B0 2 Tejsojop
.

AR F7lol) A ALe 7| RH o2 T2 9 (Fault
Source) T} 2] 214 Area Source) ©] 2714 Fel7} olek. TSRl

ARe WA 4= Qe o TR g, Ao Ahara o & hAys)

*Corresponding author: Noh, Myunghyun
E—mail: mhnoh@kins.re kr
(Received March 6, 2023; Revised April 4, 2023; Accepted April 4, 2023)

L o5 AE WA T5o] HgetstA| ERIEA] = 739 ol A9E
she] ARt o 2 A ofel 4= Ql=t o8 HA Aot jitk. &, |
AR A L (L) SSAY &84 e UrmA] ARE sEetshe
Teolet. TR A TS| Alo]E Hol= 79 thaee] AR|R
& Aofsh= Ao ArbAlolu, HARRYAS| AT} A4 e
2 FARBIA AA B ol -2 wRE 2pe] 7} gl 7ol ZaA| ARzl
AL E5tsto] shto] vl X2 Y(Background Source) 0. & thA5H | =
Stk AR A dFo AR Y e 1=gk = glon g, ofsh g

A A1 T DS AI A AbE ARE AR S U A] 2] 3dekE 0]
Sfob e, 12)7) 88 79, BRI A1 S0] MRl E3h
o] 48] 279 o]5AR](Earthquake Double Counting) A7} HAJsH
ok o149l 518317, THEAIIglo) %7 wnfe} XA} 57}
Shz ulgAEIQ) Ake 2ejsti, AR TR Age) 27hE uobct
o] Ho] ARIE Talals LE WHAL) ATLHEAS AL
o g

Selufetoll ] AFA1A A AkS, ERA A ALY

g

%

L 121 A F

O

157



EXTSeE =2 | 278 3% (ST M153%) | May 2023

A ZARE F3l Z1E Al 7] S 1] 5 M2E SRR ERIE=
g8l Al )x19] ol ARl thEh =2 v AH&@M@? k2
Za10f A= AR o] 7ol mhE HA A KA 0) A XA S/ A7t
oA A O = PG FAS AT R AL o] 23k SHAE ARteto] 288
4= Q= HRAE A A 07 A skt 5 A2 TeA] K Ho] F71E]
L A9 XA =] w3} AR B Qlaf, 7tetet 2] XY (Seismic
Map) & A7) B2 %19 =] 452 22143 &= HSkE Al4lste] A

ATt

=1
|

2. SHE 2t Raset

Y

2.1 HAE b

gt uiel o), AfR-e- A 2l do] 71| H o] ThaA] zl gyt of
‘4@01 SSAR A e Z35h= (715) HARIRYY AR S
3& AB71soF gtk X799 A EA ol A1 XA sl = Akt 22l
of whe} chett QIR F ERFE|R| 9, A28 TR 21 9] =) of) whE A
7FEoA T Ak QIAEEA AXAEE, ZThA]7, Richter-b § %%-’F
oh;]- o] A}%]_,] H]—X]g]—,ﬂ-'g':]_o]_o:] zﬂxﬂ_,] X]Xl ol X]X]E]—X4 0:17—] ks
o, o5 371A] QIRLe] A7l FAA 0= o' AL Q=A 1-’»‘40 =
& ARA B = Aol 2 o] FHrk
Al SEA XY o] 5 PRt Z36l= WA U] AXAYE
3& AE7Ist HA Al TSR Yol A gRt |7l 7]E8] HA
A7 ol A 2] 712 s sfoR giek. Z1eful 21 119] 91%], T3] A
Sz Foll HHE B2 A wio] o] & Aol AR e X %le
A sk A2 AR 0= BTk slth 53, A7 Ao B2
3 AR A5, AR SR} 225 A of2Rl off ez 9l
o AA) 21 A Bl = Bkl A= S RIS SUM=6.5) oo A%
o] I Az fof A AR A 0 2 7Hstal, v R] 2| %lo] AR
oA A A0 = 7HE7 | e FHi{3-6]. wh FA] o A A=t 5
2 AR Hof A sk Ttk <] 7lof] oJsf A Echd o]k ”“é‘
&AM R gastch Tl e A8k SRiol 2 ul, T
AR 24 10| Whilah o e (.512) 2 XA} o] pho] Wit
o} o3t 7H& A gtk 53, SeiuEiet 22 Sl A H(Low-to-
Intermediate Seismicity Region)of|4+= R XA =7} M=6.5 o|5}2] &
T2 200] of8) A D2 o} e 7o) 4 e} ek
o2 Fejo), T AJzie A A A7) ol v,
$EUIS 7 202 AEAEIAE TR SV
Aol whAst 2171 5 0|5 A7] Bk ol 202 SIE A1 girk
ol A Sk AR, AP, Richterb 6] 4 51
o} 0], 3 191 51 119] o] & 5 205 X051 2 bzl 102 o
3k 78 Bt thas Aoli= I, HebE 2 18t A sty
ZAP AR Ak ol Batol ek 2 SIS Sulal ol welA of
408 AT AL B Ao A
2o, SRR A A7) 0] AP ol Z}ig o)
7 s%au}.

ot

1S

158

x|

22 REst #F

o

Ao ARk W sl peistol, 72
72 F2] A HA|(Axiomatic Proposition) 7} A H :_H:}.

YR Tl o<t

M0 ALy Aoz A7) ZAF) T2 11 thzo] WA
oAk 27 Ak goleio] st gherh

S o 0] eI g e 2
= AR o] 4] (1) 323w, o5 HAA o] A7 W ELS
A2l Lo} 5438 T g FgH Az ol Be A0 71
SHA 4] (1), AXEAE0] 28] 11 717He] A2 Ar 2 hE ¢
2o g =A% AeE 7pAsic)

2] (1)0] 2 o8 %] Al 2 Rivas-Medina et al.[7]2 & 4= 9t Rivas-

Medina et al. 2 tF20] 015 5-8 0] 85}0] Th=x] 211 9] X2 E-S- A
AREE, 7138 HAAI Q] A IR B A o] g AR U A| g 95
A)719l0] wQJEl % v A19le) A NEPIER AT, o4 78
A, 2. 189 AAI[3-6] 4 A 7= o] 7N A3 Belste] Algt
o] ofje} A AHAEE AERE Aol

12-2] 0]%5-E(Slip Rate) 26 A ZHAYRI =S S48k 4= 9ITH8, 9].
T30 olFERNE AT AR HJE— AR EE 0| FEEA] ghe
ARG Ro|ck T o 5B -85 S A 4H=(Geodetic

3 314] ?ﬂfé‘}?ﬁ, Z}E&(Paleo-selsmlc Data) 2

Data) 2} of] ZALS £ &
HE AR 4 ek

ZAARRIE ©50] o FES AN T, BEE w9 mEsL A7)
IR 7= Alo] ot i9)e] A ko] 2|2 wige] Wel 2 gk
th= 2 ejaloF g 10, 11]. ¢l 501, Ghione[12]+=GPS = #53t
H91&0] 40%THE TF-0] o1 F B 75T WA ol $IRIg L2
ot mlat AL Bek| 2w} o] AR 2|7k o] EetA| K= 2]
oAl A WS o gsto] ALl Thgo] o5& Al=|wr vl

4 . :Laibrfawam@% s 2ol Al o5 o] U5 Aol &

Azrol A g gHsly] ook
A8 x}ﬂé o183 A, o5 B T wgle] B W VIt

S 2 U gholoh Mgk Ao $J3l(Sum of Absolute Displacement)
3} £ 23K (Net Sum of Displacement) 02 J-53}F 4= Q1=d]], AT
T T8 wmieh Ak TS 191 Moigre] ol R
TS 1) e grofo). T M WS B5-2-F vl @ T4t



+ Site D Area source / Fault

B+
504 b+ +
w+ + + o+ o+ o+ O+ + o+ + + + o+
W+ + 2+ o+ o+ o+ o+ o o o+ o+ o+
20 + + + +* + 3 +
04+ o+ X+ L+
04 + + + + + - +
04+ o+ o+ o+ + & o+ 4+ &
204 4+ 0+ o+ + o+ L+
I P b+
FIENE Y T T T DT T T T S T S 3
504 & +

50 +——F—+—+ +——+——+—

+ N N N .
60 50 40 30 20 40 0 10 20 30 40 50 60
Site-source configuration

Fig. 1. Configuration of sources and sites
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Table 1. Seismic characteristics of sources
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Hazard at 50 gals, without a fault

Hazard at 50 gals, with a fault

Fig. 2. Spatial distribution of hazard at 50 gals
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Fig. 3. Spatial distribution of hazard at 150 gals
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