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ABSTRACT: The Korean Peninsula lies in an intraplate setting within continental East Asia, where earthquakes occur less frequently than
at plate boundaries, but their source processes and recurrence behavior are difficult to constrain, and rare large earthquakes remain possible.
This review briefly outlines the basic methodologies and historical development of seismic hazard assessment in Korea as background and
focuses on key issues and future directions in seismic source characterization that are particularly important in an intraplate setting. The main
topics include the spatial distribution of future earthquakes and delineation of seismic source boundaries, maximum earthquake magnitude,
magnitude-dependent earthquake occurrence rates and recurrence behavior, temporal and spatial clustering of seismicity, the present-day
stress field and fault reactivation potential, discrepancies between mapped surface faults and seismogenic faults at depth, the use of
microearthquake data, and the differentiation of human-induced or triggered earthquakes from long-term natural seismic hazards. In the Korean
Peninsula, limitations in identifying active faults, the short instrumental record, and uncertainties in the interpretation of historical earthquakes
make it difficult to define a single seismic source model. Future assessments should integrate high-resolution seismic networks, precise
microearthquake analyses, three-dimensional fault and crustal structure models, paleoseismic and geophysical data, and structured expert
Jjudgment to develop multiple scientifically defensible alternative source models and systematically quantify how differences and uncertainties
among these models propagate into final seismic hazard estimates.

Key words: Korean Peninsula, intraplate seismicity, probabilistic seismic hazard assessment, seismogenic fault, seismic source
characterization
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1. Seismic Source Characterization
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Fault source

3 %4
e 3
©

hel

Q

@

o

x

o

>

5] o

z i

3 €%

© +?

Qo

°

i

Ground-motion level, a*

4. Seismic Hazard Calculation
Hazard integration - Hazard curves and maps

OBJECTIVE:
Seismic Hazard Quantification
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2. Earthquake Recurrence Assessment
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Fig. 1. Elements of probabilistic seismic hazard assessment and its workflow.
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Table 1. Comparison of national seismic hazard assessments in Korea."

Mnax and .
Assessment Main purpose Earthquake Source model seismicity-rate Uncertainty Main output
catalog treatment
treatment
KIER, 1983 Nuclear site Historical and ~ Tectonic Maximum observed Deterministic PGA map
safety instrumental province intensity*; empirical and statistical
recurrence by comparison
tectonic province
MOCT, 1997 Seismic design Multiple Smoothed Expert-specific Expert averaging National hazard
code catalogs seismicity and Ma/rate models: map
regional smoothed seismicity
sources or Gumbel/Cornell
methods
NEMA, 2013 National Reassessed Areal source  Reassessed-catalog- Combination of  Official map
hazard map catalog model based areal-source 1997 and 2012
update rates; M treatment results
not detailed
MOIS, 2019 Standardized Reassessed Background Alternative Max; Sensitivity and ~ Revised map
national Korean, seismicity and regional G-R rates  logic tree proposal
procedure Japanese, fault data after completeness
Chinese catalogs and declustering
analyses

"Note: KIER = Korea Institute of Energy and Resources; MOCT = Ministry of Construction and Transportation; NEMA = National
Emergency Management Agency; MOIS = Ministry of the Interior and Safety.
*KIER (1983) characterized the upper-bound earthquake primarily in terms of maximum observed intensity rather than a uniformly

defined maximum magnitude.
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Fig. 2. Seismic hazard assessment results of the Korea Institute of Energy and Resources (1983): (a) distribution of maximum
horizontal ground acceleration for a 500-year return period based on recurrence rates of instrumental and historical earthquakes
(unit: Gal); (b) maximum seismic acceleration and return period of each tectonic province determined by the deterministic method
(unit: g). Note that 1 g=980.665 Gal, 1%g = 0.01 g=9.80665 Gal, 1 Gal = 0.10197%g.
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2t AL FdoA A HH A7 715S 3 w22
A= (Modified Mercalli Intensity, MMI)2Z A H 7|50,
A7] 27dEE 1904 E71A] Fof] A= MMI VIIIe| slg3}
= AR F 173 ek E3 e XA 7t Al
ME d=3to] AFBAHTHE XA FERT(tectonic prov-
ince) S FA122 B7hshe Ao] o Asitn wesia
ok A 717t Stoll 2 7HeRt A E 2 0EEL 22

Tl EMok XQ WHI S 1| s11

£ AR o|20f 7utsto] sk AR ol whet
5009 A7) 9 o AA7M&EEE AT A, A7A
Rk AR -9 0.25 g ofs, A7 AR} AR IS &
7 a2shd °F 0.12 g2 YEhgton, 53] ZA A9 A
B¢t Ao AR =7 FH A o= & A P
UTHE 2a). 7HH, BA7}F Hp2 wPolet 8 4
BEA HolA= 4 AAFE2TFoA BEE I EE
78l o] & X =-7HE & BAE o]-§5te] Hh=H A5k
7HEER SRR I A HoeB AR s A7)
A|ZI9E 0] A] 0.20 g °]3}, HAR|Z7HA] 23 7-9-0.26
2 AL, 0.26 g8 AHAF7]= FAA G4 240
o2 7P g O 9 A QoAM= o 7l Az EAEHT
(™ 2b). ok&d, o] BHuAoA= F 7HA] S BF
g5t} ARAE=S Frlsta o, A4 W9
At AR 2 G-gokar, A TR0 AF 7HS
Zole 244 WY 295 YT AS st
3tH, 2% 2a+= Gal, 1 2b= g TS ARG o] %
ol AAE XA = A =] PGAE %g D15 ARSI
o714 Gal 1 cm/s*E QJulaln, gi= BEFH 7GR0
o} ] W3k TAR= | g =980.665 Gal, 1%g = 0.01 g =9.80665
Gal, 1 Gal = 0.10197%go|t}. weghx A= o2 A]7]9]
AN = X =of A|AIE PGA gh Bl E wfof= o] &
9 Hgk BAS A =sfof gt
AL NEE(1997): 7|E AE(Ministry of Construction,
1987)= U=t AAFH 0, 1, 29 Al FHL2 Yr
of XA f | FaIrt F FFAEL ALEH UE,
13 AEC] A8 WAEAZIES 2, Adtstait A
AW ZE(Ministry of Construction and Transportation, 1997)
= ol g AHFES} Hehks fsto] T=A-F8 o
AldEE YRIEA7E 2 A5 9Fetqla, 1 g
o7 XY AS BHoz A A= =S
ZHgstAtt. ol & flste] FAl Sl A1 3kAt 8<lo] = A
oz AFE st I S Fshs WAl 354
T-E AT o] oA AHZHIE FAR R & A7
A7 A2EE, AFATE NEA s 2 9 QPR =
5, RAGEAE T GAEIS B2 AAE HAA
AEF, 283 7178 A7IANES Fo] a+AEs &
|k XA = Ark Y134 Frankel (1995)¢] A
2 &5 37 BE3} 719 EE Gumbel (1958)<] A
°]& E+= Cornell (1968)2] ZEE4 A A= 24 W
ol AR Tk o] AFAES 47 BE, B AR
ALPHE o] 83l A= thE A FEEo|u e 550
A= 2= Ao wWE ARAES A= TE 7EAE
SR, ThdRt A4l EA o] B-8E ]l olof whet z+
A=l AT AHARE AL AHE TS A8l
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0%
Ix

7HEE 32 Batste] HE A =E AREsigich 1
A3} 5, 10, 20, 50, 100, 250, 5009 52 10%2] =9&&
of tf-&3= PGA 3& SR Yehd Z|ZIxe= A
=7F A= QL) ok A IS 7HESHH ol 2t
e ZZ} 9F 50, 100, 200, 500, 1000, 2400, 48003 2] B+t
A@F710] sfFshs ghoz WA o= FAET 7|4 Bt
AEF7) Ths Tx= —t/In(1— P) 2 AEM, t = 50,
P=0.10, Z 509 10% 20352 w3 7, ~ 47464
ojtt. v, F HRIEA D XA = E7 A= o]
2 BgH 0w oF 500d B AW/ 2 E]she H97}
ool 73 3250 10% 293, = g0 2 2ok 500
B AEF7] ) Sidsh= A TR (Ministry of Construction
and Transportation, 1997)2] PGA 2-E & X oj&t}.
AR (2013): AP E AR AT
S FH7|HOe 2 20099 EE 2012W71A] 3.59 E9 ‘&
A= H YA = AZP S 3 AFARS 2
3P} (Korea Institute of Geoscience and Mineral Resources,
2012). o] AFYE B3t o) A7FA] ARGE AL Q™ 19979
A nFR Z7L A AR = A =5 7JA5H7] gt 7]uk
2 vlistaa sk 19979 AQAAHE Qw7 A
o, A&Ae AAHA Aze] Fu ABrksk A7)

43N

39N

37N

35N

33N
123E

LI
125E 127E 129E 131E

Fig. 3. PGA distribution for a 10% probability of exceedance
in 50 years, conventionally expressed as an approximately
500-year mean return period, by the Ministry of Construction
and Transportation (1997) (unit: %g).

A7 9] ZFo] o]RojF 1, ARz HE ES
gt 3oz B35 2|7 Aue-F 2P (GMM)2] B
I ARARAA AR, SAGS RAFS X718 2]
ofol| A ZAHE AT A3t A A =] Q] o] whet o] & &
2o JREF o] g3te] 712 1997d 9] =7} A A=
Zholl WAIE 84S Aze] $igh 3t o o2
A& 73412] E g Ao] A7 = .

olof whe} FARRZ L A7 7ol gt AF 7t 734l
< 53t A2 AWEFS 25t FuolA 7idE
choFst 217 A HkeE 2dlS 285t on, stz
W ol gk A2 o S B3 A 27 7]
TS & AR = AL B F8ste] AZA S =7k
AAE AT} 1 Ax}, Aukd o g2 1997 o vshe] B2 Y
A7) et Ao R 22 A EES B
o, AEF7|7F ZojARF 1 2fo)|7h EolE] FA
gt AL EE B3t 20129 BrloA= 73AE
AXEE, A-A3Y 29 9 JY ASAAEE HFgo R
g A F YL 245k ¥ HuE 19979 A
oo zto|7t F2 45 A|HkeF o] xlojof A v]FEH
Ao R | H3tH oL, o] =Ho|AE AN F R ZH| 9
AL Hr 2 YrlskA] gttt

15

e ek

-

3 AFsealE 5

Fig. 4. PGA distribution for a 10% probability of exceedance
in 50 years, conventionally expressed as an approximately
500-year mean return period, by the National Emergency
Management Agency (2013) (unit: %g).
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AHPA 3 (National Emergency Management Agency,
2013)2 k= A A S o] et a2l HZ A
A9} SR AA L ALY (Korea Institute of Geoscience
and Mineral Resources, 2012)2] |22 AL A3} vk o]

= 77K B3-S $5317] flste] 19973 2} 20124
Avte] AL Fato] 7k ANAHNE AES AT
SEIIF I 4= 504 10% 208HE, & gz
oF 500 ot A@F7]0l gt A% (National
Emergency Management Agency, 2013)¢] PGA E3Z &
Holgoh

PHAF(2019): AFHPHF L] FHAIPAATH
< AN RE FH7|EHeE 20179 RE 2018W7HA|
F7HAAARA = A F2IPYeE vl S &
A3} i Ministry of the Interior and Safety, 2019). ©] ¥
T9 BHe T} AR Bt S vhst o] 2
B 27} QWA= A= 2H4o] ek ARHe2, ol
7o) AT RS ula, BAIsle] g 14 AR E
ohelsta, ko) 2| @ AsH A AT ek 2
4 B AN 54 7L voR BREA ¥
AT S Q= WAH ANE 2H4EL WRHE o]
2l oo,

o ATOIAE THE AVARE AES 25| )
8 912 2B AAASE B AbelE vl s
i, o] HIF LR &= A, YA A, AZA =
4 52 Xt AR e A= 29 8 HAE
e 400 gHA| st o] & s Al gt 7
A ANERY] s FEF o= AfFristal, dEit
=9 ANARE F7H= FHFsHA A7 F55 A4
Skt 3, 714 AZIA A 59 5 A7) o]d A=
A AARE R oA T HARA 52 35t 59
A Hrel o7 A|A B4 ST ok gt
=9 YIS ARE RS A= Bt Agst
=5 24 94 7Hsskelar, AR A9 2 el iy £
e AR E BAS 3 AR E 7Nk R
HiZF Ao X9 FR-HIE BAE APPSRl e, gt
o] At 2| A ARke-F 2dS A stk o]F
A ARE o8 =S S8t FEEH PHS A8
sto] FAAQ AR e ATz AP
3L A AApe] it 9= A4S S 2] A=A
= B7bekaL, =EaEe Agste] A =7 A-A
= A =5 ARESIAT o] A itk ARbE o2 7])&0
TR ARPERPA(National Emergency Management Agency,
2013)9] 27 AAAE AEEZAAAHBAE)2 1]
ate], Mk o2 1,000 o]3te] Aid o2 Zhe Qe
7)ol M e B2 S, 2,400 o] 49] 71 AJEF7| = =

TR E4ok TR BE S I >13

< 72 Bty FA] A7 s s Al1229] 5
wie} FAARSIRAES) SRS AEsto] WRA) WA
Bk Mol uet A4 Bl S8} Sk QA
E(QHe 2 A 7R = 3he] B Y e
HESH 23}, o] 39 AR (National Emergency
Management Agency, 2013)2] X =& §-X|3}7]| 2 3}t
719 5 509 10% 232HE, & B84 0= oF 500 Bt
A@ZF7)0) sfgst= PAAE(Ministry of the Interior
and Safety, 2019)2] PGA X & Ho&Eth

% 2~59) Yehd AR 2ol gHtE X2 A9
gt ojsf o] WatuhS UeEh A b=tk 2 Bl A= A
A=) 7|7k0t i FAB, AAY 78, HA AT
o = A ZAYE, A7 ANheE 29, 7| ARk,
37 B3}, AL 9 o2 AEt 279 57 iAo
Z Ao Wslalgict E3] 19973 20129 A3}e] 2}o]9
s s H HaxoA A& A AihE 2o G
o] 2 A0 AsHYLh Thebd o] 5 1S ) X7
A= F7F AL} Aike] AL HHS BT AR
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Fig. 5. PGA distribution for a 10% probability of exceedance
in 50 years, conventionally expressed as an approximately

500-year mean return period, by the Ministry of the Interior and
Safety (2019) (unit: %g).
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ofm, 29 Bd Wsiyte] AVS Hejdt BAE e
AL o Eek 2t aao) Joja F|d =g P
2 Wsee SR ANEE, A2 AheE
A ) R A AE AT el A0 w s
2 @ASAY, 2 9 842 AAHO 2 2P AAL

o] Wasich.

3. oHitE XIZIR E8910 =2 HF I Ml

frEbalobe] Yol YX|t= db=9 ¢, A X o
I A Holm o FA R A Hol QI vl AR ‘4 g2 g
=AY St ARY S35 T A9 24o] A=
t2r} o]& 2|9 —7r— Bes] Tejd TS o] Wot
@430 EAT BF FAS FHEE (XYY E4S &
X%tk (Schwartz and Coppersmlth 1986). =, =9 F
=+ &5 AR, 959 724 EACHYE B4, 959 £
A3}, &+ 5 A7 5= B8] A7 Y 91X 9} 2
o 25 FrRei) o] oA A 1A = w30 o] F
Eolu 54 ©F SAS v R ¢ Rdl= HIbEh vt
9, W= va S5 A g 2o o AR A de
ozl ;Yo 9125k, o] HEeHA] L, A
2 2] A Y Folu 39| XA} ofF] BEs| Bt
S22 2 Aol o] ol FHtEo A= B 22
ZQl AZRE thFlofk gt o 2|2 i 329 Qo]
TR, 4 R 7lo] A @39 A2/} wf=2lA|, oF
UHA & FFolu ¥ JF 4 2R s 22
7122Q1 MlAYZ thEt os A 2 sfof gt 7]
+35-0 A2t B S| s &A=
et BEs ZHRIAY v e $E 7]E ofHo| o
Al 1|18 A= I ot} ¥hH 38 $E-2 A7+ ©AA
T, A, F£ BA B &S R 22 B4 9 7)st
A EtAR Qg F9 o] IAH o= Frtel= I
Foln, iy HFE 84 d g o= ot oo P
Eo| Agyoz YFE= = Yridtt ol BEL
A% ujetAo]x] grom, %XW ol &8 FZolu s A
Z+o]l My o] 71& ©EF= gz o] 24 st Y
= /=S 5 %‘\E}-
= A o2 ZAE AN AR7E dHFes
FHeH N, AR R F7E AA ol WA E AR 9F = S
7 Ao B8/ o] 23 tfF AR HIErt W] &
of A AzTte g njef 29| 97|, Hof w2 D AL
HAS A JA B8] o3e ZA1E oL ok o
ZhA e RS Bk e A 29
© g2 z3e ek glew, ol AT At S8
51A| siZsfoF & TA| = ol Stk o] gt FHE= 9] FA)

o iy

B n| FERL 2E T2 B i A oM E fAls}
A eee, w3 5o AlE) A7e $ehdete] A3
ASE B2 U E Aol e A S AT,

3.1, XTI HAXIQ S22 230 UH
3.1.1. S2HH ¥4
o Aol A el 23] EA AR Frkehs A
A 2 oA A7 B 715 HiR o= 3 F3H
7 (stationarity)& A2 Fhet. o] WL 3pA 21
Yol BEHE A oM GO R X &H 02 ]3]0 T4
7Fs/dol EThaL 7Pgshe Aot o] o] Fte
o 482 = Y= F8 o= A A 7HHIZ 8k 4
Aek AA, SRR I A7 AR 71 59] 3 2271
A2 AT AS Helthe Aotk 274, 1905378
fﬂXHWW oF 120d9] A2 AZ|AK A)7]9] ABE 715
& BRElaL glon, o245 E =] T Fhtr X
A Ggol thgt 330 FEE Aodhe Hl F-85teh 1
U S50 A7) Hske AR wA] e 33t At
o] & B sHoF Fheh. AR, GARA R A1719] 2|31 5ol o
T AEIE A gl it 9 ool i A XEE =
F7go] AR o] wige] A9 A7|AK B
BE 9 F=o] JHoz & ol g7 wZolth
ohk = Ao A A 2332 3 A ApA ol i
A5E Yuisr|Eeh, AlE A= dste] @A AR

ﬂl—i’l‘ nE ot of

HEE g} 3 By FWHOE AT Syl gl
AR wiAE A Tei, A3 A 7o) 1

W7 2199 542 12T o, £3} 1009 99 = 7|3k
< & 59 v AR FHEZE BdYs o= &
253} 7154 o] Atk Bollinger et al., 1991).

WH?/W EPHJE AXA = BrtolA] Lefdh= ALY
2R AP WA AFdo|tt. WA XY g9
A o YAHor uE ¢ Qe i AEE
o] = G ALt AAFRE A= U=
H%‘ »E—:Y& ‘3-4 B AAFERFo|t ol= HAHoR &
LS Brishe dEolut vl A%

L.

o 7e B AR Ao 2 Aolt g A8 4 H2
Mpgolt). et thEE B R 3 Aol Wake
Adsk sk A @5 Aols) A4 A =
Brie Xﬂ%ﬁjOl oIch. WA BHeAE 9N 27y

=43} 217 %5 Aolo] BaAo] Yehir|E Bt oS
Sol 53 A SFEA AR AAGIAE 2004 27
A7 20069 N o] hENZ-GA hEAZ A
ol 2 £EGET AnE Ao H4Hom (Kang
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=

and Baag, 2004; Kang and Shin, 2006), S3}j¢t sj< 2] o
G AR GA| ST TEGZO AEAIst
7V TR o] s4% vF Qth(Kang and Baag, 2004,
Choi et al., 2012).

kol §AE B U X oo R BREe vl 9F
&d{(Reelfoot Rift) T} 7iUch A|Q1EZAIA G2(St. Lawrence
Rift) A= GAA o2 I XX 55 2ol
itk whele] bEe] £71g AT Hn] FHTE
& Zd(Midcontinent Rift System) 51} Zro] 223
do] et W A oA FHEHA SIS B 14 2
= s ofHth 23U HHC 2= o5 A 99
2 22 $5o] AF7A S B 7|700] BAHA B2
o] 71 AZAHE 53 A E5-& 245 As] of
He Ao 2w 3)498 4= 9lth(Johnston, 1996). o]9F= Bl
Y wee 27x 54 5] of2e Aol
78t 2 A7lo] WASHAL SlE ofg) 27 &
A, 2 A7 DAY Ao] ESAR A EA)
Btk oleiet thopet e 272H B4 ARG ol ge
o XYL AAsh= o] tts] o A= 3
A arza 2R 5D 4 doks B A

3.

Al

(1 o

313. 13"
Al

24
e X|Z+e] @A 58 S EA4% Aol =2
W, ARtA o 2 FEF-AdA WFo R gFo] AEsh=
A % F8go] XujH < AL =Z U THSoh et al.,
2018). o] =3t 3 9] FAYL = Yol A2 o2 =
T2 o GFH 2 FF 3 Sk 2 ohR $
274 M= QA2 dBdE | o] eHt=
A2k g8 2 URlo] FE FHAR] 242 Yol g5t
o A ez A oulgt} i 7oyt A Al 2
A HHE 54 s 22 o0& $8 1 fAYUYSS &
Zo|t}t. T3 FEE g Hof A Wete] gaut £2 4 &
I} Zro] =2] SO ¥gE Yo wEk thE alo] Uyt
o)A gt AH T3 -39 FAAS g o
gh A A oA 9 A&H o) FRI X7 FE
tha o Q]F Q] ko 2 B Qlti(Lee and Kang, 2019). ©]
43t 45 S=o] AuiA Q] S A Z]xlo] WAYSH= |
AUZLE F 71X Bdo| A)jtEo] Stk A HAl= A
SRl &=&dt= WAk 7|E XA gt 29 A
243} H|lAYEo]th(Stein et al., 2009). ©] 7390l = F<]
G4l diste] 5ol FelstHA A | &3 A1z
£ 2= A0 T8 Aotk F WA= FAH L2 ZHo|
ZZt]o] x]Zlo] BAYEH= HFalo|thZoback ef al., 1980).
Aeoll= $8 FF0] A== AATH HAARE %

i O 1 o1

oo 2

S

N

o

I&

Jm

3k =9 WHIL

oot

=R 515

Aol F88 Aotk A Ft=oA = 71E F2 A
&3t Bl S Asshe Aol Atk 22U 7 7HA] 7
= A= iEkEQl 221& 88k Zo] ofy7] wiiel &
Alo] E3HA o2 2188 7 A 28] Ao gt

ek |

(o]

3.1.4. o182 TIZ0IM 2l = XX HE &S Jisd

Zoback et al. (1985)& AF2 2zke] 2|7 BHEo] B
2| Z+e] A4 ¥E(plastic deformation)?} T 3}o] 2R3
7Fs/3E AAEtATE ogh A WA HlAYE- Sk
R Zrof| o] +X]Z Wy F=(lower crustal strain local-
ization)’ © 2 U A Qli=d], W s x|zt 4] 9] A H
HE A A9S AEE 5 ok v A3 A A9
7Fs38l= 9 2935 ARV € Ao |thEllis and Stdckhert,
2004; Tacchetto et al., 2022). ALAs1A AAE A AEZ
o] sheke F4 WRo) g o] Weleh 314214 Mol
the] 5714 wshe AR AH Ao} 4 Yo,

kRO A WAlslE 2)79] Zdol HAR 5-20 km
SJoll o) glek. A A ANBELe] BET o2
of XX Y Al A=9] tiehS SAHC = g A AR BS
T 5 3ol &s] A=A ekl Kim, K.-H. et
al., 2016). o|2fgt 1= ANP{SFo 2 g53 XX 7]
2 A3 A A9 2 2RO SHA i)Y
A Y ARE A|F3HHeo et al., 2024a, 2024b). °]&
ol 3 x%19] 2t 1Y ZoloA A|xlo] REEAHOR
st S4e old o= e A7t e, ol &4
B9 Aetel gt TAE AlFdte Aoz ofAXI o]
o tEo] UL XS AR 29} A 2129 F
s A= Hl 588 IS 7Rk Al
Az Y AR 59 3308 2ot 2R3 32k A Ztx
2P A S A 7oA Y] 5X]A WY S A dS
T8 St= 23 9n|7t ek

T, A3t FAE AR XY e}, £ 2d 9 7%
54 HE Yol YHstER o] ZHIE HA-AA4 A
oltj¢] Zlo|2 FUAIBNA = <t ek A FE= o]
A A 2 90% E= 95%7F 8= = Z1o]e] D90 = D95,
& 3l X Gol| A LAY sH= AA| 2212 90% E= 95%7
AAsk= A A=E APFstaL, 1 374 P ER,
3R AR} S, ZHA TR, A7 6| AR A G
gto 2 e 2t YWEE=AIE B D ert Sick

AAY W= R Zlo] T2 AR R|Z}of| Fazshe,
FTEE T8 IG5 o159 S X2} AR WEolA E
2 T Aoz ofste Ao R A EE A&E 72
o} 7 AAE L] A7 HFo] BuEQIthLee ef al., 2023).
o|2|3t A= SHE R|Z+9] ofstet AR 2| ZF X 21E-59]
A 7FsdS A A8k 7H FA Ol AR, SHRE X|ZHe| =
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A WY WFL A AFFHe 2L ohrh. o] 7hde] &
Feicte AdHos B AR ASE 9 A
E& 37 727} Uehs Aol D90 Ei DIS}
AAH 0= ol 3, A|Hlo] ofsthe] 4 AA Bt 2
X Aol o] 4D A0 o ET 4 ek MelZ AL ©
Aot gy FEE BAS FlolE olefat AV} A2 The
ARBET £E mdolq AR e, S 2|2}
w1 1% 710 el AR 2oz Brtsor g,

3.2. IIES A|HXIZIDE I SRED &2

=4 AR o] e 5 Y A A Fm ) B} 2
Ao AAAHE BAH UK oS sASIATL,
AUH o 7P EHHQ B4 F shtolch. shitEs
Hol} ul AR Ao 53 2RAoR ge sty
9 2|5k 24 Y] 5S35 G2 o] a7

3.2.1. T LiE X9} K| 024

W AR AL BRRFe] WIS EAsHe
[e)

o

B57h ok @52 do|, wtd w4, 5d Ao, AZEA]
7 B HATH 22 Bt 274 S-S E83t] &
HARNARE vl wd A A B7Hd 5 do 22
drH o2 T YR A He SATS9 PR o] of
29 ol2iet H ¥le A837] ofHTh = A WA
= B7HE fsto] Lshe A YL AAF=T AR
ZF AY, S ALT2Y A 7] o= EFEH o
A TS0 2ol 3] oJy7] bz & FAF A
QoA AME= T4 B4 719 A2 H8o] A%t
Hr A o2 == F2 JARRZ, AAT=
S AR Azl oEste] AR WFRE F7HE 4t
gltt. 23U o] 23t S WS 713to] ok A A A ol
A AA 7hs e Hd) ] 23S HaB7rE 7
o] EAgt.

3.22. 8t

=8 4 o

QAR AZIAE AR 7188 GARR I A7 AR
ARE o] &ske WS AL 7159 AR HiF Hee
vl o2 PR o) W&} ojof Ak A A2E
AZIAZ 5253 AAst Hd) 2 X]3e Fs= A
ojtt. o] W2 AARZ AI7|E £ X F7HA] TR
o HA R} ero = A AR shekgh
olgtE =2|of ZA%T. wWbA AZ F=o| AR

ol 4 gk Tiste] mHY] HYAFEE A=
o] A%, AA BS 7|I7hE AR AR ZE anE A
T JAGE F7eke 29 BT AlghA ol AR A
EE9 7|7t & QIgt EHAA]o] Atk= EAI-] Sl
E3E 27219 Rz} 5 ALo] o] FE AR HAE U
= FEIH 2 3-8 5] ] A 2](Gutenberg-Richter relation-
ship)& -85t 7|21 A 1HEE& 71 2 X&) vl
TE Aot T ARGET ey o] e 1E5E
28] HRlE dolAs A7 0|a EEA WA st AN
O HIEE FEs| &= Hl A7 itk $AA HEE
S 2= Gumbel®] Fth2] o]EZ o|-§sto] A X
£ F45= ol AtHGumbel, 1958). o] WHE A=
o] FA T} H & 0| TA FFS W=tk AGHFEL
A7 BHE BEgks 0|85t WA AFEE Bt
W GA] areE 4= QIA|TE SWEE 9] 9 X2t g st
e w7t vl RSk, 3 B0 7] i
o vty o=z &-g57] ofE oIt npx|e s, i
geHA FHE EATEY 2719 o HAyS uEe s
FAYRAAFEE Frlsks HRE Aok 184 ks
FHSS B3] 9T 5 s AFo] v AgH o]
o, &% FE gt 2 EFAH SR Qs o] BP9
2§ 774 A 2A] Yt

A A7 A7 A= 79 A AFE AR E
283 FHA T E(Minax) B7FH RS, 53] 8495 4
H7} 23} o) 5 (Central and Eastern United States,
CEUS)&} Z+-2 ot4 t)& X ¥(Stable Continental Region,
SCR)oIA XA =E B7Ish= H F23 &S 5F3
THWheeler, 2014). o|2$H HHE2 o)< A8 A4 (Electric
Power Research Institute, EPRI)7} £&=3}0] 7St S
o, A AA oY thF A o] AARRE 25k BAs
of v 2 FE0 Hjx QRS 245 o BEE st
(Electric Power Research Institute, 1995). v]=+ A AL
49| QL 02 FER} fAR AW B4L AR
Ao} A7l 712 TNtoE, HHA V& AET BE
3 02 FER ANANES Bt shc). ol
o A WAL B AR 7% 717 S 38
T, ®oh el Sk AR 24 TPl e,
So), o2 AP ATaE WolAt 7] 71 HE Hgstel
chepst o] AAARE B, 02 FEe A
AAFEE 45k o Z-&si3ich ol YHES &F
F e XA = A of| QoA A2 E FF
517] 93t 83 Bt HE o= HriEh ey ke
oF A A A EAF Atololl= A2 =, 242 A
FENA Zol7h ¢ 4= 7] Wizell, vl A H 9
A7} = oFe] 2722 FAMI o] gt ESHEAS 3

.
pl=)
E



SHHE TIXITHOHE BIHE 248t X

WA E 3 E= ik Zdof vhegsfjof gict.

Y=o H|WE QY tiE A2 A2 F AT
2 AR H), A2t {30 2% D 93 X3P AR
OE B $RFo R 24T Favt ek 27 vju &
RHI = o= $5H9] Y Fut=g]=(Reelfoot-New Madrid)
atf €=, 22" (Charleston) A HIZA tiEFH
5, UGN SR, 2 YIS 21 1 G s
AR, E ofZ g 7ke} Jm| SR HU| 49 S5 1
HE 5 Qlth. 577 eRt=el QI QA3 ti s
WHe FARIE 588 = o, A o] 24tx Y
g7 Wy o gFo] IuZ PZAT MY UIF XY 23T
= HE Y fgigte g v oo gt vl B |7
O] /4 Aot mpR|et 8 242 AR, €3 B HEA
HEFHE o5, GFF 4 7, ATAS 7, ¥
A+ s A 2 El(Global Navigation Satellite System,
GNSS) ¥R E, @A SEHAA, As +29 38 L A
E2 QAN 7|E0 2 HrTsE 4= Itk(Schulte and Mooney,
2005; Vanneste ef al., 2016). o]& W9 EE3HE AL
So 4R B uet 2+ Me] HAYANTE Bizo] 3}
T 7FSAIE FofstaL, I ApolE tigt Yl B =EeE
9] #7] 2 ¥tgsh= A o] A ds}r)

3.3 TNINESEN Y E80 81 8H

FEEA AASE £4S AsiMe 4 AZLAA
TEE o] TAYsh= A7 RIES FFH o= Frls|ok
ot A H 2 B &5 B AN € W
9] A)o| HHEE = AR ZF AlZkeIu I B2 UrEh
o, B H Eoks WAZ 7%k Aol T TR
A9 A7 HYER g4 BAR BIY 4 Uk =
oF &2 # YR A QoA DS A A=7 F
Z3P7] wi2oll, +EE HYED AL S e F=
QAR B AZIAR 7150l &b 22y o]t
< AL T 22 S83 BEAINES =Skl ok

AR, GAAR 715 71702 dibE o2 23 Ay 917
A RIES G712 e AR A F7Ishlol S
SHA] @tk e R =] HARX| A2 20001 0]
< AAH ez 7P 21 717 S A E 7150 S 5
Aek, Abd o] T Az 8l YRk 7] S5 FUE S 2
= A=Y MEo] fFAIHIL e 7IRFS Ao =4
Al o] & FA7HA] oF 600 o]t HARKIR 715E TE
o] =S FUF A oA WO 2 w3 22 X
o] BARt Aoz i RfE AE7Hee] 2 oA jlol |
<= WA BF A9e ALz Friske AES Al
oJshd, UmA| = B A vkS AAT A Golrh
2hA o] A HE9| A71A Y A EF HI=E 45k 1

-

—

TIgl ENsE =0 HE Sk | 517

o] AR A 77t Algshe 717k Adyom o
o, ol T Wi A o] FFH = djgsh= AR A E
Z B71e] o3& Hofl &3trh oA = STEEY
g Aol o7 wjZe] T FAF A GojlA 2 11
A28+ o] §3to] B] o) L (slip rate) S 25517
A QS EEE B9 A B 7S sl
A 7128 Fr1el= A2 (Anderson, 1979; Schwartz
and Coppersmith, 1986)& Z-&5}7]7} o] Ht}.

A, = -2 o YR A FoA AR A mE
7I9Ee 2 3F A% A 7HE FrF S AR S g
/4 (stationarity)e 7HgsfoF gttt o= A A2 A
Ao} ¥l=7t vl o= AsHA FAE Rolzhe A 0]
o} v AR AR 5 YA G 5 Sl dlE
59, n|= 55 9] Z2AE(Charleston) X 9] 4918864
AR 0] 9 2|7 FE-2 - EEQ O, olF A7 EF
=7} Z7181= dAro] e TH(Seeber and Armbruster,
1987; Chapman et al., 2016). ©]+= Z| 2] 2HAY W=7} GA}
Ao g YHSHA| A= HolF= Alglolt). mheba| &
o= GARR|ZI9 717F 9ol A= A7 A ATt
4 F7H Y 7Hg o] frashA| g 7Fs/del =t

AR, A &5 FF 574 717 HF2H L2 Yeh
L ZW4(clustering)& B %= 9lek. o] et YO
S18) AAPAIR T2 717ko] Bk A7e] B71H W W
she g2}s Thetsh o A} ok

FEw AP EL AYe] P A RS
RAEE FANT A7 W A HA FRE B}
SfloF gtoh. 3 o7 A A W, &4 Haqte, 37 BE
3t do] 9 fR-H% TA 9 274 Ao wet xdd
g0 gebd 4= ik wEbA ol B4 A8 AA] o
G ARNYE B B =T5E £7]2 thFojof gtk Ayt
Ao g o] 27 AL 744 Hrk= GARR|Z] AR
N=5HA EsH EAIRS 7ML en, AF H 33t
2 4 7HEol= B0l EA%T) wehA k=
A =S Bt FestA FrEstr] il ARt
HARR]| 2 AF= 9 FHAIE BEs] 2145k 2F A XA =
4 Aol wrdEl QARRZ A7 719 o 949 £
A Hut A5 grtsfof ek

E3| ghiteel -2 ok &7 )99 X7 &
& olslieh= dl BZlolh w5 ZAE A Hof A= why
A o Y7 279 Zdf AgzrE o] 9F 1,500-1,800H

%7] 34 =9 tHTalwani and Cox, 1985). ¥1'H Ful=zg]
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E 7oA = 1811-18129 A7} FARE ti =2 A
Z ggo] A oF 2,000 F<t Hoj& A b LAY A
o2 4=, olof we} 1,000 wgHe]l A 2F 50019 o]
2= AH7]) AqEtZo] AAE UK Van Arsdale and
Ellis, 2004). o= 217k % eju]el(mmiyn] B B3
olF £kof o|2& Fhola Tttt 4] A4to R A7 H
o 4 ARule FEe) 1 WIS oielA gk 1)
U AR R o]F A QoA A47] S & =9 AHeHH
F2A W7 HA" &2 ¢ithObermeier ef al., 1985). 0]
AF At LA 7159 AIA AT AdEs
A7) Apaee] Bol 5B e Shkoh AWt
AW}t ELYXE 4= glon, ol EYAe AXNEF
O] A7 IR0l WE A9 olF e AESH
7| SFcH(Talebi et al., 2024; Montiel-Lopez et al., 2025). =,
7S 717 5% ARlo] JFA o= WS £ A 5ol
AL 2 FA717} W R0l 0|2} e @

F A G| A 9] A &F ATt 374 7 S48 Al
A9 A A uEste] BE A7 B BT 2
ESHo] AR US Attt Z2aE o2 o AR
et =2 7Rl AR =Y B Frt 2 24
% glch

TR Y T HFH= XA = Bl A F st
B 27]49(Turkiye) oFEE]|oF WE=(Anatolian Peninsula)
o] BNE BAZ F2A2E o900 km Zo] ] HohE
2o} ©@3(North Anatolian Fault)2 1939 XE] 19674
7HA] & AGollA AEA Q1 XX - o] et =
2 At o]t w|= wo]&=M ] 14| (Basin and Range) Z] ]
oflAb 4= kmoll A 541 km Zo]9] Tkl A 2HAo] T
ZHE|Qint. vl=r ZA" A FoflA= A2 BFo] FA4F
A olube 343 Zashs S48 itk 0] ke
= 29 A 1811-18129 9] A &5 F91 YA sh=
S 23S Helrh olgE AES AR T340l
vl AekE B7oIA WFEChE Fe AR

T dAqe o AARe B R T&F9] 27 A e
2tol & g&s] shar ik T HAR A FQ vj=9 M=
FlotA(San Andreas) ©&9] u3™ = (Parkfield) F7¢
(Bakun and McEvilly, 1984; Bakun et al., 2005)°|4} &=
Al4=0]3](Xianshuihe) ©Z(Allen et al., 1991; Wen et al.,
2008)2 FHH A7 7712 Bol= v, Al 9]
E32tHOued Fodda) @&(Meghraoui et al., 1988; Swan,
1988)0]u} 1] = Hjo] &M | ¢1%](Basin and Range) A < 2]
=(Wallace, 1987; Kenner and Simons, 2005)5-2 =4}
WM 24 e 124 B T 7 A7 dEfe 2
A& HRl o]& A Qo] tigt A= o2 A 2 A2

o] HlE o Z diAIgt AL HojETHCrone and Luza,

0%
Ix

1990). o2&t FA= <4 7]7to] & Abdo] ofyz} o
2 A4 9] A 2t 4 a3 @ ol A&H =
A& HolErh AT of2fgt X219 44
& AXESYE] &5} gEo] AARG ¢ 22 1]
H|2A XS5 B AAIsHA AR gl et FEH A A o
Bt ik A& =01, BPAEAX(Son et al., 2015),
3 F A< A A (Hong ef al., 2020; Lee et al., 2021; Sheen,
2021; Son et al., 2021) 52 A7, B2, o3} o] &
o] A7 Mt o] dvbAl 2|71 AJA| g vt 24|, £
AZs 7z A5 ojEE& A=z FARE 29 2|
ZEo] At A HoA Z7|7F X &E U 539, =
oA olzfgt A A7 EFo] EAQ AL BE F
Holtt. o] Z|Gofl A= GARIZ 7] F oA = 87 HollA] 1
7i7to] A& AR 7]15o] 9lew(Kyung, 2021),
AZI1AZ A7)0l = FHREEo|A ThE A He v|ste] 71
FEgE 21922 A% S5 Kol gith(Lee and Kang,
2019). o]FA & YR A A2 FHA B, T EA
£ A9} g 3= wFgo] W Ao EAbE o] Yt

= 54 diiZd BAsk= AeE oAZITHTalwani,
2014). &, & A A= F ol ZHA F=olu A
Al 252 53l 2ol A5 H Ao EAsHA|Rt, T
WFol A= &g o] WA 24tE o] X|7lo] WhAgstlete o
A AH o2 AFEHA] EaL o7 oA AL o= ek

=7t A7) XA oA Zoky BP S ZHkE AH
2 Ql vl ol B o = A5l o= = T A
L7) 2AA2 7} obF] REsie} weka] @ dAo A= Zot
% 2ES 7€ B R FAISHE, oA H ARHA W)
S U= gt 3 23S =EaE B e UHE
o2 Yyaste Aol Aot ATHO|E 4l B2 F
B Ht A A, 7R 22 279 2y A, A
Ol 5 4 7hsdt ot 7| EHARI AR

OFE|= XX Fste] A& 4= SIrk(Field et al.,
2015). 3HA o, ARA2F 9 FIR| 22} Zo] 7o
A Y ARE Az #dlehe AAEYES F71 A7
AAA =Rt XX SEof et -3A14 & = 9(Epidemic-
Type Aftershock Sequence, ETAS) = A|7H7HH A&
o 7|kt ¥4 @] di&o g2 feste] bR Aol A
Asit. % =7F Bdof H|Zokd S FAF R =
dst7] A= B A s LA AYALE,
@3 ol 55 33 718}, A7 BE AT o7 A
A R B84 B7L SH7I17hS o] 83 A HE
A Al = Bl E T3 FHF= Felo] A= ofof gt

oz, O
oA

;

21T o fr
N
2 oy

3.5. DIAXIX! S XML HHES
=7F AA = B 50 22 7]E] Fd



SHHE TIXITHOHE BIHE 248t X

@3 AR} A 2719 71 5ot ©F9 A= F2 A
FHo| Ueht X33 Halel &g LFo = Qs HyFH
250 45 S S 4= Uk 2 A7 =0
FAE dFo AT Hojih= Ao| ofye}, Y AA] 2
oA WD o~ Jemz, XA e 2= 7]
o] TFER| 2 X FGoA WAYst= X ZE HA| E7F
T ojof gt}

ML P e DERAE Aol A= X FEA &
g o= Sl B39 FEie A A EF9 A2 7N
22 A47] &55 BRI A Z=dsh= Ajo] o] FoiA|
31 QIti(Ministry of the Interior and Safety, 2022). &L}t
o|Z 3t X & TS AL Aot AA| EA XX &F Alo]
ol B Zol7F EAs, T35 ABAdE 2717 ol
& A7} WtH(Woo ef al., 2020; Heo et al., 2024a). 1|4
A7 &5 FE5S 58 d2 2= 7EY AR G5 2
A AT Ao 7| " 8 B 2 A2} v w3
 SollA ARt A3 Hol A, A |29 Ay FA
ojuf R|5} @39 7]5tetA EA(: AN BF9 HF, 7
AL At B 5)h= et ApolE Hole= 97t gt
(Kim et al., 2010; Kim and Park, 2010; Heo et al.,
2024b). o] A& 5 Aol A E1E A A Tt
AA| A stef A AL HS] 5 WHAo] dA|eHA] gk
T U= Yusi, 71E A& ©&F A AHNto =
AR =E FUSHA B7Isk= Tl TATE Sl AlAFRE

Aol A ZRlE = TtF-2 A 3~Rh | o] |
Fo| FA4d 2uz vehue, @4 A S5 REEA]
2842 gb& = Utk A& &Fo] AA = &5 AR
Ak 2ol v NS sl e, Bid=
Aol = gt HF o] gld A Hol A= 2Hg-h= 59
ot SR IR Y 47 W= ol wet oA
HIZdAo|d 3ol A&dshd = ok maxzl
52 AtolA dojub= A2 R @ vy
#AEFo 2N A X A 2, -5 A 2 &4
@43 HhE oSk Ul Fa3 ARE Al FEth v|4R]
A #S A= 71E A E 2AMIA ERlE @59 9 =
Folu &5 ST =4 Uetue A7 Bk ol= A
stof A 9] 38 7t #ASHA| @on, @30 oo w
2t 5 Ao thE 4 U= YujEtth AE S0, &2
dSolgte &S RET 72 FEoA At wigkoe
4ol tE &= Atk

A& GSAT AE AEAPE AR AN Bx= 4%
A7 Ao A2 T E ¢, FAE s a&Fel &
SHOE A ddste AL vighashA] Ptk A Az,
Al A Rat gAL E 2|7 BT} FAe] A4S XA
S Aol AFoNA AFRE olojA = T E= B4

T
e

-
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3

oot
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o A4 dFdoE 24T 4= qick v AR XX
o] PesiA|gt X F E40] SRIEX| gow HE 9
W= (blind-fault source) 2 AAsfjoF stc}. oA}
Aol EFASAY AR A|7lo] shte] Ho = 475t
A g Afole Aot G HF gE ExE A=
A = 334 AR AR Yo 2 sk A o] FAs|itt
ol A2 oY, WS ¥ A AL AR T E
ok XX BEl B =Tl 272 A4S, ZH /7]
oA 7hsdt WA, HA X2} FE HES
HE 2 grisjof gttt SAlo] g g5o g2 AYEX]
%= XS 8517] e o] viF XA LS FAI5HE,
@3 Hof wiEE AXIBES wiB AR LA AzsHA
U HES 35 335t 5Y AXEF0] T5 A
A Br=F sfjof gt

ol#gt Xl & F&EstL, Het FUF AN =5 +
357 YA bt 22 A7 EAE AR, 71
o] A& @F AL AT} v /S A=E TH6H
Hop st &3 2dS 5% 2ot ik o] & HsiAl
£ 2R A A7 o 37H B2, A wAYUE, Sl o
£ HYPUA Y F2 e 55 245t 7|& &S 2E
I sk, EYX|Ehe s SASHAU ARE B
T2E F7H o2 ol 3ty B4, n|aAX Ame
Aot @G F2E Hr} YAF O = offst= b Eee &
Ttk ol HIF e ® ©F9 ol &5 S aE3t
32+ ©F BES 155 AR Bt AUEE

9 4 ek AR, 7129 FBEH A= F7} 4
& F2 gite S A0S ko SaEsltt. n)d

AR BEL Aok AR LARZ] 7|5k $2 A, B B
o 4l A £H EHS AR Y BENRE B
2 4 gk b mlad AR Y BAsle 2
£4 QA= H7te] 9 AR B g Lol
Gasteh YA, B2A0S PUsH 2T 4 g 13
A AR BEGS SEte] 1|22 BE A A
312 Q4202 25k, A Y B3 715 B
F2hE US| AloFE Bt glck

HlaAZ] B i A0 QYA o A8
ohjw, || 2l0] FskALE 4717k A4 Ech AT
o2 2 A7) WA HFo] ErhT BHY 5 gtk B2E
HaAd PEEE ANBEY] 4E HeL B2 /7,
ARBE A, A D 2AA, §A9 G Sl we}
Yot 4 glom, AL FroA F4E FE-UE BAS
2 A9 A7) WABAA A AR wlel = At
2EA4o] qlek wrebd mlad A2s Aok A
T3] 715k A, B 71 L AAY EEE Aokt
L B2 ARE B, A47) AR BHRA, DA A}



520 2t

2 Arheh A9l A7 Be WAL BN SBAR B} wA}
Aok Bk A= Afolo] AdAe] WeksA) ghe S
ot BU HHOE FAS| AT, A2 928 95 B
Wik SYHY AR B 59 ok 149 mdz 74
ste] % Aol vl 1= GRS Bhsiok Bk

3.6. THAXIXID} QX Q4 EHIT|XIO| 1
e

20179 My 5.49] AT Al A3 &5l ot
9 B 11549 wabt AANE R )& A5t g
Fo) g AR FEo] GFE F 4 UL Helzth
(Woo et al., 2019; Yeo et al., 2020). 0|83t F- ZA X
A 198 FUAR W FLRZ2E et o] EHo R
TR ook Al o] AR Ay A2l A
71& AFstaeliets, 2 7|E @39 7|8}, b £4
9 Fe 2z S| AFE SAHEZAUAY ¥
7 B7] wj o]t

=7} 29 7] FAAR A= Brlol|A= 58 <
A S5 2 o] ERIE AR Be 5717
S7HE AP ES A AQAZ BAE| 2=
Z3IR] 9= Ao Elgdslti(Baker and Gupta, 2016; Petersen
et al., 2016). BFd A G, fA4 =, A2 E= =
AGA] F9T Zo] FF27e| wt RIS M
T Sl Aole o € A ol F 2 A AEFS =
A0 = st @] B AIZE EF A7 A= E E
=9 BER Frie Bavt ok AR A A
O] FLio] B Aol thefA= AR N o2 Zgts}
= 2, AA AP L 2 A 9ot BEl W AJZEZRH A
E= A8oke ZES gt 2712 S 4 k. ol &
AR S8l EelE AR &3 A9 715t= 534
¢ AAsHy 9 2|75 FA L A AA A XY 2o
ok Aol 8 o o, FU A B TY @59
S| AAA ALt Ao A S5 A=A &
2 S FRI0] wjsjof g

2 THol e

HI

4, QN EE

RS gebiolge] Wie] $ixstel B AA R
S A2 A Bl AR, A7 A gele] BatHol
SH4 o] In), 287 2 FRe A|Fo] WA 4 9]
T A B0 B4l glek. A A7) Fekel A
2 W3 I AT 20169 AFAH, 20174 £
Pk o) 205k BT QA A S
Fuh B3] ZAAAL 44 FA7 AT
o] HEAEY A A9H FFo| §9

T
i 2 o
N, [E

A

o
s

e o orlr R
Lo

OEO
Ol

2,
3o,
rw
)
_Orll‘
¢

ofjr

AR E 2HD = Y2 BAFALH, F7] A
A A=t g 2o AESh= FEAR A =E =
A A7 Ao w2t A2 B de A7 s AT

AR e F7hs AT BAFA F 7 PHES §
3 SdEt 2HEA Hrhe B AXYA dHE 5
o A AR AksS A HESE H 189
o SGEEA Pk 7 AY, 5, A 2 TAE
o] 23& ST AH-5 2IMES AP F 1

<= B7F FAI A EY FaE0 me EYReR B
AT B o2 B8 5 QU o] FE. TSR
=7FA A8 e sy A4 5 A =77 A W
A AA 22E vhshe o) 320 3ha 3, A5 EYE
R Eise

Ty k= AR E Bk o A A
4 W=k AR, A7 Y A A52 A 7] 5
oJEsh 74 P9 78S 82 SR A714
A BEE T Fs]ols B5 713ke] dk A,
AA T2} A7 BF Al 9] FBEATE 288, 7
of AT SHFol TAPN=E EFstaL AHER A
A, S XZke] ofst = MY R
ol AR A AT 33 22E 2H T 7
ol A7|= o] Qlo, @A FtEoA grE FAE: T2
A7 FES} A2 E4 = APl 9] F7HE Higoll A%
A w2t FF AL 19 golek € H e
T A9 AT 7T BAIE AR E Htd U9
7F e A A 2 F7s B U A ol M s 24
G5 AE FEo2 Qs P, AL AVAI AR E
+ A A7 A dE A= 7|9k 24 ’pa]o] &-g-Hn
TR 2 A2 g B 713 39 i@ AIRdef it
£7F 7, SAA 288 S HAE Ad o E3E
AW B30 A 7H4 Brbe A4, AR R 33 Wi
34, A AR AFY ZAIR 3 E8Hd Aol At o=
T ARt 22 Axlol AFE 7|k A7 FAVE
HHEshE o W9 24 54 dZelth vATe R, 1|
A7 3 EE= V)& sobd AE S LA
A G 97w, ol2dt Bd T 3 3
2 5, v a7 ARE B8 A S 9 A
Asf= A 2 A4, A= AABASY 75 5ol F
& IpA| = A ok

TR A7 ol PRI el A % A A
= F7He] A Bl A B4 AAE AL=sshe
g Aok A7 AR A, HRA R, FEE 2
RBE, AX B9 A3 2384 9 A& @5 A
St AZAATES0] BAE shte] 22 md=2 n3gsr|E

-/

lo

rr



SHHE TIXITHOHE BIHE 248t X

o A ThE AR} 1R HHE B BetH o w B
U el el Fdolol Tek S 2 chete) 2749t
8 A L =el5E 7SN E SgekA AN A4
0] Hol7t 58 AN 413 Aol oA 51
A2 A 02 rtsjof Ak o2 S8 DU A7
PPl YE3 v aA7 A2, 3D A A2 2
A7), 3349 A2 9w T, DA AR A
o RS 4K 0w Y A7 AAL Basic 5

3] % U3 A4 AL B HA mEe s
of viot melo] Bt efAE UdES WAH o bl
23ha, 1 AnE AN FH 2| =] Aupshs AR}
2 a3,

A =

o] A 20259 HtulEEY SHEATe) T
A W ARA Y] A ok s gl o] &
AFATAT] FHATIAEHAT 202606)9] 43
21 EY2 Ay on, dFATAEY FAH
sioh TFE 4= gt 2] ¢ eI ojzdo

ATE MK B 2 Ego] Hglom, ofo] A=A
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