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Abstract: A systematic quantitative investigation into whether the mechanisms of large earthquakes are
unique could significantly deepen our understanding of fault rupture and seismicity patterns. This research holds the
potential to advance our ability to predict large earthquakes and enhance the effectiveness of disaster prevention
and mitigation strategies. In 2009, one of us introduced the dragon-king theory, offering a quantitative framework

for identifying and testing extreme outliers—referred to as dragon-king events—that are endogenously generated.
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This theory provides valuable tools for explaining, predicting, and managing the risks associated with these rare but
highly impactful events. The present paper discusses the feasibility of applying this theory to seismology, propos-
ing that dragon-king earthquake events can be identified as outliers to the Gutenberg-Richter law. It also examines
four seismological mechanisms that may contribute to the occurrence of these extraordinary events, considering
factors such as fault coupling intensity, finite fault rupture, rupture geometric complexity, and run-away unstable
rupture revealed by numerical simulations of earthquake dynamics. Although applying the dragon-king theory to
seismology presents practical challenges, it offers the potential to significantly enrich statistical seismology. By
reexamining the classification of earthquake rupture types through a statistical physics lens and integrating these in-
sights with underlying physical mechanisms, this approach can greatly enhance the analytical tools and depth of re-
search in the field of statistical seismology.

Keywords: statistical physics of earthquakes; dragon-king event; dragon-king theory; earthquake mechanism;

statistical seismology; outlier detection
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Fig. 1 A schematic diagram of the observations of dragon-king
events appearing as outliers in the tail of a power law
distribution. Although dragon-king events are extreme,
their occurrence probability is much higher compared to
Gaussian and exponential distributions, and even signifi-
cantly higher than the power-law distribution. Typically,
if the probability density function decays faster than an
exponential distribution in the tail, it is referred to as a
thin tail, such as for a Gaussian distribution; whereas a
decay slower than an exponential is known as a fat tail
(sub-exponential in mathematical terms). A specific
example of a fat tail distribution is the power law distri-
bution. The term "heavy tail" is technically used to refer
to an asymptotic power law decay with exponent a
defined in Equation (1) smaller than 2, so that the vari-
ance of the distribution is mathematically infinite. The
dragon-king regime can express itself as a shoulder or as
a change of speed of decay in the far-right end of the
distribution
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ERBHLERE “ £ FAR MM, XA
CIESE- S WAL IPNGILE 2= 3 X C O MU s &l i S
PR [) 87 fUCR SE 4 SEB, RO PE S 87 U,
fi Sy EAFINLHIME I AREAER, Eoln, S Sk
RGN BRI BRI, 1P R HER 2% 2 4 A i
WA FAE TR, XEERE T H

55— Mok 8RR ST 5 3 A AEARAE
LA LT, BE2IRSTH) 5] - 7 A
BIFES A, Wz (D . FEAFEBLPER K
AL, e Ik iEAT y, B He s (R
“HE” G TR A BRAEAH 2K ) LA

( Dorogovtsev et al., 2000; Krapivsky et al., 2000),
AL T HI T A2 B ) B € -2 IR B 3H B R [FFE
Golosovsky 1 Solomon (2012) K3, E#i51# 3L

(B BB L 1500 70O KB HE H B LA 7> B
ORI E M, R ERH T HR
FRAE. RIS 2R G050 17 52 3 A8 A3 55 18 42 S 0T sfe
BT AR S 5, U A] R S BUR BN SE v 4 A
HRAE AT

5 AT < R R AT, R IEAE B
ik (FE T BRI RE o sh A — & IR 2D,

® EIEMHERIEZE (grand canonical minority games) & — i T8 2 TR R e AMAAT < 8] OHTELAR F Aol 3 SRR SR ISR IR . 2 5

HEEBREFEATE) (257 W A257), HEZBONDHIR, MEFRALRD,

LAERAG 2N fEXMESE T, RGHIS 5 H B AR

WA AR, RFITARAEARRZ S ERE FRERIE. 2550 F RS RS 5F KT R 8 CRIHER, X3\ T 2GR L]

IR RIS L RS, T LAPE R R GERIRARAT A RT B LA,
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PR S MRS R “RE” BB K T MR 23]

o SR H R B P B B X A g [ R
% % B4 @b A £ (Filimonov and Sornette, 2015;
Johansen and Sornette, 2001, 2010) . 1F i id £2 43
RNWRAB B (1) 783 B0 R B, s i
FHRBTRHUNE KRR, BB FEARAT 9 LS A
X P SV 2 T AR 1 IE R ML HES) (Sornette and
Woodard, 2009; Sornette and Cauwels, 2015); (2) 1£
FRBLIARE],  ERGIEI 2 TE S— A S EE IR, i
NEREREIREZ LW, SRR X i —
W IEARH .

13 “RE” EHENRANGE

HT “HE” H0E LSRR B R,
DRI R0 “ e 7 S A BOR LK 32 2 A
TN T BHE I R BB ARG I8 B B AEVF
ZAEOUN, RSB G & AL AT,
Z U BRI & @, IR %2
S, BE A AA LRI Ak iig, 51
WIHE o AT SRR A Rl e, A R4 CRED
SIMAER Z IR B AL, M E SRR FH Wi 7=
AT I KRR, 1) Tl 9 HE G A 2 it TS
ORISRk R EUG
P, GFEE N G TR B )R A R i S R )
/r 4 (Laherrere and Sornette, 1998; Mitzenmacher,
2004; Newman, 2005; Sornette, 2006) .

R # Wheatley fil Sornette ( 2015) . Sornette
A Wei (2024) HIBTFT, ASCHE m AR R AL
8 35053 A B B AT AT R AR A R B B R A
ERERMNZE, i — R SR, Exe
B3 A FEAS BT AR T B o B8 7 V2t W DA FH T i
R A FEA . X 15 B A 1R EURZ 4 A1 (A 5o
vt B N TR BT B L. B BB AR 56 7 R B
Al DY e (D XEGERE. (2) [a WA ER T
(3) [MAMEIRIEM (4) RERIRE. Hh M
96 T 1A [ R P 32 28 o5 B8 (masking) F17#E
BN, (swamping) 5200 . 8 55 AN A2 48 R A 1E
Al — NS EAEERER T, MR SR
B A ReH B RIS SO0, a2, BT — e
1B D R 2 38 1T — A B R R . T
RS RFE 5 HOER SR — 8, JEs R
HEWE RO S HE BT, 2 d, B
TE R B FHE 2 3 BURE AR b B A 1 R

BARKYL, BWA n ANRTHSI RN &,
Bl x> x> >x, HAH b DNEEHFE Gop,x, o,

x) Fr MRS AESHE h>r>hb . F R/
B Hy W B #HE, B R EIE A F-—54m. 1Y
KEFEAA R FEVE T

(1) XHAELE (block test)

X Hekr g6 (Hawkins, 1980) & 15 5 B BHE 19
—FhEB T, W WU e Ak SR E R
Xl ¥ AT DAAE B RS B R A A - AN ek 0 A
BIHHE. X TRE R PR/ r RS T 2 Eid />
HHE R 2 57 BIHE 55 R0 VRN D E R (E A SR
WER M, # 8 R X BRI L RS (R I b FE T 2
Wi, R A28 HAA R S s .

(2)  [FAKLEE (inward test)

R TR PR r e R, T2 R
TR YRR [ AR R AR B T P B R N 5
FEAS n JF46, K505 R U & X, B NS A,
W3R xR B E (BRI iE 4D, W
P HMFER n hRBR, BEX x, EE ALK, X—
A ARRRLLAT, BERE UCRRE L TR k.
I, sEMTF SR EREERREIEL (A5
(PSR IR R 56 9 T 6 () B 52 8149 6 AN A VA RN,
iaf- AN

(3)  [AMEETE (outward test)

AP TT I Sl MAEA n IR -1 A5k
EREE, AUOREE ARG A5 18 B B s BB
A x, DS H RSN EHE. o, W HAd T
A -1 MR R I 2 G SR E S 2 A & 1
BORHE. R TR A AELE, W m o7~ —2
BAE, 4G r DRI IR A IR B REE R NI X,
RPN, ST RR. BB F R K
edads, W2 bz B B AT A r SRR
1 B HHE S BRI AR IR, R REIR ) AT AR
BYREAE. IXMR B0V B /N T 5 R 5 205 P AR
RFNFERE.

(4)  RAEIE (mixture test)

ZRTISER T X L MR SR R LA, R

f(x) = (1 - w)p(x) + w(x) 2
Ho, o BERTF (0<o<), sNEBRE
WA R R AT, YIMER w BAREZEN o 1
E T Ry (e LT T 8RR Hy B
o =0. MHZEMEH 5 REE Hy (—AaiFE8ecmE
B A FATARMR LA IR FTHR AL p B, T neo WA
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flivh B R R TR R TR AT AR
H AT DA B AT 20 2 T R By ().

FEFR 1, AR T — 28 R B E R I
&Gt & i L SEBR R A, XHe Al
[ Ak = Fhk Skib ] 53R 1 R a%s ) 6 Gt EAH
G, BLE N AR S B E R I 5. BRI E
) SR B AT e oid At T B E BB, R
— AN B A RSO ROR AN 10 1) A [ S A 56
TRAE AL T 22 AN 73 B R I R IR B, {3 MRS
Givt B 1) Im) N R IRk L I AN AR TR ST A,
&R IEH] (false positives) = EFEEHAL, I
HAERMBASZ AN i EN E =Rl s
R AR AME SRR, MS Gt &R EMR, it
177 BRI MRS W IAHL. 76 B R
FIEOL T, RS RIETHR RO TTE, BOR R

( Sornette and Wei, 2024; Wheatley and Sornette,

R OATHT “RE” FHEEK LG R BE T o MEFHIIRENERE, X >x>

(KISRAN 5 7 BEAL 545 2

2015) .

2 “BE” FEREE

CRE” FAF RIS AN T R S S PR,
HEHEMEM S A H B ES. mEEW &R KH
AR AT TN A M F2 A, HATR IOy & -
ek R B BHE. “ BT FAHR T L)
FIT 51 R R i B AL, T AR e 2 DU 15 2 b 2 B
EREMEBIR R E. E5KE, XIS
FR SR 1 PR A i R I SO SR T b R T 5 ok
DA A B R S SORE 2 X S R A A
AL, FFomiE e 2 A] i) O

FEMBRR 22, PRI R AR R R e 2
W7 2 B AU ) A 8 L B AL AR AR AL RN R AR FY
Hi7E (Schwartz and Coppersmith, 1984; Wesnousky,

> x, RIS A

Table 1 A few statistics that can be used to detect dragon-king events. Consider a set of » random numbers that have been ordered in

descending rank x; > x, > --- >x,. The different statistics are obtained as different combinations of sums and denominators

Geitht X Hodh e iy
k
>
b X RS SSE L TS = & S FHUE fi AT BT
Xi
i=1
k
>
B X e K S SRS ik TSRS - = % GICEE ST O _
>
i=r+1
™S — i
PRI RS MSSE H 1t ' Z # x UL A B RHEI AR WSS FISRS
i=j
MRS - _ Y
WA 1 PR B MRS S ik Y Z . EREITE TN X —
i=r+1
DIt = P e —
k
D
Yk DK it PR = = e P KRR B R
>4
i=k+1

a) SSHLI i SV- B AR IS T i (sum-sum test statistic) ;

b) SRSHEIHt: -4 M ARG I 48 31 (sum-robust-sum test statistic) , For - R FiZets E B BHER RS H (r>1) 5

¢) MSG i 5T B B K- BURIAS 3648 115 (max-sum test statistic) ;

d) MRSt : 267107 2 A e R -6 - B ARG 3845 1 T (max-robust-sum test statistic) ;

e) DGi it Zk TEEMG K 55 11 (Dixon test statistic) ;

f) DK&Eia: “ e £ K88 45112 (dragon-king test statistic; Pisarenko and Sornette, 2012) , Hrv, Mi=1,2, -, n-18F, z; = i(x; — x;41), Hz, = nx,,.
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1994) . —SLHfF UL DA R AE Hh 5B B A — 8 I IR ]
R, BRI B T R) B A 2 A (X —
M 2004 4E 9 H 28 H R ATESEE M 5w 35 /R AR 1)
—A~ M6.0 HFEIER R AR, B 19 thad 50 FARLL
K, WATLIERAENTE ol KA T 6 IR M6.0 HRE,
HRE 2 FARYEIX 6 XHLFE I AR RIBE At v T F—Ik
HAFRAER A 95% BAS X (8] R, SAT, SEhrih
RN R AR B TR LA TR T 10 24, R AIE Ml FE A
R B L A A M 7R A R SO SR AR AR, T
TNF IR EAE RS L o RSS2 B
S T A R AT N, R R R —
B 152 A 5 T W7 J2 0 A LA XA [ B o 2
# 2 AL 75 OB O BRI B g R R M 7R 22 BT
DA RA, & RN A AE WA R I 2 B TR b A B
ZBRATREA H CRFIE S, KBS KT
AJ BE 5 A AL B AN [H) . Sachs 25 (2012) 3@ it #F 57
1972—2009 41 52 JE R B S A4 15 51 42 % X R AR 1)
P iR 0, BRI TR M RE FE A . A i
B - B e R R I A TR T B K SRR
219 M=5.65, 1fi 2004 4 9 H 28 H KA MH&KE
PR M =5.95. 17X — 5 4 B 2 A K 1) S5 4 1 A0
NIA B FE R JE AR AE b R FE 4. Amitrano (2012) fif
F ANSS H 34347 7 1990—2010 4F [a] 32 [ i #H 3
FRBER M A, RIERKT 6.0 HIIFH/F5
S E BRI, X —ERRE, XM
FE AT ARG LA RRAE 1 RE

SRT, “APAEFFIEHLAR ” X — 45 R A TEIR
K41 Kagan Al Jackson (1991) i il % %2 1979
S MR S, B OK Hb R TE A M R AR TE
McCann Jr 1 Shah (1979) A AyHh E 1 6 4 B AR 1
Hi[X. Nishenko (1989, 1991) itk 1 HFEh E AL,
T B A R X AT A 0 T P A
5. AR1M, Kagan A1 Jackson (1995) Wi %£ ] 1989
SF J5 IR Hh B EHE I A SCHF Nishenko (1989, 1991)
fesadt, H Rong &5 (2003) H37#F Kagan F1 Jack-
son (1995) [ 45 . Jackson fil Kagan (2006) X}
REAIE M FE AR S FLAG IR 3T T VELIHEHA). 1999 HEAE
(ALY EXRT “HERBRHN” Mified,
TEM R B WA G R T A e, 2R REA
BTG R, ZEABX MM RBEE T
Nishenko (1989, 1991) 7 W F H 3 B 1) 45 22 Wi
JZ. Field fll Page (2011) 42 7 —FfAHxt %0 HAT
BE MR, 127750 T W2 b2 &
G BN R RSN E, DLV R R T i

ZEor BAR W IR R . AT S SRR, Ml
A1 7 W 2 PR B b R 5 B0 P B A o S - L e
oA, oo NI AR A (E AT e
CTHRELE Z TERRRIX — B AR EYE” . Main
Al Naylor (2012) [BIE [ RHAEM R (IEHE, TFHE
555286 == b (PR ORI s AT T B At
TN E AR T8 SRR R AR, (H2
FEAE RS AR 7 55, XS 70N, % TARE
i = AR A B AAE R 35 15 2k e, 9 BB 20 48 90
AU A TR B A IR A A, Rl 2k
AL A5 FRAE R X — sk = 2 A
X

Page % (2011). Main f1 Naylor (2012) ##
W, WS AA VRS RS, AR TR
A BRBENURE A b5 R F 4 B BUE 2 4R K. XM
PEJR SR, K B R A0 0 s R A I AT e b
FoRFEMHRI0EEREL. FEXMIFENLT, e
SAE R AFTERRE R FAE, T sEBr B H 2
Giit ER9BEh. Eetn, Sachs 25 (2012) MUEZH| )
KIS R M T e K F AR A, X
H— PR T X5 H IR R S 5 b 8 - B v
RO AT i 22 A TR HE. 4RTM0 . Sachs 25 (2012) - HTHY
HhRE ¥ 3 5 1 P U 2 B R R S R e () R —
;, XATRE TR 2004 4E 9 A 28 HEE M7
FE/R1E M6.0 HFE AR 5. X 2 Hh B 2 b it
REGAMER R (Bath) @&, HElh 7R
PaiTha B N R 1 iy N R Sl G [ R Y
FH B U EE o 7 25 AR VAR B R RE 2 v 0 A G
T 5E 7 51 ETAS #£74 ), Helmstetter 1 Sornette
(2003) UEM] T F B SR ARRBELZIAIZ) 1.2 KRESR
ZEFEN] LUl IS 45 A R Re B R i S R R A
RIRMFRERR (A EERAEGRBHENKR)
5 LUK T fif B . Main A1 Naylor (2012) % 5 33,
TERFRHAIE 0 FE A I8 /2 B A R T KRR 2 PR
B, BSCTECN W22 B I K b FE AR 55 A /N FR ) Ay AT
HMERE A BEAT LU A4 A1 /N 0. R AE bR
AR G AT B S NBROB I 22, 1X 75 ZEAERL IR KRR
72 PR VR G v A 56 oD DAVE A5 RS

30 kI HRFFR AT R B L
ARSI R TN 5E 4 5 IO F K

RPN R E” hREM X FH RS
T R B o - L T R E R R A
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TR LA “RE” R F R IE R T R
L.

3.1 SEETRFBEHLE

ML JE TR 1.2 7535 2R [F AL i —
. IX B DU g AL Y (Burridge and Knopoff,
1967; Carlson and Langer, 1989a, 1989b) A5 3K
R W R RS S 5 3 L. Sachs & (2012) 14K
ERAUSEIG RN, Bl A 558 -V e R G 9 5 I 2 1)
N, oA ORI KV B S EREANRRE R
PINIEE 2 b, W 7= A R G AR 2 1 i B Bl A4
(R “TE” #RHEM), Hf HiX S A F s
AN IR A R -TE HR G T AN A
A0 B E R IR %8 W 4% (Gil and Sornette,
1996; Osorio et al., 2010; Schmittbuhl et al., 1993,
1996; Sornette et al., 1994) . M RGFEE @A CGEd
SN RIS, R a8 T [F 2 R
Gt IR B i A RS bty R b 2 2R A SR T,
HIEN IR K, WrEamERE, TR
4] (AR 5 T v i BT R X 3 R AR O (Scholz,
2010; Scholz and Campos, 2012) .

3.2 ARETEWREIE

HHFE TN, RERE BRUN R B
R A (Rl B - e ), HIE
X355 K 23 T 738 ) 5 K 7 0 D ) B AR A b 7 A
% (Dahmen et al., 1998; Wesnousky, 1994) . H¢fiE
Hi = A S LS R B R BN BR T 2 2R 5 i = B )
BEME, WAt BAREREN “CRTE” F4

(Sachs et al., 2012) . X FEHE Bk AEERRID
S W )E E (Wesnousky, 1994), Xf W T # 54 TF %
A i 1 b 5 R B T MR AR Bl SRR B P S
JERUBL AN, 2 T BURFAE R A R T HoAth b 7E 1)
FEFER, AR, R R 32 R AR
B Y 22 W 2 B Ak TR A MR R s s B2

(Ishibe and Shimazaki, 2008; Scholz, 1997) . .4,
W JZ 38 B R (> 20 mm/a) B WTE A o L
FRIEH R, H 2 T 2 1 R AE fRr i 1b 38 b E 3

(Thingbaijam et al., 2024) . FFfEH# R AE i1t L3R
PR 1) b B ot 6 - B R E AR B R, R
B “ T MR

HeAh, A HE B RS BRI AT 2
HE - R w R E A A, R H T, KR b
/N REE A FRL R P o {ED W -

T 1 (Pacheco et al., 1992; Pisarenko and Sor-
nette, 2004; Scholz, 1997; Triep and Sykes, 1997) .
RZ 3 M) R R i SEbr b O & 8 T HAh s A,
5 734 [ PR Kagan 4317 ; Kagan, 1991a; 1] 2
W, Sornette (2006) f3.3.5 717, HAZML T N5 5045
ECAHER | MG AEIN T “Difimd” K,
WA RS G LA TT 78 R0 A s 2 vy 8 B - B v R E
T, MRS LNy EEr A (Kagan, 2002a,
2002b; Serra and Corral, 2017) . .28 43 i (1 24 i 4%
WS MEPE T A IR IEEA O, B &SR] V&
[ra) RO ) £ 3R R AR 2 — BB 28 W S AN B R, Dl
20— R Rt RE TS 4k R W) T 4k sk i
AT X P AL FRATL I 1 22 7 1T R 2= R BURE A/
BRSO BRI 2R, (H2X LA 2T
“HE” HERR R A

SR, WA, ERG T BRI
BT REAAZ G 20 BT 2, PR REARR AAE b R 1Y)
B2 B — @ RS (Kagan, 1993; Kagan
et al., 2012; Main, 2000; Page et al., 2011) . K& %F
EHOFE PIE S AE 2R P ARG, (B RR fa s
PESSBT AR TARESE R, RRAE ML SR A AL R T2
FH T PR 18 7 o 3 XS (4, Zafarani et al., 2019) .
Lt 4 T B LI ANHEES M, wT R
NEEH A RFHEH RS AL TN R AESE, M
AP AE R 4 HAA S Ao i TR DU R 56
fIEHb FE AR

3.3 ERETEWMREGH

“HE” MR S — PSS 2 B R AR
2, RN FEE G DR 24T . R A R e
82, VR KRR 2 AW 2 R 42 (Scholz,
2010) . H¥E Vere-Jones (1977) HIWTZE 7> S %
TR, Y i RE R P BT 5 B 2 i R FL A T J2 BOR A
2, WML AR R W B AR B
Tl 224 T e ik A 1) LAt BT J 2 Bl 21 3582, RO
B, WWANR G SCFENT 1, WWE RS T i
FRE, MRSAEIE HRNME S CERTHE
T 1 G ek m 7D, Wi SEWNRE RS (L
—MAERIEMEE) JCRERE, B35 5 Mt th 52 ek
ST BB TR, RS IS R AR B AR DG, XY
N T HEANW R RGN “ 7 R

Ak, ReEARSTIERM, — /MR ETE R
RS IIE (RIS E] A MRS e D S04,
IOk B S 5 EHE, B P o< i, o u R
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fii#% (Johansen and Sornette, 1999) . IX &= IR U117
I B A7 AE 22 3G KT 2 R 2 (PRSI R R R, W)=
JUFRT S 21 ] B8 S BUA R I FEAR S, e Al 1
B R W E R T e AL BE B AR A 2R, A&
SERHB e BB BUE R “ T HUEFAE. %
PLEERT 5 3.1 5 sl =2 R8-S pLs L E/EH, R
— BRI E RGN = BRG]
e Y ILAE 22 W /2 1 2R HL e B S D 2400 5 kK
RN AR, =4 T HhE A

3.4 BRG]

AR, BRbeAE B IR T 2 5510 BE 1
SEFRTT R RSN A, IR N B T,
BN ST T T BIER Do B MM AR Y
ARAEAE R, UL BT U & LR PE TR
AR, BIMIFE P4 A AT IR . RARER

(RPVE BT D) A B U1 7B D DL A 45 118 Hh &
( Wei et al., 2021; Wen et al., 2018) . Sornette ¥
(2024) HIEHEH T —AH DLEME EIRA R R
MRS 15 071, IR A E IR R TR
LM BAZ IR AR E UZILR, R ECEGR )
AAF b4 A, SR ez X il 1 il SR
WAL A WY, H 28R RS HafF ik X
— LG I T & Bl B v B T A A R
k%, w7 1 RRE MURARRR ILAE. kAR (O
BIUIRGE BT AR ) 2B IE S imisg i, RiFE A 5
MR, R St et — AR i R Ak By &
T BEAEE ) MR REBH A 2 b 48, 75 0@ Ik b R U
R B2 S R B A B SO L 1) SR 1) 3 78 -7, AT b,
157 11 3t 7 H ) BE R ) RN M 2 R AR A U SR [RIE A
FEBOLH R IERE R, B 5 W, Bk E AR
R BA T AR, §#FE TIEE & -
e RrE AR, e W B R
b7 . 1E Sornette 55 (2024) MMM T,
JBT T HuEFAF R R AR R L B AT
K E R % TN, [R5 A B KRR R AR
Her) v, “ e E” HRFAT R R AR AN
5B 1R HA TR 8 AR R B AR A A E M 2 0%, X
Fh R R MHLTE B 5 rh XA RIEA gk — .

4“7 PRGN TR AT

¥ T FURN T RS, "B RS
AT I MR S 2 R A AR R MR AT AL

PG, DL G RAERME (B “f+” F
) AEH “ORE” Bk, w] LGB AR A
HOH AL R AR 32K, B R E Gt i
BN TFBRAT NS, AR R “ Tt
PR N H T R 4 T R R
41 “RE” HWEEHRNERTR
ZHELE NAZ AL B =850
(D A mes m pFIF
WAL, m, MR H R RN BB RR, (£
IR 2 b R R e S B SR b R B A
L& KR 7 VF 2 53k a] DUXF b 3k 47 fh 3 Ca,
Mignan and Woessner, 2012) . m, Il % ¥ & 2% ,
TE MR 2 Hb 7 IR 7= A0k o AT B /LR N
B (=bn10) Kl EE-H ke, %Egke Bl
JESCT r AR ) A% 0 SRS my B S AT R
K FH 5 R o0 A R A 2 e IR S R AR AT A 1,
Anderson-Darling i & ( Malevergne and Sornette,
2006) . Ht, Bl R SR o AR s e = A
oy, RIATEREMHIEE H &7 8E & -3
i R A A0 AT S A A e SRR I A%k S R
Hr.
(2)  “RE” HERMARELR

KA (RNEIRAN) EIVEEE AR 1 Hoxt
RLFTEE B AN - AR 56 1) 2 328 B8 A R 0 B IR
MBS HEE, BRI “JRE” MR SMF. Ak, xR
W Hy BEAT 2 (1110000 k) 245 R I% BEHLEE A
B, A IS HON R E— RS ). 4
SE S F KT o (B000.1 57 0.05), 5 A AR
R H N T SRR G R, ImSE (S
& XU BN I BT A SRR AR 0 ge it & 4 A (1)
(1 -0 FAALEL 0 S NS B 00 I A T 545 )
GitEd T S, WAL RB I Hy. 5% )G,
TRAFE kA “HHE” R
(3)  “HE” WEFLRIE

TX TR 7 R X AR B8 Rt — A0 A B A
E RGN £ “ T HRFANS RS
YN TSRS Hy 1) p H, B e R
UEAT 20 (110000 10 SERF-RIBHENLFEAY,
i ) 2 H 0 R0 A TH S 2. ), pfE
AT e R E” RS G TR
TR R IS 2] O T HIOR p (8 TR R 2]
U I VARNPS I S SRR S b S UD€
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825279 10000 UL E. VL B, ERLF “JpE” BT AR
42 SIS E LR
HOREE S S TR TR G BT (I 22 B CEAR KRR | e T R 405 TR,
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40° 4
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20°

O, R EE SR E A RPN
T LABA SE 5 20 A ORI ST BERE Al 2 o,
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Fig. 2

M8.0 M RE BYE AR FE I Z A Gy, ARl IR B R R PR R < 100 km 500 km. 1000 km. 1500 km #1 2000 km
CNERITD VLEAGER ZIAT G & 1F 10 5. 20 M 30 5 (A KRR, R A B, et sl
BERE R e B, A8 B O BN R A R Al fR SRS T L, B0V REAE B 30 2 AT 2000 km B A T4k, PRI
TR R MR R AE. BhAh, 2013 SEPUJIL M7.2 MR AR RN AR A E (R <500 km) B AT AE
ERHE
5%3 Matrix of earthquake frequency-magnitude distributions obtained for various spatiotemporal window combinations where
the three time periods define the three columns and the five epicenter distances define the five rows. Centered on the epicenter
and time of the 2008 Sichuan Wenchuan Mg8.0 earthquake, earthquakes are selected within epicenter distances of R < 100 km,
500 km, 1000 km, 1500 km, and 2000 km (from top to bottom) and within a total of 10 years, 20 years, and 30 years before
and after the earthquake occurrence (from left to right). Both probability density function (PDF) in dark green and complemen-
tary cumulative distribution function (CCDF) in orange are represented. Except in the 30-year and 2000 km spatiotemporal
window, the Wenchuan earthquake exhibits a dragon-king characteristics among all earthquake events. Additionally, the 2013
Sichuan Lushan Mg7.2 earthquake also appears as a possible outlier in smaller spatial windows (R < 500 km)
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T 7% FE S 25 T A e B AE AR 2 KA 2 B 9 WU
BRIZE sz, PR e 7 bR S iR 56 75 2
Prixabszmg, DL iRt “ e E” iR AT
“CORTE” B AE H AR AT B I TG R 7R
TR UNE R FH . S, 2SR HYRZ Y
S B I 8] B I 4.

—ANATREM AT R E — W R, JEEE
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R AR A AR g (i 2 A EE
T AR 292 n Ar] A S7. 2 R0 M 5 M7= AR R
JZ. 75 RE B W 2 K E B AR BB 2 W 2 R 2% 1) T
# (Ouillon et al., 1996), ¥ Hi# % 5 /NIR %
W2 BT, DRI B e 3 ) TR M b B O B
HEWERAMEIXH A (Ouillon et al., 2008;
Ouillon and Sornette, 2011) 7] Be A — Fh b ¥ b = -
Wiz “Wg 5 E” SR AR (Sornette, 1991) .
VU W7 2 BT SR A2 R 2 B = e I 1t o A D7 VA )
filt. SRT, W= 40 BOTVE S BT 6 AR H A X R
fa B Ve ) B AR, IR Z X, BN My =
9.0 MM AN LT AR RE AR 4. S5k b, 2011
FEHAZRIL (Tohoku) My9.0 HFEP M & A%
AR, GBS T 20 A FEMER

Fhb, BT LGS HUER L, e T
iR FE A I AT R T A L BE R 2, B
BEE IR & R, “ " s FAT IR AR
PR HIAZAE . 53— AN AT BER 73 M 7 1R R AE L R AR
“HERT WEHAT T HRFARLR. HEd
AVFZA RN G = 7 TR AR R Fp 51 SRR
S0y 3OS RE, DR R S B I TR A kR
7 (WfE R R E T4 ETAS B2 ; Hawkes and
Oakes, 1974; Kagan, 1991b; Li et al., 2024; Ogata,
1988, 1998; Ogata and Zhuang, 2006; Sornette and
Werner, 2005) .
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B - L R o R A b R KNI T 3 A R
W, TR R /NRAEA AN F R, E L
WERAEER (My) . B RRE/REEZE N
(M)~ THPE R RS, RE 2 A& T 56 A A7 [R5
B (My), TEAIMBEEEHR (M) H] g,
X T R VEAE R FE AN R SRR, HoHh feik

Ut R 22 = (1de et al., 2007; Obara and Kato,
2016) . 5= Z N 5 1 2 1 7R 15 M 5% A 5 v R
HAR, TRER R HINREIR TR S) ) 2B
AR AR ST Re S A, PIM R T X R 2= 7
SRV T HE AN il 2 AR R 2R s S5 R0 AN R A
IRZHFLCEUEN], HAMBUERER (EEME
PEALED e, HEESgeEZ R E K (Choy and
Boatwright, 2009; K355, 2016) . {HAHEHZ,
“TeE” WRmEEMHTRES UL M, T HE My, BUE @
it 2 AR X G () i o £ A [R) i 2 ) &
AAB Y HARRED B UK A, X7 M SR E R
U507 e 1) 22 AR 543 A AU

4.4 HER-BRIFXERERZI

SR b, CRE” BRI IR AE ZE A& T
HE - RO R R AR, T Al R
HIRRA AT (T R BRI OB E 7 A o ML=
TEBNERIEZ RGN 5 T/ 2 B4 T/ 7 [ 6 TEURFAIE
RGP HRS L I 7 O 72 0 2 2 FR AR 931
DR 7 [ o8 BsF 1) 32 PR ARURE A o b R AL
B RN A5, HRG™ A MR 56 R R AT
NREESEH S T FHFESE, HITE+E
PRI TR, HAT B2 15 31 55 0 T DA

B 2 KF, = b B B R AT e A
ZAEEETHERAED, H EREOLH IR R
T A0 T I 2 T i . 2 T Al R A T R
EFxr R = BN, Bk, R R
FAFRR IR TR R R, DLATT R — AN TR G A
EERFIE S S B W R0 FH B DA R 36 SR R HEZE,
BT — DA LASS I ). jEAL, AR SERR B ER
I3 ORI, B R - TR E A I T AN & AR
WA AT, TR B S H0 A 2 78 B A e A o
fi (Kagan, 1994; Main, 1996; Sornette and Sornette,
1999) B 1E 7 8RR T2 7= iUk 10 M 2 MBI L 52
] LA B 2 45 ) (Nandan et al., 2019, 2022;
Saichev and Sornette, 2005; Vere-Jones, 2005) . [Al it
TERJEAT IR B RN, W] RE R T 2 it L 8.

5 B H#H

FEAR R I T2 A BT SN B Rl e S, %ok
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