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A method for computing the recurrence probability of large
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Abstract: On the basis of historic recurrence and seismotectonic analogy, we presented a
method for calculating earthquake recurrence probability in a period in the future by using
empirical distribution function. It adopted the Monte Carlo method to sample from a lot of
earthquake sequences to simulate the occurrence of future large earthquakes, so as to achieve
statistical large earthquake occurrence probability. Besides, this method never makes assump-
tion that the earthquake recurrence data is according with a certain kind of distribution model.
Taking the Luhuo segment and the Daofu segment along the Xianshuihe fault zone as
examples, the calculation results showed that the large earthquake occurrence probability in the
future 50 years on those two segments are 0. 15 and 0.31, respectively.
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Fig. 3 The probability density plot of large earthquakes (a) and the occurrence probability

for a 50-year exposure period (b) on the Luhuo segment

2.2 BAKHUMATEZENAMEELBEITE

T B w2 kA i 1792 4F M6%, 1904 4F M7.0 F1 1981 4F M6.9 Mm%, X T 1 7 Bt
KoK SOAERY LM, AR DL R PIA KDL A A K TR B (P S A b R ) B
T\=112a, T,= 77 )10 T &350 1 T i R R TR i, A UE PRI ESE R
[i] i 114 ARE 58 %8 B2 0 A R AR BT (18] 4a) 5 SRS, FESEAF R BLHL F b Ge 52 J 1) B A 75 3 340 1
] T, NI AR SR 50 4F N BB E ny FEGETHE K& W] RS 76 25 i B[R] 7, AR ASTE R R 50 4F
WA RERCE N, 75 30 85 I R) T, 7 X8 0 09 2 R 50 4F A A3 n/N; S5 53 0l 35 BOAS [ 1) 5
HEEF ], TH5AS B8 7 B 50 4R AR AR M 4L IR (18] 4b) . 25 3 1981 4F M6. 9 Hh 52 o 18 7 B i
W) — WK RZ, W s (R 3Ry 36 4F, 1545 3 18 7 BEAR Ok 50 4F & 4R 0.31.

AR AR, R BORIE 2 B R M 7R & K 1) I 9 A8E 25 %% B A0 A T R BARHE Y IE S 0 A, T2



43 B ORAR — PR T S A R M AR A R MR RO 515

0.25
(a)
020 F
a 015 F
&
Zo10f
0.05 -
- 0.05 e
100 200 300 400 500 600 700 800 900 1000 0 50 100 150 200 250 300 350 400 450 500
R IFG/a B ) /a

Bl 4 BR8] I 1 M5 25 B L B () IR SR 50 4R R R AR I 2L B (b)
Fig. 4 The probability density plot of large earthquakes (a) and the occurrence probability

for a 50-year exposure period (b) on the Daofu segment

LT % BIE 25 o0 A, (H R Ok 50 45 9 e e AR 3% il 2 A Bl 2 N ] B4 49 DR A T 338 4
P89 T X 50T 285 A I X O PR A 7 A 23R b e U 2 A — g I I i Y B 3t i ) 1 4

AR SCHY 22580 730 A5 J5 15 SR 10 5 IR SR B AL, 2201 AR BB 3 19 R R R
2k, 7 249 B R B AT 4R, DAl DU BOE 2 0 5845 R 2 B

3 iS4

ARSCEE T — BT LW 010 W R MR 2 R MR R ik, MG oA ik, ik
ANAEAT A0 52 2 MW 23643 A ) S AR, LA g S oV D) 0 ) et 2% L D D O B, ELBER FH &
B 43 A LR, 38 Sk X K B R R R S BN 0 SRR B BE AL R, BRI SR KRR E K, i
M 48 1115 3 oK o — Be it [a] Py 9 oK Ml & A BE 32 . 200 430 10 7 1k 5 1% 4% Bootstrap J5 745 SR T
L2 55 53 A R 02 B, {8 Bootstrap J5 vk 3 R F 58 R B O 1k A Ak B E ML B o R O T
BN FH T 28 36 43 A 5 1% D0 R FH 5 i 2 0k A Ak O RS 0 2 P T g

Z2 I8 3 AT 5 U N i B R Ml R B R A A AT ] M R o A Y SR ABCE A A X R
Hb 72T A (4 BE AL AR FGE T, [RIRE AT DLAS B Rk Ar AR Y R R ME AR . AR SC L fief 7K TR] W7 Al
FEBCRIE BN sz, 45 R T, AT RHEE SR, 25600 4 )7 2 BT i3 B9 R 3k 50 4F
7% R 2 B S I [ 7 B KON BT Y, A S R UL L.

DA i 7K YT Dy S 7 BORE R B S, R AR SC 4 R B R R T D A B A
BEHGE 7 B Ok 50 4F KR 19 & AR5 510 0,15 A1 0.31. A SCH e FHE I — Bl K E
R TEE T, PR BB R B R R MR RS A S 2, Se R N R W AR
R 1 b AR b BT A A, BB BT S A

Xt JC A b 2 K R] B BSCHE 1 00 R 9 R R AR TR, AR SR I & 0 A A T IR AR AE —
SE BRI PR P . SR 8 36 3 %8 5 (Shimazaki, Nakata, 1980) 8 b 7% 45 B i % ¥ (Wesnousky,
1986) i T A b 52 & A1 B, IUAF AEAR KA AS B 2 M, 3 i 0 75 BEAE i — 2B 5

2 £ X W

HIRIE, X EBE, AR, 2003, 75 %8 08 b Sk K R R AT b TR - 24 52 2 IR IR B S RN O TR S I R A (1], MR AT,
26(4): 372-381.



3

516 b it 40 %

i

CaoJJ, Liu B C, Wen X Z. 2003. Determination of the average recurrence intervals of characteristic earthquakes and estimate of
earthquake risk on northern Xiqinling faults[J]. Journal of Seismological Research, 26(4): 372-381 (in Chinese).

e E, BEEAR, RO, FSCE, BB, MR, 2001, 5L NS0 5 0 40 vl R R L B RRRAE (7], AR BT, 23(1):
15-23.

Chai Z Z, Liao Y H, Zhang W X, Xu W J, Shen X H, Tian Q J. 2001. Late Quaternary paleoearthquakes and their rupture fea-
tures along the Lingwu fault[J]. Seismology and Geology, 23(1): 15-23 (in Chinese).

Brkabk, EHET, B4R, X@ER, KA, XL, 2007, 56T 74 4 HR A b A A L b 2 07 2406 55 D0 281 3 R AE 19 57 AR
[I]. HbiE iz, 26(8): 976-983.

ChenBL, Wang CY, Gong HL, LiuJ M, Zhang Y S, LiuJ S. 2007. A new understanding of the characteristics of Late Qua-
ternary activity of the northern Yumushan marginal fault in the Hexi corridor, northwestern China[J]. Geological Bulletin of
China, 26(8): 976-983 (in Chinese).

FRILSE, W%, 1994, AHi % 4 ) Bootstrap i 7+ & H B [J]. A% T/ 5 TR, 14(1): 1-7.

Chen HY, HuY X. 1994. Bootstrap estimation of uncertainty and its application[J]. Earthquake Engineering and Engineering
Vibration, 14(1): 1-7 (in Chinese).

B AR . 2002, 712 W B Al 1 7 M AR LB TR A2 R L AR O T RE SRR b A (D). db st o R R M B S T . 49-67.

Chen L C. 2002. Paleoearthquakes, the Law of Strong Earthquake Recurrence and Potential Sites for the Occurrence of Future
Strong Earthquakes in the Hetao Fault-Depression Zone[D]. Beijing: Institute of Geology, China Earthquake Administra-
tion: 49-67 (in Chinese).

T ARRA, SRR, 2009, FE b T2 0 T B S DY 4206 2 5l b A2 (0], T R, 25(1): 41-53.

Ding R, RenJJ, Zhang S M. 2009. Late Quaternary activity and paleoearthquakes along the Nanyukou segment of the northern
piedmont fault of the Wutai mountain[J]. Earthquake Research in China, 25(1): 41-53 (in Chinese).

HI%E, XVE R, WAL, 1999, AR AR AR J5U vl J5] 300 52 42 () R (9 A0 5 0 A [0]. PR b e 2741z, 21(1) « 7-16.

Gan W J, Liu B C, Huang Y H. 1999. Probability distribution of recurrence intervals of intraplate large earthquakes[J]. North-
western Seismological Journal, 21(1): 7-16 (in Chinese).

XL, WIEAE, IR, maEH. 1986, T AR — A0 W2 AR MR R I [)]. MR ML R, 8(3): 1-9.

GeSM, BoMX, XuDZ, Xiang ZY. 1986. Recurrence intervals of major earthquakes for the Koktokay—Ertai fault[J]. Seismo-
logy and Geology, 8(3): 1-9 (in Chinese).

BIE L), R, REBW, A H, . 2007, KRG W 240 A SR ) B 0 AR 00 20 B R F T (0], SR AL AT, 27(1)
27-34.

HuD G, WuZH, WuZH, Zhao X T, Ye P S. 2007. Late Quaternary paleoseismic history on the Kusai lake segment of east
Kunlun fault zone in northern Tibet[J]. Quaternary Sciences, 27(1): 27-34 (in Chinese).

BHIBE, ACHE, WA, 1994, [E KRR BRSSP RT S 2 T 0 XM R EORE L A 57 AR 6 AR O A I R (0] HBRE
AR, 16(4): 423-432,

Huang W Q, Li W X, Cao X F. 1994. Study of the completeness of the continental earthquake catalog of China ( Il ) : The regional
distribution of the beginning years of basically complete earthquake data[J]. Acta Seismologica Sinica, 16(4): 423-432 (in
Chinese) .

AIESF, JARR, M. 2012, 38 Ol Hb R B IV A0 AR R G T B AR B R Ok AR RO IR R MG B MR 1], MR B AR,
55(9): 3051-3065.

LiZF, Zhou B G, Ran HL. 2012. Strong earthquake risk assessment of eastern segment on the East Kunlun fault in the next 100
years based on paleo-earthquake data[J]. Chinese Journal of Geophysics, 55(9): 3051-3065 (in Chinese).

XVEAE, WAL, S, {305, 2008. T R AL F T By M He oy 6 0 1 72 5 R BERHT]. SRR MR, 30(1): 161-175.

LiuBC, CaoJJ, Yuan DY, He W G. 2008. Quantitative data of active faults within the active tectonic block in north Qinghai-
Xizang Plateau[J]. Seismology and Geology, 30(1): 161-175 (in Chinese).

X, TERE. 1996, 12 FIIE 12 GORHTA U 1 5 o K R AR fE R MR (1], MR B, 18(4) . 427-436.

LiuJ, Wang L M. 1996. Using active fault data to evaluate long-term earthquake risk in Fenwei earthquake zone[J]. Acta Seismo-
logica Sinica, 18(4): 427-436 (in Chinese).

X/NFE, SEAE . 2004, T 9484 Wy T S0 A0 I 0y 284 AT TG S AR AR (). PEb AR 244, 26(4) 0 303-308.



43 B ORAR — PR T S A R M AR A R MR RO 517

Liu X L, Yuan D Y. 2004. Study on the new active features of Bayinguole river active fault, Delingha, Qinghai Province[J].
Northwestern Seismological Journal, 26(4): 303-308 (in Chinese).

B, SkERRR, AR AR, 2000, XA MR B R AT A ML BE ST (0], MRRE A, 22(2): 163-170.

Min W, Zhang P Z, Deng Q D. 2000. Primary study on regional paleoecarthquake recurrence behavior[J]. Acta Seismologica
Sinica, 22(2): 163-170 (in Chinese).

HRUEA, AT bR . 2006. 6 KT W AT AL VS B [R) B R IR SR AR R (M =6.7) N K B R WF ST []. H R B AE AR, 49(1)
153-161.

Ran HL, He HL. 2006. Research on the magnitude and recurrence interval of characterized earthquakes with M=6.7 along the
northwestern portion of the Xianshuihe fault zone in western Sichuan, China[J]. Chinese Journal of Geophysics, 49(1) :
153-161 (in Chinese).

BB, SRR, B, KRR, 2R, FE L. 1997, 1679 4F = —F-45 8 ¢ #1752 & 7% Wi J2 19 1t 0 7% M T &2 1) b
[J]. HFZHL BT, 19(3): 193-201.

Ran Y K, Deng Q D, Yang X P, Zhang W X, Li R C, Xiang H F. 1997. Paleoearthquakes and recurrence interval on the seismo-
genic fault of 1679 Sanhe-Pinggu M8 earthquake, Hebei and Beijing[J]. Seismology and Geology, 19(3): 193-201 (in
Chinese) .

PR e, XBAAR. 1998. I J5HT 24 00ty Hb AR R AE 7R 09 4 M BT IE (D). BB M2 RO, 18(3): 271-277.

Ran Y K, Deng Q D. 1998. Paleoearthquakes along Haiyuan fault and discussion of grading on rupture of large earthquakes[J].
Quaternary Sciences, 18(3): 271-277 (in Chinese).

T RE, SKIE R, BRICAR. 2003, T 45 W BECHF O T Ll T D 2R 0 B DU 4ot R e AR R AT U (D). MR TSR, 100 T 1)
207-216.

Ran Y K, Zhang P Z, Chen L C. 2003. Research on the completeness of paleoseismic activity history since Late Quaternary along
the Daqingshan piedmont fault in Hetao depression zone, North China[J]. Earth Science Frontiers, 10(S1): 207-216 (in

Chinese) .
WA, KA, FEAE, BHE, XIWZT. 2003, 1] EH X X 58 B 55 8 M /NE R[], sE ST, 26038 T 1) .
10-16.

SuYJ, LiYL, LiZH, YiGX, LiuL F. 2003. Analysis of minimum complete magnitude of earthquake catalog in Sichuan-
Yunnan region[J]. Journal of Seismological Research, 26(S1): 10-16 (in Chinese).

s b, SRR A, AVGEE, IR . 1994, UG ZE 04 b S W R BTG S AEAE ()], PE B MR AR, 16(2) : 85-90.

Teng RZ, JinY Q, Li X H, Su X Z. 1994. Recent activity characteristics of the fault zone at northern edge of western Qinling
MT[J]. Northwestern Seismological Journal, 16(2): 85-90 (in Chinese).

EARAR. 1995, 1668 45 KRIK 8. 5 G 3t 52 W7 24 19 A 1k ¥ Sy < |ty s e AN 2 A2 % ST (0], WL AR A4, 17(4) 112

Wang H L. 1995. Holocene displacement rate, paleoearthquakes and recurrence intervals of strong earthquakes along the 1668
Tancheng earthquake (Mg=8.5) fault[J]. Northwestern Seismological Journal, 17(4): 1-12 (in Chinese).

BB AR, TLAERD, EEG, E Mol UYL 2003, 1l VE R R A A H R B R A Il R R S [0, bR BT, 25(3) .
359-374.

Xie X S, Jiang W L, Wang R, Wang H Z, Feng X Y. 2003. Holocene paleo-seismic activities on the Kouquan fault zone,
Datong basin, Shanxi Province[J]. Seismology and Geology, 25(3): 359-374 (in Chinese).

RIEM, XIER, BR, 305, XN 1997, JUARE L AR B 1 86 W 240 i R AR AR (1], iz, 17(2): 24-31.

YuanD Y, LiuBC, Li TY, He WG, Liu X F. 1997. Palacoearthquake features along the eastern segment of north Qilianshan
active fault zone[J]. South China Journal of Seismology, 17(2): 24-31 (in Chinese).

FE, SREEE, XN, XV, FBICHR, I SCSt. 2004, TSR AL L BT 2L W 5 O 20 4 3 3 gl K I B e 1 7 G R JEUAR
LG R ETRALEI [J]. HZEHTZ, 11(4): 393-402.

Yuan DY, Zhang P Z, Liu X L, Liu B C, Zheng W J, He W G. 2004. The tectonic activity and deformation features during the
Late Quaternary of Elashan Mountain active fault zone in Qinghai Province and its implication for the deformation of the
northeastern margins of the Qinghai-Tibet Plateau[J]. Earth Science Frontiers, 11(4): 393-402 (in Chinese).

SRR, B, AR, 2003, I IR0 S W R B AR T R R A L MU I]. T EAR: DA, 33(8): 705-713.

Zhang P Z, Min W, Deng Q D. 2003. Paleoearthquake and strong earthquake recurrence of Haiyuan active fault zone[J]. Science



518 i z

3

i 40 %

7

in China: Series D, 33(8): 705-713 (in Chinese).

I, R, T3, 2004, 43I AR B R ¥ — 81 W 0t s 7R 0 3 MR E[I]. MR LT, 26(4) : 645-657.

Zheng W J, Yuan DY, He W G. 2004. Characteristics of palaco-earthquake activity along the active Tianqiaogou-Huangyangchuan
fault on the eastern section of the Qilianshan mountains[J]. Seismology and Geology, 26(4): 645-657 (in Chinese).

ARE N, BRES, BRAEZE, ARG, 1993, M A L 7R D 24 0 58 DO 20 0% SRR AE A9 R AE BE SR (D). @ R bR, 5(2): 31-35.

ZoulJ C, Guo SM, Chen Z T, Dai H G. 1993. Preliminary study on the Late Quaternary active feature of the Yumushan eastern
marginal fault zone[J]. Earthquake Research in Plateau, 5(2): 31-35 (in Chinese).

Efron B. 1979. 1977 Rietz lecture: Bootstrap methods: Another look at the Jacknife[J]. Ann Statist, 7: 1-26.

Efron B, Tibshirani R. 1986. Bootstrap methods for standard errors, confidence intervals, and other measures of statistical accu-
racy[J]. Statist Sci, 1: 54-77.

Ellsworth W L, Matthews M V, Nadeau R M, Nishenko S P, Reasenberg P A, Simpson R W. 1999. 4 Physically-Based Earth-
quake Recurrence Model for Estimation of Long-Term Earthquake Probabilities|[R]. Reston: US Geological Survey Open-File
Report: 99-522.

Hagiwara Y. 1974. Probability of earthquake occurrence as obtained from a Weibull distribution analysis of crustal strain[J].
Tectonophysics, 23(3): 313-318.

Matthews M V, Ellsworth W L, Reasenberg P A. 2002. A Brownian model for recurrent earthquakes[J]. Bull Seismol Soc Am,
92(6): 2233-2250.

Nishenko S P, Buland R. 1987. A generic recurrence interval distribution for earthquake forecasting[J]. Bull Seismol Soc Am,
77(4): 1382-1399.

Parsons T. 2008. Monte Carlo method for determining earthquake recurrence parameters from short paleoseismic catalogs:
Example calculations for California[J]. J Geophys Res, 113(B3): B03302.

Reid H F. 1910. The California Earthquake of April 18, 1906: The Mechanics of the Earthquake[M]. Washington DC: The
Carnegie Institution of Washington: 43-47.

Rikitake T. 1974. Probability of earthquake occurrence as estimated from crustal strain[J]. Tectonophysics, 23(3): 299-312.

Rohatgi V K. 1984. Statistical Inference[M]. New York: John Wiley: 1-940.

Shimazaki K, Nakata T. 1980. Time-predictable recurrence of large earthquake[J]. Geophys Res Lett, 7: 279-282.

Utsu T. 1972. Large Earthquakes Near Hokkaido and the Expectancy of the Occurrence of a Large Earthquake Off Nemuro [R].
Report of the Coordinating Committee for Earthquake Prediction, 7: 7—13.

Utsu T. 1984. Estimation of parameters for recurrence models of earthquakes[J]. Bull Earthquake Res Inst, Univ Tokyo, 59(1):
53-66.

Wesnousky S G. 1986. Earthquakes, Quaternary faults, and seismic hazard in California[J]. J Geophys Res, 91(B12) :
12587-12631.



