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Abstract

Extreme value distributions have often been used for the analysis (e.g., prediction of return level) of data
which are observed from natural disaster. By the extreme value theory, the block maxima asymptotically
follow the generalized extreme value distribution as sample size increases; however, this may not hold in a
small sample case. For solving this problem, this paper proposes the use of a log-logistic (LLG) distribution
whose validity is evaluated through goodness-of-fit test and model selection. The proposed method is illus-
trated with data from annual maximum earthquake magnitudes of China. Here, we present the predicted
return level and confidence interval according to each return period using LLG distribution.

Keywords: earthquake, log-logistic distribution, goodness-of-fit test, model selection, predicted return level

1. M2

U
2
0,

STk o]&of w2 (Fisher?} Tippett, 1928), ®E2] 7 83| 2 ¢ A543
Zt(block maxima)E2 HIZAHoE Aukst Szt (generalized extreme value; GEV) &3
Wb ARol} F40h 20 A AHZEE BETE ARE hOE AA 5= (retum level) 1%
S 722 AE BAS 918 GEV B27} A5 AFEE o gt} (Nadarajah@} Choi, 2007; Pisarenko 5,
2010; Lee 5, 2014; Bae 5, 2018). o}7]4 Nadarajah®} Choi (2007) Z2]a Lee 5 (2014)+= 7%
g0l g ZH A-E &S H*H GEV BXE AMg314931, Pisarenko 5 (2010)2} Bae 5 (2018)
A2 g i) o]¢t 22 #AS fl8) GEV 325 AH- 3}‘}1‘4 SHAIRE & EEQD A ol B
HAFES GEV BxE W24 g2 5 Ak & =2 o8 2AdS gy Asf) =
AgE 244 3 2y AYE 53 21-2 A2 (log-logistic; LLG) #2229 AR-S Attt

LLG #Z& 9o A% % 7HAE AR(el: AN E BAsh oo A8AT. o 5ol 71E
o o8l 47 A5 (hydrological data) (Ashkare} Mahdi, 2003) 2 A2 =% 2} 5 (reliability data)
(Akhtar®} Khan, 2014)9] Aol LLG ®X& &3t gty AlbE 9] g 52 93 S+
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Figure 2.1. Time series plot for annual maximum earthquake magnitudes of China.
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ubgEle] 93-S & 4 ek 53] 200013004 2010 Abolo] FE 8 =] w2 R A Fo] Al
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B 21g= AAE AR (Figure 2.1)°o]2& HAMA (stationarity) 955 ZARSH] 98 A 24 2
2 A4 (unit root test)= AAISATE WA HYd E4E A5 WAL A (Mann-Kendall

test) S AREBIATE (Ho: ©2 FA7F EASHA] ¢F=th). Table 2.18] A¥te] ofstd, & A5 & 79
T 5NN T2 FAZE EASHA FES & 5 AT (pvalue = 0.464). THEo= AR(1) R s}l
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Table 2.1. Mann-Kendall trend test and Dickey-Fuller’s unit root test for annual maximum earthquake magnitudes
of China

Test Test statistic p-value
Mann-Kendall 0.093 0.464
Dickey-Fuller —5.484 0.010

Table 3.1. Estimation of parameters in the generalized extreme value distribution of annual maximum earthquake
magnitudes of China

fi 4 3
Est SE Est SE Est SE
6.71 0.094 0.50 0.063 -0.23 0.098

Est = estimate; SE = estimated standard error.

A Dickey-Fullere] ©12 43¢ 44 (Hy: ©9120] 2A%Th 5 w3440l the 43} ooz
5%NA1 4902 Vebeth (pvalue = 0.01). WebA] B =RolAE G 23] AR 24S
AN Gt
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Table 3.2. Estimation of parameters in the log-logistic distribution of annual maximum earthquake magnitudes
of China

a B
Est SE Est SE
6.88 0.085 24.1 3.420

Est = estimate; SE = estimated standard error.
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Table 4.1. The p-values of goodness-of-fit tests for GEV and LLG distributions of annual maximum earthquake
magnitudes of China

p-value KS AD CVM
GEV 0.686 0.043 0.065
LLG 0.520 0.065 0.056

GEV = generalized extreme value; LLG = log-logistic; KS = Kolmogorov-Smirnov; AD = Anderson-
Darling; CVM = Cramer-von Mises.
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Figure 4.1. (a): Plots of empirical cumulative distribution function (ECDF) versus fitted GEV and LLG distri-
butions for the China data; (b): histogram of the China data versus graphs of fitted GEV and LLG distributions.
GEV = generalized extreme value; LLG = log-logistic.

Table 4.2. AIC and BIC for GEV and LLG distributions of annual maximum earthquake magnitudes of China

p-value AIC BIC
GEV 57.08 61.66
LLG 54.48 57.53

AIC = Akaike’s information criterion; BIC = Bayesian information criterion; GEV = generalized extreme
value; LLG = log-logistic.

412 9 ME  ©y HEL 95 B AL QNEOR AF ABHE T A /129 0L
9] Akaike’s information criterion (AIC)2} Bayesian information criterion (BIC)E ARE-3tct.

i) AIC = —20 + 2k,

ii) BIC = —2¢ + klog(n)

A7A L& BTV ETT, kv AR B4 M5, nd A5 Jigolth. o# & F 7R 2y AE
71252 A B4o A7t S7hEel wEk B3 (penalty) & F+ W40 R I Zho] F2 RYPS A
A 2y oz MEF] Z=r}. Table 4.20)4 R ule} Zro] GEVSF LLG B2 o & 23Ael vl =
43 43, AICS} BIC 25 LLG 224 o 22 gs 7HAERE 23 AHoA = LLG7} © A4t
ExYE gl & £ Qlth wehA v Y AAFRY & LLG £ & ARS8t A} gt
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Figure 4.2. Predicted return level and confidence interval according to return period for the China data.
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AdgeFold A Aol AT fdds o7 ®HI goltk (Ryu 5, 2016). ojd AbA
o] T 2HEL pet T uf, 2AFEY A-E AAVIH(T) o2k gt wEtA ofE FE
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Mahdi, 2003).

2 2
Var(Zr) = <%) Var(&) + (%%f) Var <8$T> <8xT> Cov (@B) )
3714 dzr /0 = (T —1)YP 9} dxr /0B = — (a/ﬁ2) (T —1)"Plog(T — 1)°ltt. o] & o] g3te] A&
717kl w2 AR FR2E oS53 Ay Figure 4.29F Zon, AF 7|3l wel F7kshs FALES &
9l

T + 9o,

4.2.2. S~EY o 75 %= (maximum likelihood; ML) Woz dL2 zjd
7+ AFE v R4E Z2E3 (Bootstrap) ¥ (“fitdistrplus” R package)./] Ao} vl sttt Table
4.39] Aatel| st F W (ML Bootstrap®] ®WH)ol A9 5¢d 235 HAES ¢ & Utk
£3] Table 439 MLEPHo] o)3hal 10099 ARA7bIA AAFEE] ABSZY 95% Al 77ro]
(7.830, 8.800)2 A2 A @] S & Ao pehey
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Table 4.3. Estimation of return level and confidence interval according to return period for the China data by
ML and bootstrap methods

Return level (Confidence interval)
ML method Bootstrap method

Return period

2 year 6.875 (6.708, 7.043) 6.875 (6.702, 7.049)
10 year 7.532 (7.264, 7.799) 7.532 (7.254, 7.788)
50 year 8.080 (7.664, 8.497) 8.080 (7.676, 8.475)

100 year 8.320 (7.830, 8.809) 8.320 (7.848, 8.782)

ML = maximum likelihood.

e AAst] LLG B29) A8AL BTk olo] njet 48olA LLG REL olgate] 72le] A4
F A5 A

2184 &A% tlolE7l HE AAGRE oA EZ(block)o] Wl 71 ¥ Hjgt A4z o]7)
2o A8 7+ =YY 7bsAdol =t} (Coles 5, 2001, p.54). wWeta B =FA: 743
"é (autocorrelation)% T35k @1 A7 BALS AN G TH

T JARE ANFEY 350 83 = thE FEEEEA Iu3}l FJHE F3E(generalized
Pareto dlstrlbutlo ) (Bae 5, 2018)E& ©]&3lo] LLG £ % GEV 29} 37 Z3HAE 9 A
HALE AS5S vt oy Yozt 2 v RS 429 AJARER o9 e WRHoE A4S

AAISH= ?‘\ H e FF AFAAVE 2 Ao AlgHTh
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