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A Nonstationary Frequency Analysis of Extreme Wind Speed in
Jeju using Bayesian Approach

ABSTRACT

Global warming may accelerate climate change and may increase disaster caused by strong winds. This research studied a method for
a nonstationary frequency analysis considering the linear trend over time. The Bayesian method was used to estimate the posterior
distribution of the parameters for the extreme value distribution of the annual maximum wind speed at Jeju Airport. The nonstationary
frequency analysis was performed based on the Monte Carlo Markov Chain simulation and the Gibbs sampling. The estimated wind
speeds by nonstationary frequency analysis was larger than those by stationary analysis. The conventional frequency analysis
procedure assuming stationarity is likely to underestimate the future design wind speed in the region where statistically significant trend
exists.
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ol ZA 371A¢] whHe s AWE 7t Stk A WA=
Age] 7|zro] FE3t uw] Generalized Extreme Value (GEV)
B3 =, Gumbel, Frechet, Weibull £3£2] &ef 5 shL}2 o}&3}
= 1Po] glrkJenkinson, 1955). Z12]1l F&A17e] FX|EA S
T2 Gumbel EXE o]83}o] 43¢kt Simiu and Scanlan,
1996). 12} 2=e] 7IRto] Z3E3HA] e 73-9-¢lli= The Method
of Independent Storms (MIS)2} Peak Over Threshold method
(POT) WS o83t o]&gt WSS Ieh AAlgk(Threshold)
opde] AnE BT Fote] HEs|Ao] o]&FFo 2N SAEES

$Zmlo) 7o g FRE AT Har oo we} s
of W] W ghs Bk s 388 5= vk MIS R
77 U HeS SHAOR Wro] I we] HuESS SIS
g2 AMgEte] Gumbel ¥ 2 FA3CHCook, 1982). 1)L
POT ¥ At dAlkkS 298h= FxRlEe tfsiA] Pareto
E¥ = Generalized Pareto £¥2 o]831= WO 2 o103
8} Holoa] o] g3k Tl Palutikof et al., 1999).

o] iFEe] AFEL AR wel Wit fle A
7Pgate] ayslalnk ARt AT 2dstR Qlste] 7P s de]
7L ofol] wheh AFFE, A 258 B2 715 8450]
Hskslal Qlrke Halvd dvtse] wEEEal vk Zwiers and
Kharin, 1998; Yan et al., 2006).

FH rAE Ak dSkRl Al wsht Al 24
Sh= SHE0] IR Yan et al.(2006)2 1958~1998'd F<te]
NCEP Asfixiz}29} Gamma £} Weibull £E 2Eg- o]-83}
of B4 FHe] o TS AAIES 2oJsltk Hundecha et
al.(2008)> HolH2]7} #]*J2] NARR Aliiizlse} 71 d5Aka
2RE) o HupEze) kg SRS Sale] Aol St
Lawrence} 53te] 4: wiske 215k Wang and L2016y
w}=t Joint Typhoon Warning Centerollx] AFgsh= kA 71d 521
AR EoR 19} AE ol8sie] 715 RSk Q1gk Hrir]7jie]
Bt SR SERlelgI): Tefal He=siel SATEE e A1)
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T} $15te] Bayesian Xol] wpRiEe] FH8E
o b= AsHe] BYe FHEIL MCMC RelE 34

Bayesian ®& 9] myfHIES FASGICH

2.1 Bayesian 2+

Bayesian &2 ARIEES 7E0 R AFT) 7] HRI}
78R3, FEelle AN uiE ARREES Y8k otk
Bayes A|(Bayes’s rule)= F & 2] 2714 (Conditional)
SERES} FHR(Marginal) FEZEZE A9 Ale GBS
b}, 2e]al EhEolEeilA9] Bayesian 3f4]¢] k= Bayes
A= ARgET F7HR ARE 83 AMEEEs 78
i Gelman et al., 2003).

AT 09} y7} Folgks u, o] FEUTES AYLEEE
2 ARE 230 disl Agstedndas ARIRE p(0) 9}
ARRE p(yld) o] F2o=2 Eq. (DHH b 4 ek Bayes
AeloA] GEAR 09} yo] 207 gEs) AAEE] A=
Eq. (2)9} 2t} o71A, p(0ly) &= y7t Fo18E wf 62 =03
SE(AEE)olg Bl 1(0ly) & y7t FEUE wf 09 =
(likelihood)o|t}. =, Bayesian &ollX] AFFEhE2] 7S AR
e} 29| ol HlEgThs otk o]Zks A Iudh
Bayes g2]9] 7t @& ol&3te] Uehld Eq. (3)7 2] 53
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p(0,y) =p(0)p(yl) Q)

= p0y) _ p@)pyld)
p(Oly) = o) o) 1(6ly)p(6) )
p(y) =/p(y70)d6’= p(0)p(ylo)do 3)

2.2 Markov Chain Monte Carlo 22|

Monte Carlo 7} FejH o2 A3t 7kt B3¢
2, 54 5] Aol 285 S8FAIS FolellA niriase]
4 9 B3RS sk o g ol gt gl o] 7o)
FERTE ] SHS TP R oo AEY ol
H, MCMC (Markov Chain Monte Carlo) 7['H& S-EHTE
o] T3S 7REe R 30 AER0] 7FsS Rt W e
HARITIAL o] ghilo] M= SEREE e wEAl=
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(Kwon et al., 2008).
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Table 1. Changed History of Wind Gauge

Period Height
1984.01 ~ 1985.12 10m
1986.01 ~2003.01 15m
2003.02 ~2017.12 10m

A 2] WskE 5= 927t g}L AF-aede] 19841 190lA]
2017 129714 52 108 g4 ARE o183ttt B3t
3HF Bl ¥ AmE T HIRE o AREEeR Akl
e AR ¢, Yo Fdehs HiEds FEslck o] #1999
WSS DA 8912 o539 BT} ASEe] AT
o] k=t AR Al s Blge] Bl Fo] ek wbd
A TS ARl 291 iFolt el AFsE 2 xie]
TS TRt W7 olE Ve ATk 7VddRE 53
181 Table 13} 2t} F4574) =o|7F WAH o]Ho| 9=
7RI FEE HAE stk AmR TPl ko] <J3t
npE o] Fol] 71 Aol B HF S50 Al HAO =
AE A *}%@1 7Fssi: HA WO Eq. (o 22 A5
& o8-Sl

“)

o7IA, Vi(z) & &0l ZolAM Had(ms), V(z,)2 71E 0]
z, oM FEFE(m/s)0lal 2, 10 mE 7KEL & o= 797t

Wk ot A|EHe) 2ud] ufel Agshe A5olv, jEH

sk 0.165 ARE-3HTh
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Bayesian 7S 53 vy 48 7129 H9-=Ho v
RHlEYTRe e wpEsS shie) shewsE HEet
ol W} shle] gl obd SRS Fejw Holwy]

A% wipie] AFREES Fgek=t] B4S Tl Eq. (3)]
7]5ksic),
FHE FEAFE Yolo] FEREFT R /S Aol 11 dE

BE¥o] §-848 AE] ¢35 Z8=(Goodness of fit, GOF)
o] Aeasit AFeS 23] $ste] x* 3373(Chi-Square
test)e} K-S 7A(Kolmogorov-Smirnov test)= 5 %2 Fo4

oA gt TElal Wiksld RYo R v Ykl SERIES
27 9Jte] B 279 (Negative Log Likelihood, NLL) 3+
¢} BIC (Bayesian Information Criterion) 7k o831t} Table
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Table 2. Goodness of Fit Tests and Bayesian Information Criterion Value for Probability Distributions

Distributions Gumbel GEV Gamma Normal Weibull
x *test 0 0 0 1 0
K-S test 0 0 0 0 0

NLL -82 -82 -85 -87 -90
BIC 172 175 177 181 187
40 ; T i 1
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(a) Gumbel Probability Plot for Annual Maxima

Wind speed (m/s)
(b) Empirical CDF Versus Theoretical Gumbel CDF

Fig. 1. Probability Plot and CDF of Gumbel
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Gumbel B¥o|2g o] BXZ W] SERE HFog
Aestoick

p(bly) & AFEER AFEe 5182 23wo]H Gumbel
s wech 7pgeic) g B8 7R 6 = (1,03 Gumbe
Fo| Oigk WSS HES eI ply) & S8R
o] FHEI(Marginal), p(0)= "iHSFES] AREE,
p(ylo) & FXFEEAE yo] S-S onlslaL Eq. (5)¢} 2]
LERE &= 9k o7, N A HulgS; A5 758 Ve,
AR He} R PESE APIEER 242 Rt E(N)e}
HArREE(NE 7Pkt

<

p(6ly) :vazlGumbel(ytm,a) o N(0.1,0.1) « I(1,0.1) (5)
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o] ABBPIE aefsilaL, Eq. (0)A7 3 5 3tk Eq.
(©)°I as} b= AR RESE} e} diz TR iHsre] AP
3& el ] $1% SRS itk sfH o= BE v
2o ek AREEE AHH R FYshs A E7Fssitk
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Gumbel &40l AFTEe] FXFES AR 23+ Fig.
1(a)%} 2L, #3572 49 7155 2 BASKL itk Fig
1(b)olr= A7) 7 1E 2 =34(CDF)9} Gumbel #-32.2]
FREAETTE ARE ASS skl 3Ss EIE o sk

Fig. 2= S21ZEA8E Normal £322 7338 H3(A13)
3} Gumbel F-E(FF)Z 7PeH A vlwdt Aot FEd
9] 71€717} Gumbel #3ZH T} Normal #X7} & 71 E1e
= QlTk 20k 2ol 5 %, 25 Y, 75 Y% 183l 95 %o] B3k
T Credible Interval; CI)S A-EX 2HE] 343} Fig. 29|
FEABKITE Fig. 204 Hnle} o] B34 77to] S0k
7Eo 2 n|thAsH, =72 (upper tail)7} FZ21g](lower tail)
o 57 ElE s & 2o o] Gumbel X2
SHAES] AFEE e Al & 4 9l
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Table 3. Posterior Density of Parameters and Uncertainty Bounds

Parameter Mean SD 2.5% 50 % 97.5%
Stationary 18.11 0.43 17.22 18.12 18.92
Nonstationary 1 18.41 0.67 16.35 18.41 20.46
Stationary o 2.35 0.34 1.79 232 3.11
Nonstationary o 2.54 0.49 1.64 2.54 3.44
1 intercept - a 16.18 0.88 14.43 16.24 17.80
1 slope - b 0.13 0.05 0.03 0.12 0.22
o intercept - ¢ 1.57 0.51 0.67 1.49 2.69
o slope - d 0.06 0.03 0.01 0.05 0.13
HP Hitsh] Aatghs 2ehe 2k 991d 4= ik Fig o= FARFEAR B0l EAIsh= ol 71EE5e]
5(b)b 3 st ng A ‘ﬂE IS ol8-sto] F4% 234 4 7FsAol Sluke ZE ongitt

F\REas) 277l AR |

= oF 1 mis vy Hs) éﬂi #4% gl ¥ =k
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