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Distribution Estimation and Characteristic Analys1s of the Number of the
High Waves and Sudden High Waves in the East Coastal Seas
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Abstract : Diverse statistical characteristic analyses, including distribution estimation, location differences, and
monthly differences, were performed with emphasis using monthly frequency information for high waves and
sudden high waves extracted from 17 years of wave observation data from seven stations along the East Sea coast.
Overall, the Poisson distribution was identified as the most appropriate distribution for all locations, while the
Zero-Inflated Poisson distribution was found to be a more suitable distribution for the Mukho station. Station
differences were identified as distinct from other stations, with Mukho showing a clear distinction and being
categorized into groups with relatively high and low high wave frequency. On the other hand, while distinct
differences were observed in monthly frequency, the statistical confidence intervals were estimated to be
substantial. As a result of analyzing the data by reducing the size of the confidence interval using a large sample
dataset that integrates all locations, it was found that the frequency was below the average from May to August,
April and September were at the average level, and the remaining periods showed an above-average frequency.

Keywords : high waves, sudden high waves, occurrence frequency, Poisson distribution, Zero-Inflated Poisson
distribution, occurrence proportion
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Table 1. Information of the seven wave measurement stations
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Station code Observation period Longitude Latitude Water depth (m)
Daejin 2008.01.01~2024.12.31 128°2537.60"E 38°31'17.90"N 17.5
Sokcho 2008.01.01~2024.12.31 128°36'59.73"E 38°12728.02"N 18.5
Mukho 2008.01.01~2024.12.31 129°0730.89"E 37°32'52.94"N 15.0

Jukbyeon 2008.01.01~2024.12.31 129°26'00.20"E 37°0337.20"N 18.0
Hupo 2008.01.01~2024.12.31 129°29'03.78"E 36°41'58.81"N 17.5
Yangpo 2008.01.01~2024.12.31 129°32720.20"E 35°53'09.08'N 17.8
Jinha 2008.01.01~2024.12.31 129°2132.36'E 35°23'13.48'N 18.0
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Fig. 1. Location map of the wave monitoring station in East coastal
waters.
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Fig. 2. Time series of wave data measured at seven wave measurement stations.
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Fig. 6. Monthly occurrence numbers of the high and sudden high waves in the monitoring stations.
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al.(2020)7} #|A) &+ “closed form” 328 ©]-8-3}3 T}

-

felk=0;0)=P(X=0)=z,+(1-z,)-¢,k=0
k-2

fX(k;,i)=P(X=k)=(1—zo)-%,k=1,2,... ®)

A= W,(—se™)+s

TE g(A)=k(-e?)-A(l—(n,/n)) =02 A =& v]A
g A2 BkE AAkele] /S S A4S 5 glon,
%7] 7H(initial guessy> Tk 20 = =318 €88 5 3l

o A st w g T A
oA Axke: 5 e,

4g o] g3fe] it

zy=1-—,0<z,<I (6)

NN

AV, s=k /(1-r)=nk /(n-ny), 1,=n,/n = AA 2
TolA zeroRI%E A=} AFAISHE B, k =(1/n)Y &, n=
AA AAz2] TN, ny = DA AR g HIE =0 23
o dsl= A& 705, W, = Lambert W 2] “principal
branch”(Corless et al., 1996)°]7, R ZZ 13 {pracma} 4]
A&3H= lambertWp() 35 ©]-8-3F31 th(Borchers, 2023).
Kim and Kim(2016)> 5275 APl tiato] ZulER o
O3t ZIp w7 Fg5 45 AR vl 9lom =ell A

717k ukel o] 2(7)3} #o) hdshA et

__ stk g stk ™)
s;+ (k)Y -k’ k

2y

o

Xé% F2 B
+ pmf{probability mass function) 7] 5+2]
7= 01%3]'04 TSRO, REAor ALAQ]
o] ©]-8-¥]:= CDF(Cumulative Distribution Function) 7|
Cramer-von Mises, Anderson-Darling 37 71H < ©]
FYSIATHR {goftest} 71XV A F-5H-= cvm.test(),
ad.test() < 2. o] 34 WS KS(Kolmogorov-Smirnov)
A7 WS JiA13 W o] THNIST, 2012; Faraway et al.,

oi_/,:z% o) 21 (discrete) thF/] s -crL 74

N )
oo
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oo [T & éf.\, o M
o fo Hy gy 2 M
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&3l Ake] a1}, 3 wake] WA NIk £ 4 9l 54 24
2021; Arnold and Emerson, 2011). oJ® EA4e1 A4 7] A, 2 19k} EA 1 A S AR E o] §38
e AL 49, p-value 78] S1X2 A5 7S ol EA 13t B, &, W8k AH, 19t A, &,
7o w2 ey mitel], AE ARl B AlZHAQl 3t A A, A, 8 A= ﬂlﬂﬂﬂ% p <0.05 =71 3T
7 (effect sizey= 1Lefste] A AakE sfialstoof it A} ab7] wiitell dwkd o vl T A8 A, =
=0 Thek frejmlet 2t A 7)ol wet Al2E o vk e REgRE 75 7Hdo] 7|14 p > 0.05 2119 A
sto] SAIA S A 2aE siAdstoloF Fth(Cho and Lee, -, TAARL SHelA AF7AE 712k o glont, ARk
2023). 12} ofH FAIR] tig A Al a3 A7) o) o Teja dEA o FElE UYehde A 540l 1L
EAR1 2R AAARl A7) e H3l wet 518 7} o, = 13 59 9= vlg wg 19 5 sk &
SO AR AAE7] witel 2Ee o) ARl 24 AR A Aohs MR AP AR dcke]] 7|Wks =
o] &tk 73, B AR 55 23 7Pgel @A vk = = 3l
A Aol whE A Ik o Wshs A A we Chowhebd, g Abees v} =9 avtke] g4 2l vl
of tigh & A W] wlEE gpefsigl o, ulEe] of o] T3 vlaus} A APNES 5 HA o FAsie] w4
g A= 4 AaE o] Bato] 7] Aol dE A} gt} webA o] & 7IREO® Sk oW SAIAR] FE Fell
olef] thist A& Tt EAu] S it A= o= Apolls 514 7HS iSelA] Eehke AR S
J2 R ZZ 13 prop.test() TE ©]-831%0H, AT Aol Fofof st
£ 95% Z7iol| A Adgh-shet vlES kel Fal Qke] g B AmellA, 15, EA 1Tk Ay Wl
EARE R Ay}, AR avp B HIEE 45-13.42,
3. 21} 3 EQ| =y B WisE 2.7~-8.87) FEolt) Bl ks 2
Sohe w8l T, sl =2, el 55 sl B T
30 nuof M HIE SAHYEE 3 S8, 2 43 SR Bades A7t 66~78Y A E(KMA, 2026)% K15
auh, =A auk WA HIE AR EAAR] Wge)7] o 2 Qlek BEdrE sl Be dols ek, R Al
oll At ojulelr Y AE whEstoiof it} mEhA A7) miiel] 2 ATt gl o] 54 d5AA 0] Wik
VI A HIE RS 7o R BE XA AgEE A Hlake] - A e Sles & 5 ok THSEE
72| 5377 (independence test)oll E&] ©]- &= ‘runs’ 7 ool Sofa] whaH7] wite) #5 ARRUE dX %}
%47} Ljung-Box 7173 (Ljung and Box, 1978) 7|1 €35t S5 ol&3at] wlitel Bt wga/do] & AuE dAvkEch
Gom R ZZ oA 7]E O Z AF3= Box.test() $r tEo] g dpes HEelE g2y uZel wa O—J‘r("ﬂ?
(option, type=“Ljung-Box”), {tseries} 7|X|(Trapletti and 724 715) tiv] 13}, & vuke] wgu| S-S sk
Hornik, 2023)9] runs.test() &5 |83 5% -2+ Z} 6~19%, 4~12% J =2 FHH
(o= 0.05) AN $=33}3 T}, 1ke} 5 Tke] A WIS 2FR.0] 7] Y H.9) Poisson
=9 24 73 A, Ae] 71 el thet p-value FE = W3 A9 A% A 3= Fig 7, Table 301 A|A§ vfe} 2ot
Uh 3 Zth(Table 2 %), o714 AF7HE (Hy)y2 <ol Hie] G A A T ARE o] 8k Aol tigh B A
1= 59 238 WSsivroltt, whebA, p > 0.05 2319 gro) A1zl 7S f1%E AR v At T1e]aL
M= AG7HEE 7142 5 Qlvk whebA, Table 20014 2 2 A% HES 919 pvalue AHY A= ot A ¢
A7k stel Bl mok W NG ARE oIS A%, B A @A AR AR 9 AR 174, 8 ARE
E AAA p > 0.05 271 WEstE Rz o9k WA )5 A} 204(= 17 x 12)7§7}F A}, AZF 2p= o] g Poisson w3
BEv 59 208 =SSt AFHEES 714 4 glok dE A gko]] t]$t Cramer-von Mises 717, Anderson-Darling 7
Table 2. The p-values of the independence tests
Annual count data Monthly count data
Stations Sudden high wave High wave Sudden high wave High wave
Box test Runs test Box test Runs test Box test Runs test Box test Runs test
Daejin 0.797 0.790 0.752 0.330 0.008 0.005 0.000 0.000
Sokcho 0.097 0.460 0.118 0.208 0.132 0.028 0.454 0.240
Mukho 0.329 0.495 0.727 0.790 0.000 0.018 0.000 0.000
Jukbyeon 0.364 0.528 0.821 0.692 0.003 0.003 0.007 0.002
Hupo 0.428 0.971 0.241 0.214 0.032 0.014 0.470 0.520
Yangpo 0.433 0.692 0.108 0.203 0.002 0.006 0.210 0.425
Jinha 0.876 0.442 0.127 0.565 0.389 0.367 0.621 0.549
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Fig. 7. CDF plots of the annual counts of the sudden high wave events.

Table 3. Basic statistical information and p-values of the goodness-of-fit test

(a) High waves

St. n ng k k. ky s D. index P
Daejin 204 133 0.652 0.535 0.769 0.730 0.892 1.000
Sokcho 204 119 0.583 0.469 0.698 0.697 0.836 0.937
Mukho 204 228 1.118 0.958 1.277 1.346 0.831 0.367

Jukbyeon 204 143 0.701 0.578 0.824 0.802 0.874 0.327
Hupo 204 111 0.544 0.440 0.648 0.574 0.947 0.556
Yangpo 204 93 0.456 0.367 0.544 0.417 1.094 1.000
Jinha 204 77 0.377 0.294 0.461 0.374 1.009 0.870

(b) Sudden high waves

St. n ng k ks ky s D. index P,
Daejin 204 88 0.431 0.341 0.522 0.434 0.995 0.531
Sokcho 204 73 0.358 0.272 0.443 0.389 0.921 0.931
Mukho 204 149 0.730 0.598 0.863 0.937 0.780 0.335

Jukbyeon 204 87 0.426 0.330 0.523 0.492 0.867 0.889
Hupo 204 54 0.265 0.192 0.338 0.284 0.931 0.619
Yangpo 204 46 0.225 0.162 0.289 0.215 1.049 0.807
Jinha 204 48 0.235 0.164 0.307 0.269 0.873 1.000

Ref. n = total number of the monthly event count data, 7; = monthly numbers of the high or sudden high waves count data during 17 years,
k = mean of the number of events, k;, k; = the lower and upper limits of the mean, s,f = variance of the number of the events, and Py

= the p-values of the chi-squared goodness of fit test.

4, 7 A7 719E ol &8lo] A E pvalue W= 242t
0.15~0.58, 0.17~0.59, 1.0 22 B p > 0.05 =4S

53] Wikl “o] Blo]Eli= Poisson #EE WHEUF = 7

wIVAS 71248 % itk o] vkt Fig. 7% 2
% ol g} o], AlZPA O R 2 Aol F Holt= Flo] th

T Bl Eskar, SAIA] B 714 5 vk
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Table 4. Parameters of the Zero-Inflated Poisson distribution at Mukho station
Waves n "o k o; 2z, y)
Hieh waves MLE 204 110 1.118 1.346 0.148 1312
& MOM 204 110 1.118 1.346 0.154 1.322
Sudden hish waves MLE 204 77 0.730 0.937 0.273 1.005
& MOM 204 77 0.730 0.937 0.279 1.013

Ref. MLE = maximum likelihood method, MOM = method of moments
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Fig. 12. Correlation plots (left panel = high waves, right panel = sudden high waves).
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