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Analysis of the Block Size Effects on the Extreme Wave Data Independence
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Abstract : Statistical tests of the independence for extreme data under varying block sizes are carried out. The
data used in this study were 30 minutes-interval hindcast wave data at the KMA and KHOA buoy installation sites
in the Ulleungdo-Dokdo waters. In addition to independence tests for extreme data extracted under various block
sizes, we also performed correlation analyses between median wave height and maximum wave heights, because
the mean wave height exhibit distinct seasonal variation patterns. Statistical testing revealed that the AM
technique satisfies all independence conditions for extreme data. Furthermore, when the number of blocks per year
was increased, independence was preserved up to approximately three to four (i.e., 3~4 blocks per year), whereas
a larger number of blocks led to a violation of the independence assumption. Correlation tests between the
maximum and median of the block sizes also yielded similar results. These analyses suggest that extracting
extreme data under block sizes of two to four (seasonal time scales) can cope with the small data set limitations of
the AM technique to some extent and contribute to a reduction in the estimation error range as the number of data
increases.

Keywords : block maxima, annual maxima method, extreme wave data, block size, independence test, correlation
test
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T iR A6 AT 5 slelS dido® = slo] FEEE FARMES] BAA 272 U oY s
A3 7S olgsto] A7zl whE shar ATl A wakelet. o] g8 F3to] A3t = F47Fs3$ Block
Z%o] 2ltkJeong et al., 2004; Alsaaq and Shamji, 2022). A7)1E AAsto] Atste A HA R gt

TSk SR L] qiELs) A7 el ket SRR E ARk A

97} Z7F8kal JUHMOF, 2019; Ahn and Neary, 2024; 2. | = & "o
MOF, 2025). 31, o]2fgt =& Aftele o= =

2] A2 MGE sl WHo] AQsht} o] oz 2.1 ?—é(hmdcast) upg X2

POT 71% &= 249 2 7)) wke] A5 & o838k “r-largest’ Aol A AFESE A== KMA(Korea Meteorological
71Ho] AjkE 31 e}, At o 7 FA|FA2 53 71, Administration, 7147%) 5% Fo]xH, KHOA(Korea
W2 SRS AAstoiof sh= 497t ok 1= BM, POT, Hydrographic and Oceanographic Agency, S| %ZAM) &5
Top-r-largest(°] 8} TR) 7|% 5] o] 8- Q1= 5ol L HE5A o] AAA M AEE §5 AR E o]
XS EE GEV(YRESRE T4, generalized extreme value) g3tttk o] AAEE AR ASHE AT A 2~l(Wave

X (Kim et al, 2006) GP(YRFs}E pareto, generalized Information Network of Korea, www.wink.go.kr, ©|3}
Pareto) X 87} 9] o]-&5:= 2J3o]tk(Coles, 2001; Li WINK)A Che2 5 whs = Qi) 35 d5gxiz7.e] 35 ¢
et al., 2016; Naseef and Sanil Kumar, 2017; Niroomandi ‘] g A= V)10 vy o, AlEEE 252 AI7F 7
et al., 2018; Katalinic and Parunov, 2020). 2281} o] W 2 30%0|tH(Table 1 %), 25 5% W 54 3149

_1

& 243 Threshold A7), A% =4 A58 53%210 & s FASFol= UF alFHSFol =AM, A7 43 m, 0]
R 713 A4 Fol L7 E T POT 717 Al8olld & 6.0 m, T °F 7= JFEo|H, 3 ¥=oll= MOSE-G1000
TRz v F-2 thakel wHo] AlAE 3/4-4F] 3 ) A (Datawell)7} g2kl o] Itk 3Hd, 251 sl 1740l
= Agor B4 o4t AA Agaka Qv FHZole T 6 myg A o]z FdEo] glow, vt ul 7)1
g pOT w7l =74 71, 2435 BM 7' 2] Block Zol = HIPPY AN S *}ﬁ“}oﬂu‘r
A7) F4AT Fol FAHIL Q= FFoltH(Ozari et al, F= A AlEAIA o] 59 A9 ofd Fi
2019). A AL e, o R OV‘H” FEAEE A9t
upeba] Aol M= 7150 AM 71 9] TR o Q14 I, A AR E g o R Aol o] 8slelth 5%
= Annual 717 2310l FEE = 22 B 5 A FolR 7 20142024 (F 1149), 55 5554 AEs
= #dslr] 9lske] Bl 28 AI7F 9] Block A7) % 2013-2024(F 121d) ARE o83t A5 T3t
s A8sh= t‘“%‘j AlFetet. Block 2715 2 k= & Aol ARR-SE ghar AR o] AAIA EA9F 71 A QL S A
AoMs B0 E FEHE SAAEE S7RITH Zﬁi”r o] B 23} 2oh(Fig. 1 and Table 2 #3). B F+9Jvbar
xRN FEEE S ARE FAHCRE SAEE A3 7 = 27} 1.30m, 1.37m, 1.32m F=o]ch Ho) fojabas
& Ak s ARE, 5HEA (AT r|E= 1D 7t 10.80m, 10.36m, 11.04m= E5 20201 9€ 3¢l 7] =5
A ye Wstofof gtk 2 Aol M= thekst Block 7] X ATk o=, i mholate] ofgh 3o w 753 = Qlrk
Aol F=H = el tisto] tiekst 71, ArE e
2 5SS Fds o, A Al Wst ool FEE 22 BM 7|22 F&E x| XI1=2| =8 43
St vhal Ws) o FEEE SAARY] A e F BM 7|Y= o] &3 SAAR FE2 AM 7oA AREE
Table 1. Basic information of the hindcasting wave data at monitoring stations
Station Longitude (E) Latitude (N) Data Start Data End
Ulluengdo 374554 131.1144 2013/05/09 2024/12/31
Ulleungdo, NE 38.0072 131.5525 2012/11/24 2024/12/31
Ulleungdo, NW 37.7427 130.6011 2012/11/23 2024/12/31
Table 2. Basic information and statistical measures of the wave data
Station n Mean Median SD. MAD SK KT
KMA: Ulluengdo 204,214 1.30 1.04 0.88 0.43 1.76 7.48
KHOA: Ulleungdo NE 212,208 1.37 1.09 0.96 0.46 1.77 7.09
KHOA: Ulleungdo NW 212,256 1.32 1.04 0.92 0.44 1.77 222

Ref. n = no. of the data, SD = standard deviation (m), MAD = median absolute deviation (m), SK and KT = coefficients (no unit) of the
skewness and kurtosis, respectively.
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Fig. 1. Time series plot of the wave height at the Ulleungdo coastal waters.
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2.3 Block maxima - Block median A}2HEA
SHuAtgE B B B S Ak Azt

H3h S Bolar Q7] Wi, 55 A =7} ofyth
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Fig. 2. Monthly variation of the statistical measures of the wave data (mean = black (with dot) solid lines, median = blue solid line, the 50
and 95" percentiles = the lower and upper red solid lines, respectively).
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Fig. 3. Extreme value detection plot (Block numbers per year = 4).
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Table 3. The p-values of the independence and correlation tests with various block numbers

(a) KMA — Ulleungdo Buoy Hindcasting Data

BN Run-H p Box-H p MK-H p Run-HO p Box-HO p MK-HO p Cp
1 0.50 0.31 1.00 0.50 0.31 0.59 0.06
2 1.00 0.85 0.71 0.17 0.13 0.61 0.19
3 0.28 0.88 0.58 0.47 0.01 0.73 0.12
4 0.64 0.97 0.47 0.12 0.09 0.91 0.31
5 0.10 0.72 0.17 0.90
6 0.46 0.97 0.65 0.82
7 0.82 0.76 0.14 0.93
8 0.52 0.70 0.16 0.88
9 0.10 0.31 0.25 0.77

10 0.06 0.21 0.96

11 0.63 0.83

12 0.32 0.85

15 . 0.20 0.06 0.96

18 0.20 0.92

21 0.79

24 0.74

(b) KHOA — NE station Hindcasting Data

0.93

BN Run-H_p Box-H_p MK-H p Run-HO_p Box-HO_p MK-HO p
1 0.07 0.58 0.78 0.18 0.13 0.76
2 0.68 0.76 0.96 0.92
3 0.50 0.54 0.78 0.80
4 1.00 0.66 0.87 0.93
5 0.30 0.66 0.63 0.75
6 0.24 0.95 0.95 0.96
7 0.83 0.93 0.25 0.98
8 0.68 0.81 0.37 0.89
9 1.00 0.24 0.42 0.73

10 0.14 0.06 0.21 0.94
11 0.09 0.17 0.97

12 0.48 1.00

15 0.17 0.85

18 0.17 0.90

21 0.11 0.75

24 0.10 0.79

(c) KHOA — NW station Hindcasting Data

0.72

Cp
0.27
o003
0.10

BN Run-H p Box-H p MK-H p Run-HO_p Box-HO_p MK-HO p Cp
1 0.5 0.57 0.95 0.50 029 0.76 o004
2 0.68 0.95 0.57 000 o001 0.83 0.24
3 0.18 0.82 038 1.00 0.14 0.61
4 0.56 0.88 046 0.90 0.14
5 0.30 0.37 0.20 0.92
6 0.81 091 048 1.00
7 0.51 0.25 0.06 0.74
8 0.15 0.96 0.11 0.98
9 0.56 0.24 0.12 0.76

10 0.97
11 0.93

12 0.95

15 0.82

18 0.89

21 0.83

24 091

0.94

Ref. BN = Block number, Run, Box, MK = Runs test, Box test and Mann-Kendall trend test, respectively. H and HO = the extracted extreme
values and their occurrence time difference (inter-arrival time), respectively. p = p-value of the test. C_p = the p-value of the correlation test.
KMA = Korea Meteorological Administration (KMA). KHOA = Korea Hydrographic and Oceanographic Agency.
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