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Density Estimation of the Wave Steepness Using the KMA Buoy Data
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Abstract : The Korean coast’s wave steepness (or slope) distribution function was estimated and analyzed using
KMA ocean buoy data. The distribution was estimated using the Gaussian mixture distribution function that can
reflect multiple peaks and inflection patterns, and the parameter estimation was performed using the maximum
likelihood-based EM algorithm. The final estimated distribution shape, when judged based on the skewness
coefticient, showed a distribution form skewed to the right in all cases except for the Seogwipo (St. 14) station,
and it was determined that a distribution consisting of 2~3 mixtures was appropriate overall. In addition, the
distribution form showed differences depending on the monitoring stations, but it was determined that it was
unrelated to the effects of the observation point and water depth. In addition, the wave steepness variables derived
from the wave height and period combination showed a very high correlation in the maximum information
coefficient value that judges nonlinear correlation rather than the linear correlation coefficient and rank correlation
coefficients between wave height and period data.
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Fig. 1. Location map of the KMA ocean monitoring stations.
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Table 1. Basic information of the KMA monitoring stations

SN Scode K. Name E. Name ]Bat(igidle\/la(\{)) L]())n(goi)t’ulc\l/e[: E],;:) D(ir:;h (Replsa tca?ment) Type of Buoy
1 21229 = Ulleungdo 37 27 131 6 2,200 2011.12. NOMAD 6x3
2 22101 |=Rchey Deokjeokdo 37 14 126 1 30 1996.07 Discus 3 m
3 22102 e Chilbaldo 34 47 125 46 33 (;ggg(l);) Discus 3 m
4 22103 AT Geomundo 34 0 127 30 80 (12?)?)76?%) Discus 3 m
5 22104 AAE Geojedo 34 46 128 54 87 (12%%2;(;%) Discus 3 m
6 22105 =3 Donghae 37 32 130 0 1,518 (22%%1723) NOMAD 6x3
7 22106 >3} Pohang 36 21 129 46 310 2008.11. NOMAD 6x3
8 22107 e Marado 33 4 126 1 130 é(())(())gi)lﬂ NOMAD 6x3
9 22108 A= Oeyeondo 36 15 125 45 47 (22%(;(;;1)) Discus 3 m

10 22183 Alek Shinan 34 43 126 14 25 2013.06. Discus 3 m

11 22184 ESas Chujado 33 47 126 8 85 2014.01. Discus 3 m

12 22185 Sk Incheon 37 5 125 25 40 2015.12. Discus 3 m

13 22186 ol Buan 35 39 125 48 50 2015.12. Discus 3 m

14 22187 XA Seogwipo 33 7 127 1 105 2015.12. NOMAD 6x3

15 22188 & Tongyeong 34 23 128 13 55 2015.12. Discus 3 m

16 22189 LA Ulsan 35 20 129 50 145 2015.12. NOMAD 6x3

17 22190 el Uljin 36 54 129 52 700 2015.12. NOMAD 6x%3

18 22191 180170 KOB170 36 7 124 3 75 2019.11. Discus 10 m

19 22192 A8)206 KOB206 34 0 123 15 75 2019.11. Discus 10 m

20 22297 7= Gageodo 34 1 125 12 90 2019.11. Discus 3 m

21 22298 T Hongdo 34 44 125 14 85 2019.11. Discus 3 m

22 22299 181190 KOB190 35 0 124 7 79 2020.11. Discus 10 m

23 22300 Hall239 KOB239 32 49 124 43 73 2020.11. Discus 10 m

24 22301 wall465 KOB465 31 40 126 24 75 2021.09. Discus 10 m

25 22302 53078 KOB78 36 58 130 31 2,000 2021.09. Discus 10 m

26 22303 ze Pungdo 37 9 126 24 25 2021.08. Discus 3 m

27 22304 il 244 KOB244 32 43 127 16 75 2023.01. Discus 10 m

28 22305 357 KOB57 38 22 129 35 1,100 2023.03. Discus 10 m

29 22309 w111 KOBI111 33 46 128 22 110 2023.11. Discus 10 m

30 22310 1A Goseong 38 19 128 38 400 2023.11. NOMAD 6 m

31 22311 Ak Samcheok 37 27 129 19 200 2023.11. Discus 3 m

A AREEE 371 A gl kg WAleRl A 5 e A H71A] density() $<; ‘mixtools’ #H7]#] €] normalmixEM()
Aell= ‘NbClust” 3712 2] NbClust() -5 AR 0, S5 o]8SFTHR Core Team, 2024; Milard, 2013;

QlelA BA 07 Silhouette A5 A E1E}ATHCharrad, 2014). Benaglia et al., 2009).

Gauss =3 TERF O mi/iia= H-¢28 7INke] EM ” .
(expectation & maximization) 12|55 (Jun, 2012; Oh, 2008) J(X) = DN iy 01) 2 A= 1 )
2 olgsto] stk AT FPl g B

Kernel #3317, Gauss 3} 2 3krol] thate] 242} stats’ 71, fux) = A W (0)e] SHEE SR
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Table 2. Basic statistical measures of the wave steepness

NO. mean median mode SD MAD IQR SK. KT. min. max. ()% n MR

1 0.023 0.021 0.020  0.010  0.009  0.013 0.713 0.811  0.002 0.078 0427 8,543 25
2 0.017 0.014 0.010  0.013  0.010  0.016 1.658 6474 0.001  0.145 0.740 8319 5.0
3 0.023 0.016 0.013  0.024 0.012  0.017 2.776 9447 0.001 0224 1.026 8381 43
4 0.032 0.032 0.021  0.013  0.016  0.022 0174  -0916  0.006  0.070 0416 8,509 29
5 0.031 0.030 0.027  0.012  0.014  0.019 0210 —-0.894 0.007 0.066 0382 8,627 1.5
6 0.038 0.037 0.031 0.014 0.016  0.022 0.167  =0.757  0.006  0.079  0.365 8,688 0.8
7 0.026 0.023 0.016  0.014 0.015  0.021 0.598 0469 0.002 0.078 0.546 8,396 42
8 0.023 0.022 0.017  0.013  0.014  0.019 0502 -0.221 0.002 0.087 0543 7,167 182
9 0.022 0.021 0.016  0.013  0.014  0.019 0.605 —-0.081 0.001  0.085  0.588 8,486 3.1
10 0.017 0.011 0.008  0.013  0.007  0.015 1.444 1323  0.001  0.078 0.803 6,929 209
11 0.027 0.024 0.014  0.019 0.016  0.022 2702 14524  0.001 0218 0.706 8,071 79
12 0.030 0.029 0.014 0.015 0.017  0.023 0316  —0.830 0.003 0.070 0481 7,752 115
13 0.021 0.020 0.017  0.011 0.012  0.016 0.459 -0.096 0.001 0.073 0537 7,063 194
14 0.038 0.040 0.047 0.014 0.016  0.022 -0223 -0866 0.006 0.073 0365 8,634 1.4
15 0.032 0.032 0.031 0.013  0.015  0.021 0.147  -0.929 0.008 0.069 0395 8558 23
16 0.034 0.033 0.020 0.015 0.018  0.024 0.163  -0.909 0.004 0.088 0437 8,049 8.1
17 0.040 0.039 0.037  0.015 0.018  0.024 0.191 -0.809 0.007 0.084 0.384 8,645 1.3
18 0.015 0.014 0.011  0.009 0.010 0.014 0486 —0.613 0.001  0.047 0.591 8433 3.7
19 0.024 0.022 0.016  0.012 0.013  0.018 0591 —-0.273  0.003  0.067 0.516 8,608 1.7
20 0.032 0.032 0.024  0.013 0.016  0.022 0.153  -0.932 0.002 0.069 0416 7815 10.8
21 0.031 0.030 0.023  0.014 0.016  0.022 0255 -0.893  0.005 0.071  0.441 8,437 3.7
22 0.017 0.015 0.013  0.010 0.010 0.014 0.644 -0.069 0.001 0.055 0576 7,296 16.7
23 0.021 0.021 0.022  0.010  0.011 0.015 0299 0524 0002 0.057 048 7,758 114
24 0.016 0.016 0.005  0.008 0.010 0.013 0285 —0.766  0.002  0.044 0.516 8,656 12
25 0.018 0.017 0.013  0.008  0.009 0.012 0.484 —0.262 0.001 0.049 0465 7,670 124
26 0.016 0.010 0.005 0.014  0.009 0.018 1.212 0.588  0.000 0.073  0.884 8479 32
27 0.024 0.023 0.021 0.011 0.013  0.017 0219 -0.683 0.002 0.072 0466 8448 3.6
28 0.020 0.018 0.015 0.010 0.010 0.014 0.751 0.135  0.001  0.062 0520 7,166 182

AM  0.025 0.024 0.019 0.013  0.013  0.019 0.640 0.730  0.003  0.083  0.540 8,113 7.4

Ref. NO. = the station number (SN in Table 1), SD = standard deviation, MAD = median absolute deviation, IQR = inter-quartile range, SK.
= skewness coefficient, KT. = kurtosis, and min. and max. = minimum and maximum values, respectively; n = no. of the data, and MR =
missing ratio (%). AM = all-station averaged (mean) value of the statistical measures.
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Table 3. Optima parameters of the Gaussian two-mixtures distribution, GMD(2)

SN A A H 253 O %) log(L)
1 0.54 0.46 0.018 0.029 0.00608 0.00967 27,815
2 0.57 0.43 0.010 0.026 0.00540 0.01333 25,694
3 0.84 0.16 0.015 0.063 0.00890 0.03479 23,485
4 0.33 0.67 0.019 0.039 0.00587 0.01074 24,967
5 0.37 0.63 0.020 0.038 0.00547 0.00936 26,345
6 0.43 0.57 0.026 0.047 0.00736 0.01024 25,198
7 0.49 0.51 0.015 0.036 0.00601 0.01198 24,639
8 0.65 0.35 0.029 0.012 0.01134 0.00555 21,463
9 0.38 0.62 0.012 0.029 0.00638 0.01226 25,047

10 0.62 0.38 0.009 0.029 0.00295 0.01329 23,186
11 0.96 0.04 0.025 0.082 0.01337 0.04056 22,217
12 0.25 0.75 0.014 0.036 0.00451 0.01274 22,253
13 0.32 0.68 0.011 0.025 0.00558 0.01010 21,974
14 0.42 0.58 0.025 0.048 0.00883 0.00817 25,035
15 0.25 0.75 0.017 0.037 0.00433 0.01061 25,633
16 0.39 0.61 0.020 0.043 0.00698 0.01104 22,844
17 0.39 0.61 0.026 0.049 0.00770 0.01189 24,180
18 0.39 0.61 0.007 0.020 0.00371 0.00784 28,283
19 0.46 0.54 0.015 0.032 0.00605 0.01115 26,125

20 0.47 0.53 0.021 0.042 0.00725 0.00932 22,928

21 0.50 0.50 0.021 0.042 0.00723 0.00975 24,561

22 0.37 0.63 0.009 0.022 0.00408 0.00887 23,925

23 0.20 0.80 0.010 0.024 0.00391 0.00930 24,652

24 0.22 0.78 0.006 0.019 0.00222 0.00718 29,787

25 0.36 0.64 0.011 0.021 0.00383 0.00740 26,287

26 0.53 0.47 0.006 0.026 0.00308 0.01343 27,081

27 0.14 0.86 0.009 0.026 0.00269 0.00994 26,384

28 0.56 0.44 0.014 0.028 0.00556 0.00991 22,998

Table 4. Correlation coefficients and maximum information coefficients of the wave parameters
Hs, Tp s, Hs s, Tp
P S K MIC P S K MIC P S K MIC

0.672 0.706 0.547 0.574 0.446 0.475 0.338 0.968 —0.269 —0.235 —0.166 0.967
0.257 0.327 0.251 0.356 0.606 0.702 0.542 0.998 —0.382 —0.368 —0.264 0.985
0.327 0.373 0.282 0.344 0.454 0.582 0.436 0.951 -0.439 —-0.457 -0.325 0.960
0.613 0.591 0.429 0.524 0.628 0.685 0.517 0.911 —-0.163 -0.132 -0.089 0.806
0.597 0.648 0.488 0.544 0.654 0.665 0.497 0.912 —-0.138 -0.084 -0.054 0.850
0.761 0.732 0.556 0.612 0.593 0.655 0.478 0.906 0.010 0.003 0.002 0.764
0.497 0.505 0.371 0.489 0.351 0.388 0.273 0.890 -0.536 -0.557 —-0.394 0.888
0.440 0.432 0.328 0.421 0.371 0.439 0.316 0.917 —-0.555 -0.549 -0.400 0.959
0.383 0.437 0.336 0.512 0.596 0.646 0.477 0.955 —0.343 —0.323 —0.228 0.914
10 0.090 0.024 0.023 0.239 0.857 0.769 0.644 0.992 -0.316 —0.568 —0.479 0.999
11 0.364 0.400 0.300 0.350 0.319 0.418 0.300 0.932 —0.545 —0.603 —0.441 0.962
12 0.657 0.637 0.486 0.559 0.791 0.850 0.677 0.978 0.174 0.175 0.120 0.856
13 0.580 0.565 0.453 0.524 0.487 0.582 0.436 0.980 —0.266 —0.226 —0.160 0.949
14 0.658 0.623 0.475 0.548 0.657 0.727 0.551 0.927 —0.066 —0.012 —0.005 0.815
15 0.589 0.636 0.476 0.525 0.699 0.726 0.556 0.932 -0.095 -0.017 -0.008 0.865
16 0.558 0.603 0.442 0.521 0.442 0.483 0.345 0.815 —-0.402 -0.354 —-0.242 0.748
17 0.713 0.679 0.505 0.580 0.481 0.545 0.388 0.871 —-0.194 -0.207 -0.138 0.780
18 0.341 0.290 0.227 0.420 0.845 0.880 0.727 0.926 -0.112 -0.123 -0.077 0.737
19 0.440 0.428 0.310 0.401 0.794 0.807 0.636 0.914 -0.123 -0.131 -0.084 0.751
20 0.672 0.678 0.508 0.582 0.678 0.728 0.552 0.878 —-0.004 0.044 0.028 0.736
21 0.701 0.716 0.548 0.594 0.718 0.771 0.599 0912 0.138 0.160 0.110 0.799
22 0.391 0.373 0.272 0.421 0.779 0.798 0.638 0.863 —0.180 —0.183 —-0.120 0.701
23 0.433 0.339 0.257 0.414 0.724 0.817 0.630 0.921 —0.207 —0.199 —0.140 0.705
24 0.350 0.232 0.174 0.429 0.820 0.875 0.713 0.891 —0.181 —0.193 —0.135 0.662
25 0.637 0.634 0.467 0.530 0.753 0.784 0.604 0.871 0.067 0.061 0.040 0.658
26 0.045 0.049 0.041 0.262 0.630 0.647 0.499 0.999 —0.583 -0.711 —0.521 0.985
27 0.583 0.538 0.404 0.500 0.848 0.893 0.739 0.945 0.138 0.161 0.114 0.774
28 0.704 0.693 0.518 0.596 0.855 0.874 0.714 0.962 0.326 0.288 0.193 0.784

Ref. Hs = significant wave height, Tp = peak wave period, and s = wave steepness (slope); P = the Pearson correlation coefficient, S, K = the
Spearman and Kendall rank correlation coefficients, and MIC = maximum information coefficient.
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