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Estimation and Assessment on the Optimal Probability Distribution of the
Monitoring Wave Height Data in the Korean Coast
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Abstract : The estimation of probability distribution models for wave data enables an understanding of the
probabilistic characteristics of wave conditions and the quantitative evaluation of engineering design variables. In
this study, the optimal probability distributions were fitted using by significant wave height data observed at 20
points around the Korean coast, and the probabilistic characteristics and tail behaviors of the data were analyzed.
A total of nine distribution models were considered, including the Normal, Log-normal, Weibull-3, Gamma-3,
Generalized Gamma, Generalized Beta-2, Johnson SB, Generalized Hyperbolic, and Extended Generalized Inverse
Gaussian distributions. The parameters for each distribution were estimated using the Maximum Likelihood
Estimation (MLE) method. To evaluate the performance of each model, goodness-of-fit tests such as the
Kolmogorov—Smirnov test and the Kullback—Leibler divergence metric were used, and Q-Q plots were employed
to assess the fit in the tail regions of the distributions. As a result, the Generalized Hyperbolic, Johnson SB, and
Generalized Gamma distributions showed high goodness-of-fit at many stations. Distributions with multiple shape
parameters were found to effectively capture the asymmetry and tail characteristics of the significant wave height
data. However, some distribution models tended to underestimate or overestimate the extreme quantile regions.
Therefore, it is considered appropriate to select and apply the probability distribution model that best fits the wave
data at each target site in order to more accurately describe the characteristics of significant wave heights.

Keywords : significant wave height, optimal probability distribution, maximum likelihood estimation, goodness-of-
fit test, tail behavior
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Fig. 1. Locations of significant wave height observation sites (Red
circle: MOF; Blue squares: KHOA).
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Table 1. Summary of significant wave height observation sites
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Normal i3, Log-normal 32, Weibull-3 —Erif_, Gamma-3
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2131 4-mlj 7= 7]149E2] Johnson SB 3£, Generalized beta
distribution of the 2-kind &3
3, 5-u 7R 719+2] Generalized Hyperbolic 2322} 6-]

7S 719ke] Extended Generalized Inverse Gaussian

2 Generalized Gamma

. Longitude, . . Depth Instrumentation
No Type Station (Code) Latitude (°) Recording Period (m) Type
1 Taean (TAA) 125.94°E, 36.72°N  2014/07/12~2024/08/04 26.2 AWAC 600
o Signature
2 Saemangeum New Port (SMG) 126.24°E, 35.67°N  2020/07/29~2024/10/10 20.2 ADCP 500
o Signature
3 Gagudo Port (GGP) 125.13°E, 34.05°N  2020/08/17~2024/12/10 35.0 ADCP 500
. o o Signature
4 Seogwipo Port (SGP) 126.58°E, 33.24°'N  2020/06/09~2024/11/12 31.0 ADCP 500
o Signature
5 Yeosu New Port (YNP) 127.96°E, 34.53°N  2018/12/13~2024/10/11 32.0 ADCP 500
o Signature
6 Gamcheon Port (GCP) 129.00°E, 35.01°N  2017/09/22~2024/10/10 36.0 ADCP 500
MOF o o Signature
7 Haeundae (HUD) 129.17°E, 35.12°N  2020/07/03~2024/10/11 34.0 ADCP 500
o Signature
8 Ulsan New Port (UNP) 129.38°E, 35.39°N  2018/11/01~2024/10/16 29.0 ADCP 500
9 Gyeongju (GYJ) 129.48°E, 35.67°N  2014/07/21~2024/06/30 32.1 AWAC 600
: o o Signature
10 Yeongilman (YIM) 129.48°E, 36.14'N  2020/06/24~2024/12/17 33.0 ADCP 500
11 Hupo (HUP) 129.49°E, 36.70°N  2011/11/12~2024/06/30 31.0 AWAC 600
12 Maengbang (MAB) 129.23°E, 37.40°N  2013/09/27~2024/06/30 31.0 AWAC 600
o Signature
13 Donghae New Port (DNP) 129.16°E, 37.51°N  2020/07/07~2024/09/30 35.0 ADCP 500
14 Gonghyeonjin (GHJ) 128.53°E, 38.36°N  2016/04/29~2024/06/30 32.0 AWAC 600
15 Jeju Strait (JIS) 126.49°E, 33.91°N  2012/09/25~2024/09/30 65.0 MOSE G-1000
16 Jeju south (JES) 126.97°E, 32.09°N  2012/09/08~2024/09/30 127.0 MOSE G-1000
17 KHOA South east (SOE) 128.42°E, 3422°N  2012/09/06~2024/09/30 84.0 MOSE G-1000
18 Korea Strait (KOS) 129.12°E, 34.92°N  2012/09/05~2024/09/30 95.0 MOSE G-1000
19 Ulleungdo NW (UNW) 130.60°E, 37.74°N  2012/11/23~2024/09/30 1,300.0  MOSE G-1000
20 Ulleungdo NE (UNE) 131.55°E, 38.01°N  2012/11/24~2024/09/30 966.0 MOSE G-1000
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Table 2. The best fitted probability distribution with the corresponding p-value of the KS test, the KL-divergence measures for the twenty

sites in Korea

No Station Code Optimal Distribution p-value Dx1. RMSE s
1 TAA Generalized Hyperbolic 0.269 25.875 0.063 0.987
2 SMG Generalized Hyperbolic 0.288 20.635 0.068 0.982
3 GGP Generalized Gamma 0.126 24.048 0.035 0.997
4 SGP Johnson SB 0.167 30.276 0.081 0.979
5 YNP Generalized Gamma 0.107 24.922 0.052 0.985
6 GCP Generalized Beta 2 0.209 27.235 0.062 0.988
7 HUD Generalized Gamma 0.174 24.838 0.042 0.989
8 UNP Generalized Beta 2 0.217 25.146 0.035 0.993
9 GYJ Generalized Hyperbolic 0.404 22.921 0.024 0.996
10 YIM Johnson SB 0.345 25.964 0.042 0.986
11 HUP Generalized Hyperbolic 0.403 18.498 0.020 0.996
12 MAB Generalized Hyperbolic 0.417 20.037 0.022 0.998
13 DNP Johnson SB 0.231 22.071 0.030 0.991
14 GHJ Generalized Gamma 0.066 23.771 0.071 0.968
15 JIS Johnson SB 0.212 20.056 0.024 0.999
16 JES Generalized Hyperbolic 0.402 15.571 0.010 0.997
17 SOE Generalized Hyperbolic 0.418 16.778 0.015 0.996
18 KOS Extended GI. Gaussian 0.365 18.846 0.008 0.998
19 UNW Generalized Hyperbolic 0.389 17.464 0.011 0.997
20 UNE Johnson SB 0.454 18.201 0.013 0.995
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Fig. 2. Histogram and fitted probability density functions of significant wave height for representative stations.
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Fig. 4. Q-Q plots comparing observed and theoretical quantiles of significant wave height for representative stations using fitted probability

distributions.
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Table 3. Statistical characteristics of significant wave heights at 20 coastal sites around Korea

No Station Code Mean SD Skewness Kurtosis Optimal Distribution

1 TAA 0.6574 0.4706 1.9022 6.4058 Generalized Hyperbolic
2 SMG 0.7422 0.6533 2.2910 6.4373 Generalized Hyperbolic
3 GGP 1.0350 0.6310 2.4745 14.9010 Generalized Gamma
4 SGP 0.7407 0.5382 3.3618 22.0877 Johnson SB

5 YNP 0.7638 0.4656 3.6497 32.2423 Generalized Gamma
6 GCP 0.7343 04182 3.1222 23.2770 Generalized Beta 2

7 HUD 0.8125 0.4801 2.4468 14.8926 Generalized Gamma
8 UNP 0.7986 0.5205 2.5751 13.4036 Generalized Beta 2

9 GYJ 0.8189 0.5719 2.0784 7.4071 Generalized Hyperbolic
10 YIM 0.8803 0.6793 1.7608 4.1243 Johnson SB

11 HUP 0.9224 0.6110 1.7499 4.7064 Generalized Hyperbolic
12 MAB 0.8605 0.6409 1.8362 4.7188 Generalized Hyperbolic
13 DNP 0.9253 0.6323 1.7763 4.6241 Johnson SB

14 GHJ 0.8096 0.6142 2.1570 6.6695 Generalized Gamma
15 N 0.8329 0.5711 1.8133 4.9083 Johnson SB

16 JES 1.5026 0.9452 1.8123 6.0786 Generalized Hyperbolic
17 SOE 1.0803 0.6888 1.9696 8.9052 Generalized Hyperbolic
18 KOS 1.0468 0.6649 2.1626 9.5542 Extended G.I. Gaussian
19 UNW 1.3272 0.9073 1.5031 2.8119 Generalized Hyperbolic
20 UNE 1.4040 0.9846 1.5519 2.9803 Johnson SB
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Appendix A. Estimated parameters of 9 probability distribution for each observation sites

Appendix

Distributions
S. Code Normal Log-normal Gamma
Location Scale Location Scale Shape Scale Location
TAA 0.657 0471 -0.633 0.642 1.683 0.331 0.100
SMG 0.742 0.653 —0.582 0.725 1.340 0.479 0.100
GGP 1.035 0.631 -0.112 0.528 2.123 0.389 0.210
SGP 0.741 0.538 —-0.476 0.562 1.687 0.338 0.170
YNP 0.764 0.466 —-0.402 0.498 2.144 0.272 0.180
GCP 0.734 0418 —-0.426 0.462 2.646 0.217 0.160
HUD 0.812 0.480 -0.348 0.520 2.340 0.283 0.150
UNP 0.799 0.520 —-0.387 0.555 2.162 0.309 0.130
GYJ 0.819 0.572 —-0.401 0.628 1.924 0.374 0.100
YIM 0.880 0.679 —-0.387 0.721 1.519 0.514 0.100
HUP 0.922 0.611 -0.272 0.617 2.102 0.391 0.100
MAB 0.860 0.641 -0.391 0.697 2.169 0.392 0.010
DNP 0.925 0.632 -0.279 0.633 1.872 0.430 0.120
GHJ 0.810 0.614 —-0.441 0.667 1.679 0.424 0.099
JES 0.833 0.571 —0.388 0.643 2.234 0.350 0.050
JIS 1.503 0.945 0.232 0.594 2.385 0.571 0.140
SOE 1.080 0.689 -0.103 0.606 2.188 0.439 0.120
KOS 1.047 0.665 -0.125 0.584 2.895 0.351 0.029
UNW 1.327 0.907 0.065 0.673 1.998 0.615 0.099
UNE 1.404 0.985 0.111 0.690 1.968 0.668 0.090
Distributions
S. Code Weibull-3 Generalized Beta 2
Shape Scale Location Shape (k) Scale Shape (p) Shape (q)
TAA 1.291 0.607 0.100 1.162 0.145 10.000 2.588
SMG 1.117 0.672 0.100 1.332 0.112 10.000 1.580
GGP 1.445 0.916 0.210 1.319 0.332 9.983 3.058
SGP 1.245 0.618 0.170 2.204 0.178 10.000 1.051
YNP 1.425 0.647 0.180 1.446 0.256 10.000 2.856
GCP 1.549 0.644 0.160 1.984 0.240 10.000 1.775
HUD 1.517 0.740 0.150 1.185 0.311 10.000 4.085
UNP 1.438 0.743 0.130 1.260 0.239 10.000 3.035
GYJ 1.381 0.793 0.100 0.879 0.317 10.000 5414
YIM 1.233 0.839 0.100 0.744 0.313 9.994 5.833
HUP 1.460 0914 0.100 0.800 0.529 10.000 7.592
MAB 1.459 0.947 0.010 0.669 0.601 10.000 9.278
DNP 1.378 0.887 0.120 0.825 0419 10.000 6.335
GHJ 1.280 0.771 0.100 0.906 0.231 10.000 4.248
JES 1.495 0.873 0.050 0.710 0.676 10.000 9.982
N 1.560 1.526 0.140 0.769 1.262 10.000 9.961
SOE 1.504 1.070 0.120 0.792 1.149 8.341 9.996
KOS 1.670 1.146 0.030 0.785 0.880 10.000 9.980
UNW 1.443 1.360 0.100 0.786 2.081 6.116 10.000
UNE 1.430 1.455 0.09 0.778 2.322 5.876 9.956
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Appendix A. Continued
Distributions
S. Code Johnson SB Generalized Gamma
Shape (q) Shape (p) Location Scale Shape (p) Shape (q) Scale Location
TAA 1.619 0.823 0.148 2.885 6.624 0.251 0.001 0.080
SMG 0.001 1.034 0.109 0415 5.508 0.239 0.001 0.080
GGP 0.001 1.478 0.178 0.686 8.612 0.259 0.004 0.168
SGP 2.590 0.994 0.213 5.299 8.694 0.264 0.002 0.085
YNP 0.001 1.690 0.104 0.547 10.657 0.275 0.002 0.090
GCP 0.004 1.436 0.209 0411 12.388 0.284 0.001 0.080
HUD 0.001 1.634 0.090 0.600 10.550 0.273 0.001 0.075
UNP 0.001 1.427 0.130 0.526 9.648 0.268 0.001 0.065
GYJ 2.708 1.119 0.123 6.496 8.187 0.258 0.001 0.050
YIM 1.615 0.837 0.134 4.209 6.556 0.245 0.002 0.050
HUP 2.060 1.052 0.139 4.949 8.662 0.260 0.001 0.050
MAB 1.818 0.948 0.102 4.464 7.953 0.255 0.001 0.005
DNP 1.704 0.954 0.160 4.103 8.065 0.256 0.001 0.060
GHJ 0.001 1.306 0.069 0.560 7.341 0.253 0.001 0.050
JES 1.655 0.987 0.110 3.637 8.556 0.260 0.001 0.025
MRS 2.946 1.328 0.106 11.840 9.649 0.258 0.001 0.070
SOE 2.587 1.296 0.060 7.131 7.322 0.320 0.001 0.060
KOS 0.001 1.781 -0.040 0.930 10.560 0.268 0.001 0.015
UNW 2618 1.188 0.082 10.070 4.994 0.403 0.002 0.050
UNE 2.637 1.185 0.055 11.090 5.061 0.385 0.001 0.045
Distributions
S. Code Generalized Hyperbolic Extended Generalized 1. Gaussian
k p a b q k s p q a b
TAA 0.817 0.459 0.173 0.117 0.484 0.018 0.639 -0.288 2.018 0.050 0.226
SMG 0.069 0.709 0.128 0.086 0.616 0.028 0.195 -0.647 2.025 0.028 0.487
GGP -0.365 1.829 0.208 0.152 0.830 5.880 3.100 -0.579 0.527 0.131 1.712
SGP —-0.407 1.149 0.176 0.058 0.566 1.206 0.352 -0.861 0.999 0.143 1.369
YNP —4.670 0.042 -0.014 0.004 0.778 22.460 11.438 -2.244 0.274 0.128 4.440
GCP 0.048 1.323 0.286 0.141 0.448 19.062 8.786 -4.274 0.308 0.141 9.015
HUD 0.088 2.032 0.139 0.104 0.677 4.150 2.780 -0.408 0.618 0.084 0.974
UNP 0.704 0.971 0.239 0.168 0.574 5.624 2.679 -0.590 0.524 0.098 1.479
GYJ 0.021 1.671 0.057 0.038 0.762 1.088 0.483 -0.160 1.090 0.040 0.969
YIM 0.892 0.399 0.165 0.129 0.715 0.166 0.064 0.073 1.820 0.061 0.741
HUP 0.876 1.192 0.14 0.122 0.784 0.242 0.544 -0.320 1.572 —-0.010 0.671
MAB 0.836 0.831 0.114 0.106 0.746 1.099 0.421 -0.140 1.065 0.009 1.121
DNP 1.000 0.794 0.173 0.124 0.753 0.566 0.177 0.148 1.431 0.068 0.935
GHJ 0.107 1.234 0.092 0.083 0.718 1.009 0.205 —0.440 1.251 0.028 1.436
JES 1.279 0.540 0.161 0.138 0.679 0.821 0.364 0.405 1.160 0.049 0.713
AN 1.094 1.526 0.155 0.130 1.347 1.329 0.932 1.165 0.892 0.107 0.805
SOE 1.448 1.024 0.163 0.146 0.918 0.745 0.565 1.561 0.934 0.119 0.328
KOS 1.430 1.002 0.200 0.185 0.854 6.055 2.576 -0.760 0.605 —-0.020 2.352
UNW 1.123 1.150 0.126 0.190 1.200 0.119 0.315 -0.540 2.177 -0.210 1.246
UNE —0.470 2.092 -0.070 0.143 1.480 0.287 0.310 -0.120 1.676 -0.110 1.275
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Appendix B. Goodness-of-fit results and Kullback-Leibler divergence measures

(a) KS test p-values

o1& -

Distributions
S. Code
LN G3 w3 GB JSB GG GH EGIG
TAA 0.000 0.000 0.000 0.061 0.180 0.084 0.269 0.337
SMG 0.000 0.000 0.000 0.048 0.057 0.124 0.288 0.244
GGP 0.007 0.001 0.000 0.101 0.044 0.126 0.277 0.211
SGP 0.000 0.000 0.000 0.066 0.167 0.074 0.249 0.226
YNP 0.040 0.015 0.000 0.117 0.044 0.107 0.122 0216
GCP 0.000 0.000 0.000 0.209 0.101 0.087 0.326 0.169
HUD 0.100 0.008 0.000 0.256 0.107 0.174 0.390 0.446
UNP 0.047 0.000 0.000 0.217 0.038 0.040 0.141 0.350
GYJ 0.088 0.002 0.000 0.124 0.245 0.124 0.404 0.408
YIM 0.107 0.032 0.075 0.065 0.345 0.109 0.367 0374
HUP 0.096 0.005 0.000 0.080 0.354 0.128 0.403 0.419
MAB 0.055 0.000 0.011 0.041 0.330 0.048 0.417 0.300
DNP 0.028 0.008 0.016 0.087 0.231 0.054 0.381 0.389
GHJ 0.083 0.000 0.037 0.062 0.057 0.066 0.411 0.397
JIS 0.091 0.004 0.001 0.068 0212 0.108 0.375 0.361
JES 0.259 0.055 0.041 0.215 0.446 0.331 0.402 0418
SOE 0.145 0.121 0.092 0.131 0.374 0.252 0.419 0.431
KOS 0.363 0.038 0.000 0.334 0.365 0.349 0.176 0.365
UNW 0.202 0.032 0.118 0.176 0.402 0.283 0.389 0.447
UNE 0.150 0.032 0.061 0.180 0.454 0.289 0.287 0.390
(b) Kullback-Leibler divergence measures, Dy,
S. Distributions
Code LN G3 w3 GB JSB GG GH EGIG
TAA 41.90 85.25 125.94 51.70 26.56 33.02 25.88 36.73
SMG 52.25 139.68 178.36 46.50 29.08 39.44 20.64 31.10
GGP 36.08 86.68 151.47 29.42 58.65 24.05 25.57 28.19
SGP 86.48 216.29 183.84 50.69 30.28 89.52 32.10 38.14
YNP 32.07 131.37 140.40 36.46 27.23 24.92 35.96 29.27
GCP 66.97 174.79 234.08 27.24 2747 65.02 32.32 47.36
HUD 28.15 94.94 143.01 28.92 23.33 24.84 29.19 24.96
UNP 37.00 113.15 172.02 25.15 41.76 36.21 35.15 29.32
GYJ 25.23 81.32 115.32 25.75 24.04 25.20 22.92 26.92
YIM 49.29 64.35 71.35 57.71 25.96 40.00 27.84 28.13
HUP 29.74 54.84 111.37 30.37 2242 24.75 18.50 22.34
MAB 34.90 71.32 145.68 41.55 24.93 26.95 20.04 24.38
DNP 34.57 55.83 84.83 39.58 22.07 34.32 22.35 24.25
GHIJ 24.87 84.92 119.14 38.00 29.81 23.77 24.20 24.01
AR 33.41 47.00 117.12 36.98 20.06 30.70 23.17 25.19
JES 29.27 31.91 93.90 30.84 18.95 21.29 15.57 18.04
SOE 30.04 34.56 66.50 38.19 18.50 26.84 16.78 20.57
KOS 19.47 50.83 166.62 20.09 19.06 19.78 26.89 18.85
UNW 28.99 36.95 77.40 19.03 19.94 20.63 17.46 17.53
UNE 37.20 39.79 83.93 28.74 18.20 20.98 24.76 18.98
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Appendix C. Quantile-Quantile RMSE analysis results
Distributions
S. Code

LN G3 W3 GB JSB GG GH EGIG

TAA 0.219 2.024 0.283 0.645 0.144 0.359 0.105 0.174
SMG 2.012 2.621 0.995 0.472 0.147 0.434 0.365 0.269
GGP 0.389 1.810 0.427 0.351 0.855 0.280 0.365 0.436
SGP 0.816 1.978 0.794 1.380 0.267 0.813 0.356 0.278
YNP 0.777 1.231 0.584 0.156 0.435 0.152 0.762 0.428
GCP 0.638 0.995 0.410 0.286 0.174 0.638 0.494 0.285
HUD 0.366 1.365 0.377 0.368 0.294 0.249 0.373 0.390
UNP 0.375 0.713 0.418 0.130 0.358 1.071 0.162 0.251
GYJ 0.146 1.102 0.110 0.834 0.251 0.060 0.032 0.074
YIM 0.851 1.915 0.389 0.910 0.058 0.694 0.265 0.090
HUP 0.423 0.885 0.063 0.808 0.285 0.264 0.024 0.042
MAB 0.280 1.015 0.716 0.905 0.133 0.412 0.098 0.327
DNP 0.493 1.251 0.070 1.079 0.066 0.468 0.337 0.084
GHJ 0.343 1.655 0.235 1.004 0.803 0.110 0.141 0.106
JIS 0.311 1.408 0.681 0.453 0.236 0.455 0.257 0.356
JES 0.523 0.846 0.095 0.646 0.469 0.243 0.085 0.090
SOE 0.404 1.144 0.440 0.391 0.619 0.354 0.259 0.406
KOS 0.141 1.221 0.452 0.274 0.102 0.150 0.287 0.062
UNW 1277 1.462 0.725 0.918 0.210 0.344 0.090 0.173
UNE 1.650 1.033 0.784 1.395 0.219 0.813 0.201 0.170




