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Uncertainty analysis of wave extreme value estimation based on the Monte Carlo method
YAN Zhiduo, XIA Yungiang, DUAN Chenglin, ZHEN Zhu
(No. 91053 Unit of PLA, Beijing 100070, China)
Abstract: The design standards of port breakwaters are generally determined by calculating the extreme values
of waves, but the calculation of extremes has a certain degree of uncertainty. To clearly understand and grasp of
the uncertainty of the calculation results, the influences of three factors, namely observation errors, data volume
and calculation models, on the calculation results are analyzed. Based on the Monte Carlo method, stochastic
samples are generated to simulate these three factors, corresponding to the physical uncertainty, statistical
uncertainty, and model uncertainty in the extreme wave calculation. The results show that the greater the
physical uncertainty, the more unstable the extreme wave calculation results are and there is a slight increasing
trend, and the impact on short return period extreme waves is greater. Moreover, a larger sample size has
smaller statistical uncertainty and has a greater impact on long return period extreme waves. For short return
periods, the Pearson-III distribution has smaller model uncertainty, and for long return periods, the Weibull

distribution has smaller model uncertainty.
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Tab.1 Statistical values of 100 groups of significant wave height calculation results with different o- values

2a—i% 100 a —i%

7 ¥E b2 S YNIEL f/MHE 5 5 R EU % ¥i(E FrifE2E SEONIER BME ERFREU%
0.1 2.750 0.012 2.784 2.721 0. 89 3.739 0.033 3. 831 3. 651 0.43
0.2 2.752 0.022 2.816 2.707 1.43 3.781 0. 054 3.957 3. 621 0.79
0.3 2.755 0.032 2.82 2.676 2.55 3.897 0. 100 4. 198 3.708 1. 15
0.4 2.757 0. 049 2.869 2.575 3.34 4. 001 0.134 4.284 3.674 1.77
0.5 2.757 0. 058 2.908 2.591 3.58 4.162 0. 149 4. 495 3.753 2.10
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Fig. 4 Distribution of calculation results of the significant wave heights with different o values
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Tab.2 Statistical values of significant wave height calculation results for 100 groups of different sample sizes

kA 2a—if 100 a —ifh

o HfH PRz L INIE] wME ERREU B FrifEzE L INIE] wAME ERRBU%
10 2.753 0. 131 3.132 2.477 4.75 3.559 0.379 4.263 2.827 10. 66
20 2.749 0. 086 2.987 2.524 3.12 3.633 0. 284 4.219 2.967 7.83
30 2.754 0.073 2.979 2.569 2.67 3.684 0.203 4.141 3.084 5.50
40 2.756 0. 069 2.904 2.584 2.49 3. 696 0.213 4.094 3.173 5.76
50 2.747 0. 061 2.905 2.624 2.20 3.709 0.164 4.059 3.144 4.43
60 2.752 0.055 2.899 2.612 2.01 3.707 0. 153 4.030 3.270 4.12
70 2.748 0. 052 2.887 2. 608 1.89 3.700 0. 150 4.082 3. 146 4.06
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Tab.3 Calculation results of extreme values of significant

wave heights for different distributions m

I3 HIY ER EPUY EU R E
i 2a 5a 10a 25a 50a 100a
Pearson-1I1 734 2.673 3.045 3.275 3.551 3.745 3.931
Weibull 437 2.749 3.146 3.331 3.514 3.626 3.721
GEV 43 4ii 2.643 2.999 3.259 3.619 3.909 4.219
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Fig. 8 Calculation results of 100 sets of significant wave
heights that occur once in two years and once
in a hundred years
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Tab. 4 Statistical values of the calculation results of 100 groups of samples

AN 2a—if8 100 a —i#

B ¥i{E iz mORE BME BRREU% ¥fE b2 BOKME BME ERFEU%
Pearson-IIT 43-4ii 5.225 0.923 7.206 2.673 17. 66 8.587 2.692 16. 122 3.931 31.36
Weibull 437 5.417 1. 036 7.786 2.749 19.13 8.230 2.027 13.733 3.721 24. 63
GEV 41 5.173 0.926 7.142 2.643 17.90 9.482 3.09 19. 237 4.219 32.59
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