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Study on statistical characteristics of wind and waves during typhoon processes in
the northwestern South China Sea
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Abstract: To investigate the statistical characteristics of wind and waves during typhoon processes, based on 40-year ( 1979-2018)
hindcast wave data and reanalysis wind speed data, the wind speed and significant wave height data during periods of significant
typhoon influence at three study sites in the northwestern South China Sea were extracted using trajectory tracking and time matching
methods. The joint distribution characteristics of wind speed and wind direction, as well as significant wave height and wave direction,
were analyzed, and the delay characteristics of wind and waves during typhoon processes were examined. Furthermore, based on the
extreme value theory, the maximum significant wave height and maximum wind speed samples during each typhoon process were
extracted. Based on the three-parameter Weibull distribution model and Copula model, the extrapolated values for 50-year, 100-year,
150-year, and 200-year return periods under univariate and joint return periods were calculated. The results indicate that in the
northern part of the study area, strong waves exceeding 6. 0 m driven by typhoons are mainly distributed in the 33. 75°-123. 75° sector,
and the time difference between the peak wind speed and peak significant wave height in the study area is mainly concentrated in 0-
20 h. Because a broader risk range is considered, the extrapolated values of the joint return periods are greater than those of the
univariate return periods.
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Fig. 4 Rose diagrams of joint distribution of significant wave height and wave direction during typhoon processes
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Table 2 Frequency distribution characteristics of significant wave height and wind speed samples
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Table 3 Parameter estimation results of significant wave helght and wind speed samples

i, BT [
o 1 B SE/m RESE/m TEARSHL WESE/ (m/s)  REZSH/ (n/s) RS
Al 0.1960 1.9967 3.8510 3.5964 3.5964 3.5964
A2 0.2900 1.8858 4.0723 1.3531 1.3531 1.3531
A3 0.2690 1.8068 3.4313 2.4886 2.4886 2.4886
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Fig.5 Empirical and theoretical cumulative probability distributions of significant wave height samples
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Fig. 6 Empirical and theoretical camulative probability distributions of wind speed samples
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Table 4 K-S test and RMSE results of significant wave height and wind speed samples

e A W
WHHE A
AfE P1E RMSE/m AfE PH RMSE/ (m/s)
Al 0.0492 0.7334 0.0236 0.0368 0.9529 0.0121
A2 0.0436 0.8833 0.0171 0.0410 0.9217 0.0144
A3 0.0533 0.5085 0.0225 0.0305 0.9849 0.0120
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Table 5 Extrapolated values of significant wave height and wind speed under different return periods
T _ ﬁiﬂﬁﬂi%/m _ _ JXUE:(WS) _
WHFER Al WHFERL A2 WHFE AL A3 WFFE A Al WHFER A2 WHFER A3
50 9.20 10.22 9.16 29.08 29.24 26. 84
100 9.76 10. 88 9.76 30.33 30. 44 27.95
150 10.07 11.25 10. 09 31.02 31.10 28.56
200 10. 28 11.51 10.32 31.49 31.55 28.98
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Table 6 Cramér-von Mises statistics of joint distribution
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Fig.7 Empirical and theoretical joint distribution probabilities of significant wave height and wind speed samples
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Table 7 Extrapolated values of significant wave height and wind speed under different joint return periods

\ H R /m N/ (m/s)
BAERH 2 W5 AL WFITAT A2 WF5T, A3 WFFT, Al WF5Ts A2 5T A3
50 9.74 10.87 9.73 30.31 30.38 27.95
100 10.28 11.48 10. 34 31.48 31.57 28.93
150 10.58 11.84 10. 65 32.13 32.19 29.53

200 10.79 12.09 10. 86 32.57 32.61 29.95
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