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Joint probability distribution model of wind and wave with
Vine Copula function

WANG Wang, ZHU Jin, KANG Rui, LI Yongle
(Department of Bridge Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China)

Abstract: With the intensification of global climate warming, the probabilities and load intensities of extreme
weather phenomenon are gradually increasing, which could threaten the safety of coastal and offshore
infrastructures. The present study presents a joint probability distribution model of wind speed, wave height,
wave period, wind direction and wave direction with Vine Copula function based on monitoring data from
Lianyungang Ocean Station in the East China Sea. Firstly, the marginal probability distributions of wind and
wave data are determined, in which the AIC criteria and RMSE index are employed to select the optimal

probability distribution model and the maximum likelihood method is used to determine the model parameters.
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Subsequently, the optimal two-dimensional Copula function for wind and wave data is determined via the AIC
criteria, and the model parameters are fitted with a Bayesian framework with a residual-based Gaussian
likelihood function. To illustrate the goodness of fit, the binary frequency histogram of the original wind and
wave data is compared with the proposed two-dimensional Copula function. Finally, the multi-dimensional joint
probability distribution model of wind and wave data is established with the Vine Copula function based on the
AIC criteria. The results show that the proposed Vine Copula model is able to describe the joint probability
distribution between the wind speed, wave height, wave period, wind direction and wave direction.

Keywords: joint probability distribution model of wind and wave; wind and wave load; parameter estimation;
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Fig. 1 Histogram of wind and wave data and the optimal marginal probability distribution curve
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Table 2 The optimal marginal probability distribution of wind speed, wave height and wave period
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WA 0.0814 0.0375 1 0.0086 0.0016 1.1291
AU 0.1476 0.2745 0.0086 1 0.1669 1.5976
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Table 8 The optimal C-Vine parameters and AIC values

&) EHEN Copula 201 ¥ 2 AIC HAIC
2,1 BBS8 2.07 0.99 — 13473
2,3 t 0.05 3.54 —2143
B 2,4 rotated BB8 Copula (270 degrees) —2.21 —0.83 —5116
2,5 t —0.23 3.6 —2 570
1,32 rotated Tawn type 2 Copula (270 degrees) —1.45 0.37 —2024 Cors08
T2 1,42 t 0.04 9.06 — 348
1,52 BBS8 1.18 0.92 —376
y 4,512,1 rotated BB8 Copula (180 degrees; “survival BB8”) 1.48 0. 85 —996
B 4,32,1 BBS8 1.25 0.88 —436
T4 3,512,1,4 Gaussian 0.03 —22
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Table 9 The root node order and AIC value of different

C-Vine models

AT A0 AIC R B AIC

2.1.5.4.3 —27593.8 2.3.4.5.1 —27338.8
2.1.3.5.4 —27555.6 2.5.4.3.1 —27244.4
2.1.4.5.3 —27508. 1 3.2.1.5.4 —26133.6
2.5.1.4.3 —27454.9 3.2.5.4.1 —26128.8
2.4.1.3.5 —27424.2 3.2.4.5.1 —26080.5
2.4.3.5.1 —27409.7 5.2.1.3.4 —26048.4
2.3.1.5.4 —27385.6 5.2.3.4.1 —26029.7
2.5.3.4.1 —27384.4 1.2.4.3.5 —26007.7
2.3.5.4.1 —27375.2 1.2.5.4.3 —25977.3
2.4.5.3.1 —27368. 1 1.2.3.5.4 —25945.7
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