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Study on joint probability distribution of wave height and wind velocity

CHEN Zi-shen

(Department of Water Resource and Environment, Zhongshan University, Guangzhou 510275, China)

Abstract: This article introduced the method of bivariate joint probability distribution based on the copula function. A major advantage of this
method is that marginal distributions of individual variables can be of any form and the variables can be correlated. Some of conclusions were
reached by using extreme wave height and wind speed as an example collected in Shanwei sea area as the following: (1) Optimized marginal
distributions of wave height and wind velocity can be represented by the Pearson pattern three and generalized extreme value distribution,
respectively; (2) Gumbel-Hougaard Copula that belongs to Archimedean copula family was the optimal copula selected by the goodness-of-fit
test; (3) The relative differences of the special frequency design values between the marginal distribution of wave height and the joint
distribution fall in between 3.1% and 8.1% for the return periods between 5 and 200 years, and the relative differences of wind velocity fall in
between 2.8%~6.4%; (4) The encountering probabilities of wave height given wind velocity decrease along with decreasing the frequency of
wave height; whereas the encountering probabilitiy increase while the specific wave height frequency is along with decrease of wind velocity
frequency.
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Tab. 1 Parameters of the marginal distribution and the values of goodness of fit test

S5 I3 A JEESH RESH (VA Cv Cs RMSE Q PPCC
- P-1I 1.141 0.509 2388 0.453 1.873 0.398 0.047 0.979
W iR/m
GEV 0.181 1.225 3.667 / / 0.260 0.033 0.977
. P-1II 2.947 0.200 5.346 0.427 1.165 1.421 0.026 0.985
K /m.s”
GEV 0.009 6.385 16.324 / / 0.597 0.017 0.987
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Fig. 1 Diagrams of marginal distribution of wave heights (left panel) and

wind velocities (right panel) in the sample one.
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Tab. 2 Parameters of Copula functions and the evaluation indices of

goodness of fit for the sample

Copula B
. AMH GH Clayton Frank
#
0 0.8252 2.6923 3.3846 8.7456
AIC -49.119 -52.078 -48.142 -39.723
RMSE 0.0776 0.0669 0.0815 0.1242
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Fig. 2 Diagrams of joint probability distribution (left panel), joint return

period (middle. panel) and occurrence period (right panel)
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Tab.3 Designed values of different return periods of wave height and wind velocity
B BT T, (h,v)=T Beiti
T T, (h,v) T (h,v) P Hi/m Rdi/m.s! W i/m R /m.s™!
200 155 283 13.45 50.96 13.96 52.69
100 77 141 12.05 46.32 12.57 48.04
50 39 70 10.65 41.69 11.17 43.39
20 16 28 8.80 35.55 9.31 37.24
10 8 14 7.38 30.84 7.89 32.52
5 4 7 5.95 25.97 6.44 27.64
224 KPR SATSEIESN aFEEL I 10%XEEERER N 91.6%, BT AA A
PR 1. PMH2V2v) A fFBE= 2. 9 10% LI 10 4FD I, 4 1B MR ) 72.6%

P(H 2 h|V < V) IR SRR, Forb, R 1
TR, R A IS —hRE ) RGE v i,
b HE—FRUER: = h MR i AR 2 113 X
N RAEANE T FE— A R v 1, IR TR —
FRUEDE =1 h MR o 38 1R SIS A e MBI AL 38
S5 N G TR TE B R o PPN [R) S AR 1) 5
SERNEK 4, K 4 BOR, R KOEBRTHIRAE T,
B v T VT AR TR DS 3 1 A N e A B 2 9k
s R R IR T VT AT B AL 4 AR (1) ik
N, TH TN RE 2 K. SR 1 R,
[F) A0 23 149 W ity 38 2 FF0REL 2 X250 4 308 38 R 2R A 7
T 70%. Wi: WA 209% 109 m 5 v g

ZAFMEE 2 MW, Mk RGN T e (E
AT PENEE 1, AR dB 00 RRH S XI5 ) T A8 A
B3R A NP 11 8 O 1 b U N DA AT OB B
MERIAKT 7% . BT 20% 19 &
HRAHERANT 10% KRG B 12.0%, i
WHSRAS A 10% (EI] 10 45) I, —HHKE
MR 3.0% . BLXF T Wl 763 7 TR 5 BT
W AHUCAC BT XKGE, 75 B 2%5 E T B M /s
XU /INe A m) FI T RE A N W% 42 2 TR] 1)
iR, NILTEA LS, BRERAE=HUZE 2
FIES NS T O e 2 U - N2y Y TS A=
g LA e -

&4 BRMEEEETEER

Tab. 4 Computed results of conditional probability of two types
V/ms" 260 308 355 417 463 V/ms" 260 308 355 417 463
H/m P/% 20 10 5 2 1 H/m P/% 20 10 5 2 1
AR 1 60 20 746 916 975 995 998 AR 2 60 20 63 120 159 184 192
P(H=h[V>v) 74 10 458 726 903 979 994 P(HZhV<v) 74 10 1.1 30 58 82 9.1
% 88 5 244 452 716 928 978 % 8.8 5 0.2 0.5 1.5 32 41
107 2 99 196 371 710 893 10.7 2 02 06 1.1
12.1 1 5.0 9.9 195 446 708 12.1 1 - - - 0.1 0.3
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