53 4 Vol.53, No.4
2022 7 OCEANOLOGIA ET LIMNOLOGIA SINICA Jul., 2022
*
( 116085)
, : (generalized Pareto distribution III, GPD-III)
(Weibull) ,
GPD-III  Weibull
TV139.2 doi: 10.11693/hyhz20220300051
/ s s
, ( Weibull Pearson-11I )
( , 2016) ,
2 (D) n (ANL, POT, SAS)
(annual n-largest method, ANL; , 2006), Sartini  (2015) ANL POT
(n=1) (Sobey et al, >
1995), n POT
(n=1), , H, (Liang et al, 2019) You
(generalized extreme value, GEV)  (2012) ,
;) SAS POT , POT
(peaks-over-threshold method, POT; Hosking et al, SAS / ,
1987), H,, ANL n
HO s N
) , POT
(generalized Pareto distribution, GPD) ; ,
3) (storm-by-storm method, SAS; Goda, , POT
1988), ,
* NSFC- , U1806227 R s , E-mail: b.you@dlmu.edu.cn
:2022-03-08, : 2022-04-05



53

1016
, ANL n (Goda, 1988)
( n= , You (2015)
), ,
(You et al, 2015) , ,
, GEV.  GPD
GEV ANL (mean squared error, MSE):
, MSE=%( - V/n,
GPD POT , N )
ANL  POT
( Weibull, Pearson-III) MSE (Liu et
( , 2002) Isaacson al, 2021),
(1981) , , , You
, (2015) LS ,
, (method of moment,
MOM), (least-square method, LS), , ,

(maximum likelihood method, ML),
(probability weighted moments, PWM)
MM, ML LS

b

>

( #%,2011; You et al, 2015) MM

, FT-1),
) ML

( Weibull, GEV, GPD), ,
(Mazas et al, 2011) You (2011) LS
Weibull GEV GPD

, You (2012) ML LS
LS ML
, LS
ML ,

0=f[(H-B)/4,a], 0

H B A
(04 . HQ
SN @0) =222 d Hy = Axx(@,0)+B. (1)
. S (@.0) . X
(1
, T
, 0 (You, 2012)
1 1 1 n
O i ®
. T=nlt (CEM, 2002), n 1
HT, m t 5
=mlt t ()
),
Hp =Axx(a,T)+B, 3)
, Hr T , x(a,T)
(3) ,



1017
(3) (Aa B’ 0() Q:f[(H—B)/A,(I]
(xa HT) X 2
a ) (4, B) a
a SSE , (T, Hy) 3)
SSEZZZ’;(HT—Hi)zzz:’;[A(x—f)-i-(Hi—H):|2 ’(4) (0!, A, B) ) (Q’ H)
MSExm, Hr (3). . , H, ’ (D
i K m ; ,
s X , X
™ (4) ’
5 (24 1
0SSE = (You et al,
oo 2008)
m _ —\1| 04 _ o(x—X) ’
Zi_l[A(x—x)+(Hi—H)][a(x—x)+AT} Im
_m 404 —2 mo 2 _, 0(x—X) >
= Zi:IA;(x—x) +Y AN (x=X) ~ (You,
m _ —\ 04 m —\ 0(x—X) 2012), POT
> (x=%)(H, —H)g— " A(H, - H) » ,(5) ’ ’
A 3) , SSE , POT
OSSE/04=0 (6)
ZLA(xi_f)z :Z,’il(xi_f)(Hi_ﬁ)a (6) )
(5), , 75
(5) —— IR ﬁ%iw
OSSE 6.0 R
= £ 460m
oa {EE 45 4
YA =X —X )=y AH, —H)(x; =% ) () % 50

x =dx,/0a X =0x%/da  SSE
OSSE/04=0, a (7)

Do =X)(H, - H)
ZZI (x; —X)(x; —X)
D )

B

W(a) =

-1=0,
> (H ~H)(x -%) ®
(®) a ,
©6) 4 :

A (1/4) Newton-Raphson

(®) , a
®) (2006, 2007) You (20006)
(8)

>

0.0 : ' : : : : : '
e o e e PP e e ®
B

Fig.1 Extreme wave height dataset analyzed with the
storm-by-storm analysis method

(You et al,

2008) 1976

80 m,
) 1986 ,
, 1986
0.5s

34 min,



1018

53
95% 25a (1987~2011 ), GPD ( Weibull
2 s Pearson-I11 ),
) B GEV n
( ), , GPD ,
2 GEV GPD (You
et al, 2015),
3.1
GEV

MR BIEE/mM

, GEV

recol 355 oo {252 o

v | | | , | . A=0f B=(u-0f) a=-0  a=ix,
1986 1991 1996 2001 2006 2011 a<0 >0, GEV FT-I, FT-II
D
FT-111 R
2 MSE
3 . a,
Fig.2 Extreme wave height data analyzed by the
storm-by-storm analysis method from Sydney waverider buoy on (4, B)
the NSW coast of Australia 3 4)
, MSE(a) Higo FT-11
3 FT-III 3 , FT-II
. FT-1; FT-II MSE(a)
, , =100 FT-I
3 : GEV MSE(e); FT-1II R FT-1;
1.000 11.0 1.000 9.0
a>0
0.100 10.0 0.100 8.0
£ e E £
3 T 3
s T = T
0.010 9.0 0.010 7.0
0.001 . L L 8.0 0.001 L L L 6.0
1 10 100 1000 10 000 1 10 100 1 000 10 000
—o a
3 (generalized extreme value, GEV) MSE Higg FT-11
FT-II1 a

Fig.3 Variations of mean-squared error MSE and 100-year return wave height oo with shape parameter « calculated by the simplified
GEV



1019

4
MSE(a<100) , =100 (w7 s )
FT-1 MSE(a) , GEV o= ) I |-
FT-II : GDP A=of |
’ FT-II FT B=(u-of) a=-oc a=1w,0<0 >0,
FT-11 ,
GPD GPD-I, GPD-II
Newton-Raphson (8)
. GPD-III,
@ Yoo X MSE
« O 1 In(-In P
% =i=—iz(—1n13)a[1n(—1n13,.)]={n(—2’)}x,., .4
da  a @ MSE  GPD-II  GPD-III
& 1 oxi 1 o ’ Hioo
==Y =Y 11 _
oo, p Yol D% (11) a , GPD-II
> GPD-I
. Xi z(—ln Pi)l/a GEV s [ ]
O=exp|(H-B)/4], MSE()
) (3) ( )
" ’ 3) y . GPD-III , GPD-I,
— MSE PD
© B=(Axx-) SE(a) » @
GPD-III
. GEV ’ GPD-III ,
EV
’ Newton-Raphson ®)
' a, x;"
(10)~(11) , (8) 1
. OX; — i
3 == —%Q“ (Ingi)= —(mZQ )Jﬁ, (13)
3.2 da @ o
GEV , X (11 , xi=Qi"" GPD
GPD a ; 4 ©
B= (A XX — I-_I)
1 125 1 10.0
a>0
GPD-IlI
0.1 15 0.1 9.0
€ E £ €
i g g
2 T g T
0.01 10.5 0.01 8.0
0.001 : : : 9.5 0.001 . ' 7.0
1 10 100 1000 10000 1 10 100 1000 10000
—a a
4 (generalized pareto distribution, GPD) MSE Ho

a

Fig.4 Variations of mean-squared error MSE and 100-year return wave height Hjop with shape parameter « calculated by the simplified

GPD



1020 53
3.3 X P 0 :
( Weibull x=(=In Q)l/a Pearson-I1I ,
Pearson-III) o
GEV  (9) FT-II(a>0) Weibull , ®) ’ .
3), Weibull(e>0 ' ’
¢ 3 cibull(a>0) (4) SSE (You, 2012)
4
H— o
QO=exp _(_,uj . (14)
B 4.1
N 5 (T: HT)
MSE  Weibull  Pearson-III (4) MSE
, SSE MSE(e) (8)W(@)=0,
Hipo a 5 >
Weibull Pearson-III MSE(a) s
, Weibull MSE(a) Pearson-III FT-11 (9) GPD-III (12)
(x7 HT) 69
GEV ~ GPD , x ; a (8)
Newton-Raphson (8) Weibull , (D) 4, B)
a, (1) (12 x;
1 10.0 1 10.0
0.1
E e £ £
g : 2 £
0.01 0.01} 180
wee
0.001 . 7.0 0.001 ] ' 7.0
1.0 15 2.0 1.0 15 2.0 25
a a
5 (Weibull) 3 (Pearson-III) MSE Higo a

Fig.5 Variations of mean-squared error MSE and 100-year return wave height H,o9 with shape parameter « calculated by Weibull and

Pearson-II1

6 (x, Hp) (T, Hyp) 4a
) , GPD-III
a , X T T
, T )] FT-1I
R T Hr €8 7 Weibull
6 (x, Hr)
, FT-II , (8) ,

Pearson-II1

E

(4, B)



1021

9.0 9.0
E 70+ E 70+
e o
jind pind
= =
= =
501 i 50l

y=5.689x —2.100 3
R =0.9856
30 1 1 1 1 J 30 J
05 08 1.1 14 1.7 2.0 0.01 0.1 1 10 100
FT-IRELZE X
9.01 9.0
o
E 7.0r £ 70F
L I8
jind i
&= =
= =
i 5.0F i 5.0
y=-10.023x + 13.048
R?=0.997 1
30 1 1 1 1 30 1 1 1 J
0.5 0.6 0.7 0.8 0.9 1.0 0.01 0.1 1 10 100
GPD-IlIIZ# T8 X BEEUAa
6 8) GEV-II  GPD-III

Fig.6 The shape parameters of simplified GEV-II and GPD-III are estimated by Eq.(8) and used to calculate return wave heights with
different return periods at Sydney waverider buoy location on the NSW coast of Australia
: , R , 7

9.0 9.0

Weibull

E 70 5o ° E 7.0
el 00 E
2
a =
W 50 L

y=11207x + 2.944 3

R =0.996 4
3.0 1 1 1 1 I 3.0 1 1 1 J
0.0 1.0 2.0 3.0 4.0 5.0 0.01 0.10 1.00 10.00 100.00
Weibull (REZE X KaEiAa
9.0 9.0
Pearson-Iil
£ 70} F 7.0t °
b 1
- ey
B 5.0/ 501
y=0.6447x +2.9157
R=0.9957
30 o 1 1 1 1 J 30 Il 1 J
0.0 2.0 4.0 6.0 8.0 10.0 0.01 0.10 1.00 10.00 100.00
Pearson-Il RIS 8X PetSESINEIE]
7 (8) Weibull  Pearson-III

Fig.7 The shape parameters of Weibull and Pearson-III are estimated by Eq.(8) and used to calculate return wave heights with different
return periods at Sydney waverider buoy location on the NSW coast of Australia



1022 53
, R? 7 (H>H,>Hs, ..., >H))
, (m=485) k ,
, Pearson-III 20 (=25, 50, 75,
Weibull 100, ...., 450, 475) ,
Weibull a (8)
, Pearson-III , 8 FT-1I MSE(a)
5 Hgo m
, 5 s MSE(«a) , MSE() ,
, MSE(@) a , , m<l150 , m
Weibull MSE(a) Pearson-III , MSE
H]()() m N m=150 , MSE(CZ)
4.2 m )
(1) MSE H100 m
, MSE(a) R , m , FT-1I
> MSE(a) s m=150
M)
) , 150
1 11.0
0.1 10.0
£
o £
%) 3
= T
0.01 9.0
0.001 8.0
1 11.0
0.1 10.0
£ £
%) 2
2 I
0.01 9.0
0.001 1 1 1 1 1 1 I 1 I 1 1 1 8.0
1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000
—Qa —a —a —a
8 GEV-I MSE(a) Hioo m

Fig.8 The variations of mean-squared error MSE () and 100-year return wave height, which are calculated by GEV-II, with the sample
size of extreme wave height data

GPD-III MSE(a)

), MSE(a) , a>100

MSE(a) , GPD-III
Q=exp[(H-B)/A|;  m=200, MSE(a)

5 m
, MSE Hiyo m



4 1023
0.1 10.0
MSE
£ E
ul0.01 5
) E
E I
0.001
0.1 10.0
H100
J 9.0
£ £
u E
g 0.01 T
MSE i 8.0
m=150 m=200 m=250 m=300
0.001 1 1 1 1 1 1 1 1 1 1 1 7.0
1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10 000
a a a a
9 GPD-III MSE(«) Higo m
Fig.9 The variations of mean-squared error MSE(«) and 100-year return wave height, which are calculated by GPD-III, with the
sample size of extreme wave height data
5 GPD-III HlOO , m<25 (
m , m ), (1<a<2), MSE(@)
, GPD-III (D) OMSE/da=0, Weibull
, m=200 ; 50=m<200
, 10 Weibull MSE(a) MSE(a) OMSE/da=0,  MSE
Higo m R MSE
1 10.0
0.1 S 4
£ MSE
B g
2 T
0.01+ Fhoo
m=25 m=50 m=75 m=100
0.001 L ! L 7.0
1 10.0
£ 0.1 €
ul g
s R
0.01
m=150
0.001
1.0 1.5 2.0 1.0 .
a a a
10  Weibull MSE(a) H100 m

Fig.10 The variations of mean-squared error MSE(«) and 100-year return wave height, which are calculated by GPD-III, with the
sample size of extreme wave height data



1024

53
, Weibull ,
a (JTS145-2015)
; m=200, MSE(a) R 7 11 S (SBS)
m , MSE (m=285)
Hioo m s (m=25); Pearson-III
Weibull Hl()() m (H100:9- 19 In)
, m , SBS H100:8.63 m,
Weibull R 6.5% 8 11 , Gumbel
(m=200), Higo (H100=8.94 m)
, SBS Hi0p=8.78 m,
1.8%, Pearson-II1
, 11 Pearson-III Gumbel(FT-I) Hi00=9.19 m, a—>o 8 FT-II
FT-1
10 10 -
O
B e
=
i
Pearson-IlI .O Gumbel
n=1 O n=1
4 | | 46? | I
1 10 100 1 10 100
SEMEFRS/M SWFES/M
11 Pearson-lIl  Gumbel (FT-I)
Fig.11

Comparison of return wave heights with different return periods calculated by Pearson-11I and Gumbel (FT-1) with the return

wave height data analyzed by the annual maximum method

: GPD-III  Weibull

Pearson-II1

B

>

(JTS 145—2015)

n

GPG-II  Weibull

, 2016.

(1.
,31(10): 1190-1196.
, , , ., 2002.

(1. , 33(1): 30-35.

%, 2011. (7. ,

30(2): 158-163.

, , YOU Z 1, 2006. (1.
, 24(4): 75-80.

, , YOU Z 1, 2007. (1.

(4): 1-9.
CEM, 2002. Hydrodynamic Analysis and Design Conditions [M].



1025

U.S Army Corps of Engineers, Coastal and Hydraulics
Laboratory.

GODA Y, 1988. On the methodology of selecting design wave
height [C] // Proceedings of the 2I1st International
Conference on Coastal Engineering. Costa del Sol-Malaga:
ASCE: 899-913.

HOSKING J R M, WALLIS J R, 1987. Parameter and quantile
estimation for the generalized Pareto distribution [J].
Technometrics, 29(3): 339-349.

ISAACSON M S Q, MACKENZIE N G, 1981. Long-term
distributions of ocean waves: a review [J]. Journal of the
Waterway, Port, Coastal and Ocean Division, 107(2):
93-109.

LIANG B C, SHAO Z X, LI H J, et al, 2019. An automated
threshold selection method based on the characteristic of
extrapolated significant wave heights [J]. Coastal
Engineering, 144: 22-32.

LIU G L, CUI K, JIANG S, et al, 2021. A new empirical
distribution for the design wave heights under the impact of
typhoons [J]. Applied Ocean Research, 111: 102679.

MAZAS F, HAMM L, 2011. A multi-distribution approach to
POT methods for determining extreme wave heights [J].
Coastal Engineering, 58(5): 385-394.

SARTINI L, MENTASCHI L, BESIO G, 2015. Comparing
different extreme wave analysis models for wave climate
assessment along the Italian coast [J]. Coastal Engineering,
100: 37-47.

SOBEY R J, ORLOFF L S, 1995. Triple annual maximum series
in wave climate analyses [J]. Coastal Engineering, 26(3/4):
135-151.

YOU Z J, 2011. Extrapolation of historical coastal storm wave
data with best-fit distribution function [J]. Australian Journal
of Civil Engineering, 9(1): 73-82.

YOU Z J, 2012. Discussion of “a multi-distribution approach to
POT methods for determining extreme wave heights” by
Mazas and Hamm, [coastal engineering, 58: 385-394] [J].
Coastal Engineering, 61: 49-52.

YOU Z J, LORD D, 2008. Influence of the El Nifio—southern
oscillation on NSW coastal storm severity [J]. Journal of
Coastal Research, 24(sp2): 203-207.

YOU Z J, YIN B S, 2006. Estimation of extreme coastal wave
heights from time series of wave data [J]. China Ocean
Engineering, 20(2): 225-241.

YOU Z J, YIN B S, JI Z Z, et al, 2015. Minimisation of the
uncertainty in estimation of extreme coastal wave heights [J].
Journal of Coastal Research, 75(spl): 1277-1281.

UNIFIED APPROACH FOR ESTIMATION OF RETURN OCEAN WAVE HEIGHT

YOU Zai-Jin
(Centre for Ports and Maritime Safety, Dalian Maritime University, Dalian 116085, China)

Abstract

calculation of design or return wave height is of enormous economic value and social value especially for deep-water

Return wave height is an important parameter in the design of coastal and ocean engineering. Accurate

harbors, ocean platforms, subsea gas and oil pipelines, and coastal nuclear power stations. However, there is no unique
approach for calculation of return wave height, and results from different methods are significantly different. The present
study is undertaken to analyze uncertainty in extrapolation of return wave height, minimize errors, and develop a unified
methodology for calculation of return wave height. Based on long-term wave data continuously collected at Sydney
permanent wave station on the coast of New South Wales in Australia, it is found that GPD-III and Weibull are the most
suitable candidate distribution functions for extrapolation of return wave heights, newly derived formulation Eq.(8) will
enable us to accurately estimate the shape parameters of the two distribution functions. The sample size and analysis
method of extreme wave data are two important factors affecting the accuracy of return wave height extrapolated. Short
wave records and the use of annual maximum method for analysis of extreme wave data could underestimate the return
wave heights. The storm-by-storm method for analysis of extreme wave data and GPD-III or Weibull for extrapolation of
return wave heights are highly recommended for coastal and ocean engineering design purposes.

Key words return period; GEV (generalized extreme value); GPD

return wave height; extreme value analysis;

(generalized Pareto distribution)



