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Analysis of Confidence Interval of Design Wave Height Estimated
Using a Finite Number of Data
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Weon-Mu Jeong*, Hong-Yeon Cho** and Gunwoo Kim***
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Abstract : It is estimated and analyzed that the design wave height and the confidence interval (hereafter CI)
according to the return period using the fourteen-year wave data obtained at Pusan New Port. The functions used in
the extreme value analysis are the Gumbel function, the Weibull function, and the Kernel function. The CI of the
estimated wave heights was predicted using one of the Monte-Carlo simulation methods, the Bootstrap method. The
analysis results of the estimated CI of the design wave height indicate that over 150 years of data is necessary in
order to satisfy an approximately £10% CI. Also, estimating the number of practically possible data to be around
25~50, the allowable error was found to be approximately £16~22% for Type I PDF and +18~24% for Type III PDF.
Whereas, the Kernel distribution method, a typical non-parametric method, shows that the CI of the method is below
40% in comparison with the CI of the other methods and the estimated design wave height is 1.2~1.6 m lower than
that of the other methods.

Keywords : Design wave height, extreme value analysis, confidence interval, Bootstrap method, Kernel function
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Fig. 1. Location of the long-term wave monitoring station.
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Table 1. Wave data set for the estimation of the design wave height.
(a) Data set-I (annual maximum data)

Characteristic wave parameters

Date
H, T, T. o
1999 7/2221H  2.03 9.12 5.71 S2.5°W
2000 9/16 06H  4.28 14.07 8.14 S0.8°W
2001 6/25 O5SH 1.71 7.75 6.21 S10.2°E

2002 831 18H 534 12.73 9.10 S6.4°E
2003 9/1221H 742 16.56 11.06 S5°E

2004 8/1907H  5.06 13.66 10.33 S2.1°W
2005 5/18 08H  2.38 8.53 6.93 -

2006 7/10 13H 528 12.71 9.51 S12.7°E
2007  3/50H 2.31 8.68 6.70 S4.2°E
2008 7/30 01H  2.03 13.84 12.28 S11.5°W
2009 4/2022H 273 10.28 7.59 S2.2°W
2010  &/11 9H 3.65 12.71 7.81 S19.6°'W
2011  8/7 23H 3.81 8.89 7.59 S25°W

2012 9/17 12H  6.30 12.80 8.32 -

(b) Data Set-II (annual maximum and second highest data)

Characteristic wave parameters

Date
H, T, T. 0
1999 7/22 21H  2.03 9.12 5.71 S2.5°W
7/28 01H 1.76 8.15 5.48 S9.1°E
9/16 06H  4.28 14.07 8.14 S0.8°W
2000 8/3123H 234 11.90 7.19 S4.3°E
6/25 0SH 1.71 7.75 6.21 S10.2°E
2001 7/7 04H 1.20 12.76 10.38 S0.1°W
8/31 18H 5.34 12.73 9.10 S6.4°E
2002 7/6 07TH 2.85 10.36 6.62 S1.8°E
9/12 21H 7.42 16.56 11.06 S5°E
2003 6/19 18H 3.64 15.03 10.50 S13.4°E
8/19 07H 5.06 13.66 10.33 S2.1°W
2004 7/5 01H 2.33 11.64 7.35 -
518 08H  2.38 8.53 6.93 -
2005
4/20 06H  2.36 8.53 7.57 -
7/10 13H 5.28 12.71 9.51 S12.7°E
2006
5/6 16H 2.26 7.53 6.71 -
3/5 OH 231 8.68 6.70 S4.2°E
2007
9/16 1I9H  2.19 12.80 10.82 -
7/30 0IH  2.03 13.84 12.28 S11.5°W
2008 9/30 13H 1.40 11.93 11.31 S7.5°W
420 22H  2.73 10.28 7.59 S2.2°W
2009 2/13 15SH 242 8.23 7.08 S9.7°E
8/11 9H 3.65 12.71 7.81 S19.6°'W
2010 3/1516H  2.35 9.61 7.81 S54°E
8/7 23H 3.81 8.89 7.59 S25°W
201 6/26 17H  2.77 11.92 9.25 S23.1°W
9/17 12H  6.30 12.80 8.32 -
2012

828 11H  4.36 14.22 7.96 -
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Table 3. Estimated design wave heights (m) on the recurrence periods.

Return

Periods 10 20 30 40

50

60 70 80 90 100

Type BBC 6.81 8.03 8.73 9.22 9.60

I ABC 6.36 7.42 8.02 845 8.78

9.91 10.1710.4010.6010.78
9.05 9.27 9.47 9.64 9.80

Type BBC 6.08 6.93 7.39 7.70 7.94

Empirical CDF
—e— Gumbel CDF
—e— Weibull CDF
—e— Kemel CDF
Confidence Intenval

Cumulative Probability

I ABC 6.43 7.35 7.85 8.19 8.44

8.12 8.28 8.41 8.53 8.63
8.64 8.81 8.96 9.08 9.19

Kernel 631 6.95 7.11 720 7.26

7.31 7.34 737 7.40 7.42

(b) Data Set 11

Return

Periods 1020

30 40 50

60 70 80 90 100

7.94
7.50

8.33
7.86

8.63
8.14

Type BBC 6.44 7.39
I ABC 6.13 7.00

8.88
8.36

9.09 9.27 9.43 9.57
8.55 8.72 8.86 8.99

7.45
7.82

7.80
8.20

8.08
8.49

Type BBC 6.03 6.93
Il ABC 6.31 7.27

8.30
8.73

8.49 8.65 8.79 8.92
8.93 9.10 9.25 9.39

Kernel 6.27 6.93 7.06 7.13 7.18

7.22 724 727 7.29 7.30

I
1 2 3 4 5 6 7 8 9
Wave Height (m)

Ref. Type I, IIl = the Gumbel and Weibull distribution functions,

respectively. Kernel = the kernel p.d.f.; BBC, ABC = before and

Fig. 5. Comparison of the observed and estimated CDFs. after bias correction, respectively.
1 T T — 1 —
z 08f-------- - 77777777777777777777777777 i,j;—‘s; ;—;;;j;,:,,,”% 7777777 - =
3 1 +  Obsened CDF 3
L | ‘ 2
& ' ! &
2 : | 2
k] ' I =
S : =
2 ; 2
3 5 3
"1 & 3 4 5 6
Significant Wave Height (m)
T T T T 14 T T T
E ol = :
k=3 k=3
g 10 %
® ®
£ £
3 3
] s
£ £
2 K ;
‘o |£Jo 200 3210 400 500 660 700 800 900 1000 o 100 200 300 400 500 600 700 800 900
Simulation Numbers Simulation Numbers
12 T 1"
E Estimated Mean Value T E ©  Estimated Mean Value 3 3 : : e
= "[| + EstimatedMedianvalie |- E 10 *  Estimated Median Value | i R GRS
£ 10|/ —— 90% Confidence Interval . | - £ o 50% Confdence Intenl || 4 ——— % : ’
2 ° ~———50% Confidence Interval ""’ k] ° 50% Confidence Interval |? B " Ty
® [ 2 4 — 7 - s o e
g, | S / s ; :
B , : B o - b ' 1
s ! s ' ' '
E g . E e -
& : & : : : :
20 30 | 30 0 70 80

o
=)

40 50 S‘O 70
Return Period (years)
(a) Data Set I

%0
Return Period (years)
(b) Data Set I

Fig. 6. Estimated design wave height with the recurrence intervals (Gumbel distribution).
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Table 4. Confidence intervals of the 50-year design wave heights

with the available wave data lengths.
(a) Upper and lower limits of the 90% confidence interval

5110;12; (GuITnykl)geel Ipdf) (WZiytl:legdf) Kemnel pdf
(vears) LL Mean UL LL Mean UL LL Mean UL
14 605 878 11.6] 624 844 1192 585 726 8.19
25 709 878 1093 673 844 1073 635 749 8.12
50 750 878 1028 7.10 844 1011 696 7.60 8.04
75 768 878 9.92 736 844 964 720 7.63 7.99
100 785 878 9.82 7.58 844 952 723 765 795
150 795 878 9.62 774 844 921 733 765 791
200 811 878 950 7.76 844 915 743 7.65 7.89

Ref. UL, LL are the upper and lower limits, respectively.

(b) Difference between (upper and lower) confidence limits

No. of  90% Confidence interval 50% Confidence interval

the data

(years) Type I Type Il Kernel Typel Type Il Kernel
14 5.56 5.68 2.34 2.18 2.22 1.10
25 3.84 4.00 1.77 1.58 1.54 0.63
50 2.78 3.01 1.08 1.10 1.18 0.40
75 224 2.28 0.79 0.94 0.94 0.33
100 1.97 1.94 0.72 0.82 0.78 0.26
150 1.67 1.47 0.58 0.69 0.63 0.22
200 1.39 1.39 0.46 0.61 0.61 0.19

(¢) Non-dimensionalized value of the difference between confi-
dence limits

No. of  90% Confidence interval 50% Confidence interval

the data
(years) Type I Type Il Kernel Typel Type Il Kernel

14 0.63 0.67 0.31 0.25 0.26 0.14
25 0.44 0.47 0.23 0.18 0.18 0.08
50 0.32 0.36 0.14 0.14 0.14 0.05
75 0.26 0.27 0.10 0.11 0.11 0.04
100 0.22 0.23 0.09 0.09 0.09 0.03
150 0.19 0.17 0.08 0.07 0.07 0.03
200 0.16 0.16 0.06 0.07 0.07 0.02
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Fig. 9. Confidence interval change plot with the no. of data.
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