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Estimating Return Values of Wind Speed and Wave Height               
by Using Their Data Set Acquired at Measurement Stations                  

in Inner Bay Areas and the Inland Sea of Japan 
   

*  ** ** * 
 
 

Masataka YAMAGUCHI*, Manabu OHFUKU**, Hirokazu NONAKA** and Yoshio HATADA* 
 

Using the long term measurement data of sea wind speed and wave height acquired at many stations in Tokyo 
Bay, Sagami Bay, Ise Bay and the Seto Inland Sea including Osaka Bay, data sets of their annual maximum(AM) 
values and peaks-over-threshold(POT) values are made. An analysis detects hardly any substantial trend with a 
statistical significance in each of the data sets. Least-squares-based extreme value analyses are applied to both AM and 
POT data sets of wind speed and those of wave height. A 50-year return wind speed at 10 m height indicates around 
30 m/s at most of the stations and becomes greater at the stations in the western area of the Inland Sea due to frequent 
passage of intense typhoons. A 50-year return wave height is location-dependent, which ranges from 3.5 to 5 m in 
local waves-dominated areas. In this connection, it reaches 3.6 m at Tokyo Bay Station and 5 m at a station in the 
southwestern area of the Inland Sea. 
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Fig. 1 Location of measurement stations of winds and waves. 
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Fig. 2 Yearly variation of annual maximum wind speed. 
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Table 1 Trend analysis for annual maximum wind speed data. 
 

location 
K 

yrs.
aU 

cm/s/year
aU 

cm/s/year 
L It 

Tokyo to-hyo 35 4.60 8.14 0 1.24
Hiratsuka 26 2.43 10.73 0 0.20
Sea-berth 28 6.84 11.08 0 1.58
MT st. 27 14.47 12.05 1 1.77
Eigashima 34 14.51 10.56 1 2.24
Kuchogoe 31 15.71 15.73 0 1.41

5% t aU

L t It

5%

MT

aU aU

 
 

  AM
POT

Q-Q

k
Q-Q

45
 

  AM POT

20
12 AM

POT z m
YS 19 19 YE 20 20 19 19 K

N NT Umax U(2) Weibull FT-
W F k 50 U50 m/s U 50

m/s U 50/U50 % CV 20 35

 
35 AM

Umax 30.9m/s U(2) 28.4m/s 2.5m/s 2.4
Weibull 0.9936 50 U50 U 50

30.3 1.0m/s CV 3.3% POT
=N/K 10 =N/NT 1 Umax 30.9m/s

U(2) 28.4m/s AM POT
AM k=1.0 Weibull

0.9971 50 U50 U 50 31.6 0.8m/s
CV 2.7% AM 50 1.3m/s 0.2m/s

0.6%  
MT POT AM

0 10 20 30 40
0

10

20

30

40
Tokyo to–hyo

U
ca

l  
m

/s

= 0.9936

K=35yrs.

Weibull

Uobs  m/s

k=2.4

AM
N=35

0 10 20 30 40
0

10

20

30

40
Tokyo to–hyo

U
ca

l  
m

/s

= 0.9971

K=35yrs.

Weibull

Uobs  m/s

k=1.0

POT
N=346

 
Fig. 3 Q-Q plot of annual maximum wind speed data and that of 

peaks-over-threshold wind speed data. 
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Table 2 A list of 50-year return wind speed and its standard deviation estimated at each measurement station. 
 

station 
z 
m 

YS YE K 
yrs.

N NT Umax

m/s
U(2)

m/s
k U50 

m/s 
U 50 
m/s 

CV
% 

24 70 04 35 35 35 30.9 28.4 W2.4 0.9936 30.3  1.0  3.3 
Tokyo to-hyo 

24 70 04 35 346 346 30.9 28.4 W1.0 0.9971 31.6  0.8  2.7 
23 80 05 26 26 26 26.0 25.7 W2.0 0.9766 27.4  0.8  2.8 

Hiratsuka 
23 80 05 26 122 122 26.0 25.7 W1.1 0.9916 27.6  0.8  3.0 
37 76 03 28 28 28 26.5 24.9 W1.2 0.9892 26.9  1.8  6.7 

Sea-berth 
37 76 03 28 100 100 26.5 26.5 W0.8 0.9866 28.0  1.7  6.1 

15.4 82 06 25 22 25 29.7 29.5 W5.0 0.9779 31.0  1.1  3.6 
Komatsushima 

15.4 82 06 25 50 50 29.7 29.5 W1.6 0.9837 31.9  1.1  3.5 
17 79 05 27 27 27 27.8 27.0 W3.0 0.9930 28.1  1.1  3.8 

MT st. 
17 79 05 27 141 141 27.8 27.0 W1.2 0.9952 29.5  1.0  3.3 

13.2 81 05 25 21 25 27.5 25.9 W1.3 0.9858 28.3  2.0  7.0 
Osaka 

13.2 81 05 25 171 171 27.5 25.9 W0.9 0.9959 28.7  1.4  4.9 
14 82 05 24 22 24 25.4 24.1 W1.9 0.9920 26.0  1.4  5.3 

Kobe 
14 82 05 24 156 156 25.4 24.1 W1.1 0.9946 27.3  1.0  3.6 
13 72 05 34 34 34 28.0 25.6 W2.6 0.9840 27.7  1.4  4.9 

Eigashima 
13 83 05 23 136 136 28.0 27.1 W0.8 0.9894 29.7  2.0  6.8 
11 81 06 26 25 26 32.6 28.8 W1.0 0.9798 33.4  3.3  10.0 

Kanda 
11 81 06 26 180 180 32.6 28.8 W0.8 0.9935 32.6  2.4  7.2 

15.8 87 06 20 20 20 29.8 28.6 W2.4 0.9901 31.7  1.9  5.9 
Oita 

15.8 87 06 20 284 284 29.8 28.6 F5.0 0.9907 33.5  1.7  5.1 
216 76 06 31 31 31 32.6 31.1 W1.7 0.9864 32.5  2.3  7.0 

Kuchogoe 
216 76 06 31 261 261 32.6 31.1 W0.7 0.9900 34.5  2.3  6.6 
40.6 53 85 33 33 33 40.9 40.6 W2.0 0.9914 42.8  2.0  4.6 

Sadamisaki 
40.6 53 85 33 66 294 40.9 40.6 W1.7 0.9906 42.7  2.0  4.7 
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Fig. 4 50-year return wind speed and its standard deviation estimated at each measurement station. 
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Fig. 5 Yearly variation of annual maximum wave height. 
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Table 3 Trend analysis for annual maximum wave height data.
 

location 
K 

yrs.
aH 

cm/year 
aH 

cm/year 
L It 

Tokyo to-hyo 36 -1.18 1.42 0 -0.98
Hiratsuka 27 2.15 4.05 0 0.81
Sea-berth 26 -0.30 2.58 0 0.20
Komatsushima 32 1.95 2.67 0 1.66
MT st. 28 -0.17 1.62 0 0.12
Kobe 31 1.51 2.06 0 0.53
Eigashima 34 2.51 1.77 1 1.68
Kanda 27 3.48 2.39 1 1.26
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Fig. 6 Q-Q plot of annual maximum wave height data and that of 
peaks-over-threshold wave height data. 
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Table 4 A list of 50-year return wave height and its standard deviation estimated at each measurement station. 
 

station 
YS YE K 

yrs. 
N NT Hmax

m 
H(2)

m 
k H50 

m 
H 50 

m 
CV 
% 

69 04 36 36 36 3.69 2.93 W1.3 0.9960 3.63  0.29  7.9  
Tokyo to-hyo 

83 04 22 129 129 3.69 2.93 F5.0 0.9888 3.59  0.36  10.0  
79 05 27 27 27 6.60 6.14 W1.8 0.9831 6.86  0.43  6.3  

Hiratsuka 
79 05 27 152 152 6.60 6.14 W1.1 0.9943 6.93  0.38  5.5  
77 96 20 20 20 3.75 2.49 F12.5 0.9752 3.70  0.64  17.3  

Yokkaichi 
77 96 20 208 208 3.75 2.49 W0.9 0.9934 3.43  0.31  8.9  
78 03 26 26 26 3.00 2.60 W2.0 0.9863 3.15  0.22  6.9  

Sea-berth 
78 03 26 52 52 3.00 2.60 W1.2 0.9726 3.19  0.22  6.7  
74 05 32 29 32 5.00 4.22 W1.3 0.9965 4.86  0.51  10.5  

Komatsushima 
97 05 9 62 62 4.22 3.98 W1.1 0.9945 5.16  0.43  8.3  
78 05 28 28 28 3.33 3.17 W1.4 0.9940 3.41  0.22  6.4  

MT st. 
78 05 28 108 108 3.33 3.17 W1.0 0.9933 3.56  0.18  5.0  
81 05 25 21 25 3.93 3.65 W2.0 0.9899 4.04  0.30  7.5  

Osaka 
81 05 25 132 132 3.93 3.65 W1.0 0.9955 4.00  0.23  5.8  
75 05 31 29 31 3.77 3.55 W1.7 0.9873 3.83  0.30  7.8  

Kobe 
75 05 31 143 143 3.77 3.55 W1.0 0.9933 3.88  0.24  6.1  
72 05 34 31 34 3.94 3.16 W9.0 0.9936 3.71  0.46  12.4  

Eigashima 
92 05 14 74 74 3.94 2.79 W0.75 0.9879 4.19  0.61  14.5  
80 06 27 26 27 3.76 3.64 W1.1 0.9677 4.04  0.40  9.8  

Kanda 
80 06 27 96 96 3.76 3.64 W0.9 0.9857 4.02  0.34  8.4  
87 06 20 20 20 5.02 4.03 F5.0 0.9975 5.18  0.87  16.8  

Oita 
87 06 20 111 111 5.02 4.03 W0.7 0.9961 5.03  0.66  13.1  
73 01 29 24 29 7.28 6.68 W1.6 0.9844 7.66  0.79  10.3  

Sadamisaki 
73 01 29 132 132 7.28 6.68 W0.8 0.9906 7.61  0.75  9.8  
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Fig. 7 50-year return wave height and its standard deviation estimated at each measurement station. 
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