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A System for Estimating Wave Climate and Wave Extremes
Based on Long Term Wave Hindcast
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Abstract

This paper presents a system capable of estimating both wave climate and wave
extremes at the coastal sea areas around Japan based on a long term wave hindcasting.
Time series of 1-hourly waves over 20 years from 1979 to 1998 are hindcasted with use
of a backward ray tracing shallow water wave model on a nesting grid of high
topographical resolution under the input condition of 6-hourly wind distribution over
the Northwestern Pacific Ocean recompiled from the ECMWF analysis data sets.
From the time series of hindcasted and observed waves, various kinds of wave climate
parameters and error statistics are estimated separately for each month, season and
year over the whole period, and also calculated for months, seasons and years over the
20-year period. Annual maximum and peak over threshold wave height data including
extreme data stratified for several periods of a year are extracted and then extreme
wave analysis for each of the data sets is conducted with use of the Goda-type model
based on the least square method. The main conclusion is that the system may be
highly efficient for the estimation of not only wave climate but also wave extremes at
the sea areas around Japan.
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Fig. 1 Medium and fine grid systems for the Japan Sea and location of wave hindcast point.
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Fig. 2 Medium and fine grid systems for the
Northwestern Pacific Ocean and location
of wave hindcast points.
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Fig. 3 An example of comparison between hindcast and observation for time series of significant

waves over 3 months at Kyougamisaki.
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Fig. 5 Monthly time series of wave climate parameters and error statistics, and correlation plots
between hindcast and observation for wave climate parameters at Kyougamisaki.
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Fig. 6 Yearly time series of hindcast and
observation for wave climate parameters
and error statistics at Kyougamisaki.
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Fig. 7 Wave climate parameters and error statistics grouped in month, season and year over whole
period, and correlation plots between hindcast and observation for wave climate parameters
grouped by month over whole period at Kyougamisaki. The notations of WSSA and Y stand for
winter, spring, summer, autumn and year.
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Fig. 8 Histogram of wave height and correlation
diagram between wave height and wave
period based on hindcast and observation
at Kyougamisaki.
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Table1 Trend analysis for yearly-
grouped wave climate parameters
at Kyougamisaki.

Wa\'ze a Aayy L I
statis. | (/year) | (/year) T
H, 0.80cm | 0.48cm 0 247
Hye | 027cm | 0.39cm 1 0.78
Drea 0.23% 0.18% 0 2.08
Dtiobs 0.04% 0.13% 1 0.26

BHBRICT 2 #EER S BB OB o —
EBEBENEWEETH, Hr0EIC>VWTOW
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Table 2 IHEREER S BRIEX » S/ ERK
BSERB L OBAESERNC 3 2 ImE K 7
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Fig. 9 Q-Q plots for annual maximum and peak
over threshold wave height data at
Kyougamisaki.

Table 2 Extreme analysis for annual maximum
and peak over threshold wave height
data at Kyougamisaki.

estimate AM_, AM, POT,, POT,,
K years 20 20 20 20
N 20 20 40 38
N, 20 20 678 700
k 18 G G 14
P 0989 | 0984 | 0985 | 0974
Hym 8.65 8.51 883 8.33
Hgm 062 0.72 0.62 061
G : Gumbel
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Table 3 Effect of data stratification technique
on return wave height and its standard
deviation estimated at Kyougamisaki.

data AM (m) POT (m)
stratifiéation Hy, H_, Hy, Hy,
whole period 8.65 0.62 8.83 0.62
2 periods 8.80 0.63 8.82 061
4 seasons 9.00 1.03 9.26 0.99
12 months 9.48 1.53 9.65 1.30
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Fig. 10 Monthly time series of wave climate parameters and error statistics, and correlation plots
between hindcast and observation for wave climate parameters at Sakihama.
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Fig. 11 Yearly time series of wave climate
parameters and error statistics at Sakihama.
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Table 4 Trend analysis for yearly-grouped
wave climate parameters at
Sakihama.

wax{e a Aay,y L I

statis. | (/year) | (/year) T
H, 0.45cm | 0.54cm 1 1.33
H,, 0.86cm | 046cm | 0 2.54
Pra | 0.10% | 012% | 0 | 193
Pune | 0.13% | 011% | 0 | 163
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Fig. 12 Monthly time series of wave climate parameters and error statistics, and correlation plots
between hindcast and observation for wave climate parameters at B22001.
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Fig. 13 Q-Q plots for annual maximum and peak
over threshold wave height data at
Sakihama.

Table b

Extreme analysis for annual maximum
and peak over threshold wave height
data at Sakihama.

estimate AM,, AM g POT,, POT,,

K years 20 20 20 20
N 20 20 40 40
Ny 20 20 520 525
k 2.6 22 1.9 1.6
o 0.989 0.989 0.993 0.987
Hyym 9.31 9.51 9.54 9.52
Hygom 0.64 0.64 0.72 0.69
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