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ABSTRACT

Based on one-year wave field data measured at the south part of the radial sand ridges of the Southern Yellow Sea, the wave
statistical characteristics, wave spectrum and wave group properties are analyzed. The results show that the significant wave height
(H,53) varies from 0.15 to 2.22 m with the average of 0.59 m and the mean wave period (T nean) varies from 2.06 to 6.82 s with the
average of 3.71 s. The percentage of single peak in the wave spectra is 88.6 during the measurement period, in which 36.3% of the
waves are pure wind waves and the rest are young swells. The percentage with the significant wave height larger than 1 m is 12.4.
The dominant wave directions in the study area are WNW, W, ESE, E and NW. The relationships among the characteristic wave
heights, the characteristic wave periods, and the wave spectral parameters are identified. It is found that the tentative spectral
model is suitable for the quantitative description of the wave spectrum in the study area, while the run lengths of the wave group
estimated from the measured data are generally larger than those in other sea areas.
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1. Introduction

The study area is located at the south part of the unique radial sand ridges of the Jiangsu coast (the
Southern Yellow Sea), where the nearshore bathymetry is very complicated (Fig. 1). In this area, the
dominant wind direction is from north in winter and from south in summer (He et al., 2010). The cold
storms in winter and typhoons in summer are the main natural hazards to the coastal engineering
(Jiangsu Province Resources Survey Leading Group Office, 1996). Furthermore, the local wave
climate is also very complicated because of the unique bathymetry and the seasonal variation of winds.
Therefore, it is essential to analyze the measured wave data in this area to gain the insight of the wave
characteristics and to provide proper wave parameters for the coastal engineering design.

Recently many attentions have been paid to the wave statistics and the wave spectrum based on
the field-measured data. Vandever et al. (2008) investigated the relationships between the wave height
parameters and the spectrum width (V) using data from acoustic Doppler wave gauges in ten different
coastal and estuarine environments. Suh et al. (2010) explored the wave statistics in deep waters
around Korean Peninsula based on various measured and hindcast data. They also analyzed the
relationship between the significant wave height and the wave period, as well as the variability of the
significant wave period, the spectral peak enhancement factor, and the directional spreading parameter.
Kumar et al. (2010, 2011, 2012) studied the wave characteristics and spectrum under the influence of
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summer monsoon along India coasts.

Around the Jiangsu coast, Gao (1995) studied the wind wave distribution and spectrum at Lvsi
station, but due to the lack of sufficient data, the result is not enough to represent the research sea area.
Feng et al. (2009) believed that there exists a good relationship between the wind speed and the wave
height in the middle of the radial sand ridge area and the distribution of wave height is well consistent
with that of Gluhovskii (1968). Feng et al. (2012) analyzed the unimodal spectrum of those waves with
significant wave height larger than 0.7 m, and pointed out that the high frequency part of the wave
spectrum decays with f***. They further proposed a tentative spectrum which agrees well with the

measured spectrum.
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Wave group is another important characteristic factor for the large waves. The low frequency
response of coastal structures on the wave group is regarded as one of the main reasons for the
structure destruction. For the first time, Ge (1986) has investigated the statistics of wave group at
Lianyungang Port. Afterwards, Yu and Liu (1991) analyzed the wave group characteristics of Shijiu
Port based on the wave envelope theory (Ewing, 1973), the statistical theory of runs (Goda, 1970) and
the wave energy history method (Funke and Mansard, 1980). Kumar er al. (2003) studied the
characteristics of wave group at four locations along the Indian Coasts using the statistical theory of
runs (Goda, 1970).

In summary, although the previous studies provided valuable methods and information for wave
statistics, wave spectrum and wave group, the systematic characteristics of waves in the study area are
still unclear due to the lack of sufficient data. This study emphasizes on the studying of variations of
wave characteristics, wave spectrum and wave group statistics at the south part of the radial sand
ridges of Jiangsu coast. The results obtained in this study are useful for the design of coastal
engineering, the operation of coast activities and the prediction of waves in the study area.
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2. Wave Data and Method

2.1 Wave Data

The wave data used in this study were measured by a wave buoy from September 2008 to August
2009. The wave buoy is located at the south part of the radial sand ridges of Jiangsu coast, the
Southern Yellow Sea (32°15.6043'N, 121°58.5425'E, as shown in Fig. 1). The water depth at the buoy
location is around 10 m. The wave surface elevations were recorded at a frequency of 2 Hz for the
duration of 17 min every 3 h. Before the analysis of wave parameters, wave records with H,c., smaller
than 0.1 m were excluded to prevent the influence of transient waves.

2.2 Method

Firstly, zero up-crossing method is employed to calculate the wave characteristic parameters,
including the significant wave height (H,; or Hy), the significant period 75, the mean wave period
Tnean, the maximum wave height H .., and the root-mean-square wave height H .

Meanwhile, the Fast Fourier Transform method (FFT) is used to estimate the wave energy
spectrum. The first obtained coarse spectrum is smoothed within the frequency domain with 34 degrees
of freedom. The high-frequency cut off is set at 1 Hz with resolution of 0.0166 Hz. According to this
smoothed wave spectrum, the wave spectral parameters are estimated, such as the significant wave

height H,,, the mean wave periods T, and 7T, the spectral moments m,6 (n=0,1,2,---), the

maximum spectral energy density Sy, the peak frequency f,, the spectral peak parameter O, (Goda,
1970), the spectral width parameter & (Cartwright and Longuet-Higgins, 1956) and the spectral
width parameter v (Longuet-Higgins, 1975). In addition, the regression analysis is applied to analyze
the relationships, and the corresponding correlation coefficients between different parameters are
calculated.

Finally, by using the statistical theory of runs, the run lengths of wave group are calculated by
counting the number of consecutive waves exceeding a certain wave height. Definitions of the wave
parameters used in the study are as follows:
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(6)

m,=[ "S5 n=0,1,2,- -
where m, is the n-th order spectral moment, f is the frequency, and S(f) is the spectral energy

density corresponding to f.

3. Results and Discussion

3.1 Variations of Wave Characteristic Parameters

Some of wave characteristic parameters from September 2008 to August 2009 are listed in Table 1.
From Table 1, it can be seen that the significant wave height H;; varies from 0.15 to 2.22 m with the
average of 0.59 m, and the mean wave period T, changes from 2.06 to 6.82 s with the average of
3.71 s. The monthly average of significant wave height, the maximum wave height H,,,, and the
maximum spectral energy density Sp.x in September 2008 and from November 2008 to March 2009
were higher than those of the other months. The spectral width parameter & varies from 0.16 to 0.84
with the average of 0.55. The maximum wave height is 3.91 m occurred at 23:00 on December 21 from
WNW direction, with the wave period of 5.41 s.

Table 1 Range and average of various wave characteristic parameters from September 2008 to August 2009

Hyj3 (m) Hipax (M) Tinean (8) Jo (Hz) 3 Sinax (M*/Hz)

Month
Range  Average  Range Average Range Average  Range  Average Range  Average Range  Average

9 0.18-1.97  0.66  0.32-3.52 1.10 2.33-5.89 3.78  0.08-045 020 0.29-0.75 0.58  0.02-7.32  0.50
10 0.15-1.36 052 0.23-2.19 0.87 2.36-5.82 359  0.12-048 023  0.24-0.74 054 0.01-238 0.27
11 0.15-1.84  0.66  0.23-3.31 1.10 2.06-6.23 3.68  0.07-0.51 022 0.18-0.82 055 0.01-3.73  0.50
12 0.17-2.22 073 0.27-3.91 1.22 2.13-6.13 370 0.07-048 022 0.16-0.81 0.55  0.01-7.06  0.67
1 0.16-1.94  0.57 0.25-3.48 0.97 2.21-5.59 3.66 0.12-0.50 022  022-0.73 0.54 0.01-424 047
2 0.16-1.80  0.69  0.25-3.34 1.14 2.10-5.56 402 0.12-0.50 0.19 0.18-0.78 0.59 0.02-5.56  0.56
3 0.16-1.89  0.67  0.25-3.25 1.09 2.29-6.07 4.01 0.10-0.45 020 021-0.79 058  0.01-422 0.50
4 0.17-1.74  0.58  0.28-2.52 0.96 2.15-5.68 358  0.12-050 023 0.17-0.76  0.53  0.01-4.79 041
5 0.15-1.39 045 027249 0.76 2.16-5.72 340  0.08-0.50 024  0.20-0.84  0.51 0.01-2.14  0.21
6 0.19-1.19  0.51 0.32-2.31 0.84 2.25-6.82 376 0.07-047 022  022-0.82 0.55 0.02-1.86  0.27
7 0.15-1.21 052 0.23-1.89 0.86 2.17-6.40 3.84  0.07-048 021 0.19-0.80  0.57 0.01-1.49  0.26
8 0.18-1.59  0.54  0.27-2.42 0.91 2.33-4.87 347  0.12-048 023  0.28-0.71 052 0.01-1.56  0.27

Total  0.15-2.22  0.59  0.23-3.91 0.98 2.06-6.82 371 0.07-0.51 022 0.16-0.84 0.55 0.01-732 0.41

The occurrences of waves with different significant wave heights from September 2008 to August
2009 are presented in Table 2. It shows that the occurrence of waves with H;;; > 1 m is about 12.4% of
the total, among 5% occurred in the winter (from December to February of next year) , 3.7%, 2.5% and

1.2% occurred in the summer, the autumn and the spring, respectively. The occurrences of waves with
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H,;5;> 1 m in September 2008, and November 2008 to March 2009 are larger than those in other months.
The reasons for the large waves (H; > 1 m) in September 2008 are due to two typhoons (SINLAKU and
JANGMI) passing through the East China Sea, which opens in the north to the Yellow Sea. And the large
waves from November 2008 to March 2009 are mainly influenced by the cold storms.

Table 2 Occurrence frequency of the significant wave height of all levels from September 2008 to August 2009

H,; range Month Total
() 9 10 11 12 1 2 3 4 5 6 7 8
0.1-0.5 35%  45%  40%  34%  38%  32%  3.6% 37%  6.6%  5.6%  3.6% 2.7% 482%
0.5-1.0 42%  27%  35%  3.5%  12%  40%  49%  34%  29%  3.6%  34%  2.0% 39.5%
1.0-15 1.0% 05% 14% 1.6% 07% 15% 13%  0.6% 02% 05% 03% 04% 10.0%
>15 04%  0.0% 04%  06% 03% 03% 02% 02% 00% 00% 00% 00% 24%

The wave roses for occurrences of all waves and the waves with Hy;3 > 1 m from September 2008 to
August 2009 are shown in Fig. 2. It shows that the dominant wave direction is in the SE direction with
the occurrence frequency of 11.2%, and the other wave directions with high occurrence are ESE, WNW
and SSE, which have the frequencies of 9.7%, 9.4% and 9.1%, respectively. For the waves with H;;> 1
m, the wave direction distribution is not the same as that of all waves. The dominant wave direction is
WNW with the occurrence frequency of 13.2%, and the other wave directions with high occurrence are
W, ESE, E and NW, which have the frequencies of 11.6%, 10.6%, 9.9% and 9.6%, respectively. The
small occurrence difference among those waves may be related to the complicated wind field in the study
area. He et al. (2010) found that the wind field of the Jiangsu coast is complicated in different seasons.
Furthermore, the wind field in different small part of the southern radial sand ridges is also different in
one season. Therefore, the statistical results of the present study are reasonable.

Fig. 3 presents the wave roses of the occurrence frequency for waves with Hy;; > 1 m in the four
seasons from September 2008 to August 2009. It can be seen that the wave directions of high
occurrence are WNW and E in the autumn, W and WNW in the winter, SE in the spring and SSW in
the summer. The WNW direction has the highest occurrence, which is caused by the cold storms in the
autumn and the winter.

N N
15.0% 10.0%
NW~ )20% NE NW 8.0% NE
9.0% 6.0%%

4 X 6.0%

i 307
W N00% v +—E w E
SW SE SW | SE
S S
| — All wave data --- Wave with i > m| [ ~~Autumn—Winter--- Spring Summcr!
Fig. 2. Probability roses of the wave direction for all waves Fig. 3. Probability roses of wave direction for waves

and waves with H;3> 1 m. with H;; > 1 m in different seasons.



322 Yang Bin et al. /| China Ocean Eng., 28(3), 2014, 317 — 330

3.2 Regression Analysis of Wave Parameters

3.2.1 Wave Height

The significant wave height H; is plotted against the maximum wave height H,,,,x in Fig. 4. It can
be clearly seen that the relationship between H,; and H. is very close with the correlation coefficient
of 0.98. This study shows that the ratio of H, to Hy; is 1.65 (ranging 1.31-2.52) by regression
analysis, which equals the ratios along the Indian Coasts (Kumar ef al., 2011). Theoretically, the value
of Hyx/Hy31s 1.53 (Longuet-Higgins, 1952), however Goda (1974) pointed out that the ratio is 1.8 as a
guide for the design of vertical breakwaters. The present ratio lies somewhere in between.

Theoretically, the relationship between H__/H and Nyis H_ /H, =0.706/In(N,)

1/3(mode) 1/3(mode)

(Longuet-Higgins, 1952). In the present study, H__ /H, is 0.96 times 0.706,/In(N,) by the

max /L7173 (mode)
linear fitting.

The theoretical definition of H,, is 4.0 \/m70 . Goda (1979) analyzed the field data and found that the
ratio of wind waves in deep waters is 3.8 instead of 4.0. Moreover, in shallow waters (depth of 15 m), the

ratio is 3.72 (Kumar et al., 2011). Fig. 5 shows the relationship between H;;; and +/m, derived from

the measured data. The significant wave height is 3.75\/m, , which is smaller than the theoretical

value. In addition, the values of Hy/,o/H13, Hi3/Hiean and Hing/Hppean 1n this study area are 1.24, 1.54
and 1.11, respectively, which are smaller than the corresponding value 1.275, 1.598 and 1.128 based on
the Rayleigh distribution theory (Longuet-Higgins, 1952). All these phenomena are mainly due to the
shallow water effects.
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Fig. 4. Variation of Hy and H3. Fig. 5. Variation of Hy/; and zeroth moment /m, .

3.2.2 Wave Period

The wave period does not exhibit a universal distribution like the wave height. Thus, the ratios
between the different characteristic wave periods, theoretically, are not always constant. Goda (2000)
obtained the relations of T = T1/10 = T15~ 1.2Tmean Dy analyzing the waves along Japanese coasts. In
this study, the significant wave period T, is highly correlated to T,01, 702, Tmean @and T7j19 with the
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correlation coefficients of 0.986, 0.97, 0.97 and 0.99, respectively. T is 1.12, 1.19, 1.17 and 0.99
times as long as Tyu01, Tio2, Tmean and Ty by the linear fitting, respectively. Figs. 6 and 7 show the
variations of 75 with T, and T3 with T, both with good linear fitted curves. Although the
spectral peak period T, has positive relationships with 7,0, and 73, and the linear relationships seem
not very good between them (Figs. 8 and 9).

9 9
8t 8t
Tt 7t
E 6 r E- 6 -
w5} e 5}
4t r=0.986 1 4t r=0.97
3t * Measured 3t > Measured
— Fitting: T, =1.12T —— Fitting: T, =1.17T__|
212 - s . 7L
2 3 5 6 7. 8 2 3 4 5 6 7
T (3) T..(s)
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3.2.3 Wave Height and Wave Period

More and more attention is paid to the relationship between the mean wave period 7,0, and the
significant wave height H,,, and many empirical relations are proposed at different research areas. The
relationship between T, and H,,o are T,0=5.4H,,"* and T,0,=5.03H,,0 " raised by Kumar et al.
(2010, 2011), which obtained by analyzing wave data measured at the water depth of 14 m in Goa, which
is located at the west of Indian Coast, and measured at the water depth of 15 m in the North Arabian sea
(correlation coefficient of 0.72 for the latter). In this study, the relation between H,,and T,,, for large
waves (H,o > 1 m) is T, 1 02=3.97H,,,>** with the correlation coefficient of 0.53 (Fig. 10). For the same
H,,, the calculated result of 7, is smaller than that of Kumar et al. (2010, 2011). The reason is that most
of the wave spectra in this study are single-peaked, which are generated by winds, and most of wave
periods are relatively small. However, the majority of wave spectra along Indian Coasts are multi-peaked,
which are composed of swells with young sea, leading to relatively large wave periods.
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In practical engineering applications, the relationship between the significant wave period 7/; and
the corresponding wave height Hy; is also an important factor. Fig. 11 shows the variation of 7},; with
H,; for large waves (Hy;3> 1 m), and the relation between 73 and Hy31s T3 = 4.89H, ;% (correlation
coefficient of 0.59). Most of the measured points are above the empirical formula of 7 \3=3.3H,,,%
(Goda, 2003) and T 11=3.85H,;"° (U. S. Army, 1977, Shore Protection Manual, abbreviated as SPM
hereinafter). The reason is that the waves in this study area belong to the shallow water waves, and the
large wave processes are limited by the water depth and the complicated submarine topography.
However, the empirical formula of Goda and SPM are both derived based on the wave data measured
in deep waters. Consequently, the derived relationship between 73 and Hj; in this study leads the

larger wave period than the other two empirical relationships for the same wave height do.
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Fig. 10. Variation of T, with Hy. Fig. 11. Variation of T3 with His.

3.3 Characteristics of Wave Spectra

3.3.1 Statistics

This study shows that the majority of wave spectra (88.6%) are single-peaked during the
measurement period. These waves may be wind waves or swells, which can be identified by the
method of Portilla ef al. (2009). The identification result is shown in Table 3. It is illustrated that 36.3%
of single-peaked waves are wind waves with high occurrence in the SE, SSE and WNW directions, and
the rest are young swells with high occurrence in the WNW, ESE to SSW directions.

Table 3 Direction probability distribution of single-peaked wind waves and swells

Direction Wind waves Swells Direction Wind waves Swells
N 0.7% 3.1% S 2.4% 5.7%
NNE 1.2% 4.3% SSwW 1.5% 6.2%
NE 1.8% 4.5% SW 0.8% 1.4%
ENE 2.0% 3.2% WSW 1.3% 1.1%
E 2.0% 4.8% w 2.8% 2.4%
ESE 3.3% 6.4% WNW 3.8% 5.5%
SE 5.8% 5.5% NW 1.6% 3.0%
SSE 4.2% 5.0% NNW 1.0% 1.7%

Total 36.3% 63.7% - - -




Yang Bin et al. | China Ocean Eng., 28(3), 2014, 317 — 330 325

3.3.2 Correlation Analysis of Spectral Parameters
Theoretically, the value of & should be equal to twice v for a narrow band spectrum

(Longuet-Higgins, 1975). The high correlation between ¢ and v is found in this study with the
value of 0.94 (Fig. 12), while ¢ calculated by the present fitting formula (& =1.25v""") is smaller

than the theoretical one. A good relation is found between ¢ and the individual wave height and period,
R(H, T), with the correlation coefficient of 0.9 (Fig. 13). The relationship between R(H, T) and & is
R(H,T)=1.07¢ -0.124 . Besides, the wave energy is proportional to the square of wave height in
theory. There is a high curvilinear relationship between the significant wave height H;; and the
maximum energy spectral density Sp.x (the correlation coefficient is 0.95), and the empirical relation is

Smax = 0.89H,5>*" as shown in Fig. 14.
1.1 0.8

/ 0.7}
0.6}
0.5}
0.4}

0.3}
r=0.94 02}

=]

0.7

R (H.T)

0.5

r=09

0.3

¥ Measured 0.1
— Fitting: £=1.25""! s

X Measured
— fitting: R, T=1.07: - 0.124

— 0
0 0.2 0.4 0.6 08 0.1 03 0.5 0.7 0.9
”

0.1

Fig. 12. Variation of ¢ and v. Fig. 13. Variation of R(H, T) with ¢ .
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3.3.3 Spectral Analysis
For the waves at the southern radial sand ridges, the tentative spectral model (Feng et al., 2012)

shows a good agreement to the measured spectrum compared with the JONSWAP spectrum (Hasselmann
et al., 1973). Thus, this study used the tentative spectral model (TSM), which replaces f~° of high

frequency tail with £~ /™ to fit the measured spectrum. The formula of TSM is given as follows:
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S(f)=%E fo exp[—i[iﬂyfp“’f“q/z . , ®)

2m)** 4\ f,
where S(f) is the spectral energy density; o, is the rear face parameter; y, is the peak
enhancement factor; g is the gravitational acceleration; f is the wave frequency; f, is the
frequency corresponding to the peak value of energy spectrum; o is the peak width parameter
(0=0.07forf < f,;0=0.09for f > f).
The tentative spectral parameters ¢, and y, in Eq. (8), which are calculated by the fitting of

Hyzand f , can be written as:

ae — 3.368H1/32.03j;)4.18 ’ (9)

7. =8.061H " £ . (10)
The corresponding JONSWAP parameters o and y are:

a=4069H 2 [+ 1n

y=6236H """ (12)

In order to analyze the difference between the TSM and JONSWAP model, the spectral peak
values, the spectral moments my (zeroth), m; (first order), m, (second order), are estimated by these
two spectral models and compared with the measured spectra. The results are shown in Figs. 15a—15d,
respectively. The spectral peak value calculated on the basis of the tentative model is basically
consistent with that from the JONSWAP spectrum (Fig. 15a), but the spectral moments m, (zeroth
order), m; (first order), m, (second order) calculated by the TSM spectrum are closer to the measured
values (Figs. 15b—15d). It means that the TSM spectrum agrees well with the measured spectra rather
than the JONSWAP spectrum.

3.4 Wave Groups

Many researchers used the run length (Goda, 1970) as the index in the description of wave group.
The run length is defined as the number of continuous waves whose wave heights are more than a
certain wave height H, in the statistical theory of runs. The average value of run lengths in a wave
record is defined as the mean run length, and the longest run in a record is defined as the maximum run
length and the same to the run length containing H,.

Generally, the large waves are used to estimate the above run parameters. This paper conducts
statistical analysis of the run parameters by using the waves with the significant wave height larger
than 1 m, and then compares with those at other sea areas (see Table 4). In the present study, the mean
run lengths varied from 1.08 to 2.73 with the average of 1.5, the run lengths containing H,,,, varied
from 1 to 9 with the average of 2.56 and the longest run length contained 10 waves. Table 4 lists the
average values of the mean run lengths, the run lengths containing H,,,, and the maximum run lengths
of this study, the Indian Coast (Kumar ez al., 2003), the Japanese Coast (Goda, 1976), the West Bohai
Sea (Fan et al., 1998), the Jiaozhou Bay (Chang, 1987), and Lianyungang Port (Ge, 1986),
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respectively. From Table 4, we can see that, except those at the West Bohai Sea, the run parameters in

this study are generally larger than those at other sea areas.
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Figs. 15. (a) Scatter plots of the maximum spectral energy based on the measured spectra and that calculated from the TSM
spectrum and the JONSWARP spectrum; (b)—(d) Variation of spectral moments based on the measured spectra and that
calculated from the TSM spectrum and the JONSWAP spectrum (b) my, (c) my, (d) m,. Note: the closer the points are to
the match line, the smaller difference between the calculated and measured results.

Table 4 Length parameters of wave group in different sea areas
Mean Run length Maximum No. of
Sea area L Range of data
run length  containing Hy.x  run length data
This study 1.50 2.56 10 298 H,>1.00m
1.36 2.17 9 2661 H,>0.15m
. 1.32 2.02 8 1943 H,>0.28 m
Indian Coast
1.28 1.81 7 2476 H,>0.10m
1.33 2.00 7 1682 H,>021m
Japan Coast 1.42 2.36 7 171 -
West Bohai Sea 1.56 2.03 7 120 Hpean> 0.60 m
Jiaozhou Bay 1.40 2.29 7 70 H,>0.70 m
Lianyungang Port 1.41 2.27 8 100 H;>1.00m
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4. Conclusions

(1) The significant wave height (H,;) varies from 0.15 to 2.22 m with the average of 0.59 m, and
the mean wave period (Tpean) Vvaries from 2.06 to 6.82 s with the average of 3.71 s during the
measurement period.

(2) The wave direction of the highest occurrence is SE with the occurrence of 11.2% in the whole
year, while for the waves with H;>1 m, the wave direction of the highest occurrence is WNW with
the occurrence of 13.2%.

(3) There are significant relationships among the characteristic wave heights, characteristic wave
periods and spectral width parameters.

(4) The percentage of single-peaked wave in the wave spectra during the measurement period is
88.6, in which 36.3% of waves are wind waves with high occurrences in the SE, SSE and WNW
directions, and the rest are young swells with high occurrences in the WNW, ESE to SSW directions.

(5) The TSM spectrum agrees well with the measured spectra in comparison with the JONSWAP
spectrum.

(6) The mean run lengths with the wave height larger than H,,; varies from 1.08 to 2.73 with the
average of 1.5, and the run lengths containing H,,,, varies from 1 to 9 with the average of 2.56. The
longest run length contains 10 waves. The lengths of the wave group in this study are larger than those
of other sea areas.
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