
CHAPTER 6 

TIB CROUP CHARACTERISTICS OF SEA WAVES 

Yu-xiu Yu and Shu-xue Liu 

Abstract — A review concerning the methods of studying and describing wave groups 

is presented in this paper. After analysing 73 field records oollected in Shijiu 

Port* China* the measured parameters of wave groups and some factors describing 

wave groupiness and their variations are given. Moreover* these results are 
compared with that of theory. 

1. INTRODUCTION 

It is found that the higher waves often appear in group in a continuous 

record. The existence of wave groups has been known to sailors for a long time* 

but the phenomena had not been studied systematically until the first year of 

1970's. Many experiments have shown that the wave groups are not only more 

disastrous to the rubble mound breakwaters, the moored floating bodies and 

capsizing of ships* but also important for harbour resonance. Therefore wave 

groups received more attentions and they are studied by field experiments* 

simulation (physical and numerioal) tests and theoretical analyses. In this 

paper* the existing methods for studying wave groups and some factors describing 

wave groupiness are summarized. Then, the 73 field records collected in Shijiu 

Port are analysed. Based on these analyses* the wave group parameters and the 

factors describing wave groupiness and their variations are investigated* and 

their results are used to examine the existing theoretical methods. It may be a 

good reference for theoretical study and engineering practice. 

2. METHODS OF STUDYING WAVE GROUPS 

2.1 Theory of wave envelope 

The concept of wave group has been proposed in classical hydrodynamics. Wave 
groups can be formed by two trains of waves of the same height propagating in the 
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same direction with slightly different frequencies. But the sea waves are 

considerably more complicated. Nolte (1972) and Ewing (1973) used the envelope 

theory proposed by Rice and Longuet-Higgins to study the sea wave groups and 

obtained many results. In Fig.l. the crest and trough envelope can be obtained by 

linking the top and bottom points respectively. Making a horizontal line at the 

specified level to cross the crest envelope. tj» t2 etc. are obtained which are 

1; 

trough envelope 

mean water level 

Fig.l Sketch of wave envelope 

called the time durations of wave groups at p, level. One can also use the wave 

number i.\ included in a wave group to describe the time duration. In the case of 

narrow-band spectrum; the mean wave number of wave group expressed by the 

spectral moment can be derived using the envelope theory, i.e.. 

T1=[m2/(2K/i )31^m0
/2/ (°o (1) 

where m, is the rth moment of wave spectrum and JK   is the rth central spectral 

moment. 

/CO 

Pi  -I (00-<b)r  S(&>)d4> 
'0 

(2) 

where U) =mi/m0 
The mean wave number between two successive wave groups is defined as 

T2=Cm 2/(2ri.4)]
l/2mi''2/ /Oc-expi: ftf/^mo)]    (3) 

2.2 Statistical theory of runs 

Coda (1976) determined the wave heights by means of the zero-up-crossing 

method and defined successive waves whose heights exceed a specified threshold He 

as a run. As shown in Fig.2. the threshold Hc=Hi/-3 and the first run contains 3 

waves in a group (ji=3). He also defined the wave number between two successive 

wave groups exceeding Ho as the total run length ja. For example, ja = 8 in 

Fig.2. Assuming the change of successive wave height is stochastic and 

independent, and letting the occurrence probability of H > He be denoted as  po 
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and non-occurrence probability by q0 =l-p0, the mean run length and its standard 

J2 

jl 

^_ w \^ 
& 

wave number 

Fig.2 Sketch of run 

deviation can be obtained by the probability distribution method as 

Ti =1/(lo ftji^/po/qo (4) 

J2 = l/poH/q0       $(h>Jpo/ctS  t-qo/po (5) 

In the case of Hc=Hi/3> according to the Rayleigh distribution po=0.1348, 

qo=0.8652, one can obtain that Ji-1.16, Cj"(jt)=0.42 and J2=8.57,  C(j2)=8.91. 

Coda pointed out that in the case of wide-band spectrum, the run length 

got by Eq.(1) is probably less than 1, which is irrationable. He tried to modify 

it and derived the relationship between the average number of wave in a wave group 
Ti and the mean length of the group J, as follows 

Ji =l/U-expL-l/ T, 3> (6) 

Goda used the spectral peakedness parameter Qp to describe the spectral width, 

(CO 

Qp=2Ano* / f-s2(f)-df 
J0 

(7) 

He obtained that jiincreases with increasing Qp from field data and numerical 

simulation. But the values of Ji from field data are very scattered and they are 

greater than that from Eq.(6) generally. It is because the successive wave heights 

in field are not independent. The average value of the correlation coefficients 
between successive waves heights is 0.324 (see Table 2) from our data. 

Kimura(1980) gave the probability theory of wave run length by considering 

the correlation of wave heights. Assuming the distribution of wave height obey 

Rayleigh distribution, he derived the joint probability funotion, p(Hi,H2) of two 
successive wave heights (Hi and H2> as 

p(Ht,H2)= 4H1H2/C(l-4f
>1)Hrms4J exp<-(Hf+Hl)/C(l-4 p2)Hrms23) 

I0{4H1H2/C(l-4p
1)Hrms2]} (g) 

where  Hrras is the  root-mean-square value of wave heights,  I0 denotes the 
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modified Bessel function of zeroth order and p is a correlation parameter and 

can be defined as a function of the correlation coefficient VHH<1) between 

Hi and H2 »i.e.. 

•y„„(l)=C E(2r
1)-(l-4 P* )K(2/>)/2-*/43/(l-l/4) (9) 

where K and E are the complete elliptic intergrals of first and second kinds 

respectively, )*HH(1> will be defined by the following Eq.(21). 

Let the probability that neither Hi nor Ha exceeds the threshold H* be 

denoted as pn and that of Hi and H2 simultaneously exceed as p22> i.e.* 

/ H*/-H* ,H* 

1= j  lp(Hi,H2) dHi dH2//q(Hi> dHi 
'0 Jo '0 
nOO ,a> 

p(H1,H2) dHi dH2/ I q(Hi) dHi 

* /H* 

H*/H* /H* 

Pu= 

(10) 

p22= 

'H* 

where q(Hi)  is the wave height distribution which Rayleigh distribution can be 

used * i.e» 

q(Hi>=2*Hi/Hrms*exp( -Hi* /Hrms ) (11) 

Then the probability of the run with the length of ji can be given by 

p(ji)=p2i'"'(l-pa*) (12) 

The mean and the standard deviation of run length are 

Jl=l/(1-P22> Cj'(ji) = ;/p72/(l-p22) (13) 

The probability of the total run length is 

p(,2)=(l-Pn)(l-P22)  ^j,-,^.,, (14) 

(pll~P22> 

The mean and the standard deviation of total run length are 

J2= l/(l-pii)+l/(l-p22> ) (15) 
(T<ja>= C l/(l-pu)2H/(l-p22)Hl/(l-pn)+l/(l-p22)]

1/2 > 

The agreement between Kimura's theoretical results and ji>J2 obtained from field 

swell record ( )>HH(1)=0.681) is quite good. 

2.3 Wave energy history method 

Because the wave energy is directly proportional to the variance of the wave 

record* the energy at the crest of a crest envelope is greater than that at its 

trough (Fig.1). The wave groups can be described effectively by the wave energy 

history. Funke and Mansard (1979) and Nelson (1980) proposed some similar methods. 
Here* Funke's method is illustrated. 

Calculate the mean square of the wave surface elevation within a time 

duration (time window) Tp and define it as the instantaneous wave energy E(t) at 
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the middle time t of Tp. 

fTp/2 

E(t)= 1/TpJ    ?2(t+C)dC 

-X =-Tp/2 

It can be rewritten as follows after smoothing above E(t). 

rxP 
E(t)= 1/Tpj ?2(t+r )Q!(t )dr (16) 

-TP 
Tp x< t 4  Tn-Tp 

where Tp is the wave period at the spectral peak, Tn the total length of wave 

record and Qi<C) the smoothing function. A superior smoothing function is the 

Bartlett window which is given as 

Qi«) = l-|Cl/TP       -TP v< T ^ T„ (17) 

-0 others 

E(t) defined by Eq.(16) is called smoothed instantaneous wave energy history 

(SIWEH) and can describe the extent of wave groupiness (Funke and Mansard. 1980, 

Yu, 1986) effectively (Fig.3). Let £(f) denotes the speotral density of SIWEH, 

i.e., 

rTn 

E(f)=2/Tn|/ CE(t)-EJ exp(i<ut)dt I2 (18) 

'0 

E =1/Tn I E(t)dt= / SM(0))dW-m0 (19) 

4)     J0 

E(f)=2/Tn|/ 
J0 

fin a 
nl E(t)dt= I 

Funke and Mansard used the groupiness factor GF to describe the extent of wave 

groupiness> i.e.. 

"TTiT 
n I   TE GF=   /1/Tnl   rE(t)-E J2dt / E =Jnt,0l mo (20) 
h 

where JH{ Q and HI* are the zeroth order moments of SIWEH spectrum and the wave 

spectrum respectively. The field data of wind waves from the Sea of Japan during a 
period of six months gave the value of GF in the range of 0.46 and 0.94. From our 

data, GF changes from 0.38 to 0.93. 

Rye (1982) also studied the wave groups by the correlation function. 

3. WAVE GR0U0PINESS FACTORS 

The parameters mentioned above such as the number of wave li in a wave group 

whose heights exceed the specified threshold He (or run length jt ) and the number 

of waves 12 between two wave groups in succession (or total run length j2 ) and 

so on., are insufficient to represent the wave groupiness. So some factors have 

been proposed to describe the wave groupiness. In this paper, the following five 

factors will be studied. 
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Fig.3 Examples of measured SIWEH 

(1). Correlation coefficient between succeeding wave heights /KH<1) 



COASTAL ENGINEERING-1990 

y«H(D = 

I    ££   ...       T7. * 

(H,-H)<Hl4-i-H) 
(21) 

%H«»=-jf  jl/H.-H) 

where H is the average wave height determined by zero-up-crossing method. Larger 
ymid) means that high wave follows high wave. Rye computed ymid) for 60 wave 
records from the North Sea and the average value of/und) was 0.24. Su reported 
that it was 0.329 for 6 records of wind waves from the Mexico Bay. For swell, 
V„H(1) is up to 0.88. 

(2). Correlation coefficient between succeeding wave periods VIT^I). 

•yrtd) is defined in the same way as Vimd) by replacing H, and H with T, 
and T respectively. Existing observed results show that /TT(1) varied between 0 
and 0.5. 

(3). Correlation coefficient )>HT between the wave height and the period. 

VHT= T7R-J- £ <Hi -H> <Ti -T) <22) 
A'OHOT ii| 

where 0*H and (J*T are the standard deviations of wave height and wave periods 
respectively, ^ar  is generally greater than zero. 

(4). Wave groupiness factor GF 

It has been defined by equatin (20). 

(5). Another parameter representing wave groupiness TSIVEH 

- _L__ ^ j (23) 

where TSIVEH is the zero-up-crossing period of the time trace of [E(t)-E3. TSIVEH 

is the average of TSIVEH normalized to peak period of wave spectrum and can 
represent the wave number in one group approximate!ly. 

4. THE CHARACTERISTICS OF THE WAVE CROUPS IN SHIJIli PORT 

4.1 General description of field data 

During September to November* 1984. a ENDEC0 949 recording buoy made in 
U.S.A. was installed in Shijiu Port, Shandong Province, China, at 14.8m of water 
depth (d) by the First Design Institute of Navigation Engineering, Ministry of 
Communications. Wave data were collected for about 17 minutes every three hours. 
The sampling of record was done at the interval of 0.S sencond and the data 
length was 2048 points in every record. In this paper, only 73 records whose 
significant wave heights are greater than 0.6m are analysed. The average wave 
heights are in the range of 0.42 and 1.34m, the maximum wave heights of 1.10 
and 3.99m, and the average wave periods of 3.444 and 6.04 second. The wave 
number in one train varies from 167 to 296. H/d is equal to 0.03~0.09. So the 
field situation is basically close to deep water. The wave spectra showed that 
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some 

only. 

records are of mixed wave with wind wave and swell* but most are wind waves 

4.2 Parameters of sea wave groups 

Letting the threshold height Ho equal to Hi/o* the statistical analyses are 

conducted for every record and the average number of waves li in a group 

(i.e.*the mean run length ji) and the average number of waves I2 C i.e./ the 

mean total run length j2 ) between two successive wave groups are listed in 

Table.1. The results obtained from the theoretical methods are also given in the 

Table. It is shown by comparing these results that the values from the wave 

envelope theory> Eq.(l) and Eq.(3)» are evidently smaller than measured results* 

the values calculated by the statistical theory* Eq.(4> and Eq.(5)* are also on 

the small side and ji obtained from Eq.(6) is smaller yet. The average values of 

the Kimura's results jt* J2 are quite close to the observed values* but the 

calculated distribution are more concentrated. 

Table.1 Observed and theoretical parameters of wave group 

Theory Pa rameter the  ranges means deviations 

Ti 1.15-2.07 1.47 0.18 

observed             
h 7.25-14.90 10.77 1.75 

wave Ti 0.40-0.52 0.4S 0.03 

envelope 

theory Is 1.44-3.05 2.33 0.37 

theory Ji   1.16 0.42 

of 

runs J2 8.57 8.91 

Eq.(6) Jl 1.09-1.17 1.12 0.02 

Kimura's Jl 1.26-1.73 1.51 0.12 

theory la 8.47-12.69 10.22 0.92 

The relationships between ji*  j2 and Qp are more scattered than that between 

Ji* J2 and GF ( Fig.4 )* ji and j2 increase with the increase of GF generally. 

4.3 Factors of wave groupiness 

The factors of wave groupiness are analysed by above equations for 73 

records* and their results arelistedin Table.2. The spectral peakednesses Qp 

determined by equation (7) are also given in Table.2. The Table shows that some 

values of ")JTT(1' are negative* but are positive mostly. It means that there are 

"memory" effect between successive wave heights and periods* which causes the wave 

grouping phenomena. 
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Fig.4 Relationships between ji» j2 and GF 

Tbale.2 Observed wave groupiness factors and the spectral peakedness 

I    factors VHH(D yTT<D VHX CF TsiVEH Qp        1 

!    ranges 0.103- 
0.472 

-0.149- 
0.346 

0.147- 
0.652 

0.360- 
0.932 

3.661- 
7.778 

0.704-    : 
2.821  ! 

1     average 0.324 0.085 0.413 0.673 4.953 1.597    ! 

!  deviations 0.093 0.100 0.110 0.113 0.801 0.393    1 

4.4 Relationships between the wave groupiness factors and the spectral width 

parameter 

Many scientists pointed out that the wave groupiness is directly correlated 

to the width of its spectrum* i.e.* the narrower the spectrum is» the more strong 

of groupiness the wave is. Scientists used to judge the width of the spectrum by 

the width paramter £ . But Rye's work showed that the parameter £ is not able 

to express the spectral width definitely and it also varies significantly with 

the choice of the high cut-off frequenoy. However* Qp defined by Eq.(7) is more 

stable and reliable than £ . So the relationships between the five previously 

defined wave groupiness factors and the spectral peakedness parameter Qp are 

given in Fig.5 according to the field data. In general* y HH(1'> GF and TSIVEH 

increase while y«j decreases as Qp increases although the points are scattering. 
But VTT<1) is not evidently correlated to Qp. It proves that the wave groupiness 

is strengthened as the spectrum becomes narrower. But the effect of Qp on the 

wave groupiness gradually becomes weaker as Qp increases. 

However* Van Vledder and Battjes (1990) pointed out that Qp can be affected 

by the smoothing method and the number of smoothing when estimating the spectrum 

and suggested a parameter K to express the spectral width* i.e* 

K= I |°0s(f)exp(2«.ifT02)df l/mo (24) 
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Fig.5 Relationships between wave groupiness factors and Qp 



92 COASTAL ENGINEERING-1990 

where T02 is the mean period calculated using the spectral moments. But the 

correlation function method is used to estimate the spectrum and the spectrum was 

smoothed by Hamming window once in this paper. The relationships between Qp> GF 

and K are given in Fig.6. It is shown that Op and K can give similar results in 

our case and both Qp and K can be the spectral width parameters for wave group 

characteristics. 
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Fig.6 Relationships between Qp, GF and K 

4.5 Relationships between wave groupiness factors and GF 

The relationships between Vim^D' Vn^D' VHT» TSIVEH and GF are given in 
Fig.7. All factors are evidently correlated to GF except y-rrd). It means that 

GF is the main factor for representing the wave groupiness. 

5. CONCLUSIONS 

(1). At present* there are several methods for studying the wave group phenomenon. 

The results of analysis from the field data in this paper indicate once again that 

the wave envelope theory is not available because its results are far less than 

the field values. The results obtained from the statistical theory of runs are 

also smaller. Kimura's probability theory of run length based on the correlated 

wave heights can give the average values of the wave group parameters which agree 

with the field values quite well, but the distribution of calculated values are 

more concentrated than that in field. 

(2). There are close relationships between the wave groupiness and the spectral 

peakedness ( or width )> i.e., the groupiness is strengthened as the spectrum 
becomes narrower. Most of the factors representing the wave groupiness are 

correlated to the spectral peakedness Qp to some extent* yHH<l), GF, and TSIVEH 

increase and yHi decreases with the increase of Qp. K is also a spectral width 

parameter for wave group characteristics. 

(3).  Among the factors describing the wave groupiness> the wave groupiness 
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factor GF defined by Eq.(20) is the principal parameter. The other factors  are 

correlated to GF to some extent except  7>TT<1) which is not available. The 
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Fig.7 Relationships between wave groupiness factors and GF 

mean length of runs ( the mean length of wave group ) and the mean total length of 

run ( the average number of waves between successive groups ) also increases with 

the increase of GF. 
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