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ABSTRACT ..........-------------.
SUNDAR, V.; NOETHEL, H" and HOLZ, K.P., 1993. Wave kinematics in a groin field-Time domain
analysis. Journal of Coastal Research, 9(3),831-846. Fort Lauderdale (Florida), ISSN 0749-0208.

The time histories of wave elevation and the two horizontal in line and transverse velocity components
measured in a groin field were subjected to time domain analysis. The variation of the wave and velocity
characteristics with respect to the time of measurement at a particular location and its variation at
different locations within the groin field at a particular instant of time are presented and discussed in
detail in this paper. In addition, the validation of the linear theory in predicting the wave kinematics in
the direction of the wave propagation from the measured wave elevations is examined on assumption
that wave directional variability is small. Such investigations for the nearshore zone are scanty especially
for a groin field.

ADDITIONAL INDEX WORDS: Wave climate, kinematics, application of linear theory, groin field.

INTRODUCTION

The prediction of the wave kinematics in the
nearshore is important in the study of coastal
sediment transport and to understand the flow
field. This information sometimes becomes very
essential in the planning and the design of shore
defense works. The linear theory has been applied
for deriving fluid particle kinematics for deep wa­
ters satisfactorily (REID, 1957).

This has been followed up by several investi­
gators in modifying the linear theory for the pre­
diction of wave kinematics in the nearshore where
the waves are quite nonlinear and their charac­
teristics are being influenced by phenomena like
shoaling, cross currents and surf beat. The prob­
lem becomes still more complicated if one is in­
terested in predicting the kinematics inside a groin
field.

The present investigation deals with the anal­
ysis of waves and orbital velocities measured in a
groin field of the East Frisian Island of Norderney
at the Southern North Sea Coast, the location
map is presented in Figure 1. The groin field along
with the locations of measurement Ml, 01, WI,
M2, 02, W2, M3, 03 and W3 are presented in
Figure 2a and b. The sea bed profile of these lo­
cations is shown in Figure 2c.

Time histories of the water surface with pres­
sure gauges and with two horizontal inline and
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transverse velocity electromagnetic current me­
ters were measured simultaneously. The details
of the measurement programme have been dis­
cussed by NIEMEYER (1990). The results of the
analysis reported in this paper pertain to the data
collected from 7 November 1988 to 22 November
1988. About twenty five records were considered
for a particular location for analysis.

The wave and the velocity records of length
1200 sec, with a sampling interval of 0.17 sec, from
the different locations were subjected to detailed
analysis. Though both spectral and statistical
methods have been employed, only the results of
the statistical methods are discussed in this paper.
Probabilistic approaches in addition to the av­
erage wave and velocity characteristics have been
carried out. The time series of inline velocity have
been predicted with the measured wave elevation
time history using linear wave theory and the
comparison between predictions and measure­
ments are herein reported. The data for location
W2 alone could not be obtained since the sensors
at this location failed.

BACKGROUND

Measurement and analysis of currents in the
open sea have been reported by several investi­
gators. Notable are the studies reported by OCHI
and McMILLEN (1988), FORRISTALL (1986), VAN
HETEREN and STIVE (1984), GUZA and THORNTON
(1980), MIZUGUCHI et al. (1980), and BATTJES and
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Figure 1. Location map of the island of Norderney.

VAN HETEREN (1980). Similar studies have been
carried out in the laboratory by ADEYEMO (1970),
IWAGAKI et al. (1973), VIS (1980), and DAEMRICH
et at. (1980).

It was concluded by DAEMRICH et at. (1980) that
the prediction of the water kinematics by linear
theory is good. IWAGAKI et at. (1973) and ISHIDA
and IWAGAKI (1978) computed the kinematics un­
der random waves based on linear filters proposed
by REID (1957) and found that the correlation
between the predicted and measured was quite
satisfactory.

REID (1957) developed the simple superposition
method for predicting water particle kinematics
from a measured sea surface that could be either
random or periodic. This method is based on lin­
ear long-crested wave theory. Lo and DEAN (1986)
have compared this method with the stream func­
tion theory method of DEAN (1965) in simulating
the particle kinematics and concluded that the
simple superposition method provides reasonable
agreement with the stream function tables and
that this method can be used to analyse any length
of irregular wave records. GUZA and THORNTON
(1980) have reported that the linear theory over­
estimates wave induced horizontal velocities by
10 to 30 percent. Similarly, VAN HETEREN and

STIVE (1984) have reported that the linear theory
overpredicts the horizontal velocities in the surf
zone by 20 percent.

The refinements of the linear wave theory for
prediction of particle kinematics especially in
coastal waters have been reported by DEAN (1965),
NADAOKA (1986), and KOYAMA and IWATA (1986).

The foregoing discussion reveals that while con­
siderable work has been done on wave kinematics
in an open coast, the literature on the variation
of wave climate and its kinematics in a groin field
is limited.

THEORETICAL CONSIDERATIONS

In the present investigation, the onshore-off­
shore or online particle velocity of time utt) has
been simulated from the measured time history
of wave elevation of time 17(t) by using the meth­
odology proposed by REID (1957) which is de­
scribed below. The measured time history of wave
elevation 1](t), represented in a Fourier integral
form, can be written as

fI( t) = 1= Ancos(crn t - c/>n) de (1)

The amplitudes, An' and their associated phase,
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Table lao Statistical parameters for wave periods.

Period
Pa-

Location
ram-
eter Ml 01 WI M2 02 M3 03 W3

r.; 6.4 5.8 5.8 5.9 5.6 5.5 5.9 5.1
r.; 6.7 6.3 6.1 6.3 6.1 6.1 6.4 5.4
r., 13.0 14.1 13.3 13.1 14.0 15.0 14.9 11.6
T 1/3 8.6 8.1 8.2 7.9 8.3 8.4 9.0 7.2
T hm a x 6.0 9.1 7.4 7.5 9.2 15.0 6.2 6.2

Table lb. Statistical parameters for wave heights.

Period
Pa- Location

ram-
eter Ml 01 WI M2 02 M3 03 W3

HI/:l 0.80 0.85 0.70 0.85 0.80 0.68 0.73 0.69

Hl/ l0 0.98 1.00 0.82 0.99 0.96 0.82 0.88 0.84
H me1tn 0.54 0.56 0.47 0.58 0.54 0.46 0.50 0.46
n., 0.59 0.6] 0.52 0.63 0.59 0.50 0.54 0.50

Hmo" 1.20 1.10 1.10 0.94 1.10 1.17 1.00 1.00

cPo, of the n-th Fourier component can be evalu­
ated. The particle velocity is given as

u(t) = 1= AnFRJCTn)COS(CTnt - <Pn) dlT (2)

where FRu(un ) at circular frequency (un) based on
the linear wave theory is given as

RESULTS AND DISCUSSION

Wave Elevation

The instantaneous water surface elevation is
generally assumed to follow the Gaussian distri­
bution given as

1 [- (1] - 77)2]
p = p(1]) dn = "'~ exp 2a 2 dn (5)

(In V 27r 1/

in which p is the probability of occurrence P(71)
is the probability density of function 1], r, and (J/
are the mean and variance of 1], respectively.

Though the analysis was carried out for all the
records maintained under sec. 1, only typical re­
sults for the record measured on 16 November
1988 at 02 hrs are presented in this paper.

The comparisons between the measured and
theoretical probability of 1] for all the locations
except for location W2 are shown in Figure 3. The
average water depths are indicated in the figure
as a. It is observed that the agreement is quite
reasonable for location Ml, which is away from
the groins. For other locations, the deviation of
measured from Gaussian is observed being greater
for locations closer to the groins and in relatively
shallower water (W~3 and 03). The time history
was found to exhibit sharper crests at locations
nearer to the shore and to the groins. The root
mean square values of 1], n,«: and its skewness 1]ske

are indicated in the figure for the corresponding
locations. The skewness is seen or generally found
to increase towards the shore and is found to be
greater for the locations closer to the groins.

The above methodology is applied for a groin field
considered in the present study.

FRJu
n

) = a cosh kn(d + z)
n sinh k.d (3)

in which d is water depth and z is the point of
simulation of kinematics measured negatively be­
low the still water level. The wave number k, of
the n-th component associated with frequency f',
is related by the dispersion relationship given by

(21t'Jn )2 = gk .tanhfk.d) (4)

Wave Heights

The individual wave heights and periods from
11(t) for all locations were derived by the zero up­
cross method. The probability densities of mea­
sured wave heights are compared with the theo­
retical Rayleigh and Weibull distributions shown
in Figure 4.

The corresponding values of H, \ for all the lo­
cations are indicated in this figure. The expres­
sions for these two distributions have been clearly
presented by SHAHUL HAMEED and BABA (1985).

Table 2. Correlation coefficient for different portions of time history.

Loca- ND*: 1 1,025 1 2,049 3,173 2,049 I 1,025 1 1,025
tion NS; 1,024 1,024 2,048 1,024 1,024 2,048 4,096 4,096 7,000 2,048

Ml 0.91 0.87 0.89 0.87 0.89 0.88 0.88 0.88 0.87 0.87
W] 0.91 0.91 0.91 0.88 0.86 0.87 0.89 0.86 0.87 0.89

* ND is the number of the starting data point and NS is the total number of data points considered

Journal of Coastal Research, Vol. 9, No.3, 1993
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It is seen that the Wei bull distribution fits the
observed wave heights better. This was the case
for ninety percent of the records tested. LEE and
BLACK (1978) made a similar observation for the
wave data at different locations of a reef. Thus,
it is noticed that the Weibull distribution ac­
counts for the pronounced steepening of waves in
the nearshore zone. The wave periods ranged from
2 to 15 sec and the most frequently occurring wave
period ranged from 4 to 8 sec at all the locations
in the groin field.

Time Variation of Wave Height and Periods

The variation of the different wave height pa­
rameters, highest one third, HI~' highest one tenth,
Hl!io' mean height, H m ea n and root mean square

height, H r m s only for the locations Ml , 01, WI and
M2 are considered and shown in Figure 5. In this
figure and wherever a four digit number occurs
on the abscissa, the first two digits indicate the
day of measurement and the last two digits in­
dicate the time of measurement in hours. It is
observed that the average wave height character­
istics change significantly with the time of mea­
surement, indicating the influence of the tidal
variation. The tidal range around the coast con­
sidered in this study is approximately 2 m and is
marked in the above figure. However, the change
in the wave height parameters within the groin
field at a particular time of measurement is not
significant.

The time variation of different wave period pa-
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Figure 9. Comparison between the skewness of measured and
simulated velocities.

Figure 11. Comparison between the maximums of measured
and simulated velocities.

Journal of Coastal Research, Vol. 9, No. 3~ 1993



842 Sundar, Noethel and Holz

Ur ms

• ~lo;~t;;';-
x M1

O·480 ~ • HZ

• • + 01

• Wl
+

0·360 f-- X • ••+ • j

•o·240 ~ • +
+ •
II

+ .t-

0·120 l )(
X

I I I J I I IO· 00
1602 1612 1615 1700 1703 1713 1716 1719 18011805

Day and time of measurement

Figure 12. Time variation of U r m s in the groin field.

rameters, mean period, T mean' root mean square
period, Trm~, highest one third, Til' and period
corresponding to maxium wave height, T h m a x , are
shown in Figure 6. It is seen here that except T hmax r

all other period parameters do not significantly
change with change in the tidal elevation.

The variation of the different wave periods and
height parameters for all the locations in the groin
field is shown in Table 1a and b, respectively. It
is seen that all the average statistical parameters
except T hmax do not change significantly within
the groin field.

Comparison Between Measured and Simulated
Velocity Time Histories

In order to predict the onshore-offshore orbital
velocity from the measured l1(t) by the method
discussed earlier, different portions of the wave
record were considered only for locations Ml and
WI. The correlation coefficient between the sim­
ulated and the measured velocity presented in
Table 2 is found to be quite encouraging.

In general, the agreement between measured
and simulated data is satisfactory except that de­
viations are observed in very shallow waters es­
pecially for locations closer to the groins; i.e., 02,
03, W3 and M3, which is expected due to non­
linearities, surf beat and effects due to cross flows.
Detailed comparisons between simulated and
measured velocities only for locations Ml, 01, WI
and M2 are reported in the following sections.

The comparison between the simulated and
measured shoreward velocity in the groin field is
presented in Figure 7a. The correlation coefficient
for each location is indicated in this figure. It is
generally seen that the agreement between theory
and measurement for locations in relatively deep­
er waters (Ml , 01 and WI) is found to be quite
satisfactory; whereas, deviations are observed for
location M2. The correlation coefficient for the
locations 01 and WI to the extent of nearly 0.9
with the application of linear theory is quite rea­
sonable in spite of these locations being closer to
the groins where one would expect the predomi­
nant non-linear effects due to secondary reflec­
tions from the groin. A similar trend is observed
for the seaward velocity in Figure 7b with a slight-

Table 3. Comparison between present study and Draper's method.

Location

M1 M2 Wl 01

Meas Draper Meas Draper Meas Draper Meas Draper
Time Point (u r m M) (u r m s ) (urmJ (u n n , ) (urmJ (urn,'.,) (u r m s ) (urmJ

1602* 0.36 0.37 0.53 0.50 0.40 0.41 0.43 0.39
1612 0.30 0.32
1615 0.22 0.23 0.43 0.45 0.33 0.30 0.36 0.31
1700 0.22 0.21 0.37 0.37 0.34 0.33
1703 0.15 0.14 0.27 0.28 0.21 0.18 0.26 0.21
1713 0.12 0.12 0.16 0.19 0.24 0.18
1716 0.11 0.10 0.23 0.25 0.16 0.16 0.18 0.19
1719 0.16 0.15
1801 0.24 0.22 0.32 0.31
1805 0.19 0.18 0.31 0.30 0.32 0.30 0.33

* The first two digits of the four digit number in the first column indicate the day while the last two digits indicate the time in
hours of the measurement

Journal of Coastal Research, Vol. 9, No.3, 1993
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Figure 13. Probability density of onshore-offshore velocity.
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Figure 14. Comparison of measured and simulated shoreward peak velocity with theoretical distributions.

ly lesser value for the correlation coefficient com­
pared to that for the shoreward velocity.

The comparisons of statistical parameters vari­
ance' fJ u

2
, skewness, uske ' root mean square, U r m s '

and maximum, um ax ' of the measured and simu­
lated onshore-offshore velocity time histories for
locations Ml, 01, WI and M2 are presented in
Figures 8-11, respectively. The agreement is found
to be satisfactory. Further, the skewness for lo­
cation Ml (Figure 9) is found to be minimum
compared to other locations. This trend is ex­
pected for location M2 which is in shallower wa­
ters, thus leading to asymmetries in the velocity
fluctuations. Though locations 01 and WI are in
relatively deeper water, the asymmetries may be
due to secondary reflections from the groins.

The variations of measured U em s with the time
of measurement (tidal variation) at locations Ml ,
M2, 01 and WI presented in Figure 12 reveal that
the U r m s is maximum for location M2 and is found
to be minimum for location MI. The variation of
U r m s within the groin field is maximum between

Ml and M2 to the extent of about thirty percent.
Its variation between locations 01 and WI is less
significant.

Furthermore, the root mean square of onshore­
offshore current velocity measured at locations
Ml , M2, WI and 01 from the direct averaging of
total time series and that obtained using the peak
amplitudes and average crest and crossing periods
as prescribed by DRAPER (1963) for deep waters
are shown in Table 3. The agreement is good sim­
ilar to the agreement reported by HUNTLEY and
BOWEN (1975).

PROBABILITY DENSITY OF
ONSHORE-OFFSHORE VELOCITY

The comparison of the probability density of
the measured and simulated onshore-offshore ve­
locity time histories along with Gaussian distri­
bution for the different locations in the groin field
is depicted in Figure 13. The root mean square
and the skewness values of the measured velocity
time history are also reported. The comparison is
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quite satisfactory. However, deviations are ob­
served, being greater for larger skewness especial­
ly for locations in relatively shallower waters and
closer to the groins similar to the observations for
wave elevations. The velocity is found to range
up to 2 m/sec.

The probability densities of the measured and
simulated shoreward peak velocity are compared
with the Rayleigh and Weibull distributions for
the above four locations in Figure 14. The agree­
ment between observed and simulated is reason­
able for the locations Ml, WI and 01, with de­
viations observed for location M2. No appreciable
difference is seen between the Rayleigh and Wei­
bull distributions in fitting the observed peak
velocities. This implies that the linear velocity
over-predicts the peak velocities in shallow waters
similar to the observations of GUZA and THORNTON
(1980) and VAN HETEREN and STIVE (1984).

CONCLUSIONS

Time domain analysis of time histories of wave
elevation and particle velocity in a groin field have
been carried out. Salient conclusions of the pres­
ent study are reported below.

The analysis reveals that the wave elevation
deviates from the Gaussian distribution with de­
creasing water depth and its increasing skewness.

The individual wave heights defined by upcross
method are found to follow the Weibull distri­
bution for the groin field considered in this study,
indicating that it better describes the steepening
of waves in shallower waters.

The average wave parameters, H m e a n , H,., H rm s

and T r m s , do not change appreciably within the
groin field. However, their variation with the tidal
variation is quite significant.

The average wave period parameters, T mean' T, I

and T r m s , do not change significantly within the
groin field and their variation with tidal change
is also almost insignificant. The simple superpo­
sition method of simulating the onshore-offshore
velocity with measured 1](t) is found to be rea­
sonable in predicting the velocities in the groin
field with deviations up to 30 percent in very shal­
low waters. The agreement is generally found to
be better for the prediction of shoreward velocity
compared to the prediction of seaward velocity.

The variation of root mean in-line velocity
within the groin field is about 50 percent and its
variation with the tidal variation is quite signif­
icant.

The measured and simulated in-line velocities

in the groin field reasonably follow the Gaussian
distribution and the peak shore velocity reason­
ably follows the Weibull distribution.
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