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ABSTRACT
ELSAYED, M.A.K., 2006. Application of a Cross-Shore Profile Evolution Model to Barred Beaches. Journal of Coastal
Research, 22(3), 645–663. West Palm Beach (Florida), ISSN 0749-0208.
A cross-shore profile evolution model, Uniform Beach Sediment Transport-Time-Averaged Cross-Shore (UNIBESTTC), is used in the present study. The model was developed at WL/Delft hydraulic laboratory in the Netherlands and
comprises a conglomerate of submodels representing identified processes of cross-shore sediment transport. Validation
of UNIBEST-TC was carried out using the collected field data at the Egmond site in the Netherlands and at the Duck
site in the US. The model is capable of predicting wave height and wave direction for both sites (Egmond site and
Duck site). The prediction of long-shore current is reasonable for the Egmond site, but it is unsatisfactory for the
Duck site. The difference between the measured and the predicted values for long-shore current and cross-shore
current is partly due to the difference between the measured values, which are at a certain depth, and the predicted
values that are depth-averaged velocity. Beside that, the turbulence in the breaker zone leads to errors in the measurements, which could be another factor. It is shown in the present study that on relative small scales, opposite
morphological behavior is present. Therefore, morphodynamic profile modeling requires a representative characteristic
bottom profile. To achieve a qualitative data for the calibration of the model, it is suggested that field measurements
should include error ranges. Furthermore, the effect of small variations of the water depth on the processing of the
signals should also be taken into account.
ADDITIONAL INDEX WORDS: Hydrodynamics, orbital velocity, cross-shore current, long-shore current, morphology.

INTRODUCTION
Research on long-shore sediment transport has been carried out extensively during the past three decades, but in
recent years, emphasis is paid on the research of cross-shore
sediment transport, together with the shore transformation
in cross-shore direction. Long-shore transport can be regarded as better explored than cross-shore transport because it is
easier to be described because of its steady nature, despite
some minor unsteady influence from shear instabilities and
so on. While cross-shore sediment transport is rather complex
because it is strongly unsteady, the oscillatory transport components are most important.
Limited knowledge is available about cross-shore processes. Therefore, the model developers are facing a difficult task
to develop their models with the limited knowledge available.
Techniques have to be introduced to mitigate the present difficulties associated with modeling calibration. With this approach, UNIBEST-TC has undergone several major revisions
during the past few years.
Depending on the concepts and background of their development, cross-shore profile models can be classified into four
categories (ROELVINK and BROKER, 1993):
● Descriptive models. These models have been developed
DOI:10.2112/03-0096.1 received 6 May 2004; accepted in revision 17
May 2004.

based on the knowledge acquired by practical observations of
beaches and transformation of one beach state to another due
to environmental changes.
● Equilibrium profile models. These models are based on
large numbers of scale experiments and practical measurements. The basis is that beaches tend to reach equilibrium
state after a storm event.
● Empirical profile evolution models. This is an extension of
equilibrium models by including empirical equations to describe the profile evolution toward the equilibrium.
● Process-based models. These are deterministic types of
models based on physical processes related to coastal sediment transport and combining them together with the help
of the knowledge acquired so far.
The present study focuses on process-based models. Examples of process-based cross-shore models are LITCROSS
(Danish Hydraulic Institute, Denmark), COSMOS 1D (Hydraulic Research Wallingford Ltd, UK), WATAN-3 (University of Liverpool, UK), SEDITEL (Laboratorie National
d’Hydraulique, France), and REPLA SOGREAH (France).
The scientific description and the governing equations of
these process-based models are given in FREDSOE (1984),
DEIGAARD, FEDSOE, and HEDEGAARD (1986), DEIGAARD and
FREDSOE (1989), LONGUET-HIGGINS (1953), SVENDSEN
(1984), ENGELUND and FREDSOE (1976), HEDEGAARD, DEIGAARD, and FREDSOE (1991), BATTJES and JANSSEN (1978),
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Table 1. Initial parameters setting for UNIBEST-TC (Egmond site).
General parameters

Wave-related parameters

Current-related hydrodynamic parameters

Grain size parameters

Transport parameters

Maximum relative wave period
(s)
Temperature of water (⬚C)
Salinity of water (‰)

40

␣—wave-breaking parameter
for dissipation (⫺)
␥—depth limitation of maximum wave height (⫺)
␤—slope of wave front (m)
fw—friction factor for wave dissipation due to bottom friction (m)
Cr—correlation coefficient for
wave envelope and bound
long waves (⫺)
Breaker delay factors

1.0

10
0

0.60

Table 2. Offshore boundary conditions at 5 km from shore (wave buoy at
Egmond site).
Offshore Wave and Tide Data at
5 km From the Coast

Case 1

Case 2

Case 3

Hrms (m)
Peak wave period (s)
Incident wave angle to north (⬚)
Incident wave angle to coast normal (⬚)
Tide level to mean sea level (m)

1.25
6.67
341.242
⫺63.912
0.8

1.13
6.25
338.3
⫺60.97
⫺0.06

0.77
4.55
334.7
⫺57.37
0.7

0.05
0.01

0.25

 ⫽ 2.0
P ⫽ 1.0

␣w—viscosity coefficient for vertical velocity profile ( ⫺)
Kc—friction factor for mean
current computation (m)

0.10

D50 (m)
D90 (m)
Dss (m)
Tan 1—internal friction angle
to correct the transport rates
according to the slope at a
seaward location (⫺)
Tan 1—internal friction angle
to correct the transport rates
according to the slope at a
shoreward location (⫺)

0.0003
0.0006
0.00017
0.03

0.01

0.10

DE VRIEND and STIVE (1987), BAILARD (1981), SOUTHGATE
and NAIRN (1993), ISOBE and HORIKAWA (1982), SWART
(1978), WATANABE and DIBAJNIA (1988), WATANABE, HARA,
and HORIKAWA (1984), LEPEINTRE et al. (1991), FORNERIO
and HAMM (1992), WEGGEL (1972), SAKAI et al. (1988), MASE
and IWAGAKI (1982), and MIZUGUCHI (1982) and are not repeated here. The main goals of the present study are the following:
● To validate the UNIBEST-TC model by comparing model
results with the measured data in the Egmond site in the
Netherlands and the Duck site in the US
● To provide model developers with useful information that
can be used for further improvements of the model in areas
of poor performance by applying new theories and expanding
the limitation of applicability

COLLECTED DATA
Egmond Site
The field site in Egmond is a coastal area of about 1 km
along shore and about 1 km offshore. It is situated south of
the village of Egmond aan Zee in the Netherlands. Longshore differences in the offshore wave climate are small because of the relative uniform orientation of this stretch of the
Dutch coast. The wave climate is dominated by wind waves
related to low-pressure areas moving from west (Atlantic) to
east (European Continent). The tidal range near Egmond
varies between 1.2 m (neap tide) and 2.1 m (spring tide). At

the site, the flood tide has a duration of 4 to 5 hours and the
ebb tide of 7 to 8 hours. The horizontal tide runs ahead of
the vertical tide by about 30 to 45 minutes. The semidiurnal
tide induces asymmetrical long-shore currents, which may
reach values of 0.6 to 1.0 m/s. The data set (all measured
data) for the event of 30 April 1998 to 5 May 1998 was available as an Excel file prepared by Delft Hydraulics within the
COAST3D project. The measurements can be summarized as
follows:
● Data for wave propagation model (wave height, wave direction and wave period)
● Data for flow model (long-shore current and cross-shore
current)
● Data for near-bed orbital velocity model (rms·orbital velocity)
● Measured profiles for morphological runs
Initial parameters setting for UNIBEST-TC and offshore
boundary conditions at the Egmond site are given in Tables
1 and 2, respectively.

Duck Site
Many studies have been carried out in order to interpret
the behavior of the bar system in the surf zone of Duck beach
in the US. LIPPMANN, HOLMAN, and HATHAWAY (1993) studied the bar system (consisting of one or two shore-parallel
bars) in the surf zone of Duck beach, North Carolina, U.S.A,
over long-term periods. The beach and foreshore are rather
steep (1–12) and consist of a mixture of medium/coarse sand
with median diameters between 0.5 and 1 mm and carbonate
shell debris up to 20%. Offshore, the bottom slope approaches
to about 1 to 160 at the ⫺8-m contour, and the median grain
size decreases to 0.1 mm. The surf zone at Duck is characterized by a persistent, very dynamic inner bar, approximately 30 to 120 m offshore of the shoreline with the bar
crest between ⫺1 and ⫺3 m (bar height of 1–2 m) and by a
low-amplitude outer bar approximately 300 to 400 m offshore. The dune height is about 7 m; the beach width is 20
to 45 m, and the tidal range is about 1 m. The position of the
inner bar was sampled on a nearly daily basis using a video
method. The outer bar was surveyed by using the Crab (amphibious buggy) in combination with an automatic tracking/
sounding system.
LARSON and KRAUS (1992, 1994) and BIRKEMEIER (1984)
studied the temporal and spatial scales of beach profile
change and bar characteristics at Duck beach based on 11year time series of high-resolution beach profile surveys. The
bar characteristics were determined with respect to an adopt-
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Table 3. Bar characteristics of surf zone (Duck site).*
Bar Characteristics

Bar

Duck
Inner bar
Outer bar

Sand
Size
(mm)

Tidal
Range
(m)

Slope of
Surf Zone

0.5–1

1

1:160

Height
(m)

Length
(m)

Volume
(m3/m)

Crest
Depth to
Mean Sea
Level (m)

0.9
(0.2/1.4)
0.4
(0/1.4)

95
(35/280)
170
(25/280)

45
(6/102)
45
(0/120)

1.6
(0.5/2.5)
3.8
(1.3/5.1)

Long-Term Migration
Speed
Onshore
(m/d)

Offshore
(m/d)

0.4

0.3

0.4

0.4

* Minimum and maximum values are given in parentheses. Migration speeds are mean net long-term values (over months for onshore direction; over
years for offshore direction); maximum values may be considerably high.

ed long-term equilibrium profile. The most important findings are the following:
● Most of the profile changes occur landward of the ⫺4-m
depth contour, in which zone the standard deviation of the
depth to mean sea level is 0.1, 0.6, and 0.7 m for depths of 8,
4, and 1 m.
● Most of the surveyed profiles showed two bars: a pronounced inner bar and a lower but wider outer bar (see Table
3); occasionally, a triple bar was observed.
● Onshore movement of the inner bar generally is associated
with an increase of volume and offshore movement with a
decrease of volume; onshore movement of the outer bar is
associated with a decrease of the bar volume and offshore
movement with an increase of volume.
● Inner bar variability is rather large (see Table 3); maximum
and minimum values of bar height, length, and volume were
two to three times larger than the average values. Short-term
offshore-directed bar migration speeds (defined as distance
moved over period between two consecutive surveys) are as
large as 20 m/d; long-term net offshore-directed migration
speeds are about 0.3 to 0.4 m/d (see Table 3).
● The inner bar disappeared by moving offshore, by welding
to shore, by flattening out; cycle time is about 3 years.
● The outer bar disappeared by flattening out during extended periods of low waves; the outer bar showed a gradual onshore movement (85 m over 6 mo) and disappeared as a result
of steady onshore transport; cycle time is about 3 years.
● Seasonal variations in profile morphology are distinct; the
summer average profile is highest (maximum amount of
sand) between the ⫺1- and ⫺3-m contour lines; the summer
average profile is lowest between the ⫺3- and ⫺4-m lines.
● There is a slight tendency that onshore movement of the
inner bar corresponds to seaward movement of the shoreline
(BIRKEMEIER, 1984).
The data set for the Duck site used in this study has been
given for two periods: (i) 10 to 20 October 1998 (offshore bar
migration) and (ii) 22 to 27 September 1998 (onshore bar migration).
● The measurements can be summarized as follows: data for
wave propagation model (wave height, wave direction, and
wave period), data for flow model (long-shore current and
cross-shore current), and measured profiles for morphological
runs.

ANALYSIS METHOD
UNIBEST-TC Model
The model consists of a combination of several submodels.
Basic mathematical formulations of each submodel are given
here. For more description, the reader is referred to BOSBOOM et al. (1997).

Wave Propagation Model
The wave propagation model calculates the wave energy
decay along a cross-shore ray, including the effects of shoaling, refraction, and energy dissipation. Many previous studies showed that the wave propagation model is performing
well. The model consists of three first-order differential equations as follows:
● The time averaged wave energy balance (BATTJES and
JANSSEN, 1978):


[ECgcos ] ⫽ ⫺Dw ⫺ Df
x

(1)

where
x
E
Cg
Dw

⫽
⫽
⫽
⫽

cross-shore direction
organized wave energy (J/m2)
wave group velocity (m/s)
dissipation of wave energy due to wave breaking
(J/m2)
Df ⫽ dissipation of wave energy due to bottom friction
(J/m2)

● The balance equation for energy contained in surface rollers
in breaking waves follows:

[2Er C cos ] ⫽ Dw ⫺ Diss
x

(2)

where
Er ⫽ roller energy representing the amount of kinetic
energy in the roller
Diss ⫽ dissipation of roller energy
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● Horizontal momentum balance from which the mean water
level setup is computed through the following:

1 Sxx
⫽⫺
x
gh x

(3)

where


Sxx
h
g

⫽
⫽
⫽
⫽

water surface elevation above mean sea level (m)
radiation stress in the cross-shore direction
water depth measured from mean surface level (m)
gravitational acceleration (m/s2)

Bed Load Transport: Movement of bed load is presented in
two ways in the formulations: at small shear stresses individual particles move along the rippled bed, and at higher
shear stresses the particles move over the bed in several layers as a sheet flow. The nondimensional instantaneous bed
load transport vector according to VAN RIJN et al. (1995) is
given by

bd (t) ⫽

qb (t)
3
兹⌬gd50

⫽ 9.1

␤s
⬘(t)
[⬘円(t)円 ⫺ cr ]1.8
(1 ⫺ p)
円⬘(t)円

(4)

where

Mean Current Profile
The gradient of the depth-integrated cross-shore radiation
stress is balanced by wave setup, whereas long-shore radiation stress gradient is balanced by a time mean bed shear
stress associated with a long-shore current. The cross-shore
circulation current is generated because of the imbalance between the cross-shore radiation stress and the pressure gradient due to setup, which causes a shoreward mass flux above
the trough of the waves and a return flow in seaward direction below the trough level.
To obtain the distribution of long-shore currents and the
circulation current, a quasi-3D model according to DE
VRIEND and STIVE (1987) is used. This model takes into account the presence of wind-shear stresses, breaking-induced
forcing, and surface layer and wave boundary layer. A parabolic viscosity distribution is used in order to combine the
effect of turbulence from different sources in a consistent
manner. The model for mass flux due to surface rollers and
nonbreaking progressive waves in the surf zone is ill predicting, or the model for the return flow due to those mass fluxes
is ill predicting. For the time being, the mass flux induced
return flow has to be calculated in different ways in different
regions in the cross-shore profile.

Near-Bed Orbital Velocity
The orbital velocity required for the sediment transport calculation is represented as a time series. Therefore, a time
series is produced having the same characteristics of asymmetry, bound long waves and amplitude modulation as in a
random wave field. The orbital velocity model consists of two
parts:
● Contribution due to the wave asymmetry computed for
monochromatic waves, where mean wave energy and peak
period is used as input parameters for random waves.
● Contribution due to bound long waves and an empirical
relationship for the phase of a bound long wave relative to
the short-wave envelope. The final computation of orbital velocity is obtained by adding the contribution from the shortwave envelope and the bound long-wave contribution. The
prediction of orbital velocity is overestimated. Therefore, the
relation between wave envelope for short waves and bound
long wave needs to be revised.

t ⫽ time (s)
qb ⫽ bed load transport rate in volume per unit time and
width including pores (mm3/m/s)
d50 ⫽ median grain diameter (m)
⌬ ⫽ relative density ⫽ (␥s ⫺ ␥)/(␥) (⫺)
g ⫽ gravitational acceleration (m/s2)
cr ⫽ dimensionless critical shear stress (⫺)
⬘ ⫽ dimensionless effective shear stress (⫺)
␤s ⫽ slope factor (⫺)
p ⫽ porosity of the sediments (⫺)
␥s ⫽ density of sediments (⫽ 2,650 kg/m3)
The instantaneous cross-shore and long-shore transport
components are obtained from the following equations:
qbx ⫽

ubx
q
円ub円 b

(5)

qby ⫽

uby
q
円ub円 b

(6)

where
x ⫽ long-shore component
y ⫽ cross-shore component
ub ⫽ time-dependent near-bed horizontal velocity vector
(m/s)
ubx ⫽ x-component of vector ub (m/s)
uby ⫽ y-component of vector ub (m/s)
qb ⫽ bed load transport vector (m3/m/s)
The net wave-averaged bed load transport rate is obtained
by averaging the time-dependent transport vector qb(t) ⫽ (qbx,
qby) over the duration of the near bottom velocity time series.
The bed forms have a significant influence on sediment transport processes. Sometimes the direction of transport may reserve because of the presence of the bed forms. This feature
is so far not taken into account in UNIBEST-TC.
Suspended Load Transport: The suspended sediment
transport rate is the product of concentration vertical and the
velocity vertical:
qs ⫽

冕

h⫹

VC dz

(7)

a

where

Sediment Transport Models
Separate formulations are used for bed load transport and
suspended load transport. Here bed load means that the particles are more or less continuously in contact with the bed.

V ⫽ local instantaneous fluid velocity at height z above
bottom (m/s)
C ⫽ local instantaneous sediment concentration at height
z above bottom (kg/m3)
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h

a
v

⫽
⫽
⫽
⫽

water depth measured from mean surface level (m)
water surface elevation (m)
thickness of bed load layer (m)
time- and space-averaged fluid velocity at height z
above bottom (m/s)
c ⫽ time- and space-averaged concentration at height z
above bottom (kg/m3)

The two components for time-averaged wave-related sediment transport rate (qs,w) and time-averaged current related
sediment transport rate (qs,c) are as follows:

冕
冕

qs,w ⫽

h

vc dz

(8)

vc dz

(9)

a

qs,c ⫽

h
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Table 4. Parameters setting for boundary conditions (Duck site).
General parameters

Maximum relative wave period 40
(s)
10
Temperature of water (⬚C)
Salinity of water (‰)
30

Wave-related parameters ␣—Wave-breaking parameter
for dissipation (⫺)
␣—Depth limitation of maximum wave height (⫺)
␤—Slope of wave front (m)
fw—friction factor for wave dissipation due to bottom friction (m)
Cr—correlation coefficient for
wave envelope and bound
long waves (⫺)
Breaker delay factors

a

1.0
0.60
0.1
0.01

0.25

 ⫽ 2.0
P ⫽ 1.0

Current-related hydrodynamic parameters

␣w—viscosity coefficient for ver- 0.10
tical velocity profile ( ⫺)
Kc—friction factor for mean
0.01
current computation (m)

(10)

Grain size parameters

The time-averaged concentration profile is calculated by
the convection-diffusion equation (assumed to be valid for
wave related mixing):

D50 (mm)
D90 (mm)
Dss (mm)

Transport parameters

Tan 1—internal friction angle 0.03
to correct the transport rates
according to the slope at a
seaward location (⫺)
Tan 1—internal friction angle 0.10
to correct the transport rates
according to the slope at a
shoreward location (⫺)

The suspended sediment transport rate with the porosity
factor is given by
qs,c ⫽

冕

h

a

vc dz
(1 ⫺ p)s

ws,m c ⫹ d ⑀s,cw

dc
⫽0
dz

(11)

where
ws,m ⫽ fall velocity of suspended sediment in a fluid sediment mixture (m/s)
⑀s,cw ⫽ sediment-mixing coefficient for combined current
and waves (m2/s)
c ⫽ time-averaged concentration at height z above the
bed (kg/m3)
d ⫽ damping factor depending on the concentration (⫺)

0.2 円 0.5
0.3 円 0.6
0.2 円 0.4

● The measurements of wave heights, wave directions, and
peak wave periods for a time series of 5 days
● Storm condition with constant wave height (Hs ⫽ 1.7 m,
wave direction ⫽ ⫺60⬚, Tp ⫽ 7.5 s)

Validation of the UNIBEST-TC Model for the
Duck Site

Bed Level Model
The bed level changes due to both suspended and bed load
transport taking into account waves and currents are computed by the depth-integrated mass balance equation;

Z
q
⫹ bot⫹sus ⫽ 0
t
x

(12)

where
Z ⫽ bed level with respect to a reference level

Validation of the UNIBEST-TC Model for the
Egmond Site
The values of input parameters for the UNIBEST-TC model for the Egmond site are given in Table 1. Hydrodynamic
runs are carried out for both the whole time series and for
some specific runs. Table 2 gives the offshore boundary conditions for the three selected hydrodynamic runs. The average profile of 1 May 1998 in the Egmond area is used as an
initial profile to predict the shape of the profile after 5 days
for two cases:

The values of input parameters for the UNIBEST-TC model for the Duck site are given in Table 4. Hydrodynamic runs
have been made every 6 hours for the available data at the
Duck site during the two following periods: (i) 10 to 20 October 1998 and (ii) 22 to 27 September 1998. For morphodynamic runs, the measured profile of October 1998 at the Duck
site is used as an initial profile to predict the shape of the
profile after 10 days. Also, the measured profile of 21 September 1998 at the Duck site is used as an initial profile to
predict the shape of the profile after 5 days.

RESULTS
Results of Specific Runs at the Egmond Site
Case 1
This case has the following characteristics; high water at
t ⫽ 69 hours, Hrms (root-mean-square wave height) ⫽ 1.25
m. Figure 1 gives the computed and the measured wave
height, long-shore current, and orbital velocity for the aver-
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Figure 1. Comparison between measured and predicted values of wave height, long-shore current, and near-bed orbital velocity (Egmond site, case 1,
after 69 h).

age profile of 1 May 1998. The effect of spatial variations on
the computed results has been taken into account by making
runs for different profiles (mean bed level and those including
⫾ standard error). Figure 2 gives the distribution of wave
height and long-shore current along the profile using three
profiles: (i) average profile of 1 May 1998, (ii) average profile
of 1 May 1998 ⫹  (standard deviation), and (iii) average
profile of 1 May 1998 ⫺ .
Wave Height: The distribution of the wave height along the
profiles shows the following:
● The computed values are smaller than the measured values
about 15% in the stations seaward of the middle bar.

● There is a good agreement between the computed values
and the measured values in the inner slope of the middle bar.
● Most of the wave breaking occurs on top of the middle bar
where the water depth is about 2.3 m; the waves approaching
the bar have a height of about 1.0 m, resulting in a wave
height of about 0.43 m.
● Using fw ⫽ 0.06 (the friction factor for wave dissipation due to
bottom roughness) gives an underestimation of the wave height.
● Using three profiles, the possible errors of the computed
wave height can be obtained.
Mean Long-shore Current Below Wave Trough: The effect
of tidal velocity and the bed roughness are given here:
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Figure 2. Comparison between measured values and predicted values of wave height and long-shore current using different profiles (Egmond site, case
1, after 69 h).

● Excluding tidal velocity leads to underestimation of longshore current calculated by the model.
● There is a good agreement between measured and computed values for the case of including tidal velocity, especially
for the case of using (average profile ⫹ ).
● fw ⫽ 0.06 gives underestimation of the computed long-shore
currents.
Orbital Velocity (Urms): The computed values overestimate
the measured values because the orbital velocity gives crossshore activity and improvement of the used theory for calculating the effect of wave asymmetry is needed.

Case 2
This case is corresponding to the conditions of low water
at t ⫽ 72 hours and Hrms ⫽ 1.13 m. Figure 3 gives the computed and the measured wave height, long-shore current, and
orbital velocity for the average profile of 1 May 1998. Also,
Figure 4 gives the distribution of wave height and long-shore
current along the profile using three profiles: (i) average profile of 1 May 1998, (ii) average profile of 1 May 1998 ⫹ ,
and (iii) average profile of 1 May 1998 ⫺ .
Wave Height: The distribution of wave heights along the
profiles shows the following:
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Figure 3. Comparison between measured and predicted values of wave height, long-shore current, and near-bed orbital velocity (Egmond site, case 2,
after 72 h).

● The computed values are larger than the measured values
about 10% in the stations seaward of the middle bar and also
10% larger for the stations in the inner slope of the middle bar.
● Most of the wave breaking occurs on top of the middle bar
where the water depth is about 1.44 m; the waves approaching the bar have a height of about 0.8 m, resulting in a wave
height of about 0.55 m.
● Using fw ⫽ 0.06 (the friction factor for wave dissipation due
to bottom roughness) gives an underestimation of the wave
height for the stations seaward of the middle bar. But there
is a good agreement between the computed values and the

measured values in the stations in the inner slope of the middle bar.
● Using three profiles show that there is a good agreement
between the computed values and the measured values by
considering the case (average profile ⫹ ).
Mean Long-Shore Current Below Wave Trough: The effect
of tidal velocity is summarized as follows:
● Neglecting tidal velocity leads to overestimation of the computed long-shore current for the case of fw ⫽ 0.06, whereas,
using fw ⫽ 0.01 gives better agreement between the measured
and the computed values.
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Figure 4. Comparison between measured values and predicted values of wave height and long-shore current using different profiles for Egmond site (case
2, after 72 h).

● Including tidal velocity gives a good agreement between the
computed and the measured long-shore current, especially for
the case (average profile ⫹ ).
Orbital Velocity (Urms): The model always overestimates
the orbital velocity.

Case 3
This case is corresponding to the conditions of high water
at t ⫽ 78 hours, Hrms ⫽ 0.77 m. Figure 5 shows the computed and the measured wave height, long-shore current, and
orbital velocity for the average profile of 1 May 1998, whereas

Figure 6 gives the distribution of wave height and long-shore
current along the profile using three profiles: (i) average profile of 1 May 1998, (ii) average profile of 1 May 1998 ⫹ ,
and (iii) average profile of 1 May 1998 ⫺ .
Wave Height: The distribution of wave heights along the
profiles shows the following:
● The computed values are larger than the measured values
about 5% in the stations seaward of the middle bar and also
5% larger for the stations in the inner slope of the middle
bar.
● Most of the wave breaking occurs on top of the middle bar
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Figure 5. Comparison between measured and predicted values of wave height, long-shore current, and near-bed orbital velocity (Egmond site, case 3,
after 78 h).

where the water depth is about 2.2 m; the waves approaching
the bar have a height of about 0.6 m, resulting in a wave
height of about 0.27 m.
● Using fw ⫽ 0.06 (the friction factor for wave dissipation due
to bottom roughness) gives an underestimation of the wave
height.
● Using three profiles show that there is a good agreement
between the computed values and the measured values by
considering the case (average profile ⫹ ).
Mean Long-Shore Current Below Wave Trough: The effect
of tidal velocity is summarized as follows:
● Neglecting tidal velocity leads to underestimation of the
computed long-shore current for the case of fw ⫽ 0.06, where-

as using fw ⫽ 0.01 gives a better agreement between the measured and the computed values in some stations. Including
tidal velocity gives a better agreement between the computed
and the measured long-shore current, especially for the (average profile ⫹ ) in some stations.
Orbital Velocity (Urms): The model always overestimates
the orbital velocity.

Prediction of Morphology for the Egmond Site
The prediction of profile after 5 days is carried out for two
cases; case i for a time series of wave heights and case ii for
a constant wave height. It can be observed that for both cases
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Figure 6. Comparison between measured values and predicted values of wave height and long-shore current using different profiles for Egmond site (case
3, after 78 h).

there was a considerable beach erosion and corresponding
sedimentation seaward of the beach and landward migration
of the middle bar.

Results of Specific Runs at the Duck Site
Case 1
This case is corresponding to the conditions of high water
at 15 October after 19 hours and Hs ⫽ 2.5 m. Figure 7 shows
the computed and the measured wave height, wave direction,
cross-shore current, and long-shore current for the profile of
15 October 1998.
Wave Height: The distribution of wave heights along the
profile shows the following:

● The computed values are larger than the measured values
about 15% near the most offshore station.
● The computed values are smaller than the measured values
about 10% near the beach.
● Most of wave breaking occurs at shallow depth near the
beach. The waves approaching the beach have a height of
about 1.0 m, resulting in a wave height of about 0.6 m.
Wave Direction: The plot of the predicted values of wave
direction and the measured ones shows the following:
● There is a reasonable agreement between the computed values and the measurements near the most offshore location. On
the other hand, there is a deviation between the measured values and the predicted values near the beach.
● The deviation between the measurements and the predicted
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Figure 7. Measured and predicted values of wave height, wave direction, cross-shore current, and long-shore current (Duck site, case 1).

values is partly due to inaccurate measurements, especially in
the breaker zone because the turbulence in this active zone of
the beach leads to errors in the wave height measurements.
Cross-Shore Current: The distribution of cross-shore current along the profile shows the following:
● There is a deviation between the predicted values by the
UNIBEST-TC and the measurements.
● The difference between the measurements and the predicted
values could be due to the difference between the measured values, which are at 0.5 m above bed level, and the computed values, which are depth-averaged cross-shore current.
Long-Shore Current: The distribution of long-shore current
along the profile shows the following:

● There is a reasonable agreement between the measured
values and the predicted values by the model.
● The difference between the measured values and the predicted values is about 30%, and this is partly due to the difference between the measured values, which are at 0.5 m
above bed level, and the computed values, which are depthaveraged long-shore current.

Case 2
This case is corresponding to the conditions of low water
at 10 October after 1.0 hour and Hs ⫽ 0.56 m. Figure 8 gives
the computed and the measured wave height, wave direction,
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Figure 8. Measured and predicted values of wave height, wave direction, cross-shore current, and long-shore current (Duck site, case 2).

cross-shore current, and long-shore current for the profile of
10 October 1998.
Wave Height: The distribution of wave heights along the
profile shows the following:
● There is a good agreement between the measurements and
the predicted values by the model at most locations.
● The difference between the computed values and the measured value is within 5%.
● Most of wave breaking occurs at the shallow depth where
the depth is about 2.0 m. The waves approaching the beach
have a height of about 0.45 m, resulting in a wave height of
about 0.35 m.

Wave Direction: The plot of the predicted values of wave
direction and the measured ones shows the following:
● There is a good agreement between the computed values
and the measurements at most locations.
● The difference between the computed values and the measured values are within 10%.
Cross-Shore Current: The distribution of cross-shore current along the profile shows the following:
● There is a deviation between the predicted values by the
model and the measurements.
● The difference between the measurements and the predicted values is within 15%.
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Long-Shore Current: The distribution of long-shore current
along the profile shows the following:
● There is a deviation between the measured values and the
predicted values by the model.
● The difference between the measured values and the predicted values could be partly due to the difference between
the measured values, which are at 0.5 m above bed level, and
the computed values, which are depth-averaged long-shore
current. In addition, the accuracy of the measurements is
questionable.

● There is a good agreement between the computed values
and the measurements at most locations.
● The difference between the computed values and the measured values is within 5%.
Cross-Shore Current: The distribution of cross-shore
current along the profile shows that there is a deviation
between the predicted values by the model and the measurements.
Long-Shore Current: The distribution of long-shore current
along the profile shows that there is a deviation between the
measured values and the predicted values by the model.

Case 3
This case is corresponding to the conditions of high water
at 24 September after 7.0 hours and Hs ⫽ 0.75 m. Figure 9
shows the computed and the measured wave height, wave
direction, cross-shore current, and long-shore current for the
profile of 24 September 1998.
Wave Height: The distribution of wave heights along the
profile shows the following:
● There is a good agreement between the computed and the
measured values.
● The difference between the computed values and the measured values is within 2%.
● Most of wave breaking occurs above the inner bar. The
waves approaching the beach have a height of about 0.58 m,
resulting in a wave height of about 0.5 m.
Wave Direction: The plot of the predicted values of
wave direction and the measured ones shows the following:
● There is a good agreement between the computed values
and the measurements at all locations.
● The difference between the measured values and the predicted values is about 2%.
Cross-Shore Current: The distribution of cross-shore current along the profile shows that there is a deviation between
the predicted values by the model and the measurements.
Long-Shore Current: The distribution of long-shore current
along the profile shows that there is a deviation between the
measured values and the predicted values by the model.

Prediction of Morphology for the Duck Site
The plots of the measured profiles and the predicted ones
for two periods (21–26 September 1998 and 10–20 October
1998) are given in Figures 11 and 12. In Figure 11, it can be
noticed that there is flattening and slight seaward migration
of the inner bar, while the measured profile shows landward
migration of the bar. Figure 12 shows that the predicted profile by UNIBEST-TC gives considerable beach erosion and
corresponding sedimentation seaward of the beach and slight
offshore migration of the inner bar, while the measured profile shows a larger offshore migration of the bar.

DISCUSSION
Discussion of the Validation of UNIBEST-TC
Wave Model
Wave Height: Using three profiles at the Egmond site
shows that there is a good agreement between the computed
values and the measured values by considering the (average
profile ⫹ ). It can be concluded that the prediction of wave
heights is good for both sites (Egmond and Duck). There is a
good agreement between the predicted wave heights by the
UNIBEST-TC model and the measurements.
Wave Direction: Wave direction predicted by the UNIBEST-TC wave model is in a good agreement with the measurements for both sites (Egmond and Duck). It can be concluded that the prediction of wave directions by the UNIBEST-TC model is satisfactory.

Case 4
This case is corresponding to the conditions of low water
at 26 September after 1.0 hour and Hs ⫽ 0.67 m. Figure 10
gives the computed and the measured wave height, wave direction, cross-shore current, and long-shore current for the
profile of 26 September 1998.
Wave Height: The distribution of wave heights along the
profile shows the following:
● There is a good agreement between the measurements and
the predicted values by the model at most locations.
● The difference between the computed values and the measured values is within 5%.
● Most of wave breaking occurs above the outer bar where
the depth is about 2.0 m. The waves approaching the bar
have a height of about 0.5 m, resulting in a wave height of
about 0.4 m.
Wave Direction: The plot of the predicted values of wave
direction and the measured ones shows the following:

Flow Model
Cross-Shore Current: For the Egmond site, there is a deviation between the measured values and the computed values of cross-shore current by the UNIBEST-TC model for
both cases of calculation: (i) including tidal velocity and (ii)
excluding tidal velocity. The model prediction for cross-shore
current is not accurate enough because the UNIBEST-TC
model does not include the 3D effect of rip current at the
Egmond site. In addition, there is a deviation between the
predicted values by UNIBEST-TC and the measurements for
the Duck site. The deviation between the measured values
and the predicted ones at the Duck site is partly due to the
difference between the measured values, which are at 0.5 m
above bed level, and the computed values, which are depthaveraged cross-shore current.
Long-Shore Current: The agreement between computed
and measured long-shore current is generally reasonable at
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Figure 9. Measured and predicted values of wave height, wave direction, cross-shore current, and long-shore current (Duck site, case 3).

the Egmond site. The difference between the measured and
the predicted values is partly due to the difference between
the measured long-shore velocity, which was at 0.25 m above
bed level, and the predicted long-shore velocity by the model,
which is depth-averaged long-shore velocity. Long-shore current predicted by the UNIBEST-TC wave model is not in a
good agreement with the measurements for the Duck site.
The deviation between the measurements and the predicted
values at the Duck site is partly due to inaccurate measurements, especially in the breaker zone because the turbulence
in this active zone of the beach leads to errors in the measurements. Also the difference between the measured values,
which are at 0.5 m above bed level, and the computed values,

which are depth-averaged long-shore current, is another factor.

Orbital Velocity Model
The model always overestimates the orbital velocity for the
Egmond site. There is a deviation between the measured values and the computed values because the orbital velocity
gives cross-shore activity and improvement of the used theory
for calculating the effect of wave asymmetry is needed. Also,
it can be concluded that the friction factor fw (the friction
factor for wave dissipation due to bottom roughness) has an
insignificant role in the prediction of Urms (root-mean-square
orbital velocity).
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Figure 10. Measured and predicted values of wave height, wave direction, cross-shore current, and long-shore current (Duck site, case 4).

Prediction of Morphology
The prediction of morphology is carried out for the two sites
(Egmond site and Duck site). It is observed that, on relatively
small scales, opposite morphological behavior is present.
Therefore, morphodynamic profile modeling requires a representative characteristic bottom profile.

CONCLUSIONS
The main findings of the present study are summarized in
the following conclusions:
● The model is capable of predicting wave height and wave
direction for both sites (Egmond site and Duck site).

● The prediction of long-shore current is reasonable for the
Egmond site but is unsatisfactory for the Duck site. In addition, there is a deviation between the measured values and
the predicted values of the cross-shore current.
● The difference between the measured and the predicted
values for the long-shore current and cross-shore current is
partly due to the difference between the measured values,
which are at a certain depth, and the predicted values, which
are depth-averaged velocity. In addition, the turbulence in
the breaker zone leads to errors in the measurements, which
could be another factor.
● The assumption that the long-shore current can be determined locally does not seem to hold. It is therefore recom-
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Figure 11. Cross-shore profile evolution at the Duck site during the period 21–26 September.

mended to include the lateral mixing of momentum, which
will result in lateral shear stresses and hence reduce the sensitivity of the long-shore current to the forcing due to wave
breaking.
● Further investigations should be done in order to improve
the model for mass flux due to surface rollers and nonbreaking progressive waves in the surf zone and the model for the
return flow due to those mass fluxes.
● Bed forms have a significant effect on sediment transport
calculations. Therefore, it is recommended to include this feature in UNIBEST-TC.
● Inclusion of cross-shore variation of sediment properties
would improve the transport model.
● The orbital velocity model is always overestimated. Therefore, the relation between wave envelope for short waves and
bound long waves needs to be revised.

● Morphodynamic profile modeling requires a representative
characteristic bottom profile. It is shown in the present study
that, on relatively small scales, opposite morphological behavior is present.
● To achieve a qualitative data for the calibration of the model, it is suggested that field measurements include error
ranges. The error ranges should include effects such as the
deviations of the applied theories on the processing of the
measured signals. Furthermore, the effect of small variations
of the water depth on the processing of the signals should
also be taken into account.
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Figure 12. Cross-shore profile evolution at the Duck site during the period 10–20 October.
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