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Abstract: This paper presents a comparison of the results from two cross-shore
profile models with small- and large-scale wave flume data and field data on a
storm time scale (days) and a seasonal time scale (months). The models differ
with respect to the description of the randomness and directionality of the waves,
the near-bed wave velocity asymmetry (higher harmonics), the wave breaking
processes, the wave-induced streaming in the boundary layer, the wave-induced
cross-shore and longshore currents, the generation of low-frequency processes
and the wave-induced sand transport components. Results show that the bed
profile evolution on a storm time scale can be predicted quite reasonably,
provided that a variable bed roughness is applied. The discrepancy between
measured and predicted undertow velocities appears to be the main deficiency in
predicting the profile evolution on a seasonal time scale.

INTRODUCTION

Cross-shore profile models are commonly used in engineering applications for the
estimation of longshore transport rates, the development of cross-shore bed profile due to
shoreface and beach nourishments, and the prediction of dune erosion volumes. In these
models, the coastal system is simplified to a 2-D system assuming uniformity in the longshore
direction. The nearshore bathymetry is assumed to consist of a straight beach with parallel
depth contours, thereby neglecting the existence of meandering and/or crescentic patterns and
the existence of local rip channels. The changes in 2-D nearshore profiles are assumed to be
brought about by the cross-shore transport of sediment. To what degree these assumptions are
justified, is poorly understood.

Whether the assumption of longshore uniformity is justified depends on the time and
spatial scales considered (Van Enckevort (2001)). For long term (years) and on large
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alongshore scale (10 km), the behavior of the nearshore bathymetry generally is 2-
dimensional in the sense that the nearshore bars are continuous and of the same form in
alongshore direction and show a longshore uniform migration pattern. For shorter time
spans (weeks to months) and on small spatial scale (1 km), the bar changes are mainly
longshore non-uniform and act as local disturbances superimposed on an overall straight
base pattern. In this paper, the question is addressed to what extent a cross-shore profile
model is capable of predicting nearshore morphological changes, simplifying the coastal
system to a longshore-averaged 2-D system. Observed and computed hydrodynamics,
transport rates and profile changes on storm (weeks) and seasonal (months) scales are
compared using two cross-shore profile models.

DESCRIPTION OF MODELS

Two modeling approaches will be used: the deterministic UNIBEST-model of Delft
Hydraulics (DH) and the probabilistic CROSMOR model of the University of Utrecht
(UU). Both models are designed to compute cross-shore sediment transport and the
resulting profile changes under the combined action of waves, longshore tidal currents and
wind. They consist of sub-modules in which the cross-shore distribution of waves, current
velocities, sediment transport and the resulting profile changes are computed. The main
model characteristics are summarized in Table 1.

Table 1. Model characteristics

UNIBEST (DH) CROSMOR (UU)
Wave heights Battjes and Janssen (1978) Van Rijn and Wijnberg (1996)
Orbital velocities Rienecker and Fenton (1981)  Isobe and Horikawa (1982)
Long wave effects Included Not included
Cross-shore currents Momentum and mass balance, Mass balance. including roller

including roller effect; eddy  effect; assumed velocity profile
viscosity by mixing length

Longshore currents Wind and tide-induced flows ~ Wind and tide-induced flows
included; no lateral mixing included; lateral mixing

included

Bedload transport Ribberink (1998) Ribberink (1998)

Current-related suspended Van Rijn (1993) Van Rijn (1993)

transport

Wave-related suspended Not included Included

transport

MODEL DATA COMPARISON
Herein the models are tested against small-scale and large-scale laboratory experiments

and field measurements near the coast of Egmond aan Zee in the Netherlands.

Small-scale wave flume experiments

The data used here were obtained during experiments in a small-scale wave flume of
Delft University of Technology in The Netherlands. Grasmeijer and Van Rijn (1999) give
an extensive description of the experimental set-up. Measurements were done at a number
of locations across a simulated shallow water bar built in fine sands (Dsp = 0.10 mm) and
subjected to irregular waves (JONSWAP spectrum). The wave height predictions by the
CROSMOR model show good agreement with the measurements (Figure 1). Discrepancies
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are less than 5%. The shoaling near the bar crest is under-predicted by the UNIBEST
model, causing wave heights to be underestimated with about 10%. Measured and predicted
undertow velocities are compared in the lower panel of Figure 1. For both models, the
predicted location of maximum undertow is near the bar crest, whereas the measured
maximum is located more shoreward. The UNIBEST model produces smaller undertow
velocities than the CROSMOR model. The effect of the roller was tested by running the
models with and without roller (results not shown here). Neglecting the roller causes an
immediate transfer of energy from organized wave motion to the undertow, resulting in
smaller undertow velacities shoreward of the bar crest. However, the roller influence was
found to be relatively small in this test case.
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Figure 1. Measured and computed wave height and undertow velocities for small-scale wave flume
experiments, Delft University of Technology, The Netherlands.

Large-scale wave flume experiments

The large-scale laboratory data used here were collected during the LIPII 1B test in the
Delta Flume of Delft Hydraulics and are described in Roelvink and Reniers (1995). Test 1B
represents erosive short-period (7, = 5 s) storm waves with an offshore Hysof LOm. A
small bar was present at the start of the experiment. Median sediment grain size was 0.22
mm.

Figure 2 shows the measured and predicted wave heights along the profile. The H,,,
values seaward of the bar crest are quite accurately predicted by the CROSMOR model and
slightly underestimated by UNIBEST. Further shoreward, CROSMOR slightly
underestimates H,,,, (about 20%) and the UNIBEST predictions show good agreement with
the measurements. The difference between the two model results is likely due to a
difference in breaker criterion. The breaker criterion in UNIBEST is constant across the
profile whereas the breaker criterion in CROSMOR depends on the ratio of bed slope and
wave steepness (Van Rijn and Wijnberg, 1996).
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Figure 2. Measured and computed wave height and undertow velocities for large-scale wave flume
experiments, LIPII, Delft Hydraulics, The Netherlands.

Measured and predicted undertow velocities are presented in the lower panel of Figure
2. The CROSMOR model overestimates the undertow velocities seaward of the bar (x <
138 m) with 10-15% and underestimates the measured values just shoreward of the bar (x ~
145 m) with about 10%. The model overestimates the values near the beach (x > 155 m)
with 100%. The UNIBEST model underestimates the undertow velocities across the entire

profile with 30-35%.

The maximum undertow velocity predicted by the CROSMOR model is shifted slightly
further shoreward than that predicted by the UNIBEST model, which is likely due to a
different wave front slope in the models. The wave front slope influences the persistence of
theroller. A larger wave front slope reduces the lag effect and results in a lower persistence
of wave breaking behind a bar while a lower value increases the lag of energy transfer from
waves to the underlying water. A wave front slope of 0.06 was used in CROSMOR and a
wave front slope of 0.1 was used in UNIBEST. These are default settings in the models,
based on earlier calibrations.

Measured and computed morphological changes are presented in Figure 3. The
measured profile evolution shows offshore bar migration over about 10 m during 18 hours
of wave action, with erosion of the trough and growth of the bar. Generally, the predicted
profile evolution shows offshore movement of sediment, erosion of the bar crest and
flattening of the profile. The measured erosion in the trough is not predicted by the models,
neither is the measured bar growth. The UNIBEST and the CROSMOR models show a
similar behavior.
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Figure 3. Measured and computed morphological changes after 18 hours of wave action for large-
scale wave flume experiments, LIPII, Delft Hydraulics, The Netherlands.

For the computations shown in Figure 3, the roughness height was taken to be constant
over the entire profile. However, observations clearly showed a bed form pattern with
ripple heights and lengths varying along the bed profile. No ripples or rel atively small and
flat ripples were found near the bar crest and further seaward whereas relatively large
ripples were found in the trough shoreward of the bar crest. This argues for a roughness
height varying across the profile, which is possible in the CROSMOR model. To test the
effect on the model output, the roughness height &, was varied between 0.01 m on the bar
crest and 0.03 m in the trough region. Figure 4 shows the computed profile based on these
settings. As can be seen, the effect of using a varying wave-related roughness height is
significant. Agreement between the measured and predicted profile is excellent.
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Figure 4. Measured and computed morphological changes after 18 hours of wave action for
large-scale wave flume experiments, LIPII, Delft Hydraulics, The Netherlands. The roughness
height was varied across the profile.

Egmond aan Zee field measurements

The data used here were obtained during measurements near the coast of Egmond aan
Zee, The Netherlands. Hydrodynamic process measurements were carried out in an area of
about 500x500 m? in the nearshore by use of instrumented tripods and poles during the
period between 12 October and 20 November 1998 (Soulsby (2000)). The location of
measurement stations E2-E6 are shown in Figure 5. These stations are assumed to be
representative for the processes in the main transect, although station (E2) was not located
in the main transect. A directional wave buoy, located in 16-m water depth, 5 km offshore,
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measured offshore wave conditions. The median grain size at the inner bar was about 0.225
mm. As regards the hydrodynamics, the model computations are compared with
measurements based on a time series of 48 hours between 26 and 28 October 1998, when
longshore nonuniformities were small. At 5 km offshore, in 16-m depth, H,,, ranged
between 1.2 and 3.3 m, significant periods between 6.2 and 9.7 s, and wave directions
between -30° and +40° where positive values indicate waves from the southwest.
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Figure 5. Location of measurement stations E2-E6 during the EU-COAST3D measurement
campaign in 1998 near Egmond aan Zee, the Netherlands. The bed profile measured on October
26, 1998 is shown as a reference.

The model performance was judged based on the relative mean absolute error (RMAE),
quantified for each measurement location:

predicted X measured

RMAE = | (1)

‘ measured

where X is the parameter of interest, the overbar represents an average and X, is a
constant measurement error based on Van Rijn et al. (2002a), for the wave heights
estimated at 0.1 m and for the time-averaged current velocities at 0.05 m/s. The
qualifications for RMAE values used in this paper are based on Van Rijn et al. (2002b).
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Figure 6. Relative mean absolute errors between measurements and predictions.
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Measured and computed undertow velocities for locations are shown in Figure 8.
Measured cross-shore velocities at location E2 on the outer bar show two large peaks of —
0.6 and -0.7 m/s at r = 18 and 29 h that coincide with low tide. Moving further shoreward,
cross-shore currents are small at the seaward flank of the inner nearshore bar (E3 and E4)
with values that are nearly zero. increase on the bar crest and shoreward flank (ES and E6)
with values from —0.10 to —=0.53 m/s.
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Figure 7. Measured and computed wave heights for a 48-hour period during the EU-COAST3D
measurements near the coast of Egmond aan Zee, The Netherlands. For locations see Figure
5.

Generally, the models underestimate undertows on the seaward flank of the outer bar
(E2), especially the peaks in the cross-shore current. Both models overestimate undertows
on the seaward flank of the inner bar (E3, E4) and underestimate the values again on the
crest and shoreward flank of the inner bar (E5-E6). The undertow error statistics are shown
in Figure 6. Model predictions are reasonable to good for location E2 on the outer bar
(RMAE = 0.25-0.46) and locations E5-E6 on the crest and shoreward flank of the inner bar
(RMAE =0.22-0.45). Agreement between measured and computed undertows is bad at E3
on the seaward flank of the inner nearshore bar (RMAE = 0.75-1.14), where the models
overestimate the undertow velocities.
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Figure 8. Measured and computed undertow velocities for a 48-hour pericd during the EU-
COAST3D measurements near the coast of Egmond aan Zee, The Netherlands. For locations see
Figure 5.

Figure 9 shows the measured and computed longshore mean currents. The measured
longshore mean current is largest at the most offshore measurement location (E2), ranging
between —0.5 and 1.4 m/s during the selected period. Smaller velocities are observed at
locations further shoreward. Generally, the models show reasonable to good agreement
between measured and computed longshore velocities. Figure 6 shows the longshore
currents model error statistics. Both models give reasonable predictions for location E2 on
the outer nearshore bar (RMAE between 0.32 and 0.41) and reasonable to good predictions
on the inner nearshore bar (RMAE between 0.18 and 0.47). The models tend to
underestimate longshore currents at all locations. Generally, CROSMOR gives slightly
better predictions of the longshore mean current than UNIBEST.

To investigate whether the cross-shore profile models are capable of predicting
nearshore morphological changes on short-term storm and medium-term seasonal scales,
measured and computed profile changes are compared for a storm scale time period of 7
days between 24 and 31 October 1998 and a seasonal scale time period of 4 months
between 24 October 1998 and 25 February 1999.
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Figure 9. Measured and computed longshore velocities for a 48-hour period during the EU-
COAST3D measurements in 1998 near the coast of Egmond aan Zee, The Netherlands.

The short-term storm-scale period was characterized by hi gh-energy wave conditions
with a H,,,, wave height between 0.6 and 3.5 m, a wave spectrum period T, between 4 and
11 s and wave directions between -33 and 61° relative to shore normal, Measured and
predicted morphological changes on a short-term storm scale period (7 days) are shown in
Figure 10.

Observations showed the outer bar to migrate about 50 m offshore and the inner bar
about 10 m offshore. The troughs remained stable and the changes near the beach were
small during this period. Predictions by the CROSMOR model show a flattening of the
outer and inner nearshore bar with too much offshore transport of sediment. The UNIBEST
model also tends to flatten the outer bar and to a lesser extent the inner nearshore bar,
although the predicted morphological changes are much smaller compared to the
predictions by CROSMOR, which is likely due to the smaller undertow velocities predicted
by UNIBEST.



COASTAL ENGINEERING 2002 2721

24-31 October 1998 profile changes

Moo
i :

bed level (m)
A

'
-]
L
N

.

'
(-]

4100 4300 4500 4700 4900
distance (m)

initial measured
— — — computed with CROSMOR ------ computed with UNIBEST

Figure 10. Measured and computed morphological changes for a 7 days storm period during the
EU-COAST3D measurements in 1998 near the coast of Egmond aan Zee, The Netherlands.

The medium-term seasonal scale period (4 months) was characterized by high-energy
wave conditions with maximum H,,,, of about 4.5 m. Two severe storms occurred with Hp,,
> 3 m and three moderate storms with 2 < H,,,, < 3 m while H,,,; < 1.0 m during about 45%
of the time. Wave period 7, ranged between 4 and 11 s with an average of 6.0 s. The
incident wave direction was predominantly southwest and storm setup often exceeded 0.80
m. Measured and predicted morphological changes during this seasonal-scale period are
shown in Figure 11. Observations show erosion and significant offshore migration of both
outer (~100 m) and inner (~50 m) nearshore bar. The CROSMOR model predicts offshore
migration of the outer bar, which is in line with the measured morphological development,
but the predicted migration is too large and the model flattens the profile. The UNIBEST
model tends to migrate the outer bar onshore and also flattens the profile. Neither one of the
models predicts the offshore migration of the inner bar. Both models flatten the inner
nearshore zone (x > 4650 m) and the formation of a step in the profile at a water depth
between 3 and 4 m.
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Figure 11. Measured and computed morphological changes during a 4-month winter period near
the coast of Egmond aan Zee, The Netherlands.

Comparison of measured and computed undertow velocities showed the computed
values to be too large on the seaward flank of a bar and too small on the shoreward flank,
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which basically means that the models produce an insufficient shoreward shift of the
maximum undertow velocities. despite inclusion of a surface roller in both models. This
was most clear in small-scale wave flume experiments (Figure 1) and field measurements
near Egmond aan Zee (Figure 8). To test whether the inaccurate prediction of the undertow
velocities may be responsible for the f] attening of the profile, the undertow velacities in the
CROSMOR model were adjusted approximate to the measured values by use of a spatial
averaging method seaward of each computational grid point (delay factor). Predictions of
the profile evolution in the outer nearshore bar region clearly improved based on this
method (Figure 12). However, prediction of the inner nearshore bar region remained
difficult. The model predictions do reveal some offshore migration of the inner nearshore
bar, which is in line with the measured morphological changes, but the predicted bar
growth is not observed in the measurements.

24 Oct. 1998 - 25 Febr. 1999 (4 months)
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Figure 12. Measured and computed (using CROSMOR) morphological changes during a 4-month
winter period near the coast of Egmond aan Zee, The Netherlands. The undertow velocities were
adjusted approximate to the measured values.

CONCLUSIONS

Two cross-shore profile models were tested against small-scale and large-scale wave
flame data and against field data on a storm time scale (days) and seasonal time scale
(months). Predicted wave height variations across a nearshore profile showed good to
excellent agreement with measurements, Predicted longshore currents showed reasonable to
good comparison with measured values. However. comparison of measured and computed
undertow velocities showed the computed values to be too large on the seaward flank of a
nearshore bar and too small on the shoreward flank, which basically means that the models
produce an insufficient shoreward shift of the maximum undertow velocities, despite
inclusion of a surface roller in both models (Figure 13). This inaccurate prediction of the
undertow velocities appeared to be responsible for an overall flattening of the profile in
morphological computations. Adjusting the undertow velocities by use of a spatial
averaging method seaward of each computational grid point (delay factor), improved the
model results.
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Figure 13. Principle sketch of measured and computed undertow velocities. The measurements
generally reveal a shoreward shift of the body of the current profile that is not modeled.
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