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Video observations of nearshore bar behaviour.
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Abstract

Changes in nearshore sandbar morphology comprise of an alongshore uniform and non-uniform component. The
former reflects the overall on/offshore migration, while the latter expresses changes in quasi-rhythmic non-uniformities,
such as crescentic plan shapes. Here we focus on the alongshore-uniform component, quantified from a 3.4-year data
set of daily time-exposure video images of the double barred nearshore at Noordwijk, Netherlands. The high temporal
resolution and the long duration of the data set allowed us to quantify the cross-shore bar migration at weekly, seasonal
and inter-annual time scales and, accordingly, to compare the contribution of all three components to the total
variability in cross-shore bar position. The maximum observed offshore-directed weekly, seasonal and inter-annual bar
migration rates were 10, 0.5 and 0.2 m/day. Maximum onshore rates at weekly and seasonal scales were 8 and
0.5 m/day, while onshore migration at the inter-annual scale was not observed. The inter-annual bar migration
dominated the bar crest variability over time spans longer than 10-13 months, whereas changes on the weekly scale
were the dominant source of variability on time spans shorter than 7-10 months. Seasonal bar migration only
dominated the bar crest variability at the outer bar on time spans between 7 and 13 months. In general, Noordwijk
appears to be a site with a strong inter-annual signal, with limited seasonal variability, and with fluctuations at weekly
scales that are long compared to the characteristic time scale of individual events, suggesting a response to sequences of
events rather than to individual events.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Nearshore bars are common subtidal features

along sandy uninterrupted coasts. They are gen-
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alongshore uniform (or two-dimensional, 2-D)
character and reflects overall on/offshore bar
migration. The second component is alongshore
non-uniform (or three-dimensional, 3-D) and
corresponds to changes in the non-uniformities in
the bar, such as changes in their alongshore length,
cross-shore amplitude or alongshore position. This
paper is part 1 of a two-part study on nearshore
bar behaviour determined from video imagery and
focuses on its alongshore uniform component.
Part 2 (Van Enckevort and Ruessink, 2003,
henceforth referred to as Part 2) focuses on the
alongshore non-uniform component.

Cross-shore bar migration has been studied
extensively at various sites around the world,
differing in environmental parameters such as
sediment characteristics and the wave and tidal
climate. Table 1 gives an extensive (although not
exhaustive) overview of on/offshore migration
rates reported in the literature. Most attention
has been paid to bar migration in response to one
or two (subsequent) high-wave events based on
short intense field experiments. These responses
typically cause variations in bar crest position on
time scales of several days to a few weeks,
hereafter referred to as weekly time scales. On
these scales, reported offshore migration rates
ranged from approximately 1 m/day to over
50 m/day, whereas onshore migration rates ran-
ged from less than 1 to 29 m/day (Table 1). The
weekly bar migration rates seem to be directly
forced by the wave conditions, with large offshore
rates during high-energetic conditions and small
onshore rates during low-energetic conditions (e.g.
Sallenger et al., 1985; Gallagher et al., 1998).
Depending on the wave height, the migration rates
may differ in magnitude and direction. Plant et al.
(1999) described these changes in bar migration
rate by a non-linear function consisting of four
subsequent phases with increasing wave height: (1)
an increase in onshore migration rate, (2) a
decrease in onshore migration rate, (3) a change
from onshore to offshore migration, and (4) an
increase in offshore migration rate. Although the
observation of summer and winter profiles along
the Pacific ocean coast of the USA (e.g. Winant
et al., 1975; Aubrey, 1979) has drawn attention to
seasonal variations in nearshore morphology, bar

migration rates have hardly been quantified on
seasonal time scales. An exception is Plant et al.
(1999), who computed monthly-averaged on/off-
shore bar migration rates of up to 1 m/day based
on bimonthly bathymetric surveys at Duck, NC,
USA. On the inter-annual time scale, cyclic
offshore-directed bar migration has been observed
at several sites with corresponding migration rates
between 0.1 and 0.5 m/day (Table 1).

None of the studies listed in Table 1 has
quantified bar migration on all three time scales
simultaneously, either because the duration of the
data set was too short, or because the data lacked
sufficient temporal resolution. The data we con-
sider consist of almost daily, video-based bar crest
observations over a 3.4-year period at Noordwijk,
Netherlands, and thus combines high temporal
resolution with a long duration. The objectives of
this paper are (1) to quantify bar migration on
weekly, seasonal and inter-annual time scales and
(2) to determine the relative contribution of these
components to the total alongshore uniform bar
crest variability. After a brief introduction to the
field site in Section 2, the applied video method,
the bar crest sampling and the decomposition of
the bar position time series into its weekly,
seasonal and inter-annual components are de-
scribed in Section 3. Results of the weekly,
seasonal and inter-annual cross-shore bar migra-
tion rates are shown in Section 4. In Section 5, the
relative contribution of each component to the
total cross-shore bar crest variability is deter-
mined. This contribution is not only determined
based on our entire data set, but also on subsets in
the data, showing that the relative contribution of
the weekly, seasonal and inter-annual variability
depends on the duration of the subsets considered.
Our main findings on the alongshore uniform
component of bar behaviour at Noordwijk are
summarised and discussed in Section 6.

2. Field site

Alongshore uniform bar behaviour was investi-
gated with video-based observations from Noord-
wijk, Netherlands (Fig. 1). The field site, part of
the 120-km long uninterrupted central Dutch coast
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Fig. 1. Map of the field site, showing the location of the ARGUS system and the offshore measurement stations MPN and YMO06.

and facing the semi-enclosed North Sea, is
characterised by two well-developed shore-parallel
subtidal bars, which often contain quasi-periodic
alongshore variations with a wavelength of
0O(100—1000 m), see Short (1992) and Part 2.
Wijnberg and Terwindt (1995) have shown that
the bar behaviour at Noordwijk on inter-annual
time scales is alongshore uniform with bar
generation close to the shore, offshore bar migra-
tion through the surfzone and bar decay at about
500 m from the shore, resulting in cyclic bar
behaviour with a recurrence interval of about 4
years. Offshore root-mean-square (rms) wave

height H,ny, wave period T (represented by the
significant zero-downcrossing period) and the
angle of incidence with the shore normal 6,
(represented by the energy-weighted mean wave
angle) were recorded on an hourly basis by a
directional wave buoy at IJmuiden (YMO6 in
Fig. 1) in 21-m depth. The waves, mainly incident
from southwestern to northwestern directions,
have an average offshore rms wave height of
0.7 m and a corresponding period of 6s. Storm
waves (height >1.5m) are mainly obliquely
incident and occur throughout the year, although
fall and winter are usually slightly more energetic
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than spring and summer. Water levels were
recorded on an hourly basis at MPN (see Fig. 1)
directly off the coast of Noordwijk in 18 m depth.
The tide at Noordwijk is semi-diurnal with a mean
neap (spring) tidal range of 1.4 (1.8) m. During
storms water levels may increase by 1 m owing to
storm surges.

3. Data set

Ten-minute time-exposure video images (e.g.,
Fig. 2a) were collected automatically every day-
light hour with a digital video camera (ARGUS
system, see Lippmann and Holman, 1989),
equipped with a 12.5-mm lens and mounted on
the roof of a hotel at about 60 m above mean sea
level. The analysed period started in March 1995,
when the ARGUS system was installed, and ended
in September 1998, shortly after the implementa-

tion of a shoreface nourishment just offshore of
the outer bar. The time-exposures were trans-
formed to geometrically correct plan views (Hol-
land et al., 1997) on a 5 x 5 m grid (see Fig. 2b for
an example). The rectified images extend 1.2 km in
the cross-shore (x) and 3 km in the alongshore (y)
direction, and have a spatial resolution in the bar
area of about 4-20 m in the cross-shore and
10-100 m in the alongshore direction, with the
higher values farther away from the camera. The
rectified images contain high-intensity (i.e. white)
areas where most waves are breaking. As wave
breaking tends to concentrate on the shallows such
as nearshore bars, the shape and location of high-
intensity areas may be used as a proxy for the
nearshore bar crest morphology. The bar crest
location was computed by sampling the cross-
shore location of the breaking-related intensity
peaks alongshore, as detailed by Van Enckevort
and Ruessink (2001). In this way, a matrix X (y, ?)

(a)

(b)

Fig. 2. Example of (a) an oblique image and (b) a rectified image at Noordwijk, Netherlands.



506 LM.J. van Enckevort, B.G. Ruessink | Continental Shelf Research 23 (2003) 501-512

was constructed, consisting of bar crest locations
X at times ¢ and alongshore locations y. Time
series of the cross-shore bar crest position X, (¢)
were computed by averaging the data set X(y,1)
alongshore. As the alongshore extent is typically
about equal to or larger than the length scale of
alongshore features such as crescentic shapes,
X, (¢) reflects the overall cross-shore bar migration,
unaffected by changes in the alongshore shape of
the bar.

Van Enckevort and Ruessink (2001) showed
that the videoed bar crest position X, is located
close to the actual bar crest position x., but moves
on- and offshore with the breaker line resulting in
a time-varying deviation Ax (=X, —x.) of
O(1—10) m. The variability in Ax mainly depends
o the offshore water level Van Enckevort and
Ruessink (2001), causing Ax to vary on a semi-
diurnal time scale in response to the semi-diurnal
tide (Section 2) and on longer time scales in
response to neap-spring cycles and storm surges.
To remove the Ax variability from X)(f) we follow
the approach outlined in (Van Enckevort, 2001)
and (Ruessink et al., 2002). This approach involves
the reduction of X)(¢) to a single observation per
day, preferably at low tide, and a subsequent time-
averaging of the daily X,(r) with a symmetric
Hanning window. The first step, the reduction to a
single observation per day, removes the semi-
diurnal variability in Ax, but not that owing to
neap-spring tidal variations and storm surges. The
remaining Ax variability is obvious from the daily
X,(¢) by the significant (at the 95% confidence
level) linear relation between the change in
consecutive X, observations and the correspond-
ing change in water level during image collection.
The second step, the time-averaging, affects this
remaining Ax. The optimal width of the Hanning
window is chosen such that the slope of the best-fit
linear line between consecutive observations of bar
position and water level is zero, assuming that the
bars do not respond to changes in water level
(Carter and Kitcher, 1979). For the present data, it
was found that this is the case for a window width
of 10 observations. As the window width is
variable in time, the cut-off period is variable in
time as well, typically varying between 1 and 2
weeks. The time-averaged time series, referred to

as Yy(t), thus describe the cross-shore bar crest
position on weekly and longer time scales. In total,
X,(#) was determined 632 times for the inner bar
and 391 times for the outer bar within the analysed
3.4-year (1282 days) period.

The inner- and outer-bar Yy(l) (Fig. 3a) both
show a clear inter-annual, offshore directed trend.
Superimposed upon this trend, seasonal fluctua-
tions in bar crest position are apparent, with
generally more seaward positions in the winter
months and more shore ward positions in the
summer months. Also apparent, but less than the
seasonal and inter-annual signal, is bar crest
variability on the time scale of a few weeks (about
7-8 weeks, on average). The identified inter-
annual, seasonal and weekly components were
extracted from X’y(t) using a method equivalent to
that developed by Plant et al. (1999). First, X’y(l)
were yearly-averaged by applying a Hanning
(cosine-squared) filter with a half-width of 365
days, producing the inter-annual component, Xj,
(Fig. 3b). The residuals, )?y(t) — Xia(?), were sea-
sonally-averaged by applying a Hanning filter with
a half-width of 91 days, isolating the seasonal
component, X;. The residuals, X’y(t) — Xia(t) —
X;(?), give the weekly component, Xy. Note that
the time-averaging described in Section 3 to
remove apparent bar migration affects X,,(¢) only,
limiting the temporal resolution of X(?) to a
minimum of 1-2 weeks. The time series of Xj, and
X, are not affected.

4. Cross-shore bar migration

Interannual bar migration rates were computed
as the temporal derivative of Xj,(¢), seasonal rates
as the temporal derivative of Xj,(¢) + X,(¢), and
weekly rates as the temporal derivative of Xj,(¢) +
Xs(t) + Xu(t) (i.e., from X,(7)). The inter-annual
offshore migration rates were less than 0.15 m/day
at the outer bar and less than 0.08 m/day at the
inner bar (Table 2). On average, the outer bar
migrated offshore with a yearly-averaged rate of
0.07 m/day, while the inner bar migrated offshore
at a yearly-averaged rate of 0.04 m/day. The
seasonal migration rates varied between 0 and
0.53 m/day in both the onshore and the offshore
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Fig. 3. Time series of cross-shore bar position and the inter-annual, seasonal and weekly component for the outer and inner bar.

Table 2
Statistics of cross-shore bar migration rates

Offshore migration (m/day)

Onshore migration (m/day)

Weekly Seasonal Inter-annual Weekly Seasonal Inter-annual

Outer bar

Mean 1.57 0.16 0.07 1.21 0.11 0.00
St. dev. 1.80 0.09 0.05 1.27 0.07 0.00
Max. 10.12 0.53 0.15 6.73 0.53 0.00
Inner bar

Mean 1.17 0.09 0.04 1.04 0.05 0.00
St. dev. 1.34 0.07 0.02 1.13 0.04 0.00
Max. 9.98 0.39 0.08 7.48 0.29 0.01

direction (Table 2). On average, the offshore
migration rates were 0.09 m/day at the outer and
0.07 m/day at the inner bar, whereas the onshore
migration rates were 0.07 m/day at the outer and
0.04 m/day at the inner bar (Table 2). Again,
offshore rates were typically larger than onshore
rates, and the outer bar migrated faster than the
inner bar on a seasonal scale. The weekly

migration rates varied between 0 and 8 m/day in
the onshore and 0 and 10 m/day in the offshore
direction, with a peak at small (<1-2 m/day) on/
offshore migration rates (Fig. 4 and Table 2). The
offshore migration rates were, on average,
1.6 m/day at the outer and 1.2 m/day at the inner
bar, whereas the onshore migration rates were on
average 1.2 m/day at the outer and 1.0 m/day at
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Fig. 4. Relative frequency of occurrence of onshore and
offshore weekly bar migration rates for the outer (solid line)
and inner (dashed line) bar.

the inner bar (Table 2). The onshore and offshore
migration rates at the inner bar were generally
smaller than at the outer bar (Fig. 4). Offshore
migration rates were typically larger than onshore
rates, especially at the outer bar (Table 2).

5. Dominant time scales
5.1. Method

In this section we address the question whether
bar crest variability at Noordwijk is dominated by
its weekly, seasonal or inter-annual component.
Knowledge of the dominant component is im-
portant for a justified simplification of the
nearshore bar system. When, for instance, the
inter-annual component is dominant, a process-
based model with wave input aggregated over
daily to seasonal variations, or a data-driven
model based on yearly observations of bar
behaviour may be used to predict bar behaviour
over years. From a first glance at Fig. 3 it is clear
that the change in X, 1,(¢) at the inner and outer bar
over the entire data set duration is dominated by
the inter-annual, offshore directed trend. Indeed,
the ratio between the variance of Xj,(¢) and X’y(t)
amounts to 86% and 91% at the inner and outer
bar, respectively. It is unlikely that these ratios
would have been the same when we had based
them on a subset of the present data. For instance,
over the period 1 January 1997-31 October 1997
(10 months), Xy, X5 and Xj, represent 26%, 56%,
18% of the variance in outer-bar crest variability

and 15%, 40%, 45% of the variance in inner-bar
crest variability. This example does show two
intriguing results. First, the answer to the question
whether bar crest variability is dominated by
weekly, seasonal and inter-annual components
depends on the length of the time series consid-
ered. Secondly, the bar crest variability in a time
series with a length of several seasons is not
necessarily dominated by its seasonal component,
as at the inner bar it is dominated by its inter-
annual component.

To determine the relative contribution of the
weekly, seasonal and inter-annual components to
total cross-shore bar variability over a range of
time spans 7, the total variance and the variances
explained by each of the three components were
computed for subsets of the data set with length
of 10,20,30, ...,1200 days. For each subset, the
total 2-D bar crest change was quantified as the
variance of X’y(t) in time span 1
1+t N S
> (X0 - X)), (1

=1

San(t) = N,
where N, is the number of observations in time
span 7 and the overbar represents averaging over 7.
The 2-D bar crest change associated with the inter-
annual, seasonal and weekly components dis-
played in Fig. 3 were computed as

4+t
S0 =3 > ()~ T0- @
1 h+1t -
$i0) =5 2 (460 = X0, 3)
1 1+t —
Su(®) = 37 2 () = X0, )

=1

Values of Sy, Sia, Ss and Sy, were then averaged
over all possible subsets. The relative contributions
F of the inter-annual, seasonal and weekly
component to the total cross-shore bar crest
variability were determined as

Sia(f)

Fa(r) = Sun() Q)]
~ S(0)
Fi(r) = S (6)
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_ Su()
Fuln) = San(r) @
5.2. Results

Both at the outer bar and at the inner bar, Sy,
and S; increased with t for v/ <50-100 and <300
days, respectively, and remained about constant at
larger 7 (Figs. 5a and b). Thus Sy, and S increase as
long as 7 is shorter than the main periodicities in Xy,
and X, being about 7-8 weeks and 1 year,
respectively. In contrast, Sj, increased with 7 for
all 7 reflecting the net trend in Xj, (Figs. 5a and b).
Analogous to Sy, and S, Sj, is expected to level off
at a 7 equal to the main periodicity in the inter-
annual bar behaviour, about 4 years at Noordwijk
(Section 3). As can be seen in Figs. 5c and d, Fy
decreased with t and this decrease was strongest at
7<200 days. Fy increased with 7 up to 1~ 300 days,
and decreased as t further increased (Figs. 5S¢ and
d). F;, continuously increased with 7, although the
increase levelled off at t > 800 days (Figs. 5c and d).
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The shape of Fy, Fs and Fj, as a function of 7
may seem general. Intuitively, one expects Fy, to be
large as 7 is small, Fy to reach a maximum value
for T~ several seasons, and F,, to increase as T
increases. However, the precise shape of Fy, Fs and
F;, versus 7 is likely to be bar and site specific. A
first indication hereof is given by the difference
between the inner and outer bar plots. The
corresponding lines in Figs. 5S¢ and d have similar
shapes. However, F; is smaller at the inner bar
than at the outer bar. In addition, the decrease in
F,, with 7 is much stronger for the outer than for
the inner bar. Consequently, X,, dominated (i.e.,
F, > F; and F,, > F;;) the bar crest variability at
the inner bar at 1 <400 days, whereas, at the outer
bar, X, was the dominant source of variability at
7> 200 days, only. Furthermore, Xy dominated at
the outer bar for v between 200 and 400 days,
while X; never dominated at the inner bar. The
relative contribution of X;, was similar at both
bars with Xj, dominating at 7 >400 days. In
general, Noordwijk appears to be a site with a
strong inter-annual signal and rather limited
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Fig. 5. Absolute (S) and relative (F) contribution of inter-annual (solid line), seasonal (dashed line) and weekly (dotted line)
components to total along-shore uniform bar crest change as a function of the time span t for the outer and the inner bar.
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Fig. 6. Ratios of outer to inner bar estimates of total, inter-
annual, seasonal and weekly alongshore uniform bar crest
change as a function of the time span 7.

seasonal variations, particularly at the inner bar. It
is feasible that at sites where the inter-annual bar
cycle takes longer than 4 years, Xj, starts to become
the dominant source of 2-D bar crest variability at
a 7 larger than observed here for Noordwijk.

Sw, Ss and Sj, were all observed to be larger at
the outer than at the inner bar, but the difference
was smallest (factor 1.4, on average) for Sy
(Fig. 6). This confirmed the larger bar migration
rates at all time scales observed for the outer bar
(Section 4). Relatively, Xj, and X; were more
important at the outer bar than at the inner bar
(FQ/Fi =11 and F°/Fi=14 on average),
whereas Xy, was relatively more important at the
inner bar (FO/F! = 0.7 on average; Fig. 7).
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Fig. 7. Ratios of outer to inner bar estimates of the relative
contribution of inter-annual, seasonal and weekly alongshore
uniform bar crest change as a function of the time span .

In summary, the cross-shore bar migration at
Noordwijk is dominated by weekly fluctuations on
time spans shorter than 7-10 months (200-300
days) and by the gradual offshore directed inter-
annual trend on time spans longer than 10-13
months (300400 days). Seasonal fluctuations in bar
crest position, although visible in the time series of
X’y (Fig. 3, only dominate at the outer bar on time
spans between 7 and 13 months (200 and 400 days).

6. Discussion and conclusions

Alongshore uniform bar crest position was
quantified over weekly, seasonal and inter-annual
time scales from a 3.4-year data set of video-based
bar crest lines at Noordwijk, Netherlands. These
time series were used (1) to quantify weekly,
seasonal and inter-annual bar migration rates and
(2) to determine the relative contribution of these
components to the total 2-D variability over a
range of time spans. In general, Noordwijk
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appears to be a site with a strong inter-annual
offshore directed trend in bar migration, limited
seasonal variability in bar position and periodi-
cities for weekly bar migration that are long
compared to the characteristic time scale of storm
events (~1-2 days). Below, the inter-annual,
seasonal and weekly migration rates for Noord-
wijk are compared to values reported in the
literature for other sites, and the differences and
similarities are discussed.

The observed weekly cross-shore bar migration
rates at Noordwijk (0-8 m/day in the onshore and
0-10 m/day in the offshore direction) are compar-
able to those at other sites, see Table 1. Only the
values for the single bar at Duck (Sallenger et al.,
1985; Howd and Birkemeier, 1987) and those for
the sub- to intertidal bar at Nags Head (Sonu,
1968) and at Ventura Coast (Orme, 1985) are
considerably larger. Maximum migration rates
may be slightly underestimated by ARGUS observa-
tions, because the ARGUS bar crest position is
based on smoothed observations with an average
frequency of once per 2-3 days. The weekly
fluctuations at Noordwijk have an average period
of ~7-8 weeks, suggesting that the bars mainly
respond to sequences of high-wave events rather
than to individual events. However, the time-
averaging operation needed to remove apparent
bar migration (Section 3) may have masked any
response of the bar to individual storm events.
Nevertheless, we feel that the predominant re-
sponse to sequences of events rather than to
individual events is likely to be characteristic of
well-developed multiple barred coasts like Noord-
wijk. For instance, approximately bi-daily bathy-
metric surveys of the inner bar at nearby Egmond
showed that the bar migrated gradually offshore
during a sequence of storm events without abrupt
offshore jumps at any of the individual storm
events (Ruessink et al., 2000). Single bars are,
because of the absence of more seaward located
bars, more exposed to the incident storm waves
and may, accordingly, respond to individual
events, see Gallagher et al. (1998) for an example
from the single barred nearshore at Duck, NC.

The seasonal cross-shore bar migration rates at
Noordwijk varied between 0 and 0.53 m/day,
which is slightly smaller than the monthly-aver-

aged rates reported by Plant et al. (1999) for Duck.
Especially at the inner bar, the seasonal variability
is limited. Reduction of the wave height by
dissipation of wave energy at the outer bar may
reduce the seasonal variability at the inner bar,
thus explaining the limited importance of seasonal
bar migration at the inner bar.

Over years, the bars at Noordwijk gradually
migrated in an offshore direction with maximum
rates of 0.08 m/day for the inner bar and
0.15 m/day for the outer bar. Interestingly, the
inner bar migration rates were smaller than the
outer bar migration rates, similar to observations
at Duck (Lippmann et al., 1993) and Terschelling
(Ruessink and Kroon, 1994). The inner outer bar
difference suggests that the net inter-annual bar
migration varies with offshore distance, which
may be coupled to the stage in the bar cycle as
described by Ruessink and Kroon (1994). Typi-
cally, net offshore bar migration rates are mini-
mum close to the shore, just after bar generation,
and at the outer margin of the bar zone, during the
bar degeneration stage, and are maximum inbetw-
een. The bars at Noordwijk migrated slower
offshore than the bars at Duck, Wanganui and
Hasaki (see Table 1) in comparable stages of the
bar cycle. Such intersite differences in bar migra-
tion rate likely depend on intersite differences in
the cycle duration and the width of the bar zone.
Both the cycle duration and the bar zone width
were observed to be larger on higher energetic sites
(characterised by the storm wave height, Shand
et al., 1999; Ruessink et al., submitted). The net
effect hereof on the inter-annual bar migration
rates is, however, unclear. Furthermore, bar
switching, a process during which an alongshore
discontinuous bar attaches to a landward located
bar (Shand et al., 2001), may retard inter-annual
bar migration locally and temporally.
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