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ABSTRACT

Bar switching and outer bar degeneration are morphological phenomena which have recently been
observed on coasts in North Carolina, the Netherlands and New Zealand. Bar switching consists of
longshore sand-bars becoming discontinuous and the landward bars on one side of the discontinuity
realigning and joining with the seaward bars on the other side. Two types of bar switching have
been identified at Wanganui (Shand et al., 2001). The predominant type is termed shoreward
propagating bar switching, because switching begins in the outer surf zone and progressively
affects more landward bars. The second type is termed stationary switching because all switching
occurs within the mid-surf zone. This paper analyses a 6.3 year image-based data-set from
Wanganui, New Zealand, to qualitatively define the nature of both cross-shore bar migration during
bar switching, and outer bar degeneration prior to bar switching.
Shoreward propagating episodes of bar switching were found to be associated with enhanced
seaward bar migration on one side of the discontinuity, or transition zone, while suppressed bar
migration occurred on the other side. Stationary switching was also characterised by enhanced
seaward bar migration on one side of the transition zone, but with either large seaward or landward
bar migration on the other side. If a bar experienced a series of switching-associated enhanced or
suppressed migrations during its net offshore migration (NOM) cycle, then its NOM characteristics
of duration and rate could differ significantly from the longer term average cyclic values for that
particular location.
Shoreward propagating episodes were characterised by a longshore variation in the state of
degeneration of the seawardmost bar prior to switching. Furthermore, where the outer bar was in
an advanced state of degeneration, enhanced offshore migration of the adjacent landward bar
occurred. By contrast, where the outer bar remained well developed, suppressed migration of the
adjacent landward bar occurred. The pre-switch morphology for stationary switching, however,
was more complex as it appeared to be characterised by multiple longshore changes in the
degenerative status of the outermost bar.
ADDITIONAL INDEX WORDS: Sand-bar, multi-bar coast, surf zone, nearshore, morphodynamic,

net offshore bar migration, NOM.
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INTRODUCTION
Bar switching is defined as a type of morphological behaviour within the surf zone in which
longshore sand-bars become discontinuous and the landward bars on one side of the discontinuity
realign and join with the seaward bars on the other side (Shand and Bailey, 1999). An example of
bar switching at Wanganui is shown in Figure 1. The region within which the dislocation and
realignment takes place is referred to as the ‘transition zone’.
Wijnberg and Wolf (1994) first observed the phenomenon of bar switching on the coast of
Holland. These authors provided a sequence of bathymetric images depicting an example of bar
switching and they noted that small longshore differences in the position and depth of the outer bar
appeared to accompany the onset of bar switching. Furthermore, using empirical eigenfunction
analysis of bathymetric data, they found that cycles of net offshore bar migration were 'out-ofphase' on each side of the transition zone.
Net offshore bar migration (NOM) refers to the systematic seaward migration of coastal sand-bars
across the surf zone(see Shand and Bailey, 1999, for a review). Bars form near the shoreline and
disappear several years later in the outer surf zone. The process by which the form of the
seawardmost bar becomes increasingly subdued and then finally disappears is referred to as outer

Figure 1 An example of bar switching at Wanganui, New Zealand. The high intensity bands in these
‘time-exposure’ images signal bar-crests. In the foreground these bars have been marked 1 to 3 and in the
distance as 1’ to 3’. In Figure B, bar 2 (near the observer) has realigned with bar 1’, and bar 3 is realigning
with bar 2’.

3
bar degeneration; this type of morphological behaviour will be described further in the Methods
section. Since the mid 1980s, NOM has been recognised on the North Carolina coast (e.g.
Birkemeier, 1984; Lippmann et al., 1993), the Dutch coasts (e.g. de Vroeg et al., 1988, Kroon and
Hoekstra, 1993; Ruessink and Kroon, 1994; at Wanganui, New Zealand (Shand and Bailey, 1999),
and most recently at Hasaki, Japan (Kuriyama, 2001). NOM behaviour may be either regular or
irregular as depicted Figure 2. NOM has also been described as 'the offshore progression cycle' by
Wijnberg (1996) and 'interannual cyclic bar behaviour' by Ruessink and Terwindt (2000).
Bar switching has been documented at sites on the west coast of the New Zealand North Island.
Using rectified time-exposure video images, Donohoe (1998) identified a bar realignment at
Muriwai Beach near Auckland. Further south at Wanganui, Shand and Bailey (1999) used rectified
time-exposure photographic images to describe a set of inter- related realignments which is referred
to as an ‘episode of bar switching’. In their example, cross-shore bar migration within and adjacent
to the transition zone was shown to vary markedly.
More recently, Shand et al. (2001) analysed 9 episodes of bar switching within a 6.3 yr data-set
from Wanganui by studying changes in the dimensions and location of transition zones. Two types
of bar switching sequence were identified: 'shoreward propagating episodes' in which bar switching
began in the outer surf zone and then progressively affected the more landward bars, and 'stationary

Figure 2 Examples of bar-crest time-series illustrating net offshore bar migration (NOM) at 2 sites along
the Wanganui coast. The site 1600 data depicts a more regular pattern of NOM than the site 5000 data.
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episodes' in which all bar switching occurred within the mid-surf zone. Significant wave heights
greater than the 5% excedence level (2.6 m), occurred at some time during each episode of bar
switching. However, such high energy did not always result in this type of behaviour, indicating
that antecedent morphology, which will be examined in more detail in this paper, also plays an
important role in bar switch morphodynamics.
Bar switching appears to occur on other multi-bar coasts. Data depicting morphological
configurations consistent with bar switching have appeared in Ruessink and Kroon (1994) at
Terschelling Island (the Netherlands) and in Lippmann et al. (1993) and Plant et al. (1999) at Duck,
North Carolina. However, these authors did not recognise or refer to this phenomenon.
At times during the process of bar switching the morphology may have a forked or bifurcated
appearance, as in Figure 1B. This type of configuration has lead some authors to refer to the
transition zone as the bifurcation area (Ruessink et al., 2001), but use of the term bifurcation should
be used with caution for the following reasons. Firstly, it implies that forked morphologies result
from a process of bifurcation such as a section of bar splitting in the longshore direction. However,
bar switching results when a bar becomes discontinuous and the ends attach to the more seaward
and landward bars. Secondly, other bifurcated morphologies occur within the surf zone and these
result from processes unrelated to bar switching. For example, Shand and Bailey (1999) showed a
board section of longshore bar splitting (in the longshore direction) into a forked configuration with
the landward portion subsequently migrating shoreward to merge with the inter-tidal beach. Such
'double bar development' has also been documented for the coast of Holland by Kroon (1991 and
1994), and Wijnberg (1995). Forked morphologies also occur in association with rip processes
(e.g. see morphological data in Chappell and Eliot (1979) or Bogle et al. (2001)).
The purpose of this paper is to qualitatively define both the nature of cross-shore bar migration
during bar switching and the degenerative state of the outer bar prior to the onset of bar switching,
by analysis of the several episodes of bar switching evident within the aforementioned 6.3 year
image-based data-set from Wanganui. The influence such bar behaviour may have upon
characteristics of net offshore bar migration will also be addressed.
THE STUDY SITE
The study site covers 6 kms of coast to the northwest of the Wanganui Rivermouth (Figure 3).
The Wanganui River is 305 km long and has a catchment area of 7120 km2. Rivermouth jetties
were constructed between 1884 and 1940 and the shoreline has responded by migrating seaward
approximately 700 m near the entrance and 100 m at the northwestern end of the study area (Smith
and Ovenden, 1998). The shoreline is now approximately stable near the rivermouth but in the
western part of the study area it is prograding at rates of up to 2 m/yr. This accretion is
superimposed upon a regional erosion trend of 0.2 to 0.6 m/yr (Johnston, 1985).
The nearshore and upper-shoreface bathymetry shown in Figure 3 depicts a subdued ebb-tide
delta. The nearshore is characterised by fine sand (2 to 3 phi) and the cross-shore slope declines
from 0.0094 near the rivermouth to 0.0082 in the northwest of the study area. The time-averaged
nearshore width ranges from 425 m near the rivermouth to 625 m in the northwest of the study
area.
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Figure 3 Location map of the Wanganui study area. Depth contours are in metres below chart datum,
where chart datum is 1.8 m below MSL.

Two to three sand-bars occur closer to the rivermouth, while 2 to 4 bars occur in the northwest of
the study area. Bar behaviour is characterised by net offshore bar migration. The average time
interval between bar formation and bar disappearance, i.e. the life-cycle of a bar, is 2.5 yrs closer to
the rivermouth and 3 yrs in the northwest of the study site. While sand-bars are typically linear,
three-dimensional configurations do occur.
The process conditions affecting the study area are as follows. The mean spring tide range is 2.4
m and the mean neap tide range is 0.8 m. Deepwater significant wave height parameter values are:
mean = 1.3 m; 5% excedence = 2.5 m, and 1% excedence = 3.2 m (Macky et al., 1988). Wave
period ranges between 3.5 sec and 19 sec with the mean value being 10.1 sec. Sea and swell
populations usually co-exist, with approximately 75% of the wave energy occurring at sea wave
frequencies (Patterson, 1992). Wave observations made during the present study indicate that 34%
of waves had a shore-normal approach (±1 deg), 42% approached from the northwest and 24%
from the southeast.
The mean speed for wind data collected during the study period was 5.3 m/s and the 5%
excedence value was 12.4 m/s. The predominant wind approach directions were west/northwest,
with an average angle of ~30 to the shoreline, and south, with an average angle of ~40 deg to the
shoreline from the opposite direction. Sixty percent of the time the long-term wind data had a
northwesterly component, 25% of the time a southeasterly component, and during the remaining
15% of the time calm conditions prevailed.
The longshore current regime resulting from the oblique wave and wind approaches causes
substantial longshore drift. Estimates reported in Patterson (1992) are 300,000 to 600,000 m3/yr of
sand toward the southeast and 60,000 to 280,000 m3/yr toward the northwest.
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METHODS
This study analyses the following 2 types of data: cross-shore bar-crest distances and outer surf
zone sea-surface intensity patterns which are represented by profile shape and depth parameters.
Each of these data types was derived from planimetric images in which the intensity variations
depict the submarine morphology. The acquisition of these images will now be outlined, and then
the derivation of the 3 types of data will be described.
Image data-base
The morphological data used in this study comprise 6.3 yrs of photographs sampled between
August 1991 and November 1997. Field sampling was carried out at approximately fortnightly
intervals with closer sampling (1-5 days) at times of rapid morphological change. These sampling
rates enabled morphological change to be confidently tracked within a sequence of images.
The camera site was located midway along the study area, ~130 m landward of the foredune toe,
and on top of a 42 m (above MSL) cliff. A panorama of 8 photographs was required to give full
coverage of the study area. The 4 central photographs were taken with a 55 mm focal length lens
and the end shots taken with a 135 mm telephoto lens. However, during the first (experimental)
year of sampling 35 mm and 55 mm lenses were used and this resulted in a significant reduction in
spatial resolution toward the ends of the study area.
Each photograph was exposed for 4 mins to minimise tidal change during the 45 to 60 mins
required to sample a panorama and to provide a relatively stable representation of the breaking
wave pattern. Such images are referred to as time-exposures. They provide an analogue for surf
zone morphology because elevated topography such as sand-bars are characterised by locations of
higher intensity resulting from wave breaking which is depth-dependent (Lippmann and Holman,
1989). The images shown in Figure 1 are examples of time-exposure photographs.
The field sampling was carried out during lower tide levels and higher wave conditions to
maximise the likelihood of waves breaking on all bar-crests. Furthermore, by limiting sampling
(photography) to these conditions, the influences of wave height modulation and tide level on
break-point location were minimised.
Digital image processing was used to rectify each photograph to ground co-ordinates and then to
merge this output with adjacent images. This combined output was subsequently transformed to
straighten the coastline, thereby facilitating viewing and analysis. These particular procedures have
been described by Bailey and Shand (1993, 1996).
Bar-crest location data
Time-series of cross-shore bar-crest location data were derived from time-stack images. A timestack is constructed by stacking spatially corresponding cross-shore segments (i.e. strips) of image
cut from successive time-exposes. This technique has been described in Bailey and Shand (1996,
1997), and is now a frequently used technique for analysing image-based cross-shore bar migration
(e.g. Plant et al., 1999, Shand et al., 1999). Intensities within the segment are longshore averaged
and the width of the segment may be varied to minimise noise associated with longshore nonuniform topography.

7

Figure 4 A series of 3 rectified time-exposure images depicting surf zone morphology along 800 metres of
coast at the Wanganui study site. Four time-stacks corresponding to the marked cross-shore transects appear
along the base. The black rectangles on the time-stacks locate bar-crests and illustrate their cross-shore
migrations during the survey period.

Within the surf zone, a bar-crest is assumed to correspond with an intensity peak. The intensity
value used to represent the bar-crest is identified by fitting a parabola to the intensity values in that
area and then determining the parabola maximum. Examples of 4 time-stacks constructed from a
series of time-exposure images are shown in Figure 4. The small black rectangles in the time-stacks
denote the parabola maxima used to represent bar-crests.
While intensity maxima approximate sand-bar locations, environmental conditions such as sealevel and incident wave height, together with bar-crest depth and bar form, influence the breakpoint location (Plant and Holman, 1998). Location errors associated with these factors can be in the
order of 30-40 m (van Enckevort and Ruessink, 2001). Empirical and theoretically-based
corrections have been developed by van Enckevort and Ruessink (2001) which reduce wave and
sea-level induced errors from 9.5 m (standard deviation) to 5.6 m and 6.2 m respectively. In
addition, Kingston et al. (2000) has reduced errors to less than 10 m by using an artificial neural
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network approach. However, these methods all require knowledge of the profile bathymetry,
together with local wave and sea-level parameter values. Photogrammetric errors also affect
accuracy unless corrections such as those outlined in Sallenger et al. (1997) are carried out.
The resources required to adjust intensity maxima location to the corresponding bathymetrically
defined bar-crest location were not available for the present study so the following approach,
described in detail by Shand (2000), was used. Firstly, the influence of process variables upon
intensity maxima location was determined empirically and incorporated into the cross-shore
distance resolution. The magnitude of such errors was found to lower if (longshore) intensity
averaging was carried out over wider (longshore) segments during the time-stacking process
described earlier. An explanation for this error reduction may involve longhore variation in the
bathymetry (3D morphology) for the following reason. Model studies by van Enckevort and
Ruessink (2001) have shown that different profile shapes influence wave breaking processes. The
differing profile shapes associated with 3D-morphology would therefore cause longshore variation
in the cross-shore location of intensity maxima and the magnitude of this variation would reduce if
longshore intensity averaging was carried out. In the present study, 400 m wide segments were
used; this resulted in maximum environmentally-associated errors being ~15 m for the inner surf
zone and ~20 m for the outer surf zone. These values also include estimated photogrammetric
errors.
Secondly, an empirically-based adjustment relating intensity to bathymetry has been developed by
Bailey and Shand (1997). However, this adjustment was not applied to data used in the present
study as the relative change in bar-crest location provided by the environmentally and
photogrammetrically corrected intensity data, was satisfactory.
As switching-associated cross-shore bar migration was studied both within the transition zone and
to both sides (in the longshore direction) of the transition zone, a technique to spatially identify
transition zone boundaries was required. Such a technique is detailed in Shand et al. (2001).
Briefly, the shoreward limit is set at the centre of the trough landward of the landwardmost bar
undergoing realignment. The offshore boundary is located at the centre of the trough seaward of
the outermost bar undergoing realignment. The transition zone boundaries in the longshore
direction are where the bar morphology has been unaffected by the realignment process. The
accuracy of such visually located cross-shore and longshore transition zone boundaries is estimated
at ±10 m and ±50 m respectively.
The cross-shore resolution of the bar-crest data, and the errors in locating transition zone
boundaries, are not sufficient to affect significantly the results and conclusions described later in
this study.
Identifying Outer Bar Morphology
To determine the degenerative state of the seawardmost bar, a classification routine was applied to
intensity patterns on rectified images. The relationship between the intensity classes and the
corresponding topography was determined by matching the image-based intensity patterns of 46
samples with bar-crest depth and shape parameters derived from nearly contemporaneously
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sampled sea-bed profiles. This section will firstly describe the classification scheme and then
determine the relationship between intensity patterns and the degenerative state of the outer bar.
Classification of image intensity patterns was based on a set of 3 independent characteristics
which involved the following binary decisions: pattern existence (non-existence); longshore
continuity (discontinuity) of the intensity maxima representing the seaward-most bar-crest; and
longshore continuity (discontinuity) of the intensity minima representing the adjacent (landward)
trough. The 46 rectified time-exposure images were assigned to the 5 mutually exclusive
categories. The image samples are considered to be independent because they are from sites
spatially separated by 3 km and temporally separated by 3 months. The categorisation resulted in
the following 4 non-empty classes: class A (n = 23) which has longshore continuous outer intensity
maximum and longshore continuous landward intensity minimum; class B (n = 6) which has
longshore continuous outer intensity maximum and longshore discontinuous landward intensity
minimum; class C (n = 10) which has longshore discontinuous outer intensity maximum and
longshore discontinuous landward intensity minimum; and class D (n = 7) which has no discernable
intensity pattern. Examples of intensity patterns for these 4 categories are depicted in Figure 5.
Sea-bed profiles were sampled as close to the photographic sampling as sea-conditions allowed.
Nonetheless, several days could separate the 2 types of survey. This time lag introduced an
unresolved error into the subsequent data comparison. However this error was likely to be
relatively small compared to the 3 monthly change in morphology.
As noted above, sea-bed morphology in the vicinity of the seawardmost bar was defined using 2
parameters: depth of the outer bar-crest below MSL, and elevation between this bar-crest and the
adjacent landward trough. These parameters were selected because the depth of the outer bar
increases, and its form becomes increasingly subdued, during the degeneration process.
The cross-shore location of the outer bar-crest and the landward trough were determined by fitting
a curve to the surveyed profile, calculating the residuals and then identifying the cross-shore
locations corresponding to local maximum (bar-crest location) and minimum (trough location)
residual values. An advantage of this method is that it enables crest/trough locations to be
determined when the bar-depth is greater than the trough depth, a situation that occurs during
advanced bar degeneration. The method is described in greater detail in, for example, Holman and
Bowen (1982), and Ruessink and Kroon (1994). Outer bar-crest and adjacent landward trough
locations, together with the outer bar morphological parameter values, have been marked on the
examples in Figure 5.
The profile parameter values and corresponding intensity classification values for each of the 46
samples are plotted in Figure 6. Class A values are separated from class B values by the bar-crest
depth parameter; this intensity pattern is therefore depth-dependent rather than shape-dependent.
By comparison, classes B, C and D are separated on the basis of shape, with class separation
occurring in approximately 80% - 90% of the cases. These results show that the intensity classes
represent increasing levels of seaward bar degeneration, with class A corresponding to a well
developed and relatively shallow outer bar and class D corresponding to a deeper and almost
formless feature.
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Figure 5 Cross-shore profiles depicting an increasing level of degeneration of the seawardmost
bar. The degeneration is represented by increasing values for the outer bar-crest elevation, and decreasing
values for the difference between the outer trough elevation and the outer bar-crest elevation. The location
of these 2 morphological features was determined using the ‘maximum residual’ method described in the
text. The surface intensity pattern associated with each profile is also shown. These patterns approximate
the four classes defined in the text, with Figure A illustrating class A, Figure B illustrating class B, Figure C
illustrating class C and Figure D illustrating class D.
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Figure 6 Intensity pattern categories (A,B,C,D) plotted in terms of the two bar degeneration parameters:
bar-crest elevation (with respect to MSL), and elevation difference between the outer trough and outer barcrest.

The occurrence of overlapping parameter values for the different intensity classes probably arises
from the error sources noted earlier, i.e. environmental noise associated with the image data, and
non-synchronous photography and echo-sounding. The overall strength of the grouping, however,
supports the validity of using intensity patterns to infer differing levels of outer bar degeneration.
During the present investigation, the classification scheme was applied to ~1000 m longshore
sections of pre-switch image data, and in some cases dual classes had to be assigned. However, this
did not affect the conclusions.
RESULTS
This section will first consider the time/space distribution of switching during the study period.
Cross-shore bar migration associated with switching is then analysed both within, and in the
vicinity of, the transition zones. Next, associations between bar switching and NOM characteristics
are considered, and finally, the degenerative state of the seawardmost bar prior to the onset of bar
switching is described.
Switching Distribution
The time/space distribution for the 9 episodes of bar switching which occurred during the study
period are depicted in Figure 7. Each horizontal band denotes transition zone within which the bar
realignment occurred.
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Figure 7 Longshore distribution of transition zones defining the chronologically numbered episodes of bar
switching which occurred during the study period. The + symbol denotes enhanced seaward bar migration,
whereby bars on the indicated side of the transition zone undergo rapid seaward migration during the
episode. The - symbols refers to suppressed bar migration, whereby bars on the indicated side of the
transition zone remain in approximately the same cross-shore location.

Cross-shore Bar Migration
Identification of bar migration patterns both within, and adjacent (in the longshore direction) to
transition zones, was based on the analysis of time-stack data from episodes 2 to 9. Episode 1 was
not included because the initial surveys comprised echo-sounded data with low (longshore)
resolution. Rectified time-exposure images bracketing each episode of bar switching were used as
input for the time-stacks. For each episode, one time-stack was located within the transition zone
and one on each side of the transition zone. The resulting time-stacks are shown in Figure 8. Lines
depicting the landward and seaward boundaries of the zone of systematic offshore bar migration are
also shown on the time-stacks. These boundaries were determined from the position of local
maxima on time-averaged intensity profiles as described in Shand et al, (1999). Only those crossshore bar migrations which occurred predominantly within the zone of systematic offshore
migration were included in the analysis for the following reasons:
•

data points located shoreward of the landward boundary, and seaward of the offshore
boundary, usually relate to bars undergoing generation and degeneration respectively
(Shand et al., 1999);
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Figure 8 Time-stacks depicting cross-shore bar migration for bar switching episodes 2-9. Bar migrations
within the transition zone and also at locations to the southeast (river) side and northwest side of the
transition zone for each episode are depicted. Horizontal lines mark the cross-shore boundaries of the zone
of systematic offshore bar migration which is defined in the text. Only bar tracks which lie mainly within
this zone are shown.
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•

the locational accuracy of these data-points is less reliable than those within the
encompassed zone where systematic offshore bar migration predominates; and

•

the shoreward and seaward intensity maxima may represent artifacts associated with image
processing, or environmental phenomena, rather than bar-crests.

Cross-shore bar migration within transition zones are characterised by both temporally continuous
and temporally discontinuous tracks (Figure 8). The continuous migration tracks may span the
entire survey period or split or merge during this time. By contrast, the discontinuous tracks may
appear, disappear, or occur in isolation.
Cross-shore bar migrations immediately adjacent to transition zones, i.e. labeled southeast and
northwest in Figure 8, show only continuous tracks occurring within the zone of systematic
offshore migration.
To better recognise differences in bar migration to each side of the transition zone, bar migrations
were analysed in terms of their magnitude and direction (Figure 9). Migration distance was
obtained from the distances between the ends of a linear regression model fitted to each bar-crest
time-series in Figure 8, i.e. to each series of black rectangles on the time-stacks. Shaded regions in
Figure 9 represent stationary episodes of switching, while unshaded regions represent shoreward
propagating episodes.
The results in Figure 9 show that for the 6 episodes of shoreward propagating switching, bar(s) on
one side of the transition zone underwent large (enhanced) seaward migrations of between 93 and
143 m. Bars on the opposite side of the transition zone underwent minimal, and often landwarddirected, migrations, i.e. suppressed migration. Such enhanced and suppressed migrations
associated with bar switching, were previously referred to as positive and negative switching
respectively by Shand and Bailey (1999).
The 2 stationary episodes of switching (4 and 6) were also characterized by enhanced seaward bar
migration on one side of the transition zone (61 m and 78 m respectively); however, bar migration
on the opposite side was not suppressed. In the case of episode 4, substantial landward migration
(82 m) occurred, and in the case of episode 6, seaward migration of 40 m occurred.
For each episode, the type of switch-associated bar migration, i.e. enhanced seaward migration or
suppressed migration, which occurred alongshore from each transition zone, has been depicted in
Figure 7 by + and – notation respectively. For completeness, the large landward bar migration in
episode 4 has been marked as negative, and positive notation is shown on both sides of the
transition zone for episode 6.
There is no spatial consistency in the longshore orientation of the + and - coding in Figure 7,
shows no consistency in their longshore orientation. For example, episodes 5 and 9 occurred at
approximately the same longshore location, but for episode 5 the enhanced seaward bar migration
occurred on the river side of the transition zone, while episode 9 had suppressed bar migration on
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Figure 9 Cross-shore bar migration distances on each side of the transition zone for switching episodes 2-9.
Distances are based on linear models fitted to the bar migration tracks depicted in Figure 8. Positive
migration distances refer to seaward directed movement. The shaded regions represent stationary episodes
of switching, while the unshaded regions represent shoreward propagating episodes.

the river side. This lack of consistency in longshore orientation of transition zones will minimise
the likelihood of systematic longshore changes in longer-term NOM characteristics.
The enhanced and suppressed cross-shore bar migration associated with switching (Figure 8 and
9) explains the irregular migration tracks shown in Figure 2 (site 5000, 1995-96). The effect such
irregularities may have on NOM characteristics is now considered.
Characteristics of NOM
To qualitatively assess relationships between bar switching and NOM characteristics, 2
contemporaneously sampled sand-bars were analysed. These bars were located approximately
3000 and 5000 m from the river-mouth and will henceforth be referred to as B3000 and B5000.
They were selected because they entered their cycles of NOM at approximately the same time in
1995, and then experienced different types of bar migration (enhanced seaward migration,
suppressed migration, and the within transition zone behaviours) associated with episodes 7-9 (see
Figure 10).
Cycles of NOM can be characterised using parameters such as duration or (average) rate of
offshore migration (Shand and Bailey, 1999). These parameters are illustrated in Figure 10. Data
collection ceased before either bar had crossed the seaward boundary of the zone of systematic
offshore bar migration, i.e. they had not completed their individual cycles of NOM. In the case of
B3000, the track was extrapolated to the seaward boundary in the shortest time on the basis of
longer-term bar migration records. The duration value is therefore a minimum, while the average
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Figure 10 Time-series depicting the cross-shore location of selected bars at sites 3000 m (Figure A) and
5000 m (Figure B) alongshore from the Wanganui Rivermouth. These 2 bars are referred to as B3000 and
B5000 respectively. The shaded regions mark the time intervals in which switch episodes 7, 8 and 9
occurred. The + and – notation following each episode identifies the type of switch-associated cross-shore
bar migration, i.e. enhanced or suppressed migration. For example, “Episode 7+” means that the bar in
question underwent enhanced seaward migration associated with episode 7. The stated distance, e.g.
“@1000m”, relates to the longhore distance that the bar in question was from the transition zone boundary.
The horizontal lines locate the boundaries of the zone of systematic offshore bar migration (see text). The
diagonal lines define the average offshore migration rate of each NOM cycle. The NOM durations are also
depicted. The method used to extrapolate between the final bar-crest location and the seaward boundary of
the zone of systematic offshore migration (see dashed line), is described in the text. The NOM parameter
values for B3000 and B5000 are given in Table 1.
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Table 1. Parameter values and descriptive statistics for all cycles of NOM which occurred during the 6.3 yr
study period at sites 3000 m and 5000 m. NOM parameter values for bars B3000 and B5000 (see Figure 10)
have been included in the final column.

Longshore
site

NOM
parameter

Parameter
value
(excluding
B3000 & B5000)

Mean

Standard
deviation

Parameter
values for
B3000 &
B5000

3000

Duration (yr)

2.8, 1.5, 1.0

1.8

0.93

3.0

3000

Rate (m/yr)

95, 169, 240

168

72.5

88

5000

Duration (yr)

4.3, 2.5, 1.4, 2.4

2.7

1.21

>1.6

5000

Rate (m/yr)

67, 113, 205

128

70.2

<178

rate is a maximum. In the case of B5000, the track terminated, i.e. the bar disappeared, within 20
m of the seaward boundary so the parameter value calculations were based upon the final data
point. The NOM durations and the average NOM rates for B3000 and B5000, and also for the other
bars which completed cycles of NOM at these sites during the 6.3 yr study period, are given in
Table 1.
B3000 was in an area of suppressed migration for each of the 3 episodes; during episode 7 it was
located 1000 m from the transition zone, while during episodes 8 and 9 it was located adjacent to
the transition zone. During its NOM cycle, B3000 had a duration value of 3 yr and an average
NOM rate of 88 m/yr (see Table 1). These values were greater than the duration values for the
other bars at this site (1 to 2.8 yr) and less than the other rate values (95 - 240 m/yr).
The results for B3000 suggest that for a significant change in NOM cycle characteristics to occur,
a series of similarly orientated episodes of switching are required; in this case suppressed migration
associated with the 3 episodes affected the bar migration pattern.
B5000 lay within the region of enhanced seaward bar migration during episode 7, within the
region of suppressed migration for episode 8 and within the transition zone for episode 9. During
episode 7, the bar was located 500 m from the transition zone and enhanced seaward migration is
evident in Figure 10. During episode 8, B5000 was 2000 m from the transition zone and its
migration rate of 138 m/yr is similar to this site’s background rate of 128 m/yr (Table 1). During
episode 9, B5000's migration track became discontinuous. B5000 had a NOM rate <178 m\yr
which is within one standard deviation of the background mean for site 5000 (Table 1). B5000's
duration value of >1.6 yr is also within one standard deviation of the longer-term mean value.
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The results for B5000 suggest that bar migration associated with switching is minimal at distances
in the order of 2000 m from the transition zone. However, this appears to depend upon individual
switches as Shand (2000) showed that enhanced bar migration associated with switching episode 5
and suppressed migration associated with switching episode 9, could still be detected up to 3000 m
from the transition zone.
Outer Bar Degeneration
To identify any relationship between bar switching and the pre-switch degenerative state of the
outer bar, rectified time-exposure images sampled prior to the onset of episodes 5 to 9 were
analysed. These 5 images are depicted in Figure 11. Episode 1 was excluded from the analysis for
reasons explained earlier. Episodes 2 to 4 were excluded for the following reasons. While images
depicting the pre-switching morphology of the seaward bar for episodes 2, 3 and 4 were available,
as noted earlier, during this time period only 35 and 55 mm focal length lenses were being used.
Consequently the images lacked detail toward the ends of the study area, such detail being required
to satisfactorily classify the intensity patterns. In Figure 11, the location of the initial transition
zones have been marked on each image. Approximately 1000 m of coast alongshore from each
transition zone boundary is depicted and the intensity pattern classification for the seawardmost bar
has been marked
With the exception of episode 6, the classes depicted in Figure 11 show that a difference of at
least one class unit occurred between the intensity patterns on each side of the transition zone. In
the case of episode 6, the southeastern (river) classification was C/D while the northwestern side
was D.
A comparison of the degenerative states in Figure 11 with the bar migration behaviours depicted
in Figures 8 and 9, indicates that higher levels of seaward bar degeneration (intensity classes
B,C,D) are associated with those areas which subsequently experienced rapid or enhanced seaward
bar migration. By contrast, areas with well developed seaward bars (class A) are associated with
suppressed bar migration. These relationships are more clearly illustrated in Table 2.
DISCUSSION
This study identified cross-shore bar migration signatures associated with the 2 types of switching
previously identified at Wanganui. The 6 shoreward propagating episodes were characterised by
substantial seaward bar migration on one side of the transition zone and minimal migration on the
opposite side (Figure 9). While substantial seaward migrations to one side of the transition zone
also characterised the 2 episodes of stationary switching, larger bar migrations also occurred on the
opposite side and these could be directed either shoreward as in episode 4, or seaward as in episode
6.
The only published data sequence depicting an episode of bar switching from another coast
appeared in Wijnberg and Wolf (1994). This example from Egmond, on the coast of Holland, fits
the definition for stationary switching, with minimal net change in the cross-shore location of the
transition zones and the bars on each side of the transition zones moving substantial distances in a
seaward direction.
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Table 2 Contingency table showing frequencies of intensity pattern classes and type of switching-associated
cross-shore bar migration, i.e. enhanced seaward migration and suppressed migration. The intensity pattern
classes are defined and illustrated in Figures 5 and 6. The dashed vertical line depicts the separation between
intensity pattern and type of switching-associated bar migration.
Intensity Pattern Class
B
C

A
Enhanced seaward
migration
Suppressed migration

2
3

1

1

D
2

1

Results from Figures 8, 9 and 11 suggest that a degenerating outer bar along one section of coast
facilitates substantial offshore migration by landward bars, while a well formed outer bar along the
adjacent section of coast constrains migration of landward bars. Under such a scenario, bar-crests
must undergo realignment in the longshore direction, i.e. bar switching is a consequence of
longshore contrast in the degeneration status of the seawardmost bar.
A mechanism by which the state of degeneration of the outermost bar could control the offshore
migration potential of the landward bars was proposed by Ruessink and Kroon (1994). Briefly, a
well-developed outer bar, i.e. with strong relief and relatively shallow crest depth, enables a higher
proportion of incident waves to break upon it, thereby reducing the incident energy available for
wave breaking within the landward bar system. Return flows which are capable of driving
substantial seaward migration by the landward bars during storm conditions, would occur less
frequently. By contrast, a degenerated seaward bar, i.e. with subdued relief and relatively deep
crest, would cause a lower proportion of incident waves to break upon it, thereby maximising both
storm-driven return flows and consequent offshore bar migration within the inner bar system.
The pre-switch level of degeneration of the seawardmost bar also shows different characteristics
for each type of switching (Figure 11). In the cases of shoreward propagating episodes, the level of
degeneration of the seaward bar differed on either side of the transition zone. The outermost bar
during stationary episode 6, however, had similar status to each side of the transition zone. In
addition, the intensity pattern for episode 6 shows that a different level of degeneration may have
occurred close to the transition zone; this area is marked by the asterisk in Figure 11. While
stationary episode 4 was not included in the analysis, multiple longshore differences in
degeneration level also appear to have occurred. Unrectified time-exposure photographs depicting
the pre-switch morphology for episode 4 are reproduced as Figure 12. While the photographs were
taken with a 35 mm focal length lens and have relatively low spatial resolution, it is evident that the
intensity pattern close to the transition zone differed from the patterns further alongshore.
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Figure 11 Images depicting morphology prior to the onset of bar switch episodes 5 to 9. Codes A to D
refer to outer surf zone intensity pattern classifications which relate to differing levels of outer bar
degeneration (see Figures 5 and 6). The rectangles denote the dimensions and location of the subsequent
(initial) transition zone within which bar switching occurred. The possible significance of the intensity
pattern in the vicinity of the asterisk is discussed in the text.

The pre-switch morphology was not included in Wijnberg and Wolf’s (1994) example of
stationary switching at Egmond. Nonetheless, the initial image of the switching sequence does
suggest that multiple contrasts in degeneration status of the seawardmost bar may have occurred
prior to the onset of switching.
Longshore differences in degeneration status of the seawardmost bar may result from longshore
variation in the local sediment supply, as it seems plausible that such an increase (or reduction)
could cause a bar to take more (or less) time to degenerate. Support for such a mechanism is
suggested by results from a nourishment project at Terschelling (Hoekstra et al., 1996), which
showed that seaward bar degeneration slowed down following sediment input in the vicinity of the
outer bar. Variation in sediment availability may be associated with the occurrence of low
amplitude migrating sand-waves or blankets. Such features have been documented on a variety of
coasts, e.g. along the Nile delta (Inman et al., 1992), along the eastern USA seaboard (Trowbridge,
1995), along the Danish coast (Brunn, 1955) and along the German coast (Antia 1996). Such
features have also been observed by the author in side-scan sonar images of the shoreface at
Wanganui.
CONCLUSION
The phenomenon of bar switching accounts for much of the irregularity in cross-shore bar
migration time-series and extreme NOM cycle characteristics evident in Wanganui data (Figure 2).
Shoreward propagating bar switching was associated with enhanced seaward bar migration on one
side of the transition zone and suppressed migration on the other side. Such switch-associated bar
migration has been detected 2 to 3 km alongshore from the transition zone. Stationary switching
was also characterised by enhanced seaward bar migration on one side of the transition zone;
however, in this case, either large seaward or landward migrations occurred on the other side. If a
bar experienced a series of either switch-associated enhanced seaward migrations or suppressed bar
migrations, then its NOM characteristics of duration and rate could be significantly different to
longer-term average values for that particular site. Furthermore, such switching could affect NOM
characteristics for several hundred metres beyond the transition zone. Because bar switching is
associated with significant and atypical variation in cross-shore bar migration, coastal researchers
need to be mindful of this phenomenon when interpreting temporally or spatially limited
morphological data-sets.
Bar switching appears to be a consequence of longshore contrast in the degeneration status of the
seawardmost bar prior to the onset of bar switching. Shoreward propagating episodes were
characterised by a single longshore variation in the degenerative state of the seawardmost bar.
Where the outer bar had a high level of degeneration, enhanced offshore migration of the adjacent
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Figure 12 Time-exposure photographs depicting pre-switch morphology for episode 4. The initial
transition zone for the subsequent switching has been marked on the image and the intensity pattern classes
are shown for the outer bar. The photos were taken using a 35 mm lens (left) and a 55 mm lens (right)
which cause merging difficulties and also reduced spatial resolution compared with later sampling. The
oblique high intensity flare on each photo is due to light leaking into the camera-body ; this problem was
later overcome by placing the camera-body within a light-proof bag.

landward bar occurred. Where the seawardmost bar was well developed, migration of the adjacent
landward bar was suppressed. However, the episodes of stationary switching were more complex
as the pre-switch morphology of the seawardmost bar appeared to be characterised by multiple
longshore changes in its state of degeneration.
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