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Assessing the Suitability of Video Imaging for
Studying the Dynamics of Nearshore
Sandbars in Tideless Beaches
Francesca Ribas, Elena Ojeda, Timothy D. Price, and Jorge Guillén

Abstract—Nearshore sandbars, an important natural defense
mechanism of the beaches, can be monitored using shore-based
video systems. Before studying bar dynamics with video images,
we must establish the relationship between the real bar positions
and the videoed bar positions (detected by the preferential wave
breaking on the shallows). This analysis becomes essential in
the two studied tideless beaches of Barcelona due to the critical
differences with respect to the sites studied previously. Bogatell
beach is terraced (without a trough) in more than 50% of the
profiles. There, the videoed barlines are a good proxy of the
terrace edge position. In La Barceloneta beach, with dominance
of barred profiles, the videoed barlines better represent the bar
crest position. On average, the obtained distances between real and
videoed bar positions Δr are 10–15 m, with the videoed barlines
located shoreward. Changes in the bathymetric profile shape and
the root-mean-squared wave height Hrms induce a variability
of Δr of 16 m in La Barceloneta and 13 m in Bogatell. This
apparent variability masks the real changes in bar position and
should preferably be reduced before further analysis. As a highly
significant correlation between Δr and Hrms is detected in the
two beaches, the proposed reduction method consists of sampling
at a specific range of Hrms . This diminishes the variability by
10% to 14 m in La Barceloneta and 11 m in Bogatell. This paper
confirms the suitability of using video systems for monitoring bars
and terraces in the Barcelona beaches.
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I. I NTRODUCTION

W

ITH the development of remote sensing techniques in
the coastal zone during the last two decades, nearshore
sciences have gained a new source of data with high temporal
and spatial resolution [1], [2]. Many beaches worldwide are
being monitored with video cameras (and occasionally X-band
radar), technology that provides valuable information about the
changes undergone by beach morphology and hydrodynamics
over time. Obtaining these types of data sets is an essential first
step in order to gain a deeper understanding of the physical
mechanisms governing such complex environment.
Nearshore sandbars are shore-parallel accumulations of sand
in natural beaches at depths of less than 10 m that have a fundamental importance in the study of surf-zone hydrodynamics,
beach morphodynamics, and coastal protection. Understanding
and predicting their dynamics is highly relevant, both in the
cross-shore and in the alongshore directions (with the formation
of crescents at scales of a few hundreds of meters, see [3]). The
position and shape of sandbars does not respond immediately
to a change in hydrodynamics, but there is a time lag between
the change of wave conditions and the morphologic response.
This time lag is a function of the intensity of the hydrodynamics
and the volume of the sediment involved in the morphologic
phenomenon [4].
The position of nearshore bars is visible in video images
due to preferred breaking of waves at shallow areas. The foam
created when waves break over a bar results in high-intensity
areas in the time-averaged images. The cross-shore location
of the maximum video image intensity xvideo is often used
as a measure for the bar crest or minimum depth location
xcrest [5]. However, for each particular site, the relationship
between these two quantities must be studied and established.
The position xvideo varies according to the parameters that
control wave breaking, such as the wave height, the tidal level,
and the shape of the underlying profile [6]. For example, the
position xvideo shifts immediately offshore when the wave
height increases even with the actual bar crest remaining still.
Some characteristics of the profile shape, such as the water
depth above the bar or the bed slope at the seaward side of
the bar crest, can also change the value of xvideo for a given
value of xcrest . As a result of the varying hydrodynamics and
local bathymetry on the one hand and the natural inertia of the
bar position on the other hand, there is a time-varying offset
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Fig. 1. Definitions of maximum perturbation location xpert and the corresponding water depth Dpert and of bar crest location xcrest and the corresponding water depth Dcrest for a (a) bar and a (b) terrace. The solid lines
represent a measured profile and the dashed lines reproduce a featureless longterm averaged profile, identical in both panels.

between xvideo and xcrest . The offset results in an apparent bar
migration, unrelated to the actual bar migration, which must
be evaluated and preferably reduced before performing further
analyses of bar dynamics using video images.
A quantitative comparison of the actual bar crest position
xcrest and the maximum intensity position in the images
xvideo has only been performed at a few sites. Lippmann and
Holman [5] analyzed in detail the use of video images in Duck
beach, USA, the first site where video cameras were installed
starting up the Argus program [2]. They showed that xvideo
was indeed a good proxy for xcrest , with discrepancies of the
order of 5%–10% and a maximum error of 35%. Although they
expected xvideo to be located seaward of xcrest , the contrary
occurred in 42% of their observations. Plant and Holman [7]
used another morphologic descriptor to quantify the bar position at Duck: the position of maximum perturbation of the
actual profile with respect to a long-term averaged barless
profile xpert (Fig. 1). They also extended the study of [5] by
quantifying the correlation between xvideo and xpert (Table I).
The discrepancies between these two quantities were associated
with changes in the underlying bathymetry and variations of the
offshore wave height Ho . They found out that these discrepancies increased as bars moved seaward and as bar amplitude
decreased. In addition, the discrepancies had a slight tendency
to decrease as the offshore wave height increased.
Van Enckevort and Ruessink [6] performed a more detailed
study at Egmond beach, The Netherlands, using both xcrest and
xpert to quantify bar position. They made a clear distinction between what they called Gaussian-shaped bars [those with a clear
trough on the shoreward side, as shown in Fig. 1(a)], and terraced or platform-shaped bars [those with a subtle or even without a trough, see Fig. 1(b)]. In this paper, we will call them bars
(or barred profiles) and terraces (or terraced profiles), respectively. Van Enckevort and Ruessink [6] showed that in the
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Egmond barred profiles xpert corresponded well to the bar crest
position xcrest , whereas these two quantities could differ by tens
of meters in more terraced profiles. At their site, the videoed
position xvideo reflected the location of xpert better than that of
xcrest , the regression analysis giving better results in the former
case (Table I). In general, xvideo was located shoreward of
xpert , differing by a time varying distance Δx = xvideo − xpert
of the order of 10 m. This distance Δx displayed a linear
relation with the offshore sea surface level ηo , Δx being closest
to zero for low tide conditions and becoming more negative
during high tide. No significant correlation between Δx and
Ho was found. Moreover, [6] showed that the variability of Δx
depended strongly on the actual bathymetric characteristics of
the profiles, implying that their results could be significantly
different at other sites. Ruessink et al. [8] analyzed the differences between xpert and the bar position extracted from X-band
radar images at the Egmond site. Their results were very similar
to those obtained with video cameras (Table I).
Less detailed analyses have been performed at a small number of other sites, such as at Tairua beach, New Zealand [9].
Some of the conclusions for that site opposed those applying
to Egmond beach. For instance, xvideo was located seaward of
xcrest in most of their observations (positive Δx, see Table I)
and Δx was closer to zero during high tide. This confirmed
that the variability of Δx can be strongly site dependent.
Remarkably, the use of video images for detecting bar positions
has only been assessed in sites located at open coasts with a significant tidal range of some 1.5 m, where the tidal oscillations
explain most of the Δx variability.
Several mechanisms to remove the apparent bar migration
due to the influence of hydrodynamics on xvideo have been
proposed in the literature. Kingston et al. [10] used an empirical neural network to model the cross-shore movement of
the intensity maximum due to tides and waves. Then, they
removed the resulting signal from the videoed bar position to
obtain an accurate estimation of the real sandbar location in
Egmond site. Van Enckevort and Ruessink [6] proposed simpler
methods to remove the variability created by tidal oscillations.
First, a single image per day sampled at low-tide was used,
assuming that real changes in bar crest position occurred at
time scales larger than one day, and this already reduced the
standard deviation of Δx by 10%. Second, the slope m of
the regression line of Δx versus the offshore tidal elevation
ηo was obtained for the time period when the actual bar crest
position was known (Table I). Subsequently, it was used to
infer more accurately xpert out of xvideo in a more extensive
data set (i.e., each videoed bar position was projected on a
fixed tidal level). This further reduced the standard deviation
of Δx by 30%, reaching a value of some 5.5 m. This correction
method was also implemented by [11] and [12] to correct the
xvideo obtained for five different Argus sites. Ruessink et al. [8]
applied a smoothing technique using an N-point symmetric
Hanning window, which reduced the standard deviation Δx
to nearly 3.2 m (Table I). However, they explained that this
technique required the variation in ηo to be the dominant source
of apparent Δx variability, so that it would fail in the case of
tideless conditions.
Finally, considerable effort has been devoted to relate the
cross-shore image intensity profiles I(x) to the cross-shore
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TABLE I
S TATISTICAL R ESULTS OF P REVIOUS S TUDIES ON I NFERRING N EARSHORE S ANDBAR P OSITIONS F ROM V IDEO OR R ADAR I MAGES

distribution of modeled physical quantities related to wave
dissipation. Lippmann and Holman [5] concluded that the wave
energy dissipation failed in reproducing I(x). They pointed
at the following source of error: With high waves, which get
saturated across the whole surf zone, part of the surface foam
remains floating after the wave pass and biases the image intensity shoreward. Later on, [6] showed that a better proxy for I(x)
is the energy dissipation of the surface roller, i.e., the aerated
mass of water located on the shoreward face of a breaking wave.
Recent works have focused on methods to minimize the impact
of residual surface foam and link image intensity with roller
dissipation derived from theoretical models [13]. The final aim
of these elaborated transformations of the image intensity is to
apply a depth inversion method and infer the beach bathymetry
within the surf zone (see [14], and references therein). This
technique can complement other depth inversion methods of
bathymetric estimation based on measuring wave propagation
characteristics (i.e., wave speed, wavenumber, etc.), which give
reliable results in the shoaling domain but fail inside the surf
zone (see [15] and references therein).
An Argus video system was installed atop a 142-m-high
building close to the Olympic Marina of Barcelona city and
started monitoring on October 20, 2001. An extensive analysis of the evolution of the shoreline during four years was
performed by [16]. An important step in order to study the
dynamics of the bar position with video images is to analyze the relationship between the maximum image intensity xvideo and the real bar position. This is particularly
crucial in Barcelona since it is a Mediterranean site, where
wave and tide conditions differ significantly from the sites
where similar methodological studies have been performed
(Table I). Moreover, the bathymetric characteristics also differ
from those of the previously studied beaches, the Barcelona
ones displaying one single bar at most that often becomes
a terrace.

The aim of this paper is to characterize the differences
between the actual nearshore bar position measured in four
bathymetric surveys from 2003 to 2006 and the corresponding
maximum intensity obtained from video images at Barcelona
city beaches. After presenting the study site and the available
data in Section II, the methods for deriving the bar positions from in situ bathymetries and from video images will
be detailed in Section III. The characteristics of the profile
shapes in the available bathymetric surveys will be explained in
Section IV. Section V will describe the differences between real
and videoed bar positions, discussing separately the influence
of the profile shapes and of the hydrodynamics. Section VI will
discuss methods to reduce the variability of videoed bar position due to wave height variability and will compare this paper
with the results at other sites. Finally, the overall conclusions
will be listed in Section VII.
II. F IELD S ITE AND DATA
La Barceloneta and Bogatell beaches are two of the manmade beaches of Barcelona city, located in the northeastern
part of Spain (Fig. 2). Barcelona coast is part of the western
Mediterranean Sea and shows microtidal conditions (tidal range
< 0.20 m). Waves dominantly approach from northeastern,
eastern, or southern directions. The annual average of the rootmean-squared wave height Hrms is 0.5 m, but during storms,
the maximum Hrms can be up to 3 m. Wave heights are
characterized by a cyclic behavior: Stormy periods occur from
October to April, whereas periods with low storm activity occur
from May to September. The most important storms approach
from the east, and they are often associated with the cyclonic
activity in the western Mediterranean, with a typical duration
of a few days [16].
La Barceloneta has a length of approximately 1100 m and
is orientated 20◦ from the north, whereas Bogatell has a length
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Fig. 2. Location of the Argus station and the closest beaches of Barcelona city,
from north to south: Bogatell, Nova Icaria, Somorrostro, and La Barceloneta.
The coordinates are given in UTM.

of 600 m and is orientated 38◦ from the north. Both beaches
are confined between two shore-normal groins, the southern
groin of La Barceloneta being L-shaped (Fig. 2). The sediment
sizes (D50 ) on these beaches range between 0.43 mm (at some
5-m depth) and 1.5 mm (on the dry beach). Barcelona beaches
are often affected by small-scale human interventions such
as sand redistribution after storms. Moreover, major nourishment projects took place in July 2002 [17] and in March and
June 2006.
The Argus station of Barcelona city consists of five full-color
cameras, which offer a 180◦ view of the four beaches surrounding the marina (Fig. 2). Every daylight hour, during a 10-min
period, the cameras make 600 individual snap-shot images per
camera. The timex images are obtained from the average of
these 600 individual snap-shot images, and result in a filter of
the high-frequency changes in wave breaking patterns. Finally,
the timex images from the five cameras are rectified and merged
to obtain a planview of the study area [1]. Stripes of high intensity that correspond to shallower zones can be distinguished
in such planviews, as shown in the examples of Fig. 3. After
transforming the image coordinates to real world coordinates,
the cross-shore and alongshore coordinates increase seaward
and northward, respectively, and their origin is the location of
the video cameras. The obtained pixel resolution ranges from
1 to 1.5 m in the cross-shore direction and from 1 to 10–20 m
in the alongshore direction. The worst alongshore resolution
is obtained at the far end of Bogatell (10 m at y = +1100 m)
and La Barceloneta (20 m at y = −2100 m). The time period
studied in the present contribution is from October 20, 2001
(first day with video images) to November 15, 2006, when the
construction of a new shore-parallel groin in La Barceloneta
beach changed completely its morphodynamic behavior. The
video system worked continuously during the entire five years.
Data from a directional wave buoy located in front of
Barcelona harbor, at 69-m depth, were available since March
2004 (Cost-Barcelona buoy). In earlier periods, wave conditions were obtained from the WANA model data set (node
WANA2066051), computed by the Spanish National Institute
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of Meteorology using the HIRLAM and WAM numerical
models. The most energetic winters during the study period
occurred in 2001–2002 and in 2003–2004, with peaks of Hrms
higher than 3 m (Fig. 4). The sea surface level ηo was measured
in a buoy located inside the harbor of Barcelona. The mean ηo
at this point is 0.26 m, measured with respect to the Spanish
vertical datum of reference. Higher sea levels are found during
low pressure periods in autumn. The two highest ηo during the
study period (0.8–0.9 m) were reached in November 2001 and
October 2003, respectively (Fig. 4).
Four nearshore bathymetries were measured during the study
period: October 4, 2003, November 5, 2003, October 26, 2005,
and November 10, 2006 (Fig. 3). Bottom bathymetry was
measured from approximately 0.5- to 15-m water depth along
cross-shore profiles at some 50-m of alongshore spacing, using
echo sounding from a boat and a dGPS system. The topography
of the dry beach was measured with a dGPS system, and it was
added to the bathymetric profiles. The coordinate system used
was the same as in the planviews and the sea surface level.
The number of measured profiles depended on the surveys,
ranging from 12 to 22 in La Barceloneta and from 5 to 10 in
Bogatell. In total, 55 profiles were available for La Barceloneta
and 26 for Bogatell. The profiles of both beaches exhibited a
single nearshore bar at most (Fig. 3). Since Nova Icaria and
Somorrostro were constant-sloping featureless beaches, they
were not included in this paper.

III. M ETHODS FOR E XTRACTING BAR P OSITION
A. Deriving Bar Characteristics From Cross-Shore Profiles
As introduced in Section I, there are several parameters
that can describe the cross-shore characteristics of a barred
profile. In the majority of the videoed sites described in the
literature, the bars consist of a clear trough and a seaward
located shallower bar crest (e.g., [5] and [9]). In these cases,
the bar crest position xcrest provides a good descriptor for
characterizing the bar location. At the sites where the bars are
not Gaussian-shaped but more platform or terraced shaped, the
location of the bar may be characterized by the position of
maximum difference between the actual profile and the longterm averaged featureless profile, known as the position of maximum perturbation xpert [7]. Since no long-term bathymetric
measurements were available for Barcelona beaches, the bar
location in the case of terraced profiles was characterized by
the position of the terrace edge or slope break, xedge , defined
as the location of maximum slope change. This location is
very close to the position of maximum perturbation xpert [5].
In this paper, xedge will always be referred to as the terrace
edge, and it will also be calculated in the case of barred profiles (Fig. 5).
Fig. 3 shows examples of the different profile shapes of the
two Barcelona beaches during the study period. In general, the
profiles at La Barceloneta presented a more developed bar in
contrast to the profiles at Bogatell, which exhibited a more
terraced shape often without a trough. The bathymetries were
both alongshore variable. In the north of La Barceloneta, the
profiles were often featureless, particularly in 2005 and 2006
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Fig. 3. Examples of planviews and bathymetric transects along with the corresponding profiles of the four bathymetries measured on (a) October 4, 2003
(image from October 15, 2003 at 8 h), (b) November 5, 2003 (image from November 8, 2003 at 14 h), (c) October 26, 2005 (image from November 23, 2005 at
13 h), and (d) November 10, 2006 (image from November 4, 2006 at 15 h). In the profiles, zb is the bed level and d is the distance from a reference line, measured
along the corresponding transect.

Fig. 4. (Upper panel) Root-mean-squared wave height and (lower panel) sea surface level measured during the study period.
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Fig. 6. Time series of Hrms during (upper panel) autumn 2003, (middle
panel) autumn 2005, and (lower panel) autumn 2006. Vertical dashed dark
gray lines indicate the date of bathymetric surveys. Gray rectangles indicate
the period when barlines were sampled for each bathymetry.

Fig. 5. Quantitative determination of the morphologic descriptors in (a) La
Barceloneta southern cross-shore profile and in (b) Bogatell central profile from
the bathymetry on October 26, 2005 (see Fig. 3). The panels display, from top
to bottom, the bed level, zb , the first derivative of the bed level, dzb /dx, which
equals minus the slope, and the second derivative of the bed level, d2 zb /dx2 ,
which equals minus the slope change. The bar crest is indicated by a circle
sign (◦), the terrace edge is indicated by a cross sign (×) and the slope at the
bar/terrace is taken at the dot sign (•).

[Fig. 3(c) and (d)], and they became clearly barred toward
the center and the south. In both beaches, the bar/terrace was
obliquely oriented, with the southern part being located at larger
water depths.
Before starting the quantitative extraction of the bar position
from the bathymetric profiles, each profile was qualitatively
classified as featureless, terraced, or barred from visual observation. Then, the position and characteristics of the bar
crest and the terrace edge of all the cross-shore profiles were
determined. In the case of barred profiles, both locations were
tracked for a matter of comparison, whereas only the terrace
edge was determined for terraced profiles (since they have no
points of local minimum depth). As the Barcelona beaches
have a certain curvature, both the cross-shore and the alongshore coordinates were determined r edge = (xedge , yedge ) and
r crest = (xcrest , ycrest ). The position r edge and the corresponding parameters were also extracted from the featureless
profiles for comparison.
Fig. 5(a) shows an example of the determination of the two
locations for a clearly barred profile in La Barceloneta. The bar
crest occurs where the first derivative of the bed level dzb /dx is

zero downcrossing [circle sign on Fig. 5(a)]. Seaward of the bar
crest, dzb /dx decreases rapidly to a value of −0.03. The terrace
edge, visible as a minimum of the second derivative of the bed
level, d2 zb /dx2 [cross sign on Fig. 5(a)], lies slightly seaward
of the bar crest. Seaward of the terrace edge d2 zb /dx2 increases
up to a value around zero and indicates that the slope remains
constant.
Fig. 5(b) shows an example of the quantification of the
terrace edge location for a terraced profile in Bogatell. The
terraced nature of the profile is illustrated by the first derivative
of the bed level, where the terrace appears as a section with
a relatively small slope (dzb /dx near zero), followed by a
decrease of dzb /dx in the offshore direction. Further offshore
the profile reaches again a relatively constant value of dzb /dx
of some −0.03. The decrease in dzb /dx indicates the area of the
terrace edge, and its exact location is defined by the minimum
in d2 zb /dx2 [cross sign in Fig. 5(b)]. The slope at the terrace,
calculated as the slope closest to zero shoreward of the terrace
edge (dot signs in Fig. 5), was also determined for both terraces
and bars (in the latter case, its theoretical value is zero).
B. Deriving Bar Positions From Video Images
The planview timex images, obtained after averaging, rectifying, and merging the five oblique images from the video cameras, were first visualized in order to select candidate images
with clear barlines. The frequent occurrence of Hrms < 0.5 m
precluded barline detection due to lack of breaking over the bar
(the threshold value being larger if the bar was located deeper).
On the other extreme, in case of Hrms > 3 m, a wide breaking
zone occupied the whole nearshore making barline detection
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Fig. 7. Planview images on (a) September 15, 2003 at 13 h and on (b) October 15, 2003 at 12 h, with the corresponding barlines sampled for the bathymetric
survey performed on October 4, 2003. The Hrms was 1.1 m in (a) and 1.0 m in (b).

unclear (the threshold being again variable). The maximum
intensity lines r video = (xvideo , yvideo ) were extracted from
the candidate planview images by an automated alongshore
tracking of the intensity maxima across each bar, as detailed
in [3]. These lines are referred to as barlines and represent the
planview bar morphology obtained from the video images. To
reduce the alongshore noise of the barlines, they were low-pass
filtered using a Hanning window. The groins at either side of the
beaches prevented wave breaking at certain sections of the bar
(particularly in the case of oblique angles of wave incidence)
and sometimes caused the detection of inaccurate barlines near
them. The barlines were thereby revised and incorrect sections
were manually removed.
Mainly due to the long periods of low energetic conditions
and the tideless nature of our site, the interval between subsequent video observations of barlines was highly irregular. As
previously mentioned, candidate images for sampling barlines
were only available if wave conditions were adequate during
daylight hours. Bearing also in mind that large waves induce
bathymetric changes, r video was extracted from the images for
comparison with the real bar position the first two days with
candidate images before and after the date of the bathymetric
survey. In total, some 10–20 barlines were sampled for each
bathymetry, those nearest in time to the survey date. Barlines
were never sampled more than one month before or after the
survey. Fig. 6 shows the Hrms measured at the time of the
bathymetric surveys, with an indication of the periods where
videoed barlines were sampled for each bathymetry. Sometimes
barlines were sampled in different moments for each beach. For
instance, in 2003, the bar was situated at larger water depths in
La Barceloneta than in Bogatell [Fig. 3(a) and (b)], requiring
larger wave heights for barline extraction. Given the relatively
long time span between certain bathymetric surveys and the
corresponding image barline sampling, the planviews and the
barlines sampled (at similar wave heights) prior and after each
survey were checked to verify that they showed no significant
change in their configuration (see Fig. 7 as an example for
the survey on October 4, 2003). The wave conditions are
commonly calm during the periods when barlines cannot be
sampled, in which case no significant bathymetric changes are
induced either.

In total, 55 barlines were sampled for La Barceloneta and
57 barlines were sampled for Bogatell. These r video were used
for comparison with the two locations that can characterize
the actual bar position r crest and the r edge determined in
Section III-A. With this aim, the distances between them were
calculated Δrcrest and Δredge . Given the fact that both beaches
have a certain curvature (Fig. 3), the distance was computed
for each cross-shore bathymetric transect as the minimum
distance between each bathymetric crest/edge position and the
corresponding complete barline


Δrcrest = sign min (xvideo −xcrest )2 +(yvideo −ycrest )2


Δredge = sign min
(xvideo −xedge )2 +(yvideo −yedge )2 .
(1)
The sign is equal to +1 if the morphologic descriptor is
located shoreward of the barline and equal to −1 if it is located
seaward. For each cross-shore transect of all the bathymetries,
as many distances as available barlines were computed.

IV. C HARACTERISTICS OF THE AVAILABLE P ROFILES
In addition to the qualitative visual classification described
in Section III-A, profile characteristics were analyzed in order
to find out quantitative criteria to distinguish between barred,
terraced, or featureless profiles. In this way, the presence of a
barred or terraced profile could be validated before comparing
the real bar locations and the videoed locations (as waves
also break on featureless profiles). A barred profile can be
distinguished from a terraced profile by the presence of a local
minimum depth, corresponding to the bar crest. A terraced
profile differs from a featureless profile due to the successive
presence (following the offshore direction) of a relatively small
constant slope, a clear slope break (or terrace edge) and a larger
constant slope (Fig. 5). In order to validate the presence of
terraced profiles, the value of the terrace slope and the values of
the maximum slope change and the water depth at the terrace
edge were compared for all terraced and featureless profiles.
The values of these profile parameters, which affect the wave
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TABLE II
D ISTINGUISHING C RITERIA FOR C LEAR AND
S HALLOW T ERRACED P ROFILES

TABLE III
Q UANTITATIVE C LASSIFICATION OF A LL THE AVAILABLE P ROFILES

Fig. 8. Characteristics of the terrace edges in La Barceloneta [terrace slope
in (a) and bed level at the terrace edge in (b) versus maximum slope change]
and in Bogatell [terrace slope in (c) and bed level at the terrace edge in
(d) versus maximum slope change] for all the terraced and featureless crossshore profiles. The clear and shallow terraced cross-shore profiles are marked
with a black dot, the unclearly or too deeply terraced cross-shore profiles with
a gray dot and the visually observed featureless cross-shore profiles with a gray
cross. The dot-dashed lines indicate the distinguishing criteria of Table II.

breaking process, were also kept to study their influence on the
distances Δr.
Fig. 8(a) and (b) shows the characteristics of the terrace edges
for all the profiles of the four bathymetries of La Barceloneta.
In panel (a), clearly terraced profiles (black dots) form a
cluster of points with a small terrace slope (dzb /dx close to
zero) and a distinct slope change (a large negative value of
d2 zb /dx2 ). On the other hand, the featureless profiles (gray
crosses) exhibit larger terrace slopes (large negative values of
dzb /dx) and indistinct slope breaks (d2 zb /dx2 close to zero).
The majority of these profiles, which are used as examples of
invalid profiles, were measured at the north of La Barceloneta
on October 26, 2005 [Fig. 3(c)]. Based on these two clusters,
limiting values for the terrace slope and the slope break were

estimated in order to differentiate quantitatively between the
clearly terraced profiles and the unclearly terraced or featureless
profiles (Table II and dot-dashed lines in Fig. 8). Moreover,
Fig. 8(b) shows that indistinct slope breaks are located at larger
water depths, implying the requirement for a maximum water
depth at the slope break (indeed, most of the waves propagate without breaking above too deep bars/terraces). Overall,
the distinguishing criteria resulted in only three profiles of
La Barceloneta (measured on November 5, 2003) to be classified as unclear or deep terraces (gray dots).
Fig. 8(c) and (d) shows the profile characteristics at Bogatell.
All the profiles were visually classified as terraced profiles, and
only two of them did not verify the criteria for the terrace slope
and the maximum slope break determined for the profiles at
La Barceloneta. The terrace edges of the Bogatell profiles were
located at smaller water depths than in La Barceloneta and none
of them were classified as too deep.
Following the criteria of Table II, all the available profiles
were classified quantitatively as shallow bars, shallow terraces,
unclear terraces, deep bars/terraces, or featureless profiles,
the latter being detected visually. Table III shows the relative
occurrence of each type that was found in the four bathymetries,
detailing the percentages at the two beaches to enlighten their
distinctive bathymetric properties. Only 53% of the profiles
in Barcelona beaches exhibited a shallow bar and 20% of the
profiles exhibited a shallow, clear terrace. More than 25% of
the available profiles were either featureless or with unclear or
too deeply located bars/terraces. There was a more significant
presence of bars in La Barceloneta and a dominance of terraces
in Bogatell. The clear and shallow terraces and bars are those
considered to be valid profiles in this paper. In total, 468
distances were obtained for the valid profiles in La Barceloneta
using the terrace edge location and 415 using bar crests. In
Bogatell, 326 distances were obtained using terrace edges and
only 152 using bar crests.
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TABLE IV
S TATISTICAL R ESULTS OF THE D ISTANCES FOR THE T WO B EACHES AND THE T WO D ESCRIPTORS

Fig. 9. Plots of (a) xvideo versus xedge and of (b) xvideo versus xcrest at
La Barceloneta for both the (black dots) valid profiles and the (gray dots) deeply
or unclearly barred/terraced profiles. The drawn dashed line in each plot is the
line of equality.

V. C HARACTERISTICS OF THE D ISTANCES B ETWEEN
R EAL AND V IDEOED BAR P OSITIONS
The distances Δr obtained for the valid profiles were of
the order of 10 m, showing minimum values of some −50 m
and maximum values of some +25 m. Table IV displays
the statistical descriptors of Δr using the two morphologic
positions, r edge and r crest (for comparison). The results are
given separately for the two beaches due to the differences in
their bathymetric characteristics. The negative values for the

Fig. 10. Plots of (a) xvideo versus xedge and of (b) xvideo versus xcrest at
Bogatell for both the (black dots) valid profiles and the (gray dots) deeply or
unclearly barred/terraced profiles. The drawn dashed line in each plot is the line
of equality.

mean distances, mean(Δr), show that the barline positions,
r video , were located shoreward of the real morphologic positions on average. The videoed barlines in Barcelona reflected
the location of the bar crest better than that of the terrace edge,
indicated by the smaller values for both mean(Δrcrest ) and
std(Δrcrest ). The absolute mean distances were also larger for
the terrace edge location r edge than for the bar crest position r crest . The standard deviations of the distances std(Δr)
were larger in La Barceloneta than in Bogatell. A significantly
smaller amount of values for Δrcrest were available in Bogatell,
where bar presence was less frequent (Table III).
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TABLE V
R ESULTS OF THE R EGRESSION A NALYSIS OF THE S TUDY

It is known that Δr can vary temporally and spatially due
to changes of Hrms , the sea surface level, ηo , and the local
shape of the bathymetric profiles [6]. The alongshore variation
of the cross-shore profiles (particularly when changing from
La Barceloneta to Bogatell) were used to study qualitatively
the bathymetric effects on Δr. The temporal variation of the
offshore wave height and the sea surface level was used to study
the hydrodynamic effects on Δr.
A. Bathymetric Effects on the Distances
As shown in Section IV, the cross-shore profiles of
La Barceloneta and Bogatell varied alongshore, resulting in
different responses of the videoed barlines. A comparison
between videoed and real bar cross-shore positions is shown
in Figs. 9 and 10. The bar obliquity in both beaches allows
the distinction of different cross-shore profiles to be made. In
general, the two morphologic descriptors xedge and xcrest were
highly correlated with xvideo in both beaches (Table V).
In La Barceloneta beach, the majority of xvideo lied landward
of xedge , the points being located below the line of equality
[Fig. 9(a)]. The profiles with deep or unclear bars/terraces,
plotted as gray dots, showed the largest deviations of xvideo . A
large water depth over the bars/terraces inhibits the morphology
to control wave breaking, causing waves to break on the slope
onshore of the bar. Unclear slope breaks do not provide defined
locations which control wave breaking, allowing the barline to
move freely across the cross-shore profile, depending on the
slope and the change in wave height. When comparing the
two panels of Fig. 9, the proximity of xvideo to xcrest is again
apparent, the slope of the corresponding regression line being
m = 1 (Table V). In Bogatell beach, nearly all the values of
xvideo lied landward of xedge or xcrest (Fig. 10). Given the

Fig. 11. Variation of Δredge with minus the bed level at the terrace edge
−zb,edge for the valid profiles at La Barceloneta beach (a) and at Bogatell
beach (b). Positive (negative) values of Δr indicate that the videoed bar
position lies seaward (landward) of the real bar position.

smaller length and different bar orientation found in Bogatell
beach, a minor range of cross-shore locations x was obtained,
affecting the regression analysis.
The bed level at the terrace edge or bar crest is an important property to understand the cross-shore distribution of
wave breaking and the corresponding position r video . As an
example, Fig. 11 shows the values of Δredge in La Barceloneta
and Bogatell as a function of minus the bed level over the
terrace edge −zb,edge . In general, the variability of Δredge
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Fig. 12. Variation of Δr with the offshore wave height Hrms using the
(a) terrace edge location and using the (b) bar crest location at La Barceloneta
beach, for the valid profiles. Positive (negative) values of Δr indicate that the
videoed bar position lies seaward (landward) of the real bar position.

Fig. 13. Variation of Δr with the offshore wave height Hrms using the
(a) terrace edge location and using the (b) bar crest location at Bogatell beach,
for the valid profiles. Positive (negative) values of Δr indicate that the videoed
bar position lies seaward (landward) of the real bar position.

increased if the terrace edge was located deeper. Moreover, in
La Barceloneta, Δredge became more negative (r video landward of r edge ) for deeply located terrace edges [Fig. 11(a)],
the corresponding squared correlation coefficient r2 being significant at the 99% confidence level (Table V). A larger amount
of waves can propagate without breaking over a deeply located
bar/terrace, r video becoming more variable and shoreward
located on average. In Bogatell, however, this effect was less
apparent because the bar/terrace was always located in shallow
regions [Fig. 11(b)].
B. Hydrodynamic Effects on the Distances
Figs. 12 and 13 show the values of Δr as a function of the offshore Hrms for La Barceloneta and Bogatell, respectively. The
Hrms corresponding to the images used for barline acquisition
varied between 0.5 and 2.4 m for the La Barceloneta barlines
and between 0.6 and 2.8 m for the Bogatell barlines. For both
beaches, Δr was more negative for small Hrms values and
increased approximately linearly with increasing wave height.
This was the expected pattern, the waves with larger height
breaking further seaward than those with smaller height. The
characteristics of the corresponding regression lines are shown
in Table V. In La Barceloneta, the line of the best linear fit was
very similar for both location descriptors. All the squared correlation coefficients r2 were significant at the 99% confidence
level, except for the one of the correlation between Δredge and
Hrms in Bogatell [Fig. 13(b)], which was only significant at
the 95% confidence level (partly due to the smaller amount of
distances available).
Subsequently, the relationship between the distances Δr and
the sea surface level ηo was investigated. The ηo corresponding to the images used for barline acquisition varied between
0.2 and 0.7 m for the La Barceloneta barlines and between
0.3 and 0.85 m for the Bogatell barlines. Fig. 14 shows the

Fig. 14. Variation of Δredge with the sea surface level ηo , at (a) La
Barceloneta beach and at (b) Bogatell beach, for the valid profiles. Positive
(negative) values of Δr indicate that the videoed bar position lies seaward
(landward) of the real bar position.

corresponding plots for Δredge in both beaches as an example.
No significant correlation was detected between ηo and Δr for
any beach or bathymetric descriptor (Table V).
In order to gain a deeper understanding of the nature of the
Δr, variability, the distances were finally correlated with the
relative wave height, i.e., the ratio of the offshore Hrms over
the water depth, Hrms /D (see Fig. 15 for an example of both
beaches). Here, the water depth was computed including the measured sea surface level D = ηo − zb . The obtained squared correlation coefficients were higher than those obtained previously
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a descriptor that encompasses the influence of both the wave
height and the water depth over the bar/terrace and that is
commonly used to characterize depth-induced breaking.
A. Correction Methods for Reducing the Apparent
Barline Variability

Fig. 15. Variation of Δredge with the offshore Hrms divided by the water
depth Hrms /Dedge , at (a) La Barceloneta beach and at (b) Bogatell beach, for
the valid profiles. Positive (negative) values of Δr indicate that the videoed bar
position lies seaward (landward) of the real bar position.

(Table V). Thereby, this quantity (which includes the combined
effects of Hrms and Dedge ) best explained the Δr variability.
VI. D ISCUSSION
The specific characteristics and conditions of Barcelona
beaches differed significantly from the sites where similar
methodological studies had been performed so far. The first distinctive property was the occurrence of a significant percentage
of terraces (without a trough), implying the need for a descriptor
of the bar location besides the location of minimum depth.
Given the lack of a long-term averaged profile (a situation that
can occur at many other sites), the proposed descriptor for the
bar location was the slope break or terrace edge location r edge .
As opposed to r crest , r edge can be determined for both barred
(with a trough) and terraced (without a trough) profiles.
Overall, the videoed barlines better reflected the location
of r crest (Table IV), making the use of r crest favorable
to compare with r video if profiles are frequently barred (as
occurs in la Barceloneta beach). In the case of predominance of
terraced profiles (as occurs in Bogatell beach), videoed barlines
are also a good proxy for the terrace edge position and can
be used to study its dynamics. The bathymetric differences
between the two studied beaches induced additional diversity in
the behavior of the distances Δr: The predominantly shallow
terraces in Bogatell-controlled wave breaking better than the
deeper bars in La Barceloneta. In particular, the deepest bars in
the latter beach were observed in 2003, and the corresponding
videoed barlines were located up to 50 m landward of the real
bar location. Aside from bathymetrical differences, the timevarying hydrodynamics resulted in further variations of Δr.
The wave heights exhibited highly significant correlations with
Δr, whereas the sea surface levels were uncorrelated to Δr.
The obtained Δr best correlated with the ratio Hrms /Dedge ,

In Barcelona beaches, the apparent variability of Δr was
mainly related to the changes in wave height and in the local
profile shape. This variability should be preferably reduced
before using the videoed barlines to analyze the real time evolution of the bars. Since we are mainly interested in evaluating the
changes of bar position, reducing the average value of Δr is not
essential. However, reducing the variability of Δr, quantified
by std(Δr), is desirable because it masks the real morphologic
changes. The apparent variability induced by the differences in
the local shape of the profiles (whether it is barred or terraced,
the water depth over the bar/terrace, etc.) cannot be reduced
because it would require detailed bathymetric information with
a high temporal resolution, which is not available at our site
(one annual bathymetric survey is performed at most). This fact
also excludes correction methods based on model predictions
of Δr because model results also depend strongly on the
bathymetry [8].
On the other hand, it would be desirable to find a method
to diminish the apparent variability based on hydrodynamic
information only. In particular, the highly significant correlation
detected between Δr and Hrms (Figs. 12 and 13) indicated
that a proportion of the Hrms -induced variability might be reduced. Two potential empirical correction methods were hereby
tested to reduce the apparent barline migration due to Hrms
variability. The first method involved using the best fit lines
obtained in Table V to normalize the barline locations to a
standard Hrms value. The second method involved selecting
the barlines sampled at a specific range of Hrms . Different
possible ranges of Hrms were tested, keeping in mind both the
reduction of std(Δr) (a measure of the apparent variability)
and the probability of the Hrms range occurring in Barcelona.
The latter was evaluated with the time percentage (T P ) during
which Hrms occurred within a specific range during the study
period. The smallest the T P value, the least amount of sampled
barlines would be available to track the real bar dynamics.
Table VI shows the results of both correction methods,
including the obtained std(Δr) after the correction and the
number of Δr that remained, N. The first method was not very
efficient, giving a limited reduction of std(Δr), ranging from
2% to 6% (depending on the beach and the morphologic descriptor). The largest reduction was obtained in La Barceloneta
when using r crest , which corresponds with the regression
analysis yielding the best correlation (Table V). In theory,
this method might provide a better reduction if the analysis was performed for shorter time periods (for instance, for
one single bathymetry). When the latter was performed, however, the limited number of barlines per bathymetry resulted
in insignificant squared correlation coefficients between Δr and
Hrms in most of the cases. In particular, significant correlations
were only obtained for the two bathymetries of La Barceloneta
in 2003 and the bathymetry of Bogatell in 2005. In addition,
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TABLE VI
S TANDARD D EVIATION OF THE D ISTANCES A FTER A PPLYING D IFFERENT C ORRECTION M ETHODS

Fig. 16. Time series of the cross-shore position of the alongshore averaged barlines during the study period in (a) La Barceloneta and in (b) Bogatell. The
gray dots indicate all the barlines and the black dots correspond to the selected barlines sampled with 0.75 < Hrms < 1.5 m in La Barceloneta and with
0.5 < Hrms < 1.25 m in Bogatell.

even in these cases, the result of the first correction method did
not improve significantly. Moreover, a limitation of this latter
approach would again be the need for bathymetric measurements every few months.
The second correction method, based on a selection of barlines sampled at certain Hrms , is not only simpler (it does
not require bathymetric surveys) but also further reduces the
std(Δr). For instance, when we used a range with the smallest
Hrms that still allows for barline detection (0.5 < Hrms <
1.25 m), and comparing with r edge , a 12% reduction was
obtained in the two beaches, with std(Δr) reaching a value
of 15.5 m in La Barceloneta and 11.4 m in Bogatell. When
comparing with r crest in La Barceloneta, a reduction of 9%
was obtained, reaching a value of std(Δr) of 14.2 m. Using this
(smallest) range of Hrms , the T P did not change significantly
compared to the T P of the total Hrms range that can be used
for bar sampling with the specific conditions of Barcelona
site (0.5 < Hrms < 3.0 m, explained in Section III-B). The

reduction in std(Δr) was very similar when using other ranges
with 0.75 m of variation of Hrms , being slightly largest for
higher Hrms values. However, using ranges of larger Hrms
values at the Barcelona site significantly reduces the probability
of the occurrence of Hrms , allowing a smaller amount of available barlines for tracking the real bar changes. For instance,
std(Δrcrest ) in La Barceloneta was reduced to 13.1 m when
using the range 1.0 < Hrms < 1.75 m, but T P decreased to
4.1% (Table VI).
From this analysis, the second method arises as a simpler and
more efficient way to reduce Hrms -induced barline variability.
In Bogatell, the recommended specific range of Hrms would be
0.5 < Hrms < 1.25 m (method 2a in Table VI). However, in
La Barceloneta, the range could also be 0.75 < Hrms < 1.5 m,
specially bearing in mind that bars can be located in deeper
areas, requiring larger wave heights to break on them. As an
example of the application of this second correction method,
Fig. 16 shows the time series of the cross-shore position of
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the alongshore averaged barlines sampled in La Barceloneta
and Bogatell during the study period. The gray dots indicate
all the possible barlines and the black dots indicate the selected barlines sampled in the ranges recommended above. The
qualitative effect of the reduction of std(Δr) can be clearly
appreciated and the real evolution of the bars becomes more
evident.
Several sources of error can explain the remaining variability
of the cross-shore distances (11 m in Bogatell and 14 m in
La Barceloneta). The cross-shore induced noise due to image
resolution is of 1.5 m at most and can only explain a small
percentage of this remaining variability. Pixel signal saturation
can also induce errors in the detection of the maximum intensity
lines, as shown by [18]. However, the latter study also indicated
that the percentage of saturated pixels was generally smaller
than 5%. The two most important sources of error are the
variability of the profile shapes and the remaining variability
of the wave height (which is of 0.75 m after applying the
correction method).
B. Comparison With Other Sites
The sites where a similar methodological analysis was available in the literature (Duck, Egmond, and Tairua beaches, see
Table I) were significantly different from the beaches of this
paper. First, the presence of a bar with a distinct trough in
all the bathymetric profiles was assumed in the previous studies, whereas only 53% of the Barcelona profiles verified this
condition. Some 20% of the Barcelona profiles were terraced
(without a trough) and the rest was considered to be featureless.
Despite these differences, the distances Δr between videoed
and real bar positions in Barcelona beaches were similar to
those measured at other sites (compare Tables I and V). For
instance, maximum negative distances were similar to those
detected at Duck Beach [7], with a similar tendency of Δr
to increase as the bar was located at larger water depths. In
addition, xedge and xcrest were both correlated with xvideo at
the 99% confidence level, like in most of the other sites.
Second, the most distinctive difference of the present study
site with respect to the previous ones is the variability of the
sea surface level ηo which is much smaller than at Duck,
Egmond, and Tairua. During barline detection, the ηo only
changed some 0.5 m at our site, whereas it varied some
1.5 m in the previous studies. In contrast to all these previous
studies, no significant correlation was detected between Δr
and ηo in Barcelona beaches. On the other hand, these almost
tideless conditions made Barcelona beaches to be a perfect
laboratory for testing the Hrms -induced variability of Δr. A
highly significant positive correlation between Δr and Hrms
was found at our site, whereas no significant correlation between these two quantities was detected in the previous sites
[6], [8]. A tendency for the distances to increase for increasing
wave heights was reproduced with model simulations by [6]
but only for a certain range of Hrms (up to 2 m). The distances
they measured in Egmond did not show the corresponding
correlation with Hrms . Plant and Holman [7] even mentioned
that the distances had a slight tendency to decrease for larger
wave heights in Duck and reference [9] also detected a negative
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correlation between these two quantities in Tairua beach. This
negative correlation is difficult to interpret from a physical point
of view, corresponding to the fact that none of these correlations
were significant at the 95% level (Table I). At the beaches with
important tidal oscillations, the clear and strong ηo -induced
barline variability may partially obscure the effect of Hrms
changes.
The stochastic nature of Hrms is very different from the
cyclic behavior of ηo , and this affected the applicability of
correction methods and the corresponding results. For instance,
the practical smoothing method to reduce barline variability
used by [8] was not applicable at our site due to the absence
of a cyclic behavior in Hrms variability. The first method
implemented in this paper was applied similarly in the tidal
dominated Egmond beach to reduce the ηo -induced variability
in Δr [6]. They obtained a more significant reduction (up to
50%), linked to the fact that the correlation between Δr and ηo
was more significant. They also proposed a simpler reduction
method, which they recommended in the lack of bathymetric
surveys, similar to our second method. By selecting the barlines sampled during low tide, they obtained reductions of the
std(Δr) of some 10%, reaching a value of 8 m. The relative
reduction obtained in Barcelona with the second method was
also of the order of 10% and the final values of std(Δr) (11 m
in Bogatell and 14 m in La Barceloneta) were of the same order.
VII. C ONCLUSION
The suitability of using video imaging to study the dynamics
of nearshore sandbars in the tideless beaches of Barcelona has
been assessed, determining the limitations of this methodology
and the corresponding errors in data acquisition involved. This
paper is particularly relevant due to the critical differences in
wave and tide conditions and in bathymetric characteristics
between the Barcelona site and the other beaches where similar
methodological analyses have been performed.
A preliminary step prior to comparing videoed barline with
real bar positions was to characterize the shape of the available
bathymetric profiles, in order to subsequently study how this
shape influenced the barline detection from video-images. In
order to characterize the morphologic bar position, together
with the bar crest position we used the location of the terrace
edge or slope break, defined as the location with the maximum
slope change (equivalent to the maximum perturbation point of
the profile). This descriptor can be used in case of barred and
terraced profiles, and it does not require a long-term averaged
profile. A tool to differentiate between terraced profiles and
featureless profiles was also applied successfully to the beach
profile data, the terraces being distinguished by a large magnitude of the slope break and a small terrace slope. Bogatell
beach showed a significant occurrence of pure terraces (in more
than 50% of the profiles), the remaining profiles being barred
(some 40%). In La Barceloneta, the majority of the profiles
were barred (almost 60%) and the rest were featureless (some
30%, located in the north), with a limited presence of terraces.
In the Barcelona beaches, the videoed barlines reflected the
location of the bar crest (only evaluated in case of bar presence)
slightly better than the location of the terrace edge, although
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the two morphologic descriptors were highly correlated with
the videoed position. However, in Bogatell, this result was
masked by the small amount of data available when using the
bar crest descriptor, making the use of the terrace edge position
recommendable for comparison with the videoed barlines at
this beach.
The distances between videoed barlines and real bar/terrace
position, Δr, were of the order of 10 m, with maximum discrepancies of 50 m. The bathymetric differences in the cross-shore
profiles induced different deviations of the videoed barlines.
A more distinct bar/terrace, located in shallower water, had
more control over the location of wave breaking, decreasing
the variability of the cross-shore positions of the barlines
for varying wave heights. A significant percentage of waves
propagated without breaking over the bars located in depths
larger than 2 m (found in 2003 at La Barceloneta), giving
a larger Δr variability. The distances between the videoed
and the real bar positions showed a highly significant positive
correlation with the root-mean-squared wave height Hrms . The
smallest deviations between barlines and the actual bar position
were found for the largest wave heights. In contrast with all
the previous studies, no significant correlation was detected
between Δr and the sea surface level. The quantity that best
explained the Δr variability was the ratio of Hrms to the water
depth over the bar/terrace.
The linear relationship between Δr and Hrms indicated a
potential method for correcting the complete data set of videoed
barlines with respect to the Hrms present during the sampling
period. However, this step must be taken carefully since the
actual shape of the bathymetric profiles, which is generally
unknown, also affects the relationship between Δr and Hrms .
The most suitable method to reduce Hrms -induced variability
proved to be the use of the barlines sampled in a certain range
of Hrms (it reduced the std(Δr) by 10%). In Bogatell, using
barlines sampled with 0.5 < Hrms < 1.25 m reduced the Δr
variability to 11 m. In La Barceloneta, the recommended range
was 0.75 < Hrms < 1.5 m (since the bar was often located
at larger water depths), obtaining values of Δr variability
of 14 m.
This paper shows that, when only video data are available at
Barcelona beaches, the videoed barlines can be used to study
the dynamics of bar crests or terrace edges, sampling barlines
within the proposed ranges of Hrms and bearing in mind the remaining uncertainty. The methodological approach developed
here could be employed in other sites with frequent presence of
terraced profiles. Moreover, the described calibration for barline
extraction in the Barcelona beaches could also be useful for
sites with similar tideless hydrodynamic characteristics.
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