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A B S T R A C T

The wind transports sand from the beach to the dunes and is therefore important for dune growth and recovery
after a storm. Identifying the conditions that favour aeolian sand transport is especially important for narrow
beaches, where measured long-term (seasons to years) deposition volumes on the foredune are often sub-
stantially less than the potential input from the beach. One of the most visually distinct signs of aeolian transport
can be seen when relatively dry sand moves over a wet beach and organises itself to form low, slipfaceless
bedforms. These features are known as sand strips. Here, we investigate the presence and characteristics of sand
strips and their dependence on regional wind conditions by using a multi-year data set of video images of the
Argus tower at Egmond aan Zee, The Netherlands. The dataset average wavelength and migration rate of the
sand strips is 12.0 m and 1.24 m/h, respectively. Little to no relation was found between these two sand-strip
characteristics and the wind velocity. The presence of these bedforms does not depend on wind velocity either,
provided the wind velocity exceeds ∼8m/s. Instead, the wind direction determines if fully-developed sand strips
form, as they are seen during alongshore or almost alongshore winds only. Our observations are indicative of
topographic steering of the wind by the 25-m high foredune into the alongshore direction, as sand strips move
alongshore even under onshore-oblique, regional winds.

1. Introduction

The intertidal beach is the primary source of the wind-blown sand
needed for dune growth and/or recovery after an erosive storm event
(e.g. Hoonhout and de Vries, 2017). However, knowledge of aeolian
sediment transport on beaches is limited (e.g. Delgado-Fernandez,
2010), and most existing models have a tendency to overestimate sand
deposition on the foredune (Miot da Silva and Hesp, 2010; Keijsers
et al., 2014; Davidson-Arnott and Law, 1996). These models relate
time-averaged sediment transport to wind shear velocity (Davidson-
Arnott and Law, 1996; Bauer and Davidson-Arnott, 2002) and grain size
(Sherman et al., 2013a). While this is realistic for a steady wind blowing
over an unobstructed, horizontal surface with a uniform grain size
(Gares, 1988; Sherman and Hotta, 1990; Bauer et al., 2009; Sherman
and Li, 2012), transport on a natural beach is affected by, for example,
the moisture content of the sand, the beach slope and the bed roughness
(e.g. Delgado-Fernandez and Davidson-Arnott, 2011; Edwards and
Namikas, 2009; Wiggs et al., 2004; Nield et al., 2013; Nield et al., 2014;
Bauer and Davidson-Arnott, 2002; Svasek and Terwindt, 1974;
Davidson-Arnott and Law, 1996; Jackson and Nordstrom, 1998;
Sherman et al., 1998). Therefore, the moments with strong aeolian
activity do not necessarily coincide with moments of high wind velo-
cities (Delgado-Fernandez and Davidson-Arnott, 2011). Actual

transport rates can be acquired through detailed field measurements
(Sherman et al., 2017; Sherman et al., 2013b; Bauer et al., 2009;
Davidson-Arnott and Bauer, 2009; Bauer and Davidson-Arnott, 2003;
Udo et al., 2008; Davidson-Arnott et al., 2005; Jackson and Nordstrom,
1997; Baas and Sherman, 2006), however, most field campaigns on
beaches concerning aeolian sediment transport are generally short in
duration (ranging from minutes to weeks) and may therefore not con-
tain the conditions that are most relevant to long-term (months to
years) dune development (Delgado-Fernandez et al., 2009).

A suitable method for long-term measurements is video monitoring,
which has already been used extensively to sample the wave-dominated
part of the nearshore on timescales of years (van Enckevort et al., 2004;
Ruessink et al., 2009; Pianca et al., 2015). Delgado-Fernandez et al.
(2009) pioneered video monitoring to study aeolian transport. Their
temporary camera system photographed the beach at Greenwich Dunes,
Canada, at hourly intervals and occasionally picked up traces of aeolian
sand transport during a nine-month period. Transported sand can be
seen on video imagery because wind-blown sand usually is dryer and
therefore lighter in colour than the moist bed, providing visual contrast.
Additionally, the dry, transported sand can organise itself to form sand
strips. These clearly visible, slipfaceless bedforms often form when a
relatively moist bed is present (Bauer and Davidson-Arnott, 2002;
Jackson et al., 2004; Davidson-Arnott et al., 2008; Bauer et al., 2009;
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Nield et al., 2011; Nield, 2011), especially when vegetation (Sherman
and Hotta, 1990; Eamer and Walker, 2010), frozen material (Hesp and
Arens, 1997), or other roughness elements are present as well. Sand
strips can grow into ephemeral dunes, which have a slipface and a
height in the range of decimetres to a metre (Guimarães et al., 2016;
Kocurek et al., 1992; Elbelrhiti, 2012), but waves and tides often de-
stroy sand strips before they can grow this far. Video monitoring has
been used to study ephemeral dunes on a long-term timescale by
Guimarães et al. (2016). Like the traces of aeolian transport in the work
of Delgado-Fernandez et al. (2009), these features were visible on
camera because of a difference in moisture content, and therefore
colour, between the transported sand of the bedforms and the bed
(McKenna Neuman and Langston, 2006).

The most extensive field research into sand strips has been con-
ducted by Nield et al. (2011), who have measured sand strip patterns
with terrestrial laser scanning for a period of three and a half hours
after a rain event. During this field experiment, sand transport in-
creased as the beach surface dried, with erosion taking place at wet/dry
surface boundary, and deposition further downwind (Nield and Wiggs,
2011). The patterns were later described in a cellular automaton model
(Nield, 2011). According to the model, sand strip development is re-
lated to bed roughness, saltation and moisture patterns. The results
gave rise to a conceptual model where the feedback between the surface
properties and transport processes results in the development of bed-
forms at different spatial scales. Despite sand strips being common
features in wet aeolian systems (Bauer and Davidson-Arnott, 2002;
Jackson et al., 2004; Davidson-Arnott and Bauer, 2009), their beha-
viour under a wide range of wind conditions is largely unknown. The
aim of this paper is to quantify the presence, length and migration
velocity of the sand strips found at the beach of Egmond aan Zee, the
Netherlands, using long-term video imaging, and to determine how
these characteristics depend on regional wind conditions.

2. Study area

The study site is located between the beach towns of Egmond aan
Zee and Castricum, the Netherlands (Fig. 1). The beach has a width
varying between 30 and 100m (depending on the tide) and is moder-
ately sloping (1:30). The coastline is straight, with an orientation of 7°

east of north. The sand has a median grain size of 240 μm. The

intertidal beach typically contains one or two slipface bars (Masselink
et al., 2006; Aagaard et al., 2005; Quartel and Grasmeijer, 2007). The
foredune forms a uniform row parallel to the beach, with a height of
20–25m. Its seaward front is steep (40–50°), due to occasional erosion
events (de Winter et al., 2015). Most of the foredune is densely covered
by European marram grass (Ammophila arenaria), especially at heights
of 10m and more above beach level.

The site experiences a semidiurnal tide with a range of 1.4 and
1.8 m during neap and spring tide, respectively, and is exposed to waves
with directions between southwest and north. The annual significant
offshore wave height and period along the Dutch coast are 1.2m and
5 s, respectively, and show small alongshore differences (Wijnberg and
Terwindt, 1995). During storms the offshore wave height can be over
5m. Especially storms from the northwest are associated with surges in
excess of 1m, which can flood the intertidal beach for several days
(Quartel et al., 2007). The dominant wind direction at this beach is
south-southwest (210–230° with respect to north, Fig. 2), meaning the
wind has a strong onshore-oblique character.

The beach of Egmond is monitored by an Argus video system
(Enckevort and Ruessink, 2001), an optical remote sensing system
pioneered by Holman and Sallenger (1986) to sample the nearshore
environment. An Argus system consists of a suite of cameras mounted
on a high structure, which provides an unhindered view on the beach. A
timing module ensures synchronous camera collections (Holman and
Stanley, 2007). The Argus system at Egmond aan Zee has five RGB-
colour cameras, mounted on a 45-m high tower standing on the upper
beach. The cameras provide an 180° alongshore view, from south-
southwest to north-northeast. The Argus system was installed in April
1998. The image resolution was 640×480 pixels from 1998 to Feb-
ruary 2004, 1024×768 pixels from 2004 to August 2005 and
1392×1040 pixels since then. Three different, oblique images are
produced by each camera every thirty minutes: a snapshot, a time-ex-
posure (timex) and a variance image. Only the first two types are used
here. The timex images are created by averaging snapshots that are
taken with a frequency of 2 Hz over a 10-min period. This blurs out
movement that took place within those 10min, such as individual
waves breaking on the subtidal bars, people walking on the beach, and
aeolian streamers.

The theoretical accuracy of the images is given by the footprint
dimensions of individual pixels. The footprint, i.e. the projection of a

Fig. 1. Location of the field site and weather station.

P.M. Hage et al. Aeolian Research 33 (2018) 1–11

2



square image pixel on the ground, is near-rectangular with a generally
larger alongshore than cross-shore side. Here, for the post-2005 system,
the cross-shore footprint dimension is less than 0.2 m, while the
alongshore size increases from 0.2m at 100m from the tower along-
shore, to ≈1.5 m at 400m.

This research uses the hourly mean wind velocity U and wind di-
rection θ collected by a weather station in IJmuiden, roughly 15 km
south of the field site (Fig. 1) as regional data. The weather data are
made available by the Royal Netherlands Meteorological Institute
(KNMI) with a resolution of 1m/s for the U and 10° for θ. The anem-
ometer is placed at a height of 10m above ground level.

3. Methodology

The timex images from the Argus video system were used to study
sand strip presence, occurrence, and behaviour. Finding images with
sand strips manually is time-consuming, due to the vast size of the
Argus database. Therefore, a first selection was made based on wind
velocity. Sand transport can only take place when the wind velocity
exceeds a certain threshold velocity. To this end, all Argus snapshots
taken between October 2011 and March 2012 were studied to de-
termine this threshold wind velocity. Snapshots were classified as
having no, weak, or strong aeolian activity, based on the strength and
number of visual signs of aeolian transport. Clear examples for each
class can be found in Fig. 3. Aeolian activity was found predominantly
for a wind speed in excess of 8m/s, implying U=8m/s to be the
threshold velocity. The images from 2005 to 2012 were filtered ac-
cording to this threshold wind velocity, selecting only the days which
had hourly mean wind velocities of 8m/s or higher. Additionally, this

threshold had to be surpassed for at least three hours to consider the
wind transport event to be substantial for this site (Hage, 2014 to be
found in https://dspace.library.uu.nl/handle/1874/301331).

Spatial correlation was, as described below, used to study the wave
length and migration velocity of sand strips, but the Argus images must
meet a number of conditions in order to perform correlation calcula-
tions. Firstly, the sand strips must be well-developed and active for at
least one hour, meaning their appearance should not be patchy and
their movement must be visible in subsequent images. Furthermore, the
area containing them must be substantial in size, i.e. it must be at least
50m long in the direction of the wind. Lastly, the sand strips have to be
clearly visible, meaning rain, poor light conditions, or other circum-
stances that reduce image quality must be avoided.

The selected timex images were rectified and merged to make a plan
view image as described by Holland et al. (1997) and Holman and
Stanley (2007) (Fig. 4). The rectification involves the transformation
from the two-dimensional (u v, ) pixel coordinate scheme to the three-
dimensional (x y z, , ) real-world scheme, where x an y are horizontal
coordinates and z is vertical elevation. Going from a 2D to a 3D co-
ordinate system results in a system of equations that is under-
determined, but it can be solved by constaining z to a fixed value
(Holland et al., 1997). In earlier Argus research that focussed on wave-
breaking patterns, z was set to the tidal level (e.g. Lippmann and
Holman, 1989). Because the sand strip patterns studied here were on
the upper beach, z was set to 1m above NAP (Amsterdam Ordnance
Datum, with 0m NAP corresponding to Mean Sea Level, MSL).

As aforementioned, the oblique nature of the original timex images
causes the quality of the plan view images to diminish with distance
from the Argus tower. Sand strips at Egmond are therefore visible only

Fig. 2. Windrose, based on hourly wind speed U and direction θ data collected between 2005 and 2012 at IJmuiden, approximately 15 km south of our study site. The
dotted line represents the orientation of the coast.
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if they are within a few hundred meters from the tower. For this study,
the area transposed from oblique to plan view is 800m alongshore
(400m at each side of the tower) and 300m wide cross-shore (Fig. 5A).
These plan view images were set to have a resolution of 0.5× 0.5m per
pixel, meaning that the sand strips must migrate at least 0.5 m/h for
their movement to be visible. The next step involved cutting out a small
area containing well-developed sand strips from the 800 by 300m plan
view images and turning it greyscale (Fig. 5B) according to (ITU, 2011):

= ∗ + ∗ + ∗Greyvalue R G B0.2989 0.5870 0.1140 , (1)

where R G, , and B are the pixelvalues for red, green, and blue, respec-
tively. The cropped area had a size of approximately 25m (cross-shore)
by 100m (alongshore) and covered a part of the upper beach with
distinctive, well-developed sand strips, preferably close to the tower
where the image quality is best. The exact size and location of the
cropped area varied per day, since sand strips did not always develop at
the same parts of the beach. The greyscale images were manually ro-
tated before cropping to display the sand strips as vertical lines in the
new, cropped image. Fig. 5C shows examples of the pixel values of the

same pixel row of the three consecutive hours shown in Fig. 5A, after
being detrended by computing the least-squares fit of a straight line and
normalised to have a mean of 1. The pixel value increases with in-
creasing pixel brightness. Because sand strips create a pattern of al-
ternating dark (wet sand) and light (dry sand) colours, the pixel values
of a horizontal pixel row give an approximately sinusoid signal.

Autocorrelation was used to calculate sand strip wave length in each
pixel row. This technique compares two sequences to find their corre-
lation at different lags, where one sequence is the original signal, and
the other a copy of that original but with a lag. This was done with the
pixel values for each horizontal pixel row of the cropped area according
to:

= − −+r τ E X μ X μ σ( ) [( )( )]/ ,m m τ
2 (2)

where r is the correlation coefficient, τ is the lag, E is the expected value
operator, Xm is the pixel value at a certain distance m μ, the mean and σ2

is the variance. By definition, =r (0) 1. Positive peaks for r are found
when the corresponding lag matches with the wavelength or multitude
of wavelengths of sand strips. At the lag of the positive peak closest to

Fig. 4. The five original oblique Argus images (A) were rectified and merged to get a plan view image (B). Here, the plan view image has an alongshore and cross-
shore length of 800 and 200m. The example images were taken on 01-04-2008, The wind speed and direction were U=9m/s and θ =97° (i.e. almost alongshore).
The arrows indicate the direction of the wind (θ) and the north (N). θ =0° is directed cross-shore from the west, θ =−90° alongshore from the north, and θ =90°

alongshore from the south.

Fig. 3. Examples of snapshots made by the north-facing camera and classified according to their visual signs of aeolian activity: no visual aeolian transport (A), some
signs of aeolian activity, with small patches of relatively dry sand on a moist surface (B), strong signs of aeolian activity, where almost the entire beach is covered
with sand strips (C). The wind conditions were: (A) U=9m/s, θ =−7°; (B) U=13m/s, θ =37°; (C) U=16m/s, θ =77°; where θ =0° is directed cross-shore
from the west, θ =−90° alongshore from the north, and θ =90° alongshore from the south.
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r (0), the pixel values of the sand strips of the original signal are com-
pared with the pixel values of the neighbouring sand strips, giving the
sand strips’ wavelength in number of pixels. The lag corresponding to
this peak was determined for each horizontal pixel row in each cropped
image, as long as it surpassed a threshold of 0.3 for r. This threshold was
chosen after comparing the lag of the first positive peak with its value
for r for all pixelrows of all images used. Values for r below 0.3 result in
a wide range of lags, which reflect highly irregular sand strips or may
indicate a noisy signal. Meanwhile, an r above 0.3 gives lags focused
around a central value that seems to be more realistic for the wave-
length of sand strips. Results that seemed to be a multiple of this central
value were ignored. An example of the selected lags for each pixelrow
of a single hour can be found in Fig. 6, which shows that no lag was
selected when a pixelrow did not have an r above the threshold of 0.3.
The selected lags of the images part of the same sand strip event
(subsequent hours during which sand strips are active) were averaged.
This gives a mean wavelength in metres per sand strip event when
multiplied with the 0.5 m pixel resolution.

The method for determining the migration velocity of the sand
strips is similar to the one used for determining the wavelength. The
same cropped area was used, but instead of using autocorrelation on the
horizontal pixel rows, cross-correlation was used. Here, the pixel value
signal of two subsequent hourly timex images were compared to each
other. The lag with the first peak in the correlation represents the dis-
tance that the sand strips have moved, while the sign of the lag reflects

migration direction. The minimal value for this correlation peak was
0.6, which was chosen in a similar manner as the 0.3 threshold for r for
the sand strip wavelength calculations. At rare occasions, the highest
correlation peak for a single pixelrow can be found at a lag that is
upwind. As sand strips are not very likely to move in this direction,
these outcomes were ignored. Unrealistically high lags, where the mi-
gration velocity was higher than its corresponding wavelength minus
the standard deviation of the wavelength, were ignored as well, because
these outcomes are more likely to represent the wavelength of the strips
instead of their migration velocity. As with the wavelength of sand
strips, the mean migration velocity per sand strip event was calculated
by averaging over all rows and images.

4. Results

The conditions needed for visual traces of aeolian transport were
investigated, using the Argus snapshot images taken between October
2011 and March 2012. Hours with any visual form of aeolian transport
had, as aforementioned, wind velocities above ≈8m/s and could be
found for all wind directions, but showed a strong peak around south-
westerly winds and a smaller one around north-westerly winds (Fig. 7).
This corresponds to the wind climate at the field site. Visually strong
aeolian activity, which includes well-developed sand strips, was found
predominantly when the wind blew (almost) alongshore. The wind
velocity during hours with strong signs of aeolian transport is not

Fig. 5. Three plan-view Argus images made during consecutive hours that show well-developed sand strips (A). These images were cropped and turned to greyscale
(B, boxes in A). The lines in (B) highlight the same horizontal pixel row in subsequent hours, whose normalised pixel values are plotted against alongshore distance
(C). The normalised pixel values show a sinusoidal signal that shifts to the left with time, reflecting migration in northward direction. The example images were taken
on 01-04-2008. The wind speed and direction were U=9m/s and θ =97°. θ =0° is directed cross-shore from the west, θ =−90° alongshore from the north, and
θ =90° alongshore from the south.

P.M. Hage et al. Aeolian Research 33 (2018) 1–11

5



noticeably different from hours with weak signs. In other words, sand
strips developed at all wind velocities above the threshold for aeolian
transport to become visible in the Argus imagery and the observed in-
tensity of the transport is strongly governed by the wind direction.

Visual observation of the Argus images provided insight into sand
strip development. Firstly, sand strips usually formed at the dune foot

and then spread towards the sea with falling tide (Fig. 8). Their initial
formation was only close to the waterline when the beach was wide and
the wind had a seaward direction, but such conditions were rare. Sec-
ondly, sand strips often started out as patches of moving, dry sand that
turned into thin strips over time (a few hours), which can also be seen
in Kocurek et al. (1992). The length and the width of such a single sand

Fig. 7. Wind velocity (m/s) against wind direction (degrees), where 0° is cross-shore from the west, - 90° alongshore from the northern direction and 90° from the
southern direction. The blue dots represent hours from October 2011 to March 2012 with any visible trace of aeolian transport. The red dots represent events with
strong visual traces of aeolian transport. The total number of observations (hours) that showed signs of aeolian transport is 381, of which 77 were classified as having
strong signs of aeolian activity.

Fig. 6. Example of the correlation coefficients for the sand strip wavelength (A) and migration velocity (B), calculated for different lags for each pixelrow of the
cropped area in Fig. 5. The pixelrows are orientated parallel to the migration direction of the sand strips. The circles indicate the lags that correspond with the sand
strip wavelength in A or migration velocity in B. These lags are the first peak of the correlation signal of a pixel row and they have to surpass a threshold of 0.3 for the
wavelength and 0.6 for the migration velocity. These examples were made by using auto-correlation for the Argus image taken at 9.00 h on 01-04-2008 for A, while B
used cross-correlation with the images taken at 9.00 and 10.00 h. One pixel corresponds to 0.5 m.
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strip grew larger (Fig. 9), but the wavelength usually did not change
during this process. Sometimes, when remnant sand strips of an earlier
aeolian transport event were present, the new sand strips appeared to
have the same shape, size and location of the remnant strips. This
changed when the new sand strips began to move.

Several processes cause sand strips to become inactive. The first
process takes place when the wind velocity drops below the threshold
wind velocity. When this happens, the sand strips remain visible for
some time, but they do not move or grow. The second process for sand
strip disappearance is the most common: the rising tide stops sand strip

Fig. 8. Development of sand strips, starting
with a beach without sand strips (A). An
hour later, the beach showed faint traces of
aeolian transport close to the dune (B). After
another hour, the beach was partly covered
with well-developed sand strips (C), and the
bedforms spread towards the waterline (D).
The images were taken on 07-03-2008 at
hourly intervals. The wind speed increased
from 9 to 11m/s and ≈θ 67°. θ =0° is di-
rected cross-shore from the west, θ =−90°

alongshore from the north, and θ =90°

alongshore from the south. The dunes,
visible by their vegetation, can be found in
the east, while the east shows the sea, whose
waves have been blurred out by the timex
images.

Fig. 9. A section of the beach containing newly developed, relatively narrow and patchy sand strips (A). The sand strips became thicker with time (B), and the strips
on the right changed shape. The images were taken on 07-03-2008, 4 h apart. The wind speed and direction were ≈U 11m/s and ≈θ 67°. θ =0° is directed cross-
shore from the west, θ =−90° alongshore from the north, and θ =90° alongshore from the south.
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activity and, obviously, destroys sand strips present on the intertidal
beach (Fig. 11)). Sand strips also disappeared temporarily due to pre-
cipitation, but were observed to recover within an hour after a rain
event as long as the wind remained above the threshold velocity.
Rainfall was not measured at the field site, but the sudden appearance
of water droplets on the camera lens and a noticeable darkening of the
beach indicated a rain event. A possible third process involves drying of
the initially moist sand of the bed, which causes the moist, dark sand to
acquire the same colour as the sand strips (Fig. 10). The bedforms may
still be there after this drying process, but they are no longer distin-
guishable in the imagery. However, as one of the possible conditions for

sand strip development is wet sand (Nield et al., 2011), it is also feasible
that the drying of the sand causes sand strips to decay. In that case,
aeolian transport might continue through saltation or creep which
cannot be seen by the cameras.

A total of 44 events with well-developed, active sand strips were
selected from the 2005–2012 Argus dataset to study their wavelength
and migration velocity. Low correlation coefficients (< 0.3) were found
for 3 events during the auto-correlation calculations for the sand strip
wavelengths. There was 1 event in which the cross-correlation calcu-
lations for the sand strip migration velocity remained below 0.6. These
events were excluded from the dataset: the number of events with well-

Fig. 10. A beach section with sand strips (A). The bedforms became less distinct with time (B), probably due to drying of the moist, dark sand. The images were taken
on 24-07-2007 and are 2 h apart. The wind speed was ≈U 15m/s and θ changed from −73° to −53°. θ =0° is directed cross-shore from the west, θ =−90°

alongshore from the north, and θ =90° is alongshore from the south.

Fig. 11. Sand strips getting washed away by
the rising tide. The beach width did not
become narrower at first (A to B), but the
area with sand strips became smaller. The
beach became narrower from (B) to (C), and
then at a faster rate from (C) to (D). The
images were taken on 07-03-2008 at an
hourly interval, except between (A) and (B)
which covers a two-hour time gap. The wind
speed and direction were ≈U 12m/s and

≈θ 67°. θ =0° is directed cross-shore from
the west, θ =−90° alongshore from the
north, and θ =90° alongshore from the
south.
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developed, active sand strips was 41 for determining the sand strip
wavelength and 43 for the sand strip migration velocities. The analysed
imagery resulted in an average sand strip wavelength of 12.0m with a
standard deviation of 2.8 m. A weak, yet statistically significant (at the
95% confidence interval) relationship could be found between the wa-
velength of the sand strips and the wind velocity ( =r 0.38, see Fig. 12).

Sand strips moved with an average velocity of 1.24m/h with a
standard deviation of 0.78m/h. The relationship between the sand strip
migration rate and the wind velocity is again weak ( =r 0.32, =α 0.05
Fig. 13), yet statistically significant. Furthermore, it was observed
during the selection of the Argus images that sand strips did not ne-
cessarily migrate after their formation, or at least not fast enough to be

seen by the cameras. Images where this was the case were not selected
for further study. If the sand strips did move, their migration did not
always happen immediately; the moment of migration ranged from
minutes (i.e. the next Argus image) to several hours after sand strip
formation. A section of a sand strip was sometimes observed to move
faster than other sections. It then disconnected from the rest of the sand
strip, only to merge with a sand strip in front of it. This is known as
defect repulsion (Kocurek et al., 2010) and can be observed in dune-
fields (Ewing and Kocurek, 2010; Ewing et al., 2006). The Argus images
also showed that sand strips have the tendency to move alongshore,
even when the regional wind approached the shoreline at an oblique
angle.

5. Discussion

The Egmond Argus video monitoring station has provided a multi-
year data set of visual signatures of aeolian transport events. The
imagery provides insight into the conditions needed to see visual traces
of aeolian transport, even though there is no quantitative data on
transport rates.

The average migration velocity for the sand strips 1.24m/h, which
is faster than the sand strip migration velocities found by Nield (2011)
(0.176m/h for real-world beach measurements and 0.39m/h for si-
mulated bedforms) and for early-stage protodunes (0.32 m/h found by
Baddock et al. (2017)). However, our results show a large variability
and are based on multiple sand strip events, while Nield (2011) and
Baddock et al. (2017) focussed on a single moment of transport.

Not all sand strip development and migration can be seen on Argus
images, mostly due to bad visibility, but also because not all transport
events may result in sufficient colour contrast between transported and
non-transported sand to be used in subsequent analyses. For example,
aeolian sand transport over dry sand just in front of the foredune cannot
be detected in the imagery.

Dune growth is the result of numerous aeolian events with different
transport magnitudes and frequencies. Events with strong winds may
result in a high potential transport rate but because their infrequent
occurrence may not contribute considerably to long-term aeolian input
from the beach to the foredune (Wolman and Miller, 2012; Delgado-
Fernandez and Davidson-Arnott, 2011). The results of this research
indicate that the wind direction can reduce the impact of (visually)
large transport events at this field site even further. Firstly, sand strips
were observed when the regional wind was shore-oblique. Therefore, it
is possible that only a small fraction of the transported sand will be
deposited at the dune foot as the input is proportional to the cosine of
the angle of the wind approach from shore normal (Davidson-Arnott
and Law, 1996), which is here usually above 60°. Secondly, the steep
slope of the foredune is likely to cause the local (on the beach) wind
direction to differ from the regional value (Walker et al., 2006; Bauer
et al., 2009). The dunes can act as a wall, deflecting oblique winds
alongshore. At our site, this is reflected by the alongshore migration of
the sand strips, even though the regional wind direction is shore-ob-
lique. This mismatch between the local and regional wind direction will
further diminish aeolian input because of the above mentioned cosine
effect. Wind velocity is also expected to differ from the regional value
and to vary across the beach. In particular, the wind is faster at the
waterline (Walker et al., 2006), which may explain why sand strips
move at different velocities along the width of the beach, sometimes
resulting in sand strip overtaking (e.g. Fig. 14). It should be noted that
the difference in migration velocity was not included in our analysis as
we focussed on sand strip characteristics on the upper beach. On the
whole, our sand strip analysis is thus indicative of substantial differ-
ences between local and regional wind characteristics. The common use
of regional rather than local wind data in the prediction of long-term

Fig. 12. Sand strip wavelength (m) versus wind velocity (m/s). Each datapoint
represents one sand strip event. The corresponding wind velocity has been
obtained by averaging the hourly mean wind velocities that were measured at
the time the sand strip event took place. The vertical lines represent the 2.5 and
97.5% percentile. The red line is the best fit linear line ( =r 0.38).

Fig. 13. Sand strip migration velocity (m/h) versus wind velocity (m/s). Each
datapoint represents one sand strip event. The corresponding wind velocity has
been obtained by averaging the hourly mean wind velocities that were mea-
sured at the time the sand strip event took place. The vertical lines represent the
2.5 and 97.5% percentile. The red line is the best fit linear line ( =r 0.32).
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sand deposition on the foredune may thus also contribute to the
common overprediction of measured deposition volumes.

6. Conclusion

An Argus video monitoring station has been used to study signs of
aeolian sand transport on the beach of Egmond aan Zee, the
Netherlands. The transported sand can create low, slipfaceless bed-
forms, known as sand strips, depending predominantly on the wind
direction. Cross-shore winds result in poorly developed sand strips,
consisting of only a few patchy stripes of sand. When the wind blows in
an (almost) alongshore direction, sand strips form at the dune foot and
then the area they cover spreads towards the intertidal area as the tide
falls, beginning as patches of dry sand and growing into strips over
time. Sand strips disappear when the bed dries or the rising tide washes
them away. The average wavelength of sand strips is 12.0 m (with a
standard deviation of 2.8m), while their average migration velocity is

1.24m/h (with a standard deviation of 0.78m/h). The migration ve-
locity and wavelength of sand strips are only weakly dependent on the
wind velocity ( =r 0.38 and 0.35, respectively). Sand strips are often
oriented alongshore, even though the regional wind is onshore oblique.
This suggests substantial wind steering by the steep, 25m high foredune
at the study site.
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