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Abstract
I report experiments on the observation of sand ripples on the Quattani dunes in Egypt using an
inexpensive ($150) digital timelapse camera. Simple ripples in the fine sand had a wavelength of 10cm
and propagated downwind (windspeed ~10m/s) at a speed of ~3cm/minute, and Y-junction defects
moved one wavelength forward in the propagating ripple pattern over ~6 minutes. This defect
propagation speed of ~0.5 times the ripple speed is rather slower than suggested in idealized models .
Compound ripples at a nearby site were also observed - the megaripples moved at ~0.2 cm/minute
while smaller superposed normal ripples moved ~3-4x faster: the small ripples did not propagate
through the larger ones. Experimental technique and some aspects of the design of a windsock/gnomon
for use in further studies are discussed. A similar experimental setup should be able to observe fastmoving barchans.
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1. Introduction
A fundamental distinction and appeal of Aeolian landforms is that they move and evolve. While
systematic measurements allow quantification of these processes, they take place at rates that are
generally too slow for the human attention span to allow direct observation. However, sequences of
images acquired at regular intervals can be displayed in a timelapse movie, accelerating reality and
allowing an observer to perceive the dynamic nature of these processes.
Digital or video timelapse observations have been straightforward to implement in the laboratory for
some years, since a video recorder or computer can operate in secure, dry and sand-free conditions
nearby, and electrical power is readily available. Some striking recent examples of observations
recorded in this way are the evolution of bedforms in a water tank by Reffet et al. (2010).
Observations under field conditions are more challenging, but two recent technological developments
now make matters much more straightforward. First is the development and plummeting cost of flash
memory storage, which makes it possible to store hundreds or thousands of images in a tiny memory
card or stick. Some timelapse studies have been performed with ‘conventional’digital SLR cameras in
weatherproof housings (e.g. Bogle et al., 2010), although the equipment costs here are still of order
$1000. Secondly, compact CMOS imagers have similarly fallen in cost (due to their application in
cellphone cameras etc.) and size. The result is that compact, low-power digital cameras with ample
storage are now small compared with their mounting structures (making unobtrusive installation
possible) and inexpensive enough to be considered ‘expendable’- the hardware cost (of order $100) is
now small compared with the logistical costs of deploying to the field (often >$1000). This opens new
possibilities for field observations which might not have been attempted before, either because of
uncertain prospects of success, or prohibitive costs, or both.
Automatic timelapse observations can be implemented with modification to a commercial camera to
allow its periodic triggering by a timing circuit or microntroller (e.g. Lorenz et al., 2010) : observations
using such camera equipment have been applied to the dust devil activity and to monitoring the
flooding and freezing of Racetrack Playa. More recently, self-contained timelapse units have become
commercially available for wildlife photography (with infrared motion triggers) or for making timelapse
movies of horticultural processes. Here we use the latter equipment, and it is the purpose of this note
to demonstrate the capabilities of such modest hardware and to encourage further experimentation :
these timelapse movie data can be a powerful supplement to more conventional documentation of
process rate measurements in the field (e.g. Yitzaq et al., 2009; Andreotti et al.,2006; Zimbelman et al.,
2009.)
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2. Material and Methods
2.1 Equipment
A single Brinno Gardenwatchcam ™ was used in the experiment (www.brinno.com). This unit (figure 1 ~0.5kg, 5x10x20cm, ~$200) is marketed for horticultural timelapse observations and records images
acquired with a 1.3 megapixel CMOS imager to an AVI file on a USB memory stick (the 2 GB stick
supplied can hold over 15,000 frames). The unit is nominally powered by 4 alkaline AA cells, although
these do not last long enough to fill the memory stick. The frame rate can be selected from 1 minute to
1 day by a rotary switch, or a custom rate can be specified in a configuration file on the memory stick.
The unit has a hermetically sealed case which makes it attractive for outdoor observations. The unit has
a 54 degree field of view, with a focus that can be set for 20-50cm closeup, or 50cm to infinity.
Images are timestamped automatically, although the absolute clock setting is set rather imprecisely via a
configuration file. However, the relative timing is reasonably accurate, and the timestamping is
particularly valuable in long-term applications where observations may span one or more nights. (This is
because the camera does not record images in darkness, so consecutive frames in the file can have a
nondeterministic time spacing.)
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Figure 1. Brinno Gardenwatchcam (two camera units shown to give view of front and back), a 15cm
ruler for scale : the black ABS plastic sections of the monopod/stake are 3cm in diameter. AA batteries
and a USB memory stick are mounted in a back panel (cover removed, not shown), which also has a dial
to select the timelapse interval. The unit is sealed hermetically and has a single power button, status
LEDs and a two-position lens.

2.2 Site
The Quattani dunes are longitudinal (seif) dunes west of Cairo (figure 2), about 50km north of the Birket
Qarun lake. They lie on an extensive gravel and sand plain of Pleistocene delta deposits. They are
described as follows in the memoirs of the Intelligence Officer of Bagnold’s Long Range Desert Group
(Kennedy Shaw, 2000): “A treeless, plantless, waterless, manless world, almost featureless too save for
poor, nondescript Gebel Hamid ahead, appearing and disappearing over the rolling gravel, and further
on the long dune lines of Qatania and Rammak, their saw-toothed sand peaks like a string of battleships
in line ahead at sea.” The site was visited in September 2010 in order to study the dune internal
structure with Ground Penetrating Radar and to ground-truth the detailed geomorphology for the
interpretation of spaceborne radar imagery since these dunes appear to resemble those found in Cassini
radar imagery of Saturn’s moon Titan (Lorenz et al., 2006; Radebaugh et al., 2010).
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Figure 2. Location map (an annotated Band 70 Landsat 4 TM image from 1989) showing the location of
the study site, a few km north of the Bawiti-Cairo road.

2.3 Setup
Four movie sequences were acquired as opportunities arose in the field, the sequences being between
45 mins and 3 hours in length. In three instances the camera was set up on the monopod stake supplied
with the camera. In one instance, a conventional camera tripod was used (figure 3), and although the
legs were buried to ~10cm depth in the sand for stability, after 1 hour the camera was found to have
toppled over. The camera was mounted facing northwards (i.e. away from the noon sun) with its
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boresight 10-20 degrees below horizontal, and the image acquisition interval was set to 1 minute or to
20 seconds.

Figure 3. Setup on the crest of the Quattani dunes, looking north. A section of the mounting stake with
a small plastic bottle is used as a windsock; in this instance the camera is mounted on a conventional
tripod (which subsequently toppled over.)
Since the experiment was an opportunistic one conducted in parallel with geomorphological mapping
and GPR studies, no context instrumentation was available. Desirably ripple movement conditions
would be documented by saltation sensors and anemometers. However, much as cine cameras were
used as datalogging systems in the 1930s and 1940s before electronic data acquisition became
widespread, the camera itself can be used to record contextual data if suitable instrumentation with a
visual display is set up in the field of view. Such an approach has the advantage of providing intrinsic
timetagging - the context measurements recorded in the image are necessarily contemporaneous with
the processes being observed without the need for any synchronization of datafiles. Inspired by camera
measurements of wind on Mars landers (Sullivan et al., 2000; Holstein-Rathlou, 2010), an improvised
‘telltale’wind indicator was installed by suspending a 100ml plastic bottle via a length of string from a
stake. The thinking behind using a bottle was that the mass of the bottle (and thus the tilt angle at
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which the moments due to its weight and drag would balance for a given windspeed) could be adjusted
easily in the field.

3. Results
The video files were examined in a playback application supplied with the camera (that allows stepping
through frame-by-frame). Additionally, a utility (A4 Video Converter) was used to split the video file into
individual images for more quantitative measurements using the image analysis tools ImageJ , Adobe
Photoshop and ITT’s Interactive Data Language IDL. In addition to inclusion in the online version of this
paper, the video files are available at http://www.lpl.arizona.edu/~rlorenz
< video 1 here >
< video 2 here >

3.1 Simple Ripple migration
A simple and obvious result at the first site (video 1) is the regular motion of the simple, regular ripple
pattern (figure 4). Successive crests pass the marker stake (gnomon) every third or fourth frame (i.e.
every 3-4 minutes). Since the ripple crests are 10+/1 cm apart, the corresponding propagation speed is
~2.5-3.3 cm/minute.
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Figure 4. Nine successive frames, each one minute apart, of the simple ripple pattern on the dune crest.
The pattern moves one wavelength over about 4 frames. A defect (arrowed) begins in frame 1 as a Yjunction, the downwind leg breaking away (frame 4) to form a free termination which then links to the
next ripple downwind to form a new Y junction (frame 8). Contrast has been stretched to highlight the
ripple pattern.

3.2 Defects
It could be seen that defects in the ripple pattern migrated in a consistent manner. The forward
branch of a Y-junction would disconnect, and then connect with the ripple ahead of it. This process
usually took ~6-7 minutes (see figure 4). In our observations, the defect migration was always forwards
in the pattern, and was usually associated with little or no loss of crest length and in some cases the
defect migration led to an increase of total crest length.
3.3 Superposed patterns
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For a few moments in the image sequence, an additional set of smaller ripples appear, superposed on
the more typical set. It is assumed that these form during a gust of wind from a slightly different
direction but quickly decay when the wind returns to its usual direction.
3.4 Telltale / Windsock
The telltale wind indicator was hastily improvised and was not as useful as might be hoped. Specifically,
rather than settle at an equilibrium angle determined by the wind, it tended to move chaotically. This
effect was in fact worse when the bottle was filled to increase its mass - the resultant system had lower
sensitivity, but lower damping too. A further complication was that the camera mounting stake used to
suspend the bottle was wide enough to shed vortices which caused the bottle to be continuously in
motion even in steady winds. Thus the bottle’s instantaneous position recorded in an image does not
relate directly to the instantaneous wind. However,over long time intervals it might be possible to relate
the windspeed to the peak or mean displacement of the bottle in an image sequence, but that was not
attempted here.
3.5 Camera motion
The entire scene occasionally moves due to displacement of the camera by the wind. This is generally
distracting for image analysis (especially automated analysis - see later) and so should be avoided by
mounting the camera as stiffly as possible (this was a motivation for trying the tripod rather than the
monopod stake). On the other hand, movement of the camera might be employed as a crude
measurement of windspeed.
3.6 Saltation layer
In a number of image frames, evidence of active saltation can be seen. Specifically, a ‘streaky’pattern
can be seen in the direction of the wind (the crosswind variations in the pattern perhaps coincidentally
being approximately the same as the ripple wavelength), and the optical contrast of the ripple pattern is
temporarily reduced due to scattering and absorption by the lofted sand. Since contrast drops due to
change in illumination due to cloud etc. can also occur (noting that the camera implements a variable
exposure, so a drop in illumination does not necessarily lead to darkening of the recorded image) no
attempt has been made to quantify this effect. A calibration target with which to separate illumination
from saltation layer effects would be useful.
3.7 Complex Ripple migration
A second nearby ripple field was also observed (video 2) . This area had a notably different morphology
(see figure 5), with more megaripples (~ 30cm) with sharp irregular crest lines and smaller rounded
ripples between the megaripple crests. The morphology of this site, which was on a sloping upwind
saddle between and to the east of two dune peaks, is rather similar to that in the Negev desert
described by Yitzaq et al. (2009).
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Figure 5. The second, complex ripple field, on the upwind side of a saddle between two dune crests. The
small ripples superposed on the larger set are clearly seen. The dark line indicates the image line
extracted from each frame to generate the waterfall chart in figure 6.

Ripple motion was both slower and more intermittent in this timelapse sequence than in that of the
regular ripples, either due to lower winds or a higher threshold or both. When motion occurred, it
could be seen that the small ripples moved much faster than the megaripples, as would be expected.
The small ripples moved only in regions bounded by the larger ones - they did not cross the crests of the
megaripples. In the upper part of the image, frequent contrast drops were seen, indicating active
saltation. Late in the sequence, contrast declined over the entire image as the sun set over the crest of
the dune, casting the site into shadow making further measurements difficult.
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Clearly, there is a large range of arbitrarily elaborate analyses that can be applied to timelapse data,
which can be voluminous. However, by way of example, we can illustrate this differential motion rather
simply by extracting a horizontal line of image data and assembling these lines into a ‘waterfall’chart
(figure 6). To do this, the AVI movie file was converted into a sequence of separate JPEG image files
using A4 Video Converter software; these were then read by an IDL script which assembled a line of
each grayscale image into a line in the chart. A more intensive analysis might shift each frame to
correct for wind motion of the camera, although figure 6 shows the original data in order to illustrate
the camera motion effect.

Figure 6. Waterfall chart assembled from lines of 150 images, each spaced by 20 seconds. The crests of
major ripples are seen prominently (A) and propagate slowly to the right (by about 10cm over 50
minutes). The camera is rocked by the wind, causing jitter in the pattern (e.g. B) - the camera motion is
almost entirely in the vertical plane which is why vertically-oriented crests like those at A are unaffected,
but diagonal crests appear to jitter horizontally. The small ripple pattern is seen to propagate several
times faster (C) than the large pattern, but when small ripples encounter the large ripple, they merge
with it.
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4. Discussion
The principal results here are the movies themselves, which may be useful in pedagogical or outreach
applications. However, some remarks may be made on the quantitative results that can be obtained.
Additionally we note some potential improvements for future observations.
4.1 Process Measurements
The rate of simple ripple migration (3 cm/min) we record is strikingly fast. The windspeed we measured
was similar to that recorded by Zimbleman et al. (2009, 9 m/s) who observed motion of a 10cm-high
granule ripple crest of 10.5cm over 1380 minutes at Great Sand Dunes National Park and Preserve (thus
a speed of 0.007 cm/min), and of a 3cm-high ripple of 2.1cm in 109 minutes (0.019 cm/min). The small
size (1-1.5cm high) of the ripples here would account for a factor of 16-27 faster movement : the
remaining factor of ~5-10 is presumably due to the smaller size of the sand and thus a lower saltation
threshold and hence higher volume transport rate for a given windspeed.
The migration of Y-junction defects in a ripple pattern has been documented in field observations of
ripples (Anderson and McDonald, 1990) and in computer simulations (Landry and Werner, 1994).
Because the tapering tip of the defect is shallow, it propagates faster than the regular ripples, and thus
bends forward to attach to the ripple ahead of it, see e.g. Werner and Kocurek (1997, 1999) and Werner
and Gillespie (1993). Specifically, in an idealized model Werner and Kocurek (1993) suggest that the
defect propagation speed is ~3 times the ripple speed. In our observation, the defects moved through
the pattern at about half the speed that the pattern itself propagated past a fixed obstacle, a
considerably slower speed than suggested in the model.

4.2 Lessons in Technique
With the exception of the toppled tripod, the imaging experiments were generally successful, and the
camera appeared unaffected by operation in full sunlight with air temperatures of 40C. However, some
clear areas for improvement were noted.
It might be desired to mount the camera as high as possible to obtain a ‘plan view’of the ripple pattern,
with minimal foreshortening. However, a higher mounting point will typically lead to more wind
movement of the camera, which can be distracting during analysis. Thus a tradeoff exists which is
difficult to assess by any means other than trial and error. Tethering the monopod/tripod to stakes is a
straightforward way to improve the stiffness of the mounting.
Although at least approximate navigation of images can be accomplished with a single gnomon or
scalebar as used here, given knowledge of the angular image scale and the height of the camera mount,
rather easier and more precise measurements could be obtained with better photogrammetric control.
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Specifically, installation of a set (4 or more) fixed markers with some suitable regular spacing (e.g. 1m)
would be an obvious improvement.
Some obvious improvements in the windsock design would be to have a more heavily-damped
suspension (perhaps by using a wire instead of a string) and to suspend either from a narrower structure
or at least out of the wake of the structure. A trade-off exists between having a wide arc (allowing
precise measurement of the tilt angle from imagery) and a narrow one (such that the object being
dragged does not move substantially through thevelocity gradient in the boundary layer) : it may be that
a rigid structure like the Mars Pathfinder windsock (Sullivan et al., 2000) is more accurate than a
suspended object.
Finally, a photometric target (i.e. a fixed object with patches of different reflectivity to allow calibration
of illumination conditions and thus detect contrast reduction due to a saltation cloud) would be a useful
augmentation to a scalebar.
Timelapse imagery can of course be used to study settings other than the movement of extant ripples.
Other experiments (see e.g. Andreotti et al.,2006; Yitzaq et al., 2009) might include flattening patches
of sand and observing the emergence of a ripple pattern, or to introduce artificial ripples of different
wavelength and observe their subsequent evolution.

5. Conclusions
We have measured ripple migration rates and styles under field conditions with modest effort using
novel timelapse camera observations. The generation of timelapse movies of ripple movement in the
field is, to the author’s knowledge, novel : improved measurements with longer duration, better wind
documentation and photogrammetric control can be readily obtained in future work. Motion of
megaripples and even of barchan dunes should be feasible to observe : with barchan migration rates of
15 m/yr, observations over a few months (an operation period already demonstrated with these
cameras - Lorenz et al., 2010) should show perceptible motion.
The instrumentation is inexpensive compared with the costs of field deployment and personnel labor,
so offers new possibilities for both quantitative measurement of the intermittent process of Aeolian
movement and for illustrating these processes to the public.
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