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[1] The structure of the barchan field located between Tarfaya and Laayoune

(Atlantic Sahara, Morocco) is quantitatively investigated and compared to that in La
Pampa de la Joya (Arequipa, Peru). On the basis of field measurements, we show how the
volume, the velocity, and the output sand flux of a dune can be computed from the
value of its body and horn widths. The dune size distribution is obtained from the analysis
of aerial photographs. It shows that these fields are in a statistically homogeneous state

along the wind direction and present a “corridor” structure in the transverse direction,
in which the dunes have a rather well selected size. Investigating the possible external
parameters controlling these corridors, we demonstrate that none among topography,
granulometry, wind, and sand flux is relevant. We finally discuss the dynamical processes
at work in these fields (collisions and wind fluctuations) and investigate the way they
could regulate the size of the dunes. Furthermore, we show that the overall sand flux
transported by a dune field is smaller than the maximum transport that could be reached in
the absence of dunes, i.e., in saltation over the solid ground.
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control parameters, J. Geophys. Res., 113, F02S15, doi:10.1029/2007JF000767.

1. Introduction

[2] Barchan dunes form under unidirectional winds, trade
winds, mostly, when there is a localized source of sand. By
contrast, transverse dunes form under the same wind con-
ditions when sand, previously deposited by rivers, lakes, or
seas, covers the solid ground [Bagnold, 1941; Cooke et al.,
1993]. The initial instability mechanism forming these dunes
from a flat sand bed results from a coupling between the
shape of the dune, the air flow around it, the sand transport,
and the subsequent erosion/deposition processes. The scale
of the most unstable wavelength ), is related to the sand flux
saturation length /g as \,, ~ 12 {, [Andreotti et al., 2002b;
Elbelrhiti et al., 2005; Claudin and Andreotti, 2006]. This
length is the distance the sand flux needs to relax to its
equilibrium (i.e., saturated) value and is, in first approxima-
tion, proportional to the turbulent drag length as £, ~ 4.4Z—;d,
where p; and py stand for the densities of the grains and
the fluid (air), respectively, and d stands for the grain
diameter [Andreotti, 2004; Elbelrhiti et al., 2005]. The
formation of a single mature barchan after this initial stage,
in particular the distribution of air flow and sediment flux
around the dune as well as the development of its character-
istic crescentic shape, has now reached a significant level of
understanding [Lancaster et al., 1996; Frank and Kocurek,
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1996a; Frank and Kocurek, 1996b; Wiggs et al., 1996; Wiggs,
2001; Sauermann et al., 2003; Kroy et al., 2002a, 2002b;
Hersen et al., 2004; Hersen, 2004].

[3] Barchan dunes may be observed in a variety of places
on Earth [Fryberger and Dean, 1979; Cooke et al., 1993]
and on Mars. They can be rather isolated but they can also
be found in large fields which show rather coherent and
homogeneous corridor-like structures tens of kilometers
long. Within these corridors, dune size and spacing seems
more or less well defined but this size is not the elementary
size at which dunes form as many other nonlinear mecha-
nisms come into play. Previous field works have mainly
focused on the morphology and kinematics of individual
dunes [Finkel, 1959; Long and Sharp, 1964; Norris, 1966;
Lettau and Lettau, 1969; Hastenrath, 1967, 1987; Slattery,
1990; Hesp and Hastings, 1998; Parker Gay, 1999;
Sauermann et al., 2000; Andreotti et al., 2002a]. Barchan
fields have also been investigated [Lettau and Lettau, 1969;
Corbett, 1993; Kocurek and Ewing, 2005; Ewing et al.,
2006; Ould Ahmedou et al., 2007]. The most detailed and
complete studies concern La Pampa de La Joya, in the
Arequipa region (Peru) [Finkel, 1959; Lettau and Lettau,
1969; Hastenrath, 1967, 1987]. This dune field is compared
here to the longest barchan field on Earth, in the Atlantic
Sahara region (Morocco). At that place, owing to the
shouldered profile of the shoreline next to the town Tarfaya,
the beaches provide sand that can be transported inland by
the winds. The barchan field starts next to the sea and
remains clearly visible for hundreds of kilometers down-
wind, sometimes altered or disturbed by relief such as large
depressions of several kilometers in size (sebkhas) or by
other dunes coming from other sand sources.
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[4] From the phenomenological point of view, several
attempts have been made to interpret dune fields in the
framework of complex systems and nonlinear physics.
Leaving apart the details of sand transport and hydrody-
namics, dunes may be seen as patterns emerging by self-
organization [Werner, 2003; Kocurek and Ewing, 2005].
The interest of this approach also constitutes its main
limitation as it focuses on the morphology of patterns. It
successfully relates the symmetries of dunes to that of the
wind regime [Werner, 1995] but fails to address questions
regarding for instance their time and length scales, for
which it is essential to understand the dynamical mecha-
nisms at the scale of the dune.

[5] Barchan field stripes have been simulated by Lima
et al. [2002] assuming that the sand flux balance at the
scale of a single dune makes it stable. However, it has
been shown later that this stability assumption is not self-
consistent [Hersen et al., 2004], and that in response to
perturbations such as strong wind variations or collisions,
barchans destabilize toward the generation of waves on
their back and flanks [Elbelrhiti et al., 2005], possibly
leading to some calving processes.

[6] Our aim is here two-fold. First, we wish to document
the selection of the dune size and the corridor structure. This
has been previously inferred from aerial photographs in a
qualitative manner, but we provide in this paper a system-
atic and quantitative characterization of barchan fields. This
will serve in the future as a benchmark to test numerical
models. Second, we wish to investigate the parameters
controlling the size of the dunes. Is there a difference of
grain size between a zone of large dunes and a zone of small
ones [Lancaster, 1982]? Is there a difference of wind speed?
Is there a change of the nature of the soil (rock, vegetation,
etc.) or of the topography? Is the dune size controlled by the
overall sand flux at the origin of the barchan field (the flux
of sand deposited on the beach by the ocean in the case of
Atlantic Sahara)? Does the dune size result from that at
which they initially appeared, which would mean that the
entrance conditions are memorized all along the dune field?
We show that all these possibilities should be rejected, in
favor of a regulation of the dune size by dynamical
mechanisms. We finally discuss the hypothesis of a control
of dune size by the lateral sand transport developed during
storms.

2. Barchan Dune Corridors

[7] In this section, we shall first give an overall and
qualitative description of the two studied sites. We then
show that an effective dune size selection is at work in these
fields, resulting into a single or multicorridor structure. This
description is followed by the analysis of the size distribution
and the quantitative evidence for the structure transverse to
the wind direction.

2.1. Two Sites of Study

[8] Two barchan fields have been studied for this work.
The first is located in Atlantic Sahara (south of Morocco)
where, besides collecting aerial photographs, we carried out
many field investigations. The second one is a barchan field
in the Arequipa region of Peru. We have not actually been
there but worked with the available published documents
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(citations above) as well as aerial views that can be found
online (Digital Globe).

[v] A map of the Moroccan region of interest is shown
in Figure la. There, the topography is very flat in the form
of a limestone-sandstone (Moghrebian) plateau over which
trade winds blow regularly, with a typical resultant drift
potential RDP/DP ~ 0.9 [Elbelrhiti et al., 2005], ie., a
very unimodal wind regime (see Appendix A). The direc-
tion of these winds is from the NNW (337°). This
direction is precisely the direction of dune propagation
and consequently that of the corridors. We chose to study
dunes in the subregion between the towns of Tarfaya and
Laayoune, which are approximately 100 km apart. More
precisely, we selected three different places: zone A
slightly south of Tarfaya (27°51'N, 12°55'W); zone B next
to the town of Tah (27°42'N, 12°59'W); zone C slightly
north of Laayoune (27°19'N, 13°11'W). The zones are
typically 4 km long and 4 to 7 km wide. The distance
between A and B is about 20 km, and 40 km between B
and C. Schematic top views of these three zones are
displayed in Figure 1.

[10] Although the three fields in Figure 1 do not look
exactly the same, e.g., dunes are clearly larger in zone B
than in A and C, they all show a similar structure
transverse to the wind direction: dunes next to the eastern
border of the field are large and far apart from each other,
whereas further into the field the dunes are smaller and
their spatial distribution denser. As they have a transverse
extent that is much smaller than along the wind direction,
we call “corridor” these places of roughly uniform dune
size and density. We must emphasize that the corridor
pattern of zone B is not the direct continuation of that of
zone A, same with zone C with respect to zone B, as some
topographic interruptions (depressions or Sebkhas, addi-
tional sources of sand [Oulerhi, 1992]) locally break or
modify the barchan field in between these zones. However,
each time the dune field runs over large areas of uniform
terrain, the same general pattern is recovered.

[11] It is interesting to compare these data with those
from the barchan field close to La Joya railway station
(16°43'S, 71°51'W), see Figure 2. Although this field is
not very large, approximately 30 km long, several studies
have been devoted to this place, and barchans have been
followed over decades [Finkel, 1959; Lettau and Lettau,
1969; Hastenrath, 1967, 1987]. The wind there blows
roughly from south to north. Unfortunately, no permanent
weather station has been installed in the dune field so far.
The closest one is at the airport of Arequipa, close to
mountains and it gives a low RDP/DP factor of the order
of 0.4, due to frequent reversing winds (see Appendix A
and Figure 15). Two zones there have been selected. A
first one (E) close to the beginning of the field, and a
second one further north close to the train station (F)
which exactly corresponds to Lettau and Lettau’s work site
[Lettau and Lettau, 1969]. These two zones are separated
by 10 km and barchans eventually disappear 20 km further
north of zone F in an agricultural area. A schematic view
of the barchans in these zones is displayed in Figure 2. In
contrast to Atlantic Sahara, the field is very homogeneous
in size and density, with a single stripe of small and
diluted dunes.
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