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Abstract. We review the main processes that drive the morphodynamics of dunes, i.e. their growth in height,
migration and elongation, and emphasise the contribution of experiments to the understanding of these
mechanisms. The main control parameters are the sediment flux Q and the saturation length Lsat associated
with the spatial relaxation of the flux towards the transport capacity. The other relevant quantities are
essentially dimensionless: fluid response to a bed perturbation, dune geometry (orientation, aspect ratio),
transport ratios under multi-directional wind regimes. We argue that laboratory experiments dealing with
sedimentary bedforms in water flows are good analogues to study the morphodynamics of aeolian dunes
at reduced length and time scales, as Lsat and L2

sat/Q are expected to be smaller for subaqueous bedload.
Besides, dune shape and dynamics are mainly governed by flow and boundary conditions, independent of the
transport mode. We discuss diVerent experimental set-ups and results, especially concerning dune pattern
orientation and dune interaction. Under natural wind regimes in terrestrial deserts, we show the potential
of field experiments in which the control of initial and boundary conditions allows for the quantification
of all the relevant mechanisms involved in dune growth. We emphasise the general agreement between
observations, measurements and theoretical predictions, which indicates a robust comprehension of the
underlying processes. This understanding can serve as a foundation for further investigations, including
the interpretation of dune landscapes and the resolution of inverse problems.

Résumé. Nous passons en revue les principaux processus qui déterminent la morphodynamique des dunes,
c’est-à-dire leur croissance en hauteur, leur migration et leur élongation, et nous mettons en avant la contri-
bution des expériences pour la compréhension de ces mécanismes. Les principaux paramètres de contrôle
sont le flux sédimentaire Q et la longueur de saturation Lsat associée à la relaxation spatiale du flux vers sa
valeur à saturation homogène et stationnaire. Les autres quantités pertinentes sont essentiellement sans di-
mension : réponse du fluide à une perturbation du lit, géométrie des dunes (orientation, rapport d’aspect),
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rapports entre les taux de transport sous des régimes de vent multidirectionnels. Nous expliquons que les
expériences de laboratoire portant sur les formes de lit sédimentaires sous l’eau sont de bons analogues pour
étudier la morphodynamique des dunes éoliennes à des échelles de longueur et de temps réduites, car Lsat
et L2

sat/Q sont typiquement plus petits pour le transport par charriage. En outre, la forme et la dynamique
des dunes sont principalement gouvernées par les régimes d’écoulement et les conditions aux limites, indé-
pendamment du mode de transport. Nous discutons diVérents montages expérimentaux et résultats, en par-
ticulier ceux qui concernent l’orientation des dunes et leur interactions. Pour les régimes de vents naturels
dans les déserts terrestres, nous montrons le potentiel des expériences de terrain pour lesquelles le contrôle
des conditions initiales et aux limites permet de quantifier tous les mécanismes pertinents impliqués dans la
croissance des dunes. Nous soulignons le bon accord général entre les observations, les mesures et les prédic-
tions théoriques, ce qui montre une bonne compréhension des processus qui sont à l’œuvre. Cette compré-
hension peut servir de base à d’autres recherches, comme par exemple l’interprétation des paysages dunaires
et à la résolution de problèmes inverses.

Keywords. dune shape and dynamics, growth, orientation.

Mots-clés. forme et dynamique des dunes, croissance, orientation.

Funding. CN acknowledges the financial support of the French National Research Agency through grants
ANR-18-IDEX-0001, and ANR-23-CE56-0008.

Manuscript received 2 June 2024, revised 29 August 2024, accepted 4 September 2024.

1. Introduction

Aeolian sand dunes display magnificent sedimentary patterns in various environments [1–3]:
terrestrial deserts [4] and coastal areas [5], but also planetary surfaces such as those of Mars
[6–8], Titan [9–11], Venus [12–14], Pluto [15] and comet 67P [16]. The shape, size and orientation
of these dunes are determined by various factors, including the prevailing wind regime and the
availability of sediment, as well as the hydrodynamic regimes [17]. On Earth, individual dunes
span length scales from 10 to 103 m, and they can interact with each other in dune fields of
hundreds of kilometres [4]. Small dunes emerge or react quickly to consistent winds over a few
days, while large dunes and dune fields integrate wind regimes over long times. This integrative
behaviour allows for a rich variety of shapes and makes it diYcult to interpret a dune landscape
in all its complexity. Dunes are thus witnesses of past winds and they have been used to constrain
global climate models on the planetary bodies where they are observed. Performing comparative
planetology in dune geomorphology is also a challenge due to the significant variability in
environmental parameters.

To study the fundamental processes at work in dune dynamics, field observations take advan-
tage of remote sensing to explore vast areas, but they are limited to a narrow range of time scales
and often lack of suYciently idealised configurations to specify the initial condition or separate
coupled eVects. Here we discuss the contribution of experiments in the understanding of dune
pattern development, and this paper is constructed as follows. A first theoretical section briefly
reviews the growing mode in height associated with a bed instability, and an elongation process
in multidirectional wind regimes (Section 2). Section 3 describes laboratory experiments, where,
in order to cut down space and time scales of aeolian transport processes, dune dynamics is anal-
ogously studied in water tanks and channels, where the grains are moved by a water flow. Sec-
tion 4 is devoted to landscape-scale experiments, i.e., dealing in the field with actual space and
time scales of the dune under controlled initial and boundary conditions.

Importantly, sedimentary bedforms also naturally develop in subaqueous environments, such
as rivers and sea floors. Although we do exploit here the (partial) analogy between aeolian and
subaqueous sediment transport, we will not review the vast literature on sedimentary subaque-
ous pattern, which includes not only ripples and dunes, but also other types like anti-dunes,
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chevrons and bars associated with specific geometries and regimes of free-surface channelised
water flows [18–33]. Furthermore, we will not address in detail the sensitivity of sediment trans-
port to environmental parameters (e.g., fluid and grain density, grain size distribution). Instead,
we will abstract sediment transport into a few key quantities that control the main features of
dune development in all these diVerent environments. Finally, we will not consider cohesion
between grains, nor the eVect of vegetation. These aspects are mentioned in the conclusion as
perspectives.
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Figure 1. Various dune types on Earth. (a) Barchanoid ridges (left, along the coast) and
transverse long-crested dunes (right, inland) in Angola (16.336o S, 11.836o E, November
2002, credit: Image Landsat / Copernicus). Dunes inland are transverse to the resultant
direction [17]. (b) Linear dunes in the Rub al-Khali desert (16.817o N, 45.869o E, December
2010, credit: Image Landsat / Copernicus). (c) Star dune in the Rub al-Khali desert
(20.388o N, 54.331o E, April 2007, credit: Maxar Technologie). (d) Field of barchan dunes
in Occidental Sahara (27.20o N, 13.21o W, November 2022, credit: Maxar Technologies).
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