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Introduction

Paragliding is a young adventure sport (early 80’s) consisting in flying lightweight, free-flying, foot-
launched glider aircrafts with no rigid primary structure (see Fig.1). For a physicist, it truly is a bot-
tomless drawer of fascinating unexplored phenomena, combining a variety of fields covering fluid me-
chanics, fluid-structure interactions, flight Mechanics, materials science, micrometeorology, and even
game theory in the context of understanding exploration-exploitation optima in paragliding competi-
tions.

Figure 1: Paragliding in the mountains.

Subject

To gain altitude in the atmosphere, birds, paragliders and sailplane pilots exploit thermal updrafts or
thermals [1–4]. These are cyclic columns of rising air resulting from the uneven solar heating of the
ground surface, which in turn warms the air directly above it, and initiates atmospheric convection.
The first experiments and models in the 1960s [5–8] made it possible to outline the basic structure,
periodicity, flow nature and vorticity of thermals (Fig. 2a). Later on, on-board measurements on the
one hand [9, 10], and numerical simulations on the other hand [11], allowed to refine their physical
characteristics (for example their size or the exchanges by shear with the surrounding air [12–14]) and
integrate thermal convection into weather models [15, 16].

Yet, due to the lack of probes, many questions remain. How far are these columns from each other?
How regular is their spatiotemporal structure? What is the influence of the season, the time of day, the
cloudiness or the topography and nature of the soil that gives rise to them? The idea is to use light
aircrafts (paragliders and hang-gliders) as smart atmospheric probes to answer such question, and
build a statistical model of the multi-thermal spatiotemporal structure. Indeed, modern pilots carry
on-board-instruments called altivario GPS providing the 3D GPS coordinate (see Fig. 2b) as well as the
associated velocities and accelerations, for hundreds of thousands of flights around the world. Most of
these large databases are freely accessible online. Coupling such data with satellite data on the nature
of the soil, weather data and ground topography constitutes an exceptional playground to tackle the
above mentioned questions.

Once the data has been mastered, another part of this project will use it to study the optimal
exploration-exploitation strategies of thermal convection. Optimal cross-country flying theory stipu-
lates climbs in discrete thermals, separated by glides through stationary air (...) the relative duration of
which depends on the performance of the glider or bird and the rate of climb in thermals [17]. On the



Figure 2: (a) Visualisation of thermals above a heating plate [8]. (b) 3D GPS track of a paraglider
(begining of MB’s flight on June 12 2021, chaîne des Aravis, French Alps).

biomimetic level, thermal exploitation strategies of birds and paragliders have been compared [18, 19].
Climbing strategies within individual thermals have been optimised using modern tools such as ma-
chine learning) [20] in order to improve the performance of glider autopilots [21]. But the literature
does not report quantitative results on competitive cross country strategies. Race pilots seeking to cover
the greatest possible distance must find the right balance between (i) the individualistic strategy based
on one’s knowledge (topography and color of the ground, cumuliform clouds, etc.) to find the next
nascent thermal, with the risk of missing out, and (ii) the collective strategy consisting in following
other pilots that materialise where the thermals are located, with the risk of getting there too late.1

But is this picture confirmed in reality? What is the optimal rank to make sure one does not land before
the final transition to the finish line? And if everyone seeks the same rank, how do you get out of it?
So many questions that we should be able to answer with the aforementioned databases, coupled with
elements of game theory.
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1Common saying among pilots: "alone one goes faster, together we go further".
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