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Abstract

Mountain forest ecosystems provide a wide range of ecosystem services (ES) essential
for human life and activities. In addition to the renewable wood resources they represent,
mountain forests constitute a biodiversity reserve and contribute to the environmental and
landscape attractiveness. A significant part of mountain forests also protect people and in-
frastructure against natural hazards such as rockfalls, flash floods, erosion or avalanches.
Thus, in France, approximately 20% of the Alpine forests protect the population against
rockfalls.

The assessment of this particular ecosystem service is important for an efficient land-use
planning and for the safety of mountainous populations. However, it is a difficult task for
both rockfall experts and forest managers. Accurate and simple tools are therefore required
to efficiently evaluate the rockfall hazard reduction due to the presence of forest on the slope.

These last years, 3D-rockfall models gradually integrated the presence of forest in their sim-
ulation processes. For instance, Rockyfor3D simulates the trajectories of single, individually
falling rocks, in three dimensions by calculating successive sequences of free flights through
the air, rebounds on the slope surface, and impacts against trees. Using this model, rockfall
simulations can be run with and without forest on the same slope surface. The comparison of
the results from the forested and non forested scenarios allows an objective and quantitative
assessment of the rockfall hazard reduction due to the presence of forest. These models are
useful when working at local scale. However, it is not possible to use them on a large scale
because of the required accuracy of input data and high computational power needed.

In this study, Rockyfor3D was used to simulate rockfalls propagation on virtual terrains
for 3886 different forest stands located in all the French Alps. Three quantitative indica-
tors of the rockfall hazard reduction were defined and calculated from the results of the
simulations for each forest stand. Finally, the relations between forest characteristics and
compositions and rockfall reduction were investigated.

Our results showed that the three indicators are strongly linked with three forest char-
acteristics : the basal area, the mean diameter at breast height and the length of forest
in the maximum slope direction. These three parameters were used to define six levels of
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protection only based on forest characteristics. Our results demonstrated that forest ecosys-
tems dominated by shade-tolerant tree species presented a higher protective effect than those
dominated by pioneer tree species. Finally, forests with the highest tree species biodiversity
showed better protective effect than those dominated by only one specie, especially if the
latter were a conifer.
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