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ABSTRACT IN ENGLISH:

This paper proposes a methodology to evaluate the suitability of Al models to describe rockfalls triggered by several
factors, such as meteorological and geological conditions. So, we aim to train neural networks with all relevant and
available data that could effectively predict rockfalls. To achieve this goal, we have already selected appropriate sites,
collected data at high temporal and spatial resolution, and we propose some relevant models for this task. Ultimately,
this type of model could assist in the operational management of infrastructure, especially during major climatic
events.

ABSTRACT IN FRENCH:

Cette communication présente une méthodologie pour évaluer la pertinence des modeéles type IA a décrire des chutes
de blocs déclenchées par des facteurs multiples, tels que les conditions météorologiques et géologiques. Ainsi, nous
voulons entrainer des modéles IA a prédire la probabilité de chute de pierres en partant des données pertinentes et
disponibles. Pour atteindre ce but, nous présentons ici les sites d’études sélectionnés, les caractéristiques des données
recueillies a haute résolution temporelle et spatiale, et enfin des typologies de réseaux de neurones appropriés. A
terme, ce type de modéle représenterait un outil supplémentaire pour le management des infrastructures,
particuliérement lors d’évenements climatiques majeurs.

The role of climatic factors (precipitation, temperature variations and freeze/thaw cycles) in the triggering of rockfalls
was evidenced in numerous publications (e.g. Hemstetter and Garambois, 2009; Delonca et al, 2014; D’amato et al,
2016). The quantification of this triggering role remains a difficult task for specific sites, challenging the operational
management of infrastructures during major climatic events (road closures in connection with weather forecasts,
deployment of monitoring, etc.). Classical multi-scale and multi-physical models integrate thermal, hydric and
mechanical couplings to provide a coherent understanding and reliable prediction of phenomena and their impacts. In
addition to these physical models, the approach proposed in this paper aims at learning from the data themselves to
build predictive models of rockfalls using Al methods. The prediction of landslide behavior using such methods have
been recently developed (Ma et al., 2018) while the use of Al for the prediction of rockfalls is still limited due to the
scarcity of documented events.

1 SITES AND DATA

Two sites with documented rockfall events together with measurements of meteorological factors (precipitation,
temperature or snowmelt) were selected in France: the RN1 road in La Réunion (974) and the Saint-Eynard cliff near
Grenoble (38). In La Réunion (Figure 1), we study the rockfalls that reached the road using the database fed by RN1
management services where date, mass and location of the events are referenced. At the Saint-Eynard cliff site, we
focus on the failure of the rocks from the cliff using seismic monitoring of rockfall collapses and high-frequency
monitoring of topographic changes (at least every day) thanks to laser scans or photogrammetric acquisitions. In this
latter case, we need data pre-processing to accurately date and describe rockfall events. At first level, rockfall events
are daily recorded with locations, masses and meteorological data such as rains. Hereafter, other data will be
integrated in the analysis such as geology, topography, and the presence of protective structures.

We perform initial tests of our methodology using event-rich databases from specific sites, in order to facilitate
training and validation of the Al models and sites where the correlation between rockfalls and climatic factors has
already been shown statistically. The generalization of other sites could be carried out in a second step.
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Figure 1: The RN1 Road in La Réunion : a- an example of the cliff overhanging the road, (b) a rockfall event, (c) rockfalls
distribution along the RN1

2 METHODOLOGY TO CALIBRATE AND EVALUATE Al MODELS

Machine learning and its deep learning branch seem to be promising ways to induce predictive models of risk from the
data itself. As previously mentioned, rockfalls are discrete events that are highly correlated with weather events which
exhibit seasonal patterns. Therefore, we want to model the intensity of the point process (rate of falls during a period
At) with respect to exogenous variables such as rain, geological area ... A good challenger in such task could be
Spiking Neural Networks (SNNs). Several calibrations of the neural networks are planned: first, a baseline with only
dates and events, then others with external data and expertise (meteorological data, geology and topography) to
improve performance. This approach will allow us to characterize more precisely the data and the minimum number
of rockfall events needed to generate a relevant Al model. In addition, the validated results will be compared to the
results of physical and statistical models.

CONCLUSION

With the use of Al models, we expect to be able to identify more precisely the cause and effect relationships within
complex data (rockfalls, meteorological, geological, topographic data) and to predict the evolution of the risk of
rockfall according to meteorological conditions with sufficient confidence for the operational management of
infrastructure. In particular, an application integrating meteorological forecasts would allow infrastructure managers to
anticipate monitoring, protection or closure measures for the infrastructure.
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