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Abstract. Defining rainfall thresholds for debris-flow initia-
tion typically requires numerous past events, but many catch-
ments lack sufficient historical records. This study introduces
a method based on monitoring data, effective even with few
observed debris flows. The approach relies on rainfall mea-
surements and images from a simple, low-cost monitoring
station. The method was developed in the Blè catchment, in
the central Italian Alps. An algorithm based on a minimum
inter-event time was used to automatically identify rainfall
events. Throughout the monitoring period, which included
both wet and dry conditions, stream’s hydrological regime
was classified into four categories according to water level
and sediment transport. Each rainfall event was linked to
the catchment response, and an intensity–duration scatter-
plot was generated with events categorized accordingly. A
threshold was defined using Linear Discriminant Analysis,
treating events that triggered regime changes as positive and
others as negative. This threshold offers insight into catch-
ment behaviour and can be rigidly shifted upward to isolate
only debris-flow-triggering events. Results show good dis-
criminative ability and reliable performance in distinguish-
ing regime-changing events. Finally, the study explores how
the threshold is affected by the rain gauge’s location and by
the method used to define rainfall events.

1 Introduction

Debris flows are among the most hazardous types of land-
slides due to their high velocity, destructive potential, and
sudden onset (Iverson, 1997; Jakob and Hungr, 2005). These
fast-moving mixtures of water and sediment can travel long
distances along steep channels, often causing severe damage
to infrastructure and posing significant risks to human life
(Guzzetti et al., 2005; Hilker et al., 2009).

One of the most effective methods for mitigating debris-
flow risk is the definition of rainfall thresholds (Martelloni
et al., 2012; Pan et al., 2018; Papa et al., 2013). In such
systems, precipitation data recorded by rain gauges are con-
tinuously compared against predefined critical thresholds to
predict the potential initiation of debris flows. Various ap-
proaches have been proposed in the literature to establish
such thresholds, including empirical methods (e.g., Aleotti,
2004; Cannon et al., 2008; Ceriani et al., 1994; Coe et al.,
2008; Deganutti et al., 2000; Gariano et al., 2015; Hirschberg
et al., 2021) and, less frequently, physically based modelling
approaches (e.g., Berti and Simoni, 2005; Crosta and Frat-
tini, 2003; Hoch et al., 2021; Iverson, 2000; Montgomery
and Dietrich, 1994; Wei et al., 2024). Although the latter
are grounded in a physical representation of processes, their
practical application is often challenging and uncertain due
to their reliance on detailed knowledge of physical and hy-
drological parameters, which are often only approximately
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