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Intro
• Most models assume the saturation of the channel bed as an essential condition for debris-flow initiation but the 

water content in a natural debris-flow channel was never measured.

• Debris-flow initiation is commonly associated to the exceedance of critical rainfall thresholds, but it is also controlled 
by the availability of sediment in the source areas.

The understanding of the mechanisms controlling debris-flow initiation is still an open challenge in landslide research. 



Research objective: understanding of
debris-flow initiation in steep channels

P = rainfall (mm)

QW = total water discharge
QS = groundwater discharge
QR = surface discharge

Gadria catchment (2200 m a.s.l.), Eastern Italian Alps



Study site: Gadria catchment

• Well-known 
debris-flow basin

• 2 debris-flow 
events per year on 
the average

• Monitoring 
performed since 
2011

• Lower station: 
channelized debris 
flows

• Upper station: 
source area (this 
study)

(Comiti et al., 2014; 
Coviello et al., 2019; 
Hürlimann et al., 2019)

Lower station



Upper station (this study):

• Two rainfall-triggered video cameras
• Geophones (DATA-CUBE and Raspberry shake)
• Three TDRs at different depths and one tensiometer



2019 monitoring season at upper Gadria

TDR sensors (Campbell CS655)

installed at three depths

10-12 June events 26 July event



10-12 June events

Post-event field survey (June 26)



26 July event

Post-event field survey (July 31)

Pre-event field survey (July 2)



26 July 2019

Start (11:49:30) Mid-channel (11:50) Right channel (11:58) End (12:12)



Key points

• During all debris flows, we measured peak values of soil water content that are far from 
saturation (<0.25 at -20 cm, <0.15 at -40 cm, <0.1 at -60 cm).

• In the seismic traces we recognize signals produced by different processes: high water 
discharge, debris flows, small rockfalls.

• We derived the exact time of occurrence and the duration of debris-flow events from 
the analysis of the seismic signals.

• The debris flow event that occurred on 26 July 2019 produced remarkable geomorphic 
changes in the monitored channel, with up to 1-m deep erosion of the channel bed.

• The starting time of the 26 July 2019 debris flow corresponds with a 20 mm rainfall 
event and with the subsequent peak of water content measured in the channel bed.
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