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INTRODUCTION
Hydrogeomorphic processes, such as landslides, 
constitute a major problem in alpine regions and 
are able to cause substantial damages on infrastruc-
ture and settlements. The documentation and 
monitoring of these earthflows yield important 
information for appropriate protection and mitiga-
tion measures. Several monitoring techniques have 
been applied ranging from simple methods, such as 
photo documentation to more advanced technolo-
gies, such as Global Navigation Satellite System 
(GNSS) measurements, or remote sensing. How-
ever, only a few studies can be found on landslide-
monitoring by using Unmanned Aerial Vehicle 
(UAV) in the sense of remote sensing (e.g. Niet-
hammer et al., 2012). Within this contribution we 
report on the application of a UAV to assess periodi-
cal differences of the surface for monitoring a large 
landslide in Austria (Lindner et al. in review).

EVENT DESCRIPTION AND METHODOLOGY
In spring 2013, heavy precipitation triggered a large 
landslide in Pechgraben (a small district of the 
village Großraming, Upper Austria), where several 
Million m³ of material started moving towards the 
settled area. The Ahornleitenbach-torrent (conflu-
ence river) was threatened to be blocked and one 
house had to be evacuated. Urgent measures were 
taken immediately by the Austrian Torrent and 
Avalanche Control (WLV, Gebietsbauleitung 
Oberösterreich Ost) to protect the village and to 
avoid a dam break scenario in the Ahornleiten-
bach-torrent. Simultaneously, a bundle of monitor-
ing technologies, such as geophysical methods 
(geoelectrics, inclinometer, soil moisture and soil 
temperature), GNSS measurements, Airborne 
Laserscanning (ALS) and a UAV was set up to 
control the landslide area.
A multicopter („ARF-MikroKopter OktoXL“) was 
applied to generate multi-temporal high-resolution 
aerial photographs of specific sections of the land-

slide area. This octocopter is maneuvered by eight 
individually controlled electro motors and has a 
total weight of about 4,9 kg. An off-site preparation 
in the sense of a check of weather conditions, 
topography, availability of GNSS satellites as well as 
an optimized flight track is of enormous impor-
tance for successfully performed flights. To follow  
a pre  defined flight track, the Octocopter is using 
GNSS as well as a barometric sensor. High-resolu-
tion images were taken by a Canon EOS 650D 
DSLR camera for the photogrammetric analysis. 
Ground Control Points (GCPs) that can be identi-
fied in the images were measured and by using 
Agisoft Photoscan the images were then geo-refer-
enced by means of these GCPs.

RESULTS
In total 13 UAV flight campaigns were performed in 
the Pechgraben site from June 2013 to December 
2014. Immediately after the event six campaigns 
were realized between 12.06.2013 and 19.07.2013 
in the southern part (~14 ha) of the landslide areas, 
whereas seven campaigns were performed at inter  - 
vals of four to seven weeks in the northern part 
(~30 ha). Based on the images of the Octocopter 
flights, digital surface models (DSMs) as well as 
high-resolution orthophotos were produced after 
each campaign. The models were resampled to a 
regular grid size of 10 cm, which allows detailed 
monitoring of fissures in the surface. By comparing 
the evaluated UAV-DSMs, differences in altitude 
and consequently mass balances can be estimated. 
In combination with the multi temporal orthopho-
tos, changes in the surface as well as an overview 
of the construction progress of the protection 
measures can be visualized. Mass-moving velocities 
of various areas in the northern part were assessed. 
Figure 1 shows exemplarily moving ratios of 
several areas by comparing multi-temporal UAV-
geodata.
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CONCLUSION
The application of UAVs for landslide monitoring 
appears as a practical and cost-efficient tool for 
hazard and risk assessment. High-resolution geo-
data (DSMs and orthophotos) can be evaluated 
within hours. In the case of the Pechgraben land-
slide, the extracted UAV-geodata delivered ortho-
photo-series as well as difference-models with a 
resolution of 10 cm. The highly accurate UAV 
results enabled temporal fissure tracking on the 
surface and yield information on mass balances 
within the monitored area. In order to avoid crash 
landings or errors in post-processing, limitations 
regarding the availability of satellites, conditions of 
the terrain and weather conditions can be pre-
checked during the flight planning. Despite these 
restrictions, UAVs are practical tools in the context 
of monitoring and documentation of natural 
hazards analysis.
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Figure 1. Moving ratios in the northern part of the Pechgraben landslide area.
The moving velocity was calculated between March and June 2014 resulting
in high (red), medium (orange), little (yellow) and no (no color) movement
(graphic modified after Lindner et al., 2016).
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