
Application of Differential Airborne Laser Scanning 
for effective landslide inventory mapping and activity assessment 

in forested areas
Ivo Baron (1), Robert Supper (1), Günter Moser (2), and Wolfgang Gasperl (3)

(1) Geological Survey of Austria, Dep. of Geophysics, Neulinggasse 38, 1030 Vienna, Austria (ivo.baron@geologie.ac.at), 
(2)  ZT Büro Moser/Jaritz, Münzfeld 50, 4810 Gmunden, Austria (g.moser@moser-jaritz.at), 
(3) Torrent and Avalanche Control (WLV), Section Upper Austria, 4020 Linz, Austria (wolfgang.gasperl@wlv.bmlf.gv.at)

Introduction
Gschliefgraben site (Gmunden, Upper Austria) is famous for its complex of catastrophic landslides, 

earthflows and rockfalls. It has recently been selected as a test site within the frame of the European 

FP7 project SafeLand. The Geological Survey of Austria (GSA) with close cooperation with the Torrent 

and Avalanche Control Survey of Austria, ZT Büro Moser/Jaritz (Gmunden, Austria), and Centro Sevizi 

di Geotechnología (Ricaldone, Italy) provided airborne multi-parameter geophysics and introduced 
4Dnew techniques of mass movement monitoring and early warning, e.g., the GEOMON  (ground 

resistivity and self-potential) and D.M.S. (Differential Monitoring of Stability) automated monitoring 

systems.

For such a comprehensive study, landslide inventory map was prepared by using Digital Terrain Models 

(DTM) derived from Airborne Laser Scanning (ALS). Good landslide inventory maps are an essential 

base for any hazard and risk assessments of any area. However, these maps are usually affected by 

certain degree of error depending, e.g. on field lucidity, and subjectivity of an author. Especially densely 

forested areas perform high spatial error of the mapped features (Haugerud et al. 2003, van den 

Eeckhaut et al. 2007, Schulz 2004). These unfavorable conditions are being significantly limited by an 

airborne laser scanning (ALS) derived DEMs, which enable producing excellent high resolution digital 

terrain models (DTM) of bare ground surface on the entire slope scale.

Geological and Geomorphic settings
The area of Gschliefgraben is a 2.85 km long and 0.85 km wide valley along a foot of the Northern 

Calcareous Alps (CHART 1). The front of the Northern Calcareous Alps forms a steep cuesta there with 

the summit at Mt. Traunstein (1691 m a.s.l.). The catchment is divided into small sub-parallel channels 

and subsequent catchments; its topography is strongly controlled by the mass wasting that has 

developed since the end of last glacial period. In late November 2007, probably triggered by a rock fall 

in April 2006, an earth flow of about 3.8 million m3 of colluvial mass was reactivated. Displacement 

velocity was up to 4.7 m/day at the beginning (Marschallinger et al. 2009). The main mass wasting 

processes are represented by sliding and flowing in the central part, which is built mostly of 

Ultrahelvetic marls and shale. These incompetent, soft rocks are intensively fragmented with relatively 

high content of swelling clay minerals. They emerge here in the form of a tectonic window below the 

Rhenodanubian Flysch and the overlying Northern Calcareous Alps. On the other hand falling, 

toppling, and spreading are the most characteristic types of movement in the eastern and southern 

marginal areas of the Gschliefgraben where hard rock occur mostly (Northern Calcareous Alps, 

Pleistocene talus breccias).

Methods
A set of 5 different ALS scenes were performed at different times, in 

April 2007, January, February, March and September 2008. They 

represent the ground surface topography of Gschliefgraben just 

before, during, and after the landslide occurred in winter 2007/08. We 

used slope inclination maps in greyscale (“pseudohillshade”) for 

visual inspection of the area. Such inclination maps have much better 

and more continuous performance of the ground topography than the 

classical hillshade maps, each with only one insulation azimuth 

(CHART 2). Although, it could be difficult to determine the vertical 

orientation of some slopes on such a map (Schulz 2004), the 

advantages of its expressivity prevailed definitely. Slope failures with 

different shapes and of different origin were distinguished by a 

geomorphologist and summarized in a landslide inventory map. The 

recent activity state of individual slope failures (since 2000) was 

assessed by analysing bare surfaces on orthophotos from 2000 

(application GoogleEarth) and 2008, by analyzing height differences 

computed by ArcGIS analytical tools from the ALS digital elevation 

models, and by comparing individual “pseudohillshades”.

Conclusion of results

Based on the geomorphic analysis of the slope maps, the area of 

Gschliefgraben was mapped as (1) Landslides active after 2000, (2) 

Earthflows active after 2000, (3) Inactive landslides, (4) Inactive earthflows, 

(5) Area of inactive slides and flows, (6) Old landslides, and (7) stable areas. 

This final landslide inventory map of Gschliefgraben (CHART 3) will serve 

as input for the analysis of parameters gathered by the airborne multi-

sensor geophysical survey measured in September 2009 by the Geological 

Survey of Austria, Geophysical Department (CHART 4).

The results proved high efficiency of ALS DTMs and their applicability 

namely in remote, forested and inaccessible areas. This analysis was 

supported by the 7th FP project “Safeland – Living with the landslide risk in 

Europe”
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