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(4) Concept and Methodology 
The project addresses the following main tasks: 
 The development of an OBIA method for the multi-scale mapping of slope instabilities that is 

transferable across sensors 
 The set-up of automated methods  for time series analysis for monitoring spatio-temporal 

changes including the measurement of surface displacements and deformation using SAR 
interferometry 

 The integration of InSAR results with extracted polygonal structures derived by OBIA 
 The implementation of a flexible digital data model for spatio-temporal modelling of land surface 

trends and dynamics 
 The iterative validation of analysis routines and results 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(7) Discussion & Conclusion 
From mapping to monitoring to modelling – this concept, based on an integrated use of various 
remote sensing data, allows for the provision of results with high information content. Monitoring 
surface changes can contribute to a better understanding of mass-transport systems, to detect 
related environmental variability and to assess natural hazards. Hence, project results could be 
supportive for hazard and risk analysis by identifying hotspots of erosion/deposition or landslide-
affected areas, transferable also to Alpine regions. 

(5) First Results from MORPH 
a) Object-based delineation of  a rock avalanche deposit from different remote sensing data 

Better knowledge about the occurrence, location and size of rock avalanches onto glaciers is useful 
to estimate the regional effects of climate change and can have implications for glacier tourism, 
which is an important economic factor in Iceland. The extent of the rock avalanche deposit on the 
Morsárjökull glacier was automatically delineated using object-based rule-sets adapted for the 
different optical, SAR and DEM data sets.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

b) Object-tracking of a rock avalanche deposit on a glacier 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) Detecting surface displacement and deformation with InSAR 

 

 

 

 

(1) Introduction 
Traditional methods for the monitoring of land surface morphology (e.g. geotechnical instruments, 
geodetic techniques) are cost-intensive, time consuming and limited regarding spatial and temporal 
coverage. The increasing availability of remote sensing (RS) data allows for the comprehensive 
mapping of geomorphological features such as landslides and the monitoring of surface morphology 
changes at high spatial and temporal resolutions.  
Just as the spatial and temporal resolution of RS data steadily increases, so do the demands for 
extracting timely and relevant geospatial (change) information in an automated manner. Innovative 
mapping, monitoring and modelling methods may lead to new findings and insights in order to 
better understand and illustrate interrelated geomorphological processes.  

(2) Objectives 
 
 
 
 
 
 
 
 
 
 
 
 

(3) Study Area and Data 
In MORPH we focus on the investigation of landslides and other landscape-altering processes in two 
study areas in southern Iceland, which are highly dynamic in their geomorphic evolution and are 
characterized by progressive mass displacements and surface deformation.  
A number of remote sensing data from different sensors has been acquired. Next to high resolution 
(HR) and very high resolution (VHR) optical satellite images (e.g. Landsat, Sentinel-2, RapidEye, 
SPOT, Pléiades) a range of SAR data from ENVISAT, TerraSAR-X and Sentinel-1 are used. Additionally, 
DEMs and the derived products such as slope or curvature are integrated.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pléiades satellite image showing the 
landscape near the Hekla volcano 

TerraSAR-X imagery showing the south-
eastern parts of the Öræfajökull area  

SPOT-5 satellite image displaying an area located  in 
the southwestern parts of the Öræfajökull study site 

(6) Examples from the Alpine region  
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Reference (manually 
digitized based on RapidEye) 

Object-based delineation 
on RapidEye (5 m) 

Object-based delineation 
on Landsat-8 (30 m) 

Object-based delineation 
on ArcticDEM (2 m) 

Object-based delineation 
on TerraSAR-X (2.4 m) 

Study  site Data 
Classification  

(in ha) 
Reference 

 (in ha) 
Correct  
(in ha) 

UA  
(%) 

PA  
(%) 

Morsárjökull, 
southern Iceland 

RapidEye 71,52 73.46 68.56 95.85 93.32 

Landsat-8 61.92 73.46 60.59 97.86 82.48 

ArcticDEM 58.50 73.46 56.68 96.90 77.16 

TerraSAR-X 56.91 73.46 48.69 85.56 66.28 

The classification accuracy was assessed by comparing OBIA results to reference polygons obtained 
from manual image interpretation. Field reference data were collected during a field visit in July 2017. 
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landslide mapping. 
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interpretation 

of OBIA 
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and SAR 
measures for 

refining the 
IFFI (Inventario 

dei Fenomeni 
Franosi) 

landslide 
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Italy.  

Mean LOS 
(line of sight) 
velocity during 
2010-2015 
derived from 
Persistent 
Scatterer 
Interferometry 
(PSI) east of 
Öræfajökull, 
southern 
Iceland. 

Nine TerraSAR-X interferograms (2010-
2015) were processed to obtain mean 
ground displacement velocity (mm/y) based 
on the Single-Master Multitemporal 
Interferometry (MTI) approach. A Persistent 
Scatterer (PS) density of ~500 PS/km² was 
detected. For PS analysis StaMPS software 
was used.  

The extent of rock avalanche debris on the 
Svöludalsjökull glacier was automatically delineated 
using object-based rule-sets on different Landsat 
images of the last ~18 years. Building on a strategy to 
link moving objects geographically between different 
images based on directional overlap and a space-
temporal model of the candidate object class, we 
estimated the speed of the debris and the change in 
size of the debris deposit. Results are compared to a 
glacier velocity estimation using SAR offset tracking 
with TerraSAR-X data.  

Results of the object tracking and rock 
avalanche detection (right).  
 

Rock avalanche delineation and movement 
rates (northwestern direction) (top). 
 

Results of the glacier velocity estimation 
using SAR offset tracking for a short time 
period in 2012, the rock avalanche is 
outlined in black (background imagery: 
Google Earth) (left). 

Within the FWF (Austrian Science Fund) funded project MORPH 
(http://morph.zgis.at), novel methods for mapping, monitoring and 
modelling spatial-temporal dynamics of surface morphology are 
developed by an integrated analysis of various RS data (optical, SAR, 
DEM). The major objective is the development of automated object-
based image analysis (OBIA) methods for investigating spatio-temporal 
changes of land surface morphology, integrating surface displacements 
and deformations measured by SAR interferometry. To gain added 
value from the analysis of different remote sensing data a data model 
will be designed, that allows for the integration of data/analysis results 
at multiple scales for spatio-temporal modelling of land surface trends 
and dynamics. 


