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1 INTRODUCTION 

Landslide early warning systems are rarely avail-
able. Often these focus on in-situ measurements, 
data storage in data logger, and final slope stability 
analysis (e.g. Husaini & Ratnasamy 2001). Web-
based applications are not common. Sophisticated 
geotechnical slope stability tools allow modelling of 
various parameter settings and strongly aid geomor-
phological understanding of slope behaviour. These 
models can also be used within early-warning sys-
tems if continuously measured and reliability 
checked field data are provided.Therefore, robust 
on-site monitoring systems have to be installed to 
observe changes in destabilizing factors e.g. soil hy-
drology. In addition, climatic conditions need to be 
measured and information on displacement should 
be available. Commonly, displace- placement is 
measured by either subsurface (Lollino et al. 2002) 
or surface changes (Malet et al. 2002). 

 

 
Figure 1. Landslide Lichtenstein-Unterhausen, Germany (Pho-
tograph: Rainer Bell) 

To be able to respond quickly to changes in slope 
stability, data must be transmitted and computed in 
near-real time. Web-processing services can be used 
to implement stability models and give easy access 
to current slope stability status to stakeholders and 
end-users. It is evident, however, that the informa-
tion needs to be provided in a format which is un-
derstandable also for non-experts and which is still 
scientifically correct and robust. Therefore, work has 
to be carried out to investigate in detail the demands 
and requirements of the respective users. Hereby, 
the users are not only experts, also administrative 
bodies or the interested public are a focal group. 
 The project Integrated Landslide Early Warning 
Systems (ILEWS) faces this challenge. It aims to 
combine both the natural scientific components (e.g. 
geotechnics, engineering, data measurement, trans-
mission and storage, analysis) and the social system 
(e.g. legal framework, demands from different 
stakeholders). It is planned to develop a general and 
transferable landslide early warning system, which 
is implemented on a landslide in the Swabian Alb 
(Fig.1). The final concept will be tested in South Ty-
rol and be open for applications elsewhere.  

The general conceptual scheme of the ILEWS 
project is provided in Figure 2. The total group con-
sists of 10 sub-projects organized in the three clus-
ters monitoring, modelling and implementation. This 
contribution focuses in particular on the soil mois-
ture monitoring and touches also the web-based 
slope stability analysis and presentation.
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Figure 2. General scheme of the ILEWS project. 
 
2 BACKGROUND AND METHODOLOGY 

Soil moisture is one of the most important monitor-
ing parameters for determining landslide activity. 
Therefore this analysis has to be included into the 
composition of a landslide early warning system.  

Using a permanently installed 2D-Geoelectric 
monitoring system, the ILEWS subproject “moisture 
geoelectric” is based on the quasi-continuous meas-
urement of the electrical conductivity combined with 
local in-situ soil moisture measurements in order to 
determine the spatiotemporal recording of the soil 
water saturation. 

Drilling cores have been examined and grain size 
distribution has been analyzed. Results are com-
bined with geophysical surveys to create the slope 
model necessary. All installations are located in Fig-
ure 3. 

The web-based slope stability analysis uses the 
physically-based model CHASMTM (Combined Hy-
drology and Stability Model). This software package 
is a commercial product for analysis of slope stabil-
ity under varying rainfall events, soil moisture and 
vegetation conditions. The model has been applied 
in various slope stability studies e.g. in Hong Kong 
and New Zealand (Anderson 1990, Wilkinson 2000, 
Wilkinson et al. 2002, Brooks et al. 2004). However, 
no web based version of CHASM – or other compa-
rable slope stability software – is currently commer-
cially available. 

The CHASM model is applied for calculation of 
most likely sliding surfaces and tested with various 
rainfall events. Parameter settings are calibrated us-
ing measured hydrological events. A general model 
of slope including underground conditions is pre-
pared based on drillings, geophysical data (seismic 
and geoelectric surveys) and laboratory tests. 

For calculation of the final early warning, a web 
processing service (WPS) is set up and the CHASM 
model is implemented. Input data consists of the 
slope model and monitored soil moisture and rainfall 
data. The analysis is carried out depending on the 
end user. The automatically running web processing 
service either provides only current safety factors or 
can be started manually allowing to select different 
rainfall scenarios. 

3 RESULTS 

Within the pre-exploration in June-August 2007 in-
tensive seismic and geoelectric surveys were per-
formed to understand the geometry of the landslide 
body and to identify appropriate sites for installing 
the permanent geoelectrical monitoring system.  

From September 2007 to March 2008 the first part 
of the remote controlled geoelectrical monitoring 
system (GMS) including one profile with 47 fixed 
electrodes (spacing 3m) and a container for housing 
the technical equipment has been installed.  

The monitoring is done automatically (one meas-
urement with 322 data points per hour) and is trans-
mitted using a virtual private network (VPN) via 
remote desktop connection. To date, all field instal-
lations of sensors and the weather station have been 
completed. The seismic surveys show a strong re-
fractor in about 10-15m depth, which corresponds 
well to the depth of the shear plane. This has also 
been identified in the previous project InterRisk, as 
to the boundary Marls/Limestone. The inverted 
model of the geoelectrical resistivity shows inhomo-
geneous conditions along the slope (Fig.4). 
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Figure 3. Locations of respective installations (Note: Further equipment is implemented but here not displayed). 

 
 
 
 

 
 
Figure 4. Model resistivity with topography of geoelectric profile 1 (Note: Some resistivity values are inserted for clarity. 
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Figure 5: Measurements of the geoelectric monitoring system between 26.07 and 06.08.2008. 

 
The analysis of the combined data of the geoelec-

tric monitoring system and precipitation shows the 
effects of increasing resistivity at low depth during 
intense rainfall. One explanation could be, that this 
behaviour is due to decreasing concentration (at-
tenuation) of dissolved ions in the pore fluid (Fig. 
5). The effect seems to be limited to the upper part 
of the slope (rock debris), it is probably attributed to 
the high pore volume (fast infiltration). The web 
processing service of CHASM is implemented and 
currently works on a test data set. These tests show 
that further analysis and parameter calibration is 
necessary to explain slope behavior in the model 
more precisely. Due to the need of additional reli-
ability tests, the results are not online and access is 
limited to project members only. Therefore, no fur-
ther results can be provided at present. 

4 PERSPECTIVES 

Another installation of a second geoelectric profile 
perpendicular to the existing one is planned. The de-
velopment of the automated data transfer and proc-
essing will continue. An important part of the  
analysis is the identification of critical parameters 
and values supported by the ILEWS-partner Setup 
Monitoring and Geomorphic Modelling to determine 
critical landslide activity. As soon as further calibra-
tions of CHASM are accomplished the web process-
ing service can be run with the real-time measured 
data. This includes not only soil moisture data, but 
also all other available information. The overall aim 
herein is that at the end of an optimisation period the 
system can run autarkic and has to be only super-
vised by experts.  

The first results show already measurable effects 
of rainfall events. With continuing monitoring, lar-
ger scale effects, for example seasonally variations 

will become visible. At least it should be possible to 
determine critical soil moisture values, to predict the 
slope’s active phases. The other sub-projects are also 
currently working on their specific research ques-
tion. Within 2009, the links and interrelations be-
tween the different subprojects will be merged. As 
already pointed out in the introduction, of particular 
importance is herein to display and provide the in-
formation adopted to the different user groups and 
stakeholders. 

REFERENCES 

Anderson, M.G., 1990. A feasibility study in mathematical 
modeling of slope hydrology and stability. Geotechnical 
Control Office Civil Engineering Services Department 
Hong Kong Report CE 23/90. 

Brooks, S. M., Crozier, M. J., Glade, T. W. & Anderson, M. G. 
2004. Towards establishing climatic thresholds for slope 
stability Pure and Applied Geophysics. 161, 881-905. 

Husaini, O. and Ratnasamy, M., 2001. An early warning sys-
tem for active landslides. Quarterly Journal of Engineering 
Geology and Hydrogeology, 34: 299-305. 

Lollino, G., Arattano, M. and Cuccureddu, M., 2002. The use 
of the automatic inclinometric system for landslide early 
warning: the case of Cabella Ligure (North-Western Italy). 
Physics and Chemistry of the Earth, 27(36): 1545-1550. 

Malet, J.-P., Maquaire, O. and Calais, E., 2002. The use of 
Global Positioning System techniques for the continuous 
monitoring of landslides: application to the Super- Sauze 
earthflow (Alpes-de-Haute-Provence, France). Geomor-
phology, 43(1-2): 33-54. 

Wilkinson, P.L., Anderson, M.G. and Lloyd, D.M. 2002: An 
integrated hydrological model for rain induced landslide 
prediction. In: Earth Surf. Process. Landforms 27, 1285–
1297. 

Wilkinson, P.L., Brooks, S.M., Anderson, M.G., 2000. Design 
and application of an automated non-circular slip surface 
search within a Combined Hydrology And Stability Model 
(CHASM). Hydrological Processes 14, 2003–2017. 
 


	1  
	1 INTRODUCTION
	2 METHOD
	2.1 Test site
	2.2 The event
	2.3 Vulnerability

	3 RESULTS AND COMPARISONS 
	4 SUMMARY AND CONCLUSIONS
	1 INTRODUCTION
	2  STUDY AREA
	3 METHODOLOGY AND DATA
	4 RESULTS AND DISCUSSIONS
	4.1 Geomorphological mapping
	4.2 Susceptibility assessment
	4.3 Hazard assessment

	5 CONCLUSION
	REFERENCES
	1  
	1 INTRODUCTION
	2 MODELLING APPROACHES
	3 RESULTS
	4 DISCUSSION AND CONCLUSIONS
	1 INTRODUCTION
	2 BACKGROUND AND METHODOLOGY
	3 RESULTS
	4 PERSPECTIVES
	1 INTRODUCTION
	1.1 Pipelines in Canada

	2 LANDSLIDE SUSCEPTIBILITY MAPPING 
	2.1 Landslide susceptibility mapping for an existing pipeline, southern British Columbia.
	2.2 Landslide susceptibility mapping for the proposed Mackenzie Valley Pipeline project. 
	2.3 Landslide susceptibility mapping for the proposed Yukon Alaska Highway Pipeline project 

	3 SLOPE STABILITY STUDIES FOR ENVIRONMENTAL ASSESSMENTS
	4 DISCUSSION AND CONCLUSIONS 
	REFERENCES
	1 INTRODUCTION 
	2 STUDY AREA AND LANDSLIDES 
	3 METHODOLOGY 
	3.1 Susceptibility
	3.2 Hazard
	3.3 Vulnerability
	3.4 Risk

	4 RESULTS 
	4.1 Direct risk analysis
	4.1.1 Specific risk for Infrastructure
	4.1.2 Specific risk for Buildings
	4.1.3 Specific risk for Land use

	4.2 Total direct risk
	4.3 Indirect risk

	5 DISCUSSION
	6 PERSPECTIVES 
	ACKNOWLEDGMENTS 
	REFERENCES 
	1 INTRODUCTION
	2 STUDY AREA 
	2.1 General presentation
	2.2 Geology
	2.3 Landslide inventory

	3 METHODOLOGY
	3.1 Materials
	3.2 PCA analysis
	3.3 Logistic regression analysis
	3.4 ROC analysis

	4 RESULTS
	5 DISCUSSION
	6 CONCLUSION
	REFERENCES
	1 INTRODUCTION
	2 ASSESSMENT OF THE SUSCEPTIBILITY TO FAILURE OF ROCKY SLOPES
	2.1 Description of the methodology
	2.2 Collection of field data
	2.3 Discretization of the terrain into cells
	2.4 SMR assessment
	2.5 Validation

	3 APPLICATION TO THE SOLA DE SANTA COLOMA
	3.1 Description of the study area
	3.2 Discretization into cells 
	3.3 SMR results 
	3.4 Validation using past events data 

	4 CONCLUSIONS 
	ACKNOWLEDGEMENTS 
	1 GENERAL INTRODUCTION
	1.1 Context
	1.2 Project setup

	2 LANDSLIDE HAZARD MAPPING
	2.1 Probability scenarios
	2.2 Landslide intensity maps

	3 LANDSLIDE RISK ANALYSIS
	3.1 Damage types
	3.2 Risk calculation
	3.3 Landslide risk analysis example
	3.4 Risk map and planning protective measures

	4 CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES
	1 INTRODUCTION
	2 HAZARD CHARACTERIZATION 
	2.1 DEM analysis 
	2.2 Volume Estimation
	2.3 Results of Analyses

	3 HAZARD MANAGEMENT
	ACKNOWLEDGEMENTS
	REFERENCES
	1 INTRODUCTION
	2 STUDY AREA
	3 METHODOLOGY
	Geomorphologic and geologic analysis
	3.2 Numerical simulations
	3.3 Hazard mapping

	4 RESULTS AND DISCUSSION
	5 CONCLUSIONS
	REFERENCES
	1 INTRODUCTION
	2 STUDY AREA
	3 METHOD
	4 RESULT AND DISCUSSION
	4.1 Spatial distribution of landslides
	4.2 Spatial distribution of terrain parameters
	4.3 Analysis of landslides and terrain parameters

	5 CONCLUSION
	ACKNOWLEDGEMENT
	REFERENCES
	1 INTRODUCTION OF STUDY AREA 
	2 THEORY
	3 MATERIALS
	4 METHODOLOGY
	5 RESULTS AND DISCUSSIONS
	5.1 Based on models
	5.2 Based on final factor of safety map

	6 CONCLUSIONS
	ACKNOWLEDGEMENT
	REFERENCES
	1 INTRODUCTION
	1.1 General framework
	1.2 Federal regulation

	2 IDENTIFICATION OF LANDLSIDES
	2.1 Event register
	2.2 Map of phenomena

	3 HAZARD ASSESSMENT
	3.1 Intensity
	3.2 Probability
	3.3 Combining intensity and probability

	4 RISK MANAGEMENT AND LAND-USE  PLANNING
	5 CONCLUSION
	1 INTRODUCTION
	2 METHODOLOGY FOR ‘TIER1’ ANALYSIS
	3 APPLICATION TO FRANCE: METHOD
	4 APPLICATION TO FRANCE: RESULTS
	5 DISCUSSION AND CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES
	1 INTRODUCTION
	2 STATE OF THE ART
	2.1 The www - resource LAND-MAN.NET 
	2.2 The e-risk initiative: DEBRIS
	2.3 The OIKOS Web Educational Tools
	2.4 Other pedagogical resources

	3 STRUCTURE AND ORGANIZATION OF THE WEBPORTAL
	4 LANDSLIDE PEDAGOGICAL MATERIAL
	4.1 Answers to Question 1: What is a landslide?
	4.2 Answers to question 2: What are the types of landslides?
	4.3 Answers to question 3: Where does landslide occur?
	4.4 Answers to question 5: What could be the consequences of landslides?
	* Link to 5.1 More information on consequences of landslides. This link contains a review of the major disasters which have caused damage and cost lives in Europe during the last decades (e.g. the landslide of Mt Granier in France which destroyed five villages killing 2000 to 5000 people in 1248 and the landslide of Vajont in the Italian Alps which occurred in 1963, causing 1909 victims and destroying some villages in the River Piave valley). More information on these events is available with direct links.


	5 CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES
	1  
	1 INTRODUCTION
	2 LANDSLIDE HISTORICAL EVOLUTION
	3 INVESTIGATION AND ACTIVITY MONITORING OF EASTERN BLOCK
	4 NUMERICAL SIMULATION OF LANDSLIDE CREEPING
	4.1 Formulation of the numerical model and simulation procedure
	1.1  
	4.2 Results of simulation

	5 FINAL REMARKS AND CONCLUSIONS



