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SUMMARY
This report describes the rationale and European and international dimensions of the project
„SafeLand: Living with landslide risk in Europe: Assessment, effects of global change, and
risk management strategies‟. It provides a review of these topics, describes the project
objectives and outline, along with the European and global policy context, and identifies
important open issues on quantitative risk assessment and management tools and strategies for
landslides at local, regional and European scales, which are to be addressed by the SafeLand
project.
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INTRODUCTION AND PROBLEM STATEMENT

Landslides represent a major threat to human life, property and constructed facilities,
infrastructure and natural environment in most mountainous and hilly regions of the world.
Statistics from The Centre for Research on the Epidemiology of Disasters (CRED) show that,
on average, landslide “disasters” are less common than disasters caused by other natural
threats such as floods and storms (Figure 1), and that they are responsible for a small
percentage of all fatalities from natural hazards worldwide. However, these and other statistics
underestimate the socio-economic impact of landslides because landslides are usually not
separated from other natural hazard triggers, such as extreme precipitation, earthquakes or
floods. This underestimation contributes to reducing the awareness and concern of both
authorities and general public about landslide risk. Brabb (1991) estimated that the global
death toll from landslides has increased from 600 per year in the early 1970‟s through to
several thousand per year by the early 1990‟s. A more systematic study by Petley et al. (2005)
even suggested an annual average death rate of about 4000 persons for the period 1980 to
2003.

Figure 1

The number of natural disasters reported in the period 1900-2009. Source: EM-DAT – The
OFDA/CRED International Disaster database. Catastrophic landslide events associated
with major storms, earthquakes or floods are not usually accounted for.

According to the CRED statistics, during the period 1900-2009 Europe has experienced fewer
landslide events (Fig. 2A) and fewer fatalities caused by landslides (Fig. 2B) compared to
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America and Asia. However, Europe had the highest economic losses caused by landslides of
all continents (Fig. 2D). According to the CRED statistics, about 16,800 persons have lost
their lives because of landslides and the material losses amounted to over USD 3100 M in
Europe during 1900-2009. However, as for Figure 1, the actual figures in Figure 2 are likely
to be greatly underestimated, because
1) in the EM-DAT database landslide events with less than 10 persons killed are not
reported, resulting in the exclusion of the majority of the events, and
2) fatalities are only reported for the trigger of the event that caused the landslide events.
Hence, casualties of landslides that are triggered by earthquakes or tropical cyclones are not
included. The effects of these drawbacks are further illustrated by Petley (2008).

Figure 2

Important landslide statistics for the period 1900 to 2009: (A) number of landslide events
(B), number of fatalities, (C) number of persons affected, and (D) cost of damage. Source:
EM-DAT – The OFDA/CRED International Disaster database.

Within Europe, landslides are regularly reported in mountain areas in Italy, Spain, Greece,
Switzerland, Romania, Austria, France, Norway and Sweden. Italy is the country that has
suffered the greatest human and economic losses due to landslides in Europe. Also on a
national scale, the number of persons affected by landslides is often much larger than
reported. In Italy, for example, about 500 persons have been killed by landslides over the past
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25 years, but the total number of persons impacted is 50 times that number
(http://www.geotechnet.org).
Apart from mountain regions, landslides were also reported in hilly regions in Germany,
United Kingdom, Belgium, Czech Republic, Slovakia, Slovenia and Bulgaria, and in coastal
regions with cliffs in United Kingdom, France, Portugal and Denmark (e.g. Bromhead and
Ibsen, 2006; Lageat et al., 2006; Marques, 2006). These cliffs are susceptible to failure from
sea erosion (by undercutting at the toe) and their geometry (slope angle), resulting in loss of
agricultural land and property. This can have a devastating effect on small communities. For
instance, parts of the north-east coast cliffs of England are eroding at rates of 1m / yr.
As a consequence of climate change and increase in exposure in many parts of the world, the
risk associated with landslides is growing. In areas with high demographic density, protection
works often cannot be built because of economic or environmental constraints, and it is not
always possible to evacuate people because of societal reasons. One needs to forecast the
occurrence of landslides and the hazard and risk associated with them.
Water has a major role in triggering of landslides (Sidle et al., 1985), especially debris flows,
which is one of the most frequent and destructive type of landslides. For Italy, for example,
Figure 3 shows that heavy rainfall is the main trigger for landslides.

Figure 3

Landslide triggers in Italy. (Source: CNR-GNDCI AVI Database of areas affected by
landslides and floods in Italy)

As a consequence of climatic changes and potential global warming, an increase of landslide
activity is expected in some areas the future, due to increased rainfall (e.g. Christensen and
Christensen, 2007; Fowler and Ekström, 2009), changes of hydrological cycles, more extreme
weather events, concentrated rain within shorter periods of time, severe sea storms causing
coastal erosion, and melting of snow and of frozen soils in the Alpine regions (e.g. Beniston,
2006).
The reality for society in Europe to live with hazard and risk and the need to manage risk were
the reasons for the project consortium to propose the SafeLand Research. SafeLand will

Grant Agreement No.: 226479
SafeLand - FP7

Page 6 of 31

D0.1
Living with landslides – European and International dimensions of the project SafeLand

Rev. No: 1
Date: 2010-01-11

contribute to the present day knowledge on landslide hazard and risk by dedicating resources
and research on technical issues (quantitative models and monitoring tools), integrating
climate change and human activity scenarios into quantitative risk assessment (QRA) and
developing society-oriented risk management methodologies for landslide risk prevention and
mitigation.
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THE SAFELAND PROJECT IN A POLICY CONTEXT

The SafeLand project responds to a number of international policies. For Europe in particular,
SafeLand supports the EU Thematic Strategy for Soil Protection (Commission of the
European Communities, 2006a) and the associated Proposal for a Soil Framework Directive
(Commission of the European Communities, 2006b). The EU Thematic Strategy considers
landslides as one of the main soil threats in Europe, and prompts for identification of areas at
risk to landslides in EU Member States using common methodologies, as well as for risk
reduction measures. On the other hand, according to the Commission‟s Communication
entitled “A community approach on the prevention of natural and man-made disasters”
(Commission of the European Communities, 2009), a better understanding of disasters such as
landslides is prerequisite for developing efficient prevention measures. This requires e.g.
inventories of information on disasters and developing of guidelines on hazard and risk
mapping. These are important objectives of the SafeLand project. The communication further
states that outcomes of the Seventh Framework Programme for Research and Technological
Development should be directly implemented in European prevention approaches.
At global level, SafeLand supports the UN International Strategy for Disaster Reduction
(UNISDR). UNISDR aims at building disaster resilient communities by promoting increased
awareness of the importance of disaster reduction as an integral component of sustainable
development, with the goal of reducing human, social, economic and environmental losses
due to natural hazards and related technological and environmental disasters.
Furthermore, disaster reduction efforts are guided by “The Hyogo Framework for Action
(HFA) 2005-2015: Building the resilience of Nations and Communities to Disasters”, to
which 168 governments agreed in Hyogo, Kobe, Japan. The plan encourages local authorities
to identify landslide risk and vulnerabilities, establish hazard maps and put in place effective
monitoring systems. It also recommends implementing protective engineering works, urban
planning strategies, environmental management and community preparedness.
Reducing loss of life and property from natural and human-induced disasters including also
landslides is also one of the objectives of GEOSS, the Global Earth Observation System of
Systems (2005-2015), currently constructed by the Group on Earth Observations (GEO).
The need for risk management strategies is further acknowledged by the Intergovernmental
Panel on Climate Change (IPCC) who predicts an increase of the mean temperature as well as
a change in rainfall patterns in the future, leading to potential increased instability of slopes
especially in mountain and permafrost areas. In many global change scenarios, it is expected
that more people will be exposed to landslide hazard. Therefore IPCC recently proposed a
special report on “Managing the Risks of Extreme Events and Disasters to Advance Climate
Change Adaptation” (IPCC SREX to be published 2nd half of 2011).
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PROJECT OBJECTIVES AND STRUCTURE

The three main objectives of „SafeLand: Living with landslide risk in Europe: Assessment,
effects of global change, and risk management strategies‟ are:
1. to provide policy-makers, public administrators, researchers, scientists, educators and
other stakeholders with improved harmonised framework and methodology for the
assessment and quantification of landslide risk in Europe's regions;
2. to evaluate the changes in risk pattern caused by climate change, human activity and
policy changes; and
3. to provide guidelines for choosing the most appropriate risk management strategies,
including risk mitigation and prevention measures.
SafeLand will develop and implement an integrated and comprehensive approach to help
guide decision-making. The methodologies developed will be tested in selected hazard and
risk "hotspots” in Europe, in turn improving knowledge, methodologies and integration
strategies for the management of landslide risk. The harmonised methodologies and technical
developments, combined with the social, economic and environmental dimensions will play a
significant role in the detection, prediction and forecasting of landslides and landslide risk
posed to individuals, society and the environment.
Hazard and risk will be investigated at three different scale levels, i.e. the local, regional and
European scale. A landslide is usually a localised event that affects tens to hundreds square
metres of land. Also for landslide risk mitigation one often works at the local scale. SafeLand
will improve and adapt existing knowledge on landslide hazard and risk to link hazards and
risks at the local scale to the hazards and risks at the European scale. The largest, most
detailed, scale of interest in this proposal refers to the local slope scale (less than 3 km²) where
most of the research on the triggering factors will be done. The regional studies, including the
"hotspots" evaluations, form the intermediate scale: from 10 to 200 km², depending of the site.
The smallest scale will be the "country" and European scales. This is the scale where
predictions about the effects of global change have most statistical sense.
SafeLand will focus on five Research Areas. Each area deals with specific scientific and
technical objectives proposed in SafeLand. The Research Areas and the interrelationships
among them are illustrated in Figure 4. The scales of analysis and investigation in the five
Research Areas are also shown on the figure. Each of the five Research Areas prioritises
scientific advancement on the technological or the societal arena, or even both arenas.
Area 1 focuses on improving the knowledge on triggering mechanisms, processes and
thresholds, including climate-related and anthropogenic triggers, and improving run-out
models in landslide hazard assessment. It is fundamental work for the identification and
development of appropriate landslide hazard assessment tools necessary for Area 2, which
aims at harmonizing quantitative risk assessment methodologies for different spatial scales,
looking into uncertainties, vulnerability, landslide susceptibility and landslide frequency. Area
2 will identify "hotspots" in Europe with higher landslide hazard and risk. Area 3 integrates
future climate change scenarios and changes in demography and infrastructure into this
harmonised quantitative risk assessment, resulting in the evolution of hazard and risk in
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Europe and the evaluation of their impact on selected "hotspots". Area 4 addresses the
technical and practical issues related to monitoring and early warning for landslides, and
identifies the best technologies available in the context of both hazard assessment and design
of early warning systems. Area 5 addresses the risk management issues, integrating the
developments from Area 4, as well as other methods, into a toolbox of risk mitigation
measures and guidelines for choosing the most appropriate risk management strategy to
reduce the risk to specific targets. All the studies will be tested and documented with the help
of case studies.

Figure 4

Relationships among activities in SafeLand Research Areas and scales of analysis
considered.

SafeLand stresses the necessity of integrating the technology and social aspects to ensure that
the risk assessment and management strategies are realistic and representative of the forces at
play in an actual situation. Global changes, due to both climate and human activity, will
provide insight in future risk patterns. The landslide risk assessment and management
strategies developed in the SafeLand project will be implemented to forecast future risk.
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SafeLand‟s research programme is organised in 21 Work Packages, 18 of which are grouped
under the five Research Areas (see Figure 5).

Figure 5

Work packages in SafeLand.
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4

PROGRESS BEYOND THE STATE-OF-THE-ART

4.1

IMPROVING KNOWLEDGE ON LANDSLIDE HAZARD: TRIGGERING
AND RUN-OUT MODELS

The ability to predict landslide occurrence, thus to assess the hazard, is a fundamental
prerequisite for effective risk mitigation. In fine-grained soils, slope failure is usually a longterm process and the analysis of precursors (rainfall and hydrological cycles) and geoindicators (observed movements) is essential for successful prediction (Saito, 1965). For
landslides in rocks and in granular soils, the challenge is the very short time between initiation
of the failure process and slope collapse (Picarelli et al., 2007; Eberhardt, 2008). This requires
new and original criteria for in-time prediction and alerting (Picarelli, 2000; Imre and
Springman, 2006).
Significant progress has been made on the understanding of triggers and processes of slope
failure (Springman et al., 2003). In particular, a number of numerical codes have been
developed to predict: a) the long-term preparatory factors of slope deformation and failure; b)
the short-term conditions that can lead to a catastrophic failure; and c) the spatial and temporal
distribution of landslides triggered by precipitation, and the landslide features affecting the
risk (Baum et al., 2005a). The stability of active layers in mountain permafrost within a global
warming scenario has also been investigated numerically (Arenson et al., 2006).
Monitoring of instrumented sites and some experiments on large to full-scale physical models
(Ochiai et al., 2004; Moriwaki et al., 2005; Olivares and Picarelli, 2006; Friedel et al., 2006;
Chikatamarla et al., 2006; Bowman et al., 2006, 2007) have provided useful data for the
improvement of both understanding and the codes available. On the other hand, statistical
methods have been developed to define thresholds to be used within early-warning systems
(Glade et al., 2000; Sirangelo and Braca, 2002; Guzzetti et al., 2008; Frattini et al., 2009).
Finally, numerical codes for the assessment of the size, runout and velocity of landslides
(Hungr, 1995; Pastor et al., 2003; Hungr and McDougall, 2009) enable a rational evaluation
of the hazard and the risk at the local, individual slope scale, provided that the vulnerability of
the elements at risk is known.
However, in spite of the high quality work which has been done in many parts of the world,
there is still a large potential for improving reliable landslide prediction models. Calibration
and validation of triggering and runout models requires reliable data, but this is currently
rarely available, because of the high cost of real-scale experiments and monitoring. In the
SafeLand project, data will be collected through monitoring of a relatively high number of test
sites and through controlled laboratory tests. This data will allow to check and improve the
performance of existing numerical and statistical models, and, if necessary, to develop new
models.
SafeLand will progress the state-of-the art through an integrated review and implementation
of all the recent research on triggers, landslide mechanisms, and landslide runout. The
methodologies and models will be compared and assessed in terms of their usefulness in
quantitative risk analysis (QRA), and new approaches will be recommended. Prediction of
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landslides over both spatial and temporal scales will be carried out, considering climatic
triggers such as precipitation, snow and permafrost melting and anthropogenic triggers. This
advancement will require further development of knowledge in the area of landslide triggers
and run-out distance, and application and testing of the methodologies in laboratory
experiments and in field cases. Through such investigations, the validity domain of the
models, their versatility with respect to other environmental conditions and their ability to
simulate global change scenarios will be investigated. Since actual landslide instability (insitu, full scale instability) is much more complex than laboratory experiments, uncertainty in
the model predictions must be carefully addressed and quantified.

4.2

QUANTITATIVE RISK ASSESSMENT (QRA)

In many European countries, there is extensive use of landslide susceptibility and hazard
zoning (Malet and Maquaire, 2009), and to a lesser extent landslide risk zoning. Many of the
zoning schemes are qualitative in nature. For appropriate landslide risk management, one
needs to quantify the hazard by assigning an annual probability (frequency) to the potential
landslide, and the risk.
The first landslide hazard maps were prepared in the 1970s (i.e. Kienholz, 1978). Landslide
hazard maps show the areas that are stable and the areas that may be affected by existing or
future landslides, including those where landslides may travel onto them. The landslide hazard
maps should also provide information of the probability of occurrence of landslides and their
magnitudes (Varnes, 1984). None of the early landslide maps had the capability of predicting
the temporal probability of occurrence.
In the literature, useful reviews of landslide hazard assessment and mapping may be found
(i.e. Varnes, 1984; Van Westen, 1993; Soeters and Van Westen, 1996; Aleotti and
Chowdhury, 1999; Guzzetti et al., 1999; Dai et al., 2002; Cascini et al., 2005; Chacón et al.,
2006; Hervás and Bobrowsky, 2009). Methods used for landslide hazard assessment include:
(i) geomorphological mapping of landslide hazard, where investigators directly estimate
actual and potential slope failures; (ii) heuristic methods, where also the expert‟s opinion is
used to assess the hazard by ranking and weighting of instability factors according to their
assumed or expected importance in causing landslides; (iii) knowledge based analysis or „data
mining‟ where patterns in landslide hazard are automatically extracted through computer
models such as clustering, decision trees and support vector machines (Quinlan, 1993); (iv)
statistical or probabilistic methods, based on the observed relationships between each factor
and the past distribution of landslides [discriminant analysis (Carrara et al., 1995; Guzzetti et
al., 1999), logistic regression (Dai and Lee, 2001; Ayalew and Yamagishi, 2005; Van Den
Eeckhaut et al., 2006), Bayesian methods and neural networks (Gómez and Kavzoglu, 2005;
Lee et al. 2006)]; and (v) deterministic methods applying classical slope stability principles
such as infinite slope, limit equilibrium and finite element techniques, and some with GIS
integration (Zhou et al., 2003; Montgomery et al.; 1998; Crosta, 1998; Frattini et al., 2004;
Savage et al., 2004; Baum et al., 2005b). Recently, some studies focussed on the comparison
and combination of different methods (e.g. Carrara et al., 2008; Van Den Eeckhaut et al.,
2009), but the conclusions of the different studies are not always in perfect agreement.
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Qualitative methods can be successfully applied to evaluate landslide risk in some areas
(Cardinali et al., 2002). However, a quantitative assessment allows more objective risk
evaluation. In addition, Corominas et al. (2005) and Fell et al. (2008) suggest the use of
quantitative methods for risk assessment in response to an increasing need for quantitative
risk management principles. The most direct way of computing QRA is by quantifying each
of the components of the hazard equation (Hungr et al., 2005). In terms of conditional
probability, the landslide risk for properties may be determined as follows, accounting for all
potentially affected elements at risk and all landslide types (Fell et al., 2005):
k

R( P)

[ P( Li ) P(T : L) P( S : T ) V ( Di )] C

(Eq. 1)

i 1

where:
R(P): expected annual loss due to landsliding (i.e. €/yr)
P(Li): annual probability of occurrence of a landslide with a magnitude "i”
P(T:L): probability of a landslide with a magnitude "i” reaching the element at risk
P(S:T): temporal spatial probability of the element at risk
V(Di): vulnerability of the exposed element in front of a landslide of magnitude "i”
C: value of the element
i = 1,..k: landslide magnitudes
Practical application to zoning at a specific location or region is a challenge, because despite
significant improvements produced in automatic data capture, data analysis and processing,
model validation and computational advances, QRA is far from a routine activity. Key
components such as magnitude (intensity)-frequency relationships and vulnerability of the
exposed elements require significant research. Upscaling of Eq. 1 to a map requires first the
analysis of the spatial and temporal probabilities of specific groups of elements at risk in the
map to be hit by mass movements of different magnitudes (Van Westen et al., 2005), and
secondly the estimation of the degree of loss to these elements at risk.
SafeLand will harmonise and develop new generic procedures for quantitative landslide
hazard assessment. Some of the available methods for assessing the probability of landsliding
have been reviewed by Mostyn and Fell (1997), Baynes and Lee (1998), and Picarelli et al.
(2005a, b). SafeLand will specifically address:
1. The calculation of the spatial and temporal probability of landslide occurrence. Spatial
probability (or susceptibility) is meant as the likelihood of the occurrence of landslides
in a given location or terrain unit (i.e. Chung and Fabbri, 1999; Gorsevski et al., 2006).
The spatial probability represents the failure potential of a terrain unit characterized by
a set of parameters (slope angle, soil strength, etc). The temporal landslide probability
will also be estimated. Existing methods are readily usable for hazard and risk zoning
because the landslide magnitude (intensity) – frequency is a spatially distributed
relation (Hungr, 1997).
2. The estimation of landslide vulnerability. The vulnerability of exposed elements to
landslides has different components (Birkmann, 2006). It represents the systems or the
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community‟s physical (structural), economic, social and environmental susceptibility to
damage. Some approaches exist for single elements (Leone et al. 1996; Faella and
Nigro, 2003; Roberds 2005; Galli and Guzzetti, 2007). For landslide risk zoning, it is
necessary to develop specific vulnerability indicators for every element at risk, using
the concept of probabilistic fragility functions and appropriate definition of relevant
damage states (Pitilakis, 2006). SafeLand will propose fragility functions and damage
states for every element at risk, including sources of uncertainties related to the
temporal probability and the probability of spatial impact. The fragility functions
proposed in SafeLand will consider most uncertainties (natural or aleatory, epistemic,
site characterization, mathematical or model and others) quantified through probability
distribution functions.
SafeLand will implement the methods developed to identify landslide hazard and risk
"hotspots” in Europe. The analyses will also quantify the importance and effects of
uncertainties on the results obtained. The outcome of QRA will serve as reference risk maps,
using integrated GIS-based models. Area 2 has dual dimensions not only treating
technological development on landslide hazard (frequency) and harmonising quantification
procedures, but also including the sociological aspects such as societal vulnerability, and the
elements at risk.
To identify the landslide hazard and risk "hotspots" at European scale, a simplified first-pass
analysis method, similar to the approach adopted by Nadim et al. (2006) in the Global
Hotspots study, will be employed. These authors estimated landslide hazard by an appropriate
combination of the triggering factors (mainly extreme precipitation, human activity and
seismicity) and susceptibility factors (slope, lithology, soil moisture, vegetation cover, etc.).
The scale of the analysis will be a grid of roughly 1 km 1 km pixels. The intersection of the
obtained landslide hazard "hotspots" with population density and infrastructure density maps,
and an appropriate set of socio-economic indicators (GDP, Human Development Index, etc.)
provides a first-pass estimate of landslide risk "hotspots". Although the main focus of the this
proposal is on landslides triggered by climate factors and human activities, also earthquakeinduced landslides must be considered to get an overview on the overall landslide hazard in
Europe. The methods developed by Nadim et al. (2006), or more recently by ICG in the FP6
project SAFER (Seismic eArly warning For EuRope) can be used for this.

4.3

QUANTIFYING GLOBAL CHANGE SCENARIOS AND THEIR IMPACT ON
LANDSLIDE HAZARD AND RISK IN THE FUTURE

The landslide risk pattern in Europe is dynamic and its evolution is mainly due to two major
factors: climate change and changes in demography (anthropogenic influences). Climate
influences the magnitude and frequency of landslides via the non-linear soil-water system.
The number, frequency and magnitude of landslides are likely to change (mainly increase) in
landslide prone areas because of climate change (Beniston, 2006; Bocheva et al., 2009; Harris
et al., 2009). The role of water content, and hence precipitation, in triggering landslide activity
is universally accepted. The effect of temperature variation resulting in a change of water
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content or even the ground fabric, for instance creation of fissures and cracks, in combination
with precipitation may also have a dramatic effect on landslide susceptibility.
During the Little Ice Age all over Europe, an increase in landslide activity was observed due
to increased rainfall combined with lowered temperatures (Dapples et al., 2003; Bertolini et
al., 2004). It is therefore important to assess the combined effect of precipitation and
temperature variation. One „empirical‟ observation for the French Alps is that wetter winters
and drier summers are becoming more common, i.e. more or less the type of climate actually
experienced by Italy or the Spanish Pyrenees. These empirical observations, however, do not
allow quantitative statements about location or magnitude and frequency of future landslide
events because of the diversity of landslide types, environmental predisposing factors
(susceptibility), and climate parameters in mountain areas (orography, vertical gradients, etc.).
Several experiments using downscaled climate change time series in hydrological and slope
stability models have been proposed to quantify the impact of climate change on landslide
activity in the Italian and French Alps, in Southeast Spain, in Norway and in South England
(Dikau et al., 1996; Grandjean et al., 2006, Malet et al., 2006, Durand et al., 2006, Jaedicke et
al., 2008).
Improvement of landslide risk assessment also requires further investigation of other climate
and human related factors. At a local scale, a number of attempts have been made to propose
methodologies for landslide risk assessment with focus on some of the specific features listed
below:
the influence of land-use change on soil moisture availability. During the last century, for
example, population migration from mountains to valleys and the abandonment of
traditional agricultural practices has resulted in forest expansion in the Alps;
the loss of precipitation by interception and the removal of soil moisture by transpiration
due to changes in vegetation species or vegetation cover (human-induced or climateinduced);
the effect on slope stability through time from changes in the root characteristics. There is
no agreement whether these changes will enhance or reduce slope stability by modifying
the soil characteristics (loading, strength parameters, hydrological parameters).
the influence of human activity like deforestation or timber harvesting on the hydrological
regime of slopes and on sediment yield.
the impact of new developments and facilities (roads, railroads, buildings) on slope
geometry or hydrology, and hence on slope stability.
the possible increase of risk due to increased concentration of people, land development,
infrastructure and goods in environmentally privileged but hazardous regions.
The work packages in Area 3 of SafeLand will contribute to adjust the QRA methodology and
tools developed in Area 2 in order to take into account the impact of global environmental
change (climate, forest vegetation, land use, etc.) and human activities on exposed slopes at
regional and European scale. Not only the influence of climate change on rainfall induced
landslides, but also the impact of changes in freeze-thaw cycles on rock falls and the impact of
sea level rise on coastal landslides will be considered. Climate change scenarios will be
calculated for some hotspot areas (Fig. 6). Downscaling techniques will be used to increase
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scenario resolution from 25 km 25 km down to 2.8 km 2.8 km. Based on existing or
hypothetical prognoses, human activity and demography scenarios for 2030, 2050, 2070, 2100
will be established on a regional (i.e. selected hotspot areas) and European-scale. Integration
of the scenarios in adjusted QRA methodology (implemented in GIS-based model) will finally
allow preparation of the landslide hazard and risk evolution maps. Particular attention will be
given to the uncertainties on risk evolution due to global change. It is important that the
procedures developed in SafeLand to carry out scenario studies of climate change and human
activity can be applied long after the project has been completed. The methodology developed
in SafeLand will be generic and could be adapted to other regions.
At European scale, SafeLand will focus on developing a global simplified methodology to
describe the expected changes in the climate-driven landslide activity in the next 100 years.
Evolution trends of landslide risk in Europe will be assessed from the analysis at regional
scale.

Figure 6

4.4

Areas suggested in the project proposal to evaluate climate scenarios.

DEVELOPMENT OF MONITORING TECHNOLOGIES: EARLY WARNING
SYSTEMS AND REMOTE SENSING TECHNIQUES

Instrumentation systems to monitor landslide behaviour are employed in many locations with
different geological settings and landscapes and with different landslide types throughout
Europe. Often such systems are used in conjunction with surface mapping and sub-surface
investigations to determine where protective measures are necessary in order to reduce
landslide risk.
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Scientists are today increasingly relying on satellite data to produce landslide inventories and
risk assessment maps over wide areas; remote sensing data from optical and microwave
sensors (Synthetic Aperture Radar, SAR) are applicable to landslide mapping and monitoring
due to their multispectral and textural information, high repetition cycles and global coverage.
The integration of SAR and optical imagery, along with SAR interferometric techniques, are
currently used for characterising landslides (Hilley et al., 2004; Metternicht et al., 2005;
Vilardo et al., 2009).
A pre-condition for precise hazard mapping and subsequent risk assessment and mitigation
measure implementation is the availability of up-to-date and accurate topographic information
(maps or digital elevation models, DEM). Since such data are not available in many areas,
especially in developing countries, air- and space-borne optical imagery (e.g. Corona,
Landsat, SPOT, Aster, Ikonos, QuickBird) and microwave data (e.g. ERS, Radarsat, Envisat)
can be used instead to derive DEM. Such data can be used to inventory and classify areas
prone to landslides and terrain types relevant to landslide hazard assessment (e.g. Hervás et
al., 2003, Nichol et al., 2006; Domakinis et al., 2008, Casagli et al., 2009). Remotely sensed
data can also be used for DEM related GIS modelling (e.g. Tstutsui et al., 2007). Even terrain
displacements can be measured with high accuracy from repeated remote sensing data
coverage. Using these methods, terrain cover, geometry and dynamics of an area can be
investigated without direct access.
High- and very high resolution (HR/VHR) optical data (such Aster, Spot-5, Ikonos,
Quickbird, WorldView, Komposat, Formosat, OrbView) can be used to inventory and classify
areas prone to landslides and terrain types relevant to landslide hazard assessment (e.g. Hervás
et al., 2003; Nichol et al., 2006; Domakinis et al., 2008; Casagli et al., 2009). Such data is also
very useful for change detection purposes (Mantovani et al., 1996; Delacourt et al., 2007;
Frauenfelder et al., 2009) and canfor DEM related GIS modelling (e.g. Tstutsui et al., 2007).
Even terrain displacements can be measured with high accuracy from repeated remote sensing
data coverage (e.g., Kääb, 2002; Canuti et al., 2004; Delacourt et al., 2004; Deballa-Gila and
Kääb, 2010). Using these methods, terrain cover, geometry and dynamics of an area can be
investigated without direct access.
New techniques such as Differential SAR Interferometry (DInSAR), Permanent or Persistent
Scatterers Interferometry (termed PSInSAR, PSI, PS or IPTA) and high resolution optical
image processing are increasingly exploited for risk assessment studies. DInSAR and
PSInSAR are powerful techniques to measure centimetric displacements from satellite data
and has been successfully applied to detect landslides (Ferretti et al., 2001; Colesanti and
Wasowski, 2006; Wasowski et al., 2006), subsidence, post-earthquake ground surface
displacement pattern (e.g. Massonnet et al., 1993; Atzori et al., 2008) and volcanic activity
(e.g. Massonnet et al., 1994, Puglisi et al., 2008). Ground-based interferometric radar (GBSAR) such as LISA (Linear SAR) is capable of assessing the deformation field of an unstable
slope in the areas characterised by high radar reflectivity (Antonello et al., 2004). Merging
results from different technologies, e.g. merging of very high spatial resolution (VHR) optical
data with DInSAR or PSInSAR results, opens up a wide range of new applications within
landslide hazard mapping and risk assessment.
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Another method increasingly used for landslide characterisation is the exploitation of Light
Detection and Ranging (LIDAR). LIDAR is an optical remote sensing technology that
measures properties of scattered light to find range and/or other information of a distant target.
The prevalent method to determine distance to an object or surface is to use laser pulses. Like
the similar radar technology, which uses radio waves the range to an object is determined by
measuring the time delay between transmission of a pulse and detection of the reflected
signal. From LIDAR point clouds extremely high-resolution DEMs (sub-meter spacing) can
be generated allowing for general landslide characterisation as well as for the identification of
the orientation of geological structures, down to the individual fracture (e.g., Bitelli et al.,
2004; Dewitte et al., 2008; Oppikofer et al., 2008; Fischer et al., 2010).
Near-surface geophysical investigation methodologies (seismic, gravimetric, magnetic,
electric and electromagnetic) are often applied to monitor hydrogeological phenomena. New
electric and electromagnetic survey techniques have been applied to areas with complex
geology (seismic, geothermal, volcanic and landslide areas, etc.; e.g. Godio and Bottino,
2001; Sass et al., 2008; Pfaffhuber et al., 2010). The results of these geophysical
investigations are used as input data for slope stability analysis in order to achieve a better
understanding of the landslide behaviour.
The fast technological improvement in the field of landslide monitoring has led to a large
number of sparse applications on single case studies. However, these individual studies lack
harmonization and standardization.
In many landslide-prone areas, it may be too costly or physically impossible to stabilise a
potentially unstable slope. Mitigation work may be too intrusive in sites of cultural and/or
natural heritage, or for other reasons. Early warning systems allow the adoption of strategies
for the mitigation of landslide risk not involving the construction of expensive and
environmentally damaging protective measures. The understanding of critical factors in
landslide behaviour and the manifestation of critical processes within the set of monitoring
parameters (geo-indicators) represent an important basis for early warning systems.
On an operational basis, thematic layers (hazard / susceptibility maps, movement
identification and monitoring) need to be coupled with real time continuous measurement and
with observations on possible triggering events. The output should call for action at different
levels, involving local, regional, national and even international authorities.
In SafeLand, Area 4 focuses on landslides that are most affected by climatic triggers. Shortterm (i.e. 0 to 3 days) weather scenarios will be forecasted to help predict debris flows (or
shallow landslides). The research will develop remote sensing technologies for the detection,
monitoring and efficient mapping of landslides. The work will involve an evaluation of
existing technology and development of new technology, including procedures and
techniques, hardware and software, for early warning of sliding movements. The technologies
will be applicable to both the local scale for individual slopes, and the regional scale.
A common methodology for detection, rapid mapping, characterisation and monitoring of
landslides at regional scale using advanced remote sensing techniques will be adopted, as well
as a common methodology for the rapid creation and updating of landslide inventories and
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consequently hazard and risk maps at regional scale. Three classes of technologies (i.e.
spaceborne radars, airborne and VHR spaceborne optical sensors, and airborne geophysics)
will be exploited and integrated. The main expected outcome is the integration of these
advanced remote sensing techniques within a QRA framework for a global integrated risk
management process.
User-oriented guidelines for incorporation of advanced remote sensing technologies within
integrated risk management processes and best practices will be developed. The toolbox of
remote sensing applications and early warning will be proposed as part of an integrated risk
management process including procedures for data acquisition and updating, recommended
processing methods, and guidelines for data integration in QRA and risk mitigation measures.
The improvements offered through new and advanced technologies, including geo-electrical,
selfpotential monitoring, acoustic noise measurements, Differential Monitoring of Stability
(DMS), optical fibres, and acoustic emissions, will allow the extension of the investigated
area at a very high execution speed. This will result in improved understanding of the
landslide phenomena through the assessment of the internal structure and 3D deformation
pattern, designing of appropriate multi-parameter monitoring platforms for specific types of
landslides, definition of thresholds and detecting behaviour changes, and advances in the
methodology for warning and pre-warning.

4.5

RISK MANAGEMENT: TOOLBOX OF HAZARD AND RISK MITIGATION
MEASURES, AND STAKEHOLDER PROCESS FOR RISK MANAGEMENT

Risk management integrates the recognition and assessment of risk with the development of
appropriate strategies for its mitigation. Landslide risk management typically (but not solely)
involves decisions at the local level (Fell et al,, 2008), and a lack of information about landslide
risk and how this risk is changing on account of climate, land-use and other factors appears to
be a major constraint to providing improved mitigation in many areas. Beyond risk
communication and awareness, pro-active mitigation and prevention options can broadly be
categorised as (1) structural slope-stabilization measures to reduce the frequency and severity
of the hazard, (2) non-structural measures, such as land-use planning and early warning
systems, to reduce the hazard consequences, and measures to pool and transfer the risks
(Popescu, 2002). Within SafeLand, a major focus of the research on landslide risk management
will be on developing a harmonised toolbox of "tried-and-tested” as well as innovative proactive mitigation measures based on experience and expert judgment across Europe, and to
some extent outside Europe. The toolbox will facilitate the selection of measures reducing the
probability of occurrence of the undesirable events and/or reducing the consequences of the
events, also in view of expected global changes (both climate change and societal change).
The generic toolbox will provide user-friendly guidance for local and regional processes.
Figure 7 illustrates in a "bow-tie” diagram the two components of hazard and risk mitigation.
Risk is the measure of the probability and severity of an adverse effect to life, health,
property, or the environment. Mitigation and reduction of hazard and risk can be done by
reducing (1) the frequency (probability) of an adverse event/threat occurring and/or (2) the
vulnerability and/or exposure of the elements at risk.
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"Bow-tie” diagram of hazard and consequence reducing measures.

The selection of appropriate mitigation strategies should be based on a future-oriented
quantitative probabilistic risk assessment, coupled with useful knowledge on the technical
feasibility, as well as costs and benefits, of risk-reduction measures. European policy
processes rarely consider probabilistic information on the risks, costs and benefits, and this
research will provide them with a tested methodology for this purpose. Climate and land-use
changes will be modelled and case studies will be prepared.
Experts acting alone cannot choose the “appropriate” set of mitigation and prevention
measures in many risk contexts. The complexities and technical details of managing landslide
risk can easily conceal that any strategy is embedded in a social/political system and entails
value judgments about who bears the risks and benefits, and who decides. Policy makers and
affected parties engaged in solving environmental risk problems are thus increasingly
recognizing that traditional expert-based decision-making processes are insufficient,
especially in controversial risk contexts (Renn et al., 1995). Often heavily shaped by scientific
analysis and judgment (e.g., acceptable risk), traditional policy approaches are vulnerable to
two major critiques. First, because they de-emphasise the consideration of affected interests in
favour of "objective” analyses, they suffer from a lack of popular acceptance. Second, because
they rely almost exclusively on systematic observation, they often slight the local and
anecdotal knowledge of the people most familiar with the problem, and they risk producing
outcomes that are incompetent, irrelevant or simply unworkable. Conflicting values and
interests, as well as often conflicting and uncertain expert evidence, characterise many
landslide risk decision processes. These characteristics become more complex with long time
horizons and uncertain information on climate and other global changes.
Risk communication and stakeholder involvement has been widely acknowledged for
supporting decisions on uncertain and controversial environmental risks, with the added bonus
that participation enables the addition of local and anecdotal knowledge of the people most
familiar with the problem (Covello, 1998). Which citizens, authorities, NGOs, industry
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groups, etc., should be involved, and in which way, however, has been the subject of a
tremendous amount of experimentation and theorising. The decision is ultimately made by
political representatives, but stakeholder involvement, combined with good riskcommunication strategies, can often bring new options to light and delineate the terrain for
agreement.
The research and applications of Area 5 have great potential for advancing landslide risk
management practices in Europe. For the first time, a toolbox of mitigation methodologies
and strategies (with harmonized descriptions) will be available to inform local decision
processes. European policy makers have seldom utilized probabilistic risk information, and
the communication and participatory processes will demonstrate how this type of information
can be effective in stakeholder-led decisions. The European publics are increasingly
demanding more transparency in their risk-management institutions, and the design of
stakeholder processes will add to the credibility of institutions dealing with landslide risks.
The current state of the art (baseline) of landslide risk management can be characterized as
lacking or not taking full advantage of:
knowledge on the risks and uncertainties in most localities;
knowledge of the performance and effectiveness of the wide range of structural and nonstructural mitigation measures;
understanding of the role of scientists and uncertain scientific information in complex
political risk management processes characterized by multiple institutions, legal/historical
frameworks and contending stakeholder views;
effective communication of landslide risks and mitigation options to the relevant publics
and stakeholders;
use of GIS and other technologies for informing political decision processes; and
effective participatory processes for informing political decisions on landslide mitigation.
Ultimately, the success of Area 5 can be assessed by asking the relevant authorities and
stakeholders in the selected case study region(s) whether in their view the decision process
and anticipated outcomes have been improved by the toolbox, institutional analysis,
communication strategy, GIS-assisted methodologies and participatory process. A follow up
feedback session and questionnaire will be designed and administered to assess views on
these and other relevant indicator questions. A report based on this feedback will be prepared
for documenting the advances of this research against the current baseline.
A second indicator of success will be the applicability of the original research methodologies
and data generated by this research to other landslide risk areas throughout Europe and
globally. Much of the theoretical and methodological innovation will contribute to progress in
the analysis and understanding of environmental risk perception, communication and policy
analysis beyond landslide risk.
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CONCLUSIONS

In this report the overall objectives of the project „SafeLand: Living with landslide risk in
Europe: Assessment, effects of global change, and risk management strategies‟ were
presented and framed in an international and European context. Important objectives of
SafeLand are (1) to improve the ability to forecast landslide hazard and to detect hazard and
risk zones, and (2) to develop generic quantitative risk assessment and management tools and
strategies for landslides at the local, regional and European scales.
SafeLand will contribute to fill important gaps in the knowledge on landslide risk, and will
therefore respond to European and global risk management policies including, among others,
the EU Thematic Strategy for Soil Protection and its associated Proposal for a Soil
Framework Directive, and UNISDR and IPCC recommendations. A review of recent
landslide research has allowed identification of important research questions on landslide risk
assessment and management, to be dealt with in the project. The proposed research is not
without risk and possibility of failure, but the team of partners, with their recognised expertise
and wide network, are in a good position to master the challenge to be met during the three
years of research.
At the outcome of the SafeLand research project, at local scale, scientists, authorities and
stakeholders will be able to quantify triggers, their mechanisms, conditions and thresholds,
model and quantify the landslide run-out. On some selected regions, forecasted landslide
hazard and risk zones considering also global change (both anthropogenic and climate) will be
mapped. Uncertainties will have been quantified and will provide one of the necessary inputs
for realistic hazard and risk calculations. At European scale, current and future landslide
hazard and risk “hotspots” will be identified. A framework for the quantitative assessment of
the risk associated with landslides will have been developed and procedures will have been
tested to ensure that the implementation of risk management is effective, with a toolbox for
the selection of the most appropriate set of mitigation and prevention measures and proven
process of risk communication.

Grant Agreement No.: 226479
SafeLand - FP7

Page 23 of 31

D0.1
Living with landslides – European and International dimensions of the project SafeLand

6

Rev. No: 1
Date: 2010-01-11

REFERENCES

Aleotti, P. and Chowdhury, R. (1999). Landslide hazard assessment: summary review and
new perspectives. Bulletin of Engineering Geology and the Environment 58, 21-44.
Antonello, G., Casagli, N., Farina, P., Leva, D., Nico G., Sieber, A.J. and Tarchi, D. (2004).
Ground-based SAR interferometry for monitoring mass movements. Landslides 1, 21-28.
Arenson, L.U., Nater, P. and Springman, S.M. (2006). On the stability of rock glaciers under a
global warming scenario: facts and fiction! Proc. 4th Swiss Geoscience Meeting, Bern,
Switzerland, 24-25.11.06, 13-14.
Atzori, S., Manunta, M., Fornaro, G., Ganas, A. and Salvi, S. (2008). Postseismic
displacement of the 1999 Athens earthquake retrieved by the Differential Interferometry
by Synthetic Aperture Radar time series. Journal of Geophysical Research B: Solid Earth
113 (9).
Ayalew, L. and Yamagishi, H. (2005). The application of GIS-based logistic regression for
landslide susceptibility mapping in the Kakuda-Yahiko Mountains, Central Japan.
Geomorphology 65, 15-31.
Baum, R.L., Godt, J.W., Harp, E.L., McKenna, J.P., McMullen, S.R. (2005a). Early warning
of landslides for rail traffic between Seattle and Everett, Washington, U.S.A. Proc. Int.
Conf. on Landslide Risk Management, Vancouver, 731-740.
Baum, R. L., Coe, J.A., Godt, J.W., Harp, E.L., Reid, M.E., Savage, W.Z., Schulz, W.H.,
Brien, D.L., Chleborad, A.F., McKenna, J.P. and Michael, J.A. (2005b). Regional
landslide-hazard assessment for Seattle, Washington, USA. Landslides 2 (4), 266-279.
Baynes, F.J. and Lee, E.M. (1998). Geomorphology in landslide risk analysis, an interim
report. Proc. 8th Congress of the Int. Assoc. Eng. Geologists. Editors P Moore and O
Hungr, Balkema, 1129-1136.
Beniston, M. (2006). Mountain weather and climate: A general overview and a focus on
climatic change in the Alps. Hydrobiologia 562 (1), 3-16.
Bertolini, G., Casagli, N., Ermini, L. and Malaguti, C. (2004). Radiocarbon Data on
Lateglacial and Holocene Landslides in the Northern Apennines. Natural Hazards 31,
645-662.
Bitelli, G., Dubbini, M., and Zanutta, A. (2004). Terrestrial Laser Scanning and digital
Photogrammetry techniques to monitor landslide bodies. ISPRS WG V/2, July 12-23,
Istanbul, Turkey.
Birkmann, J. (2006). Landslides: from Mapping to Loss and Risk Estimation LESSLOSS
Report No 2007/01, IUSS Press ISBN: 978-88-6198-005-1, 2007. Crosta, G.B. and
Frattini, P. (Eds).
Bocheva, L., Marinovaa, T., Simeonova, P. and Gospodinova, I. (2009). Variability and
trends of extreme precipitation events over Bulgaria (1961–2005). Atmospheric Research
93 (1-3), 490-497.
Bowman, E.T., Laue, J., Imre, B., Zweidler. A. and Springman, S.M. (2006). Debris flows in
a geotechnical centrifuge. The 6th International Conference on Physical Modelling in
Geotechnics, Hong Kong, 4-6.8.2006, 311-316.
Bowman, E.T., Imre, B., Laue, J. and Springman, S.M. (2007). Geotechnical centrifuge
modelling of debris flows. 4th International Conferences on Debris-Flow Hazards
Mitigation: Mechanics, Prediction, and Assessment (DFHM Conference), Chengdu,
China, 10-13.9.2007.
Brabb, E. (1991). The world landslide problem. Episodes 14 (i) 52-61.

Grant Agreement No.: 226479
SafeLand - FP7

Page 24 of 31

D0.1
Living with landslides – European and International dimensions of the project SafeLand

Rev. No: 1
Date: 2010-01-11

Bromhead, E.N. and Ibsen, M.-L. (2006). A review of landsliding and coastal erosion damage
to historic fortifications in South East England. Landslides 3 (4), 341-347.
Canuti, P., N. Casagli, L. Ermini, R. Fanti, and Farina, P. (2004). Landslide activity as a
geoindicator in Italy: significance and new perspectives from remote sensing.
Environmental Geology 45 (7), 907-919.
Cardinali, M., Reichenbach, P., Guzetti, F., Ardizzone, F., Antonini, G., Galli, M., Cacciano,
M., Castellani, M. and Salvati, P. (2002). A geomorphological approach to the estimation
of landslide hazards and risks in Umbria, Central Italy. Natural Hazards and Earth System
Sciences 2, 57-72.
Carrara, A., Cardinali, M., Guzzetti, F. and Reichenbach, P. (1995). GIS technology in mapping
landslide hazard. In A. Carrara and F. Guzzetti (editors). Geographical Information
Systems in Assessing Natural Hazards. Kluwer Academic Publishers, 135-175.
Carrara, A., Crosta, G.B. and Frattini, P. (2008). Comparing models of debris–flow
susceptibility in the alpine environment. Geomorphology 94, 353–378.
Casagli, N., Tofani, V. and Adler, R.F. (2009). A Look from Space. In: Sassa, K. and Canuti,
P. (Eds.). Landslides – Disaster Risk Reduction. Springer, Berlin Heidelberg, pp. 287319.
Cascini, L., Bonnard, Ch., Corominas, J., Jibson, R. and Montero-Olarte, J. (2005). Landslide
hazard and risk zoning for urban planning and development. In Landslide Risk
Management O. Hungr, R. Fell, R. Couture and E. Eberthardt (editors). Taylor and
Francis, London, 199-235.
, T. and El Hamdouni, R. (2006). Engineering geology
maps: Landslides and geographical information systems. Bulletin of Engineering
Geology and the Environment 65 (4), 341-411.
Chikatamarla, R., Laue, J. and Springman, S.M. (2006). Centrifuge scaling laws for guided
free fall events including rockfalls. Int. Jnl. Phys. Mod. in Geotechnics. 2, 14-25.
Christensen, J.H. and Christensen, O.B. (2007). A summary of the PRUDENCE model
projections of changes in European climate by the end of this century. Earth and
Environmental Science 81, 7-30.
Chung, Ch-J. and Fabbri, A. (1999). Probabilistic prediction models for landslide hazard
mapping. Photogrammetric Engineering and Remote Sensing 65, 1389-1399.
Colesanti, C., and Wasowski, J. (2006). Investigating landslides with space-borne Synthetic
Aperture Radar (SAR) interferometry. Engineering Geology 88 (3-4), 173-199
Commission of the European Communities (2006a). Thematic Strategy for Soil Protection.
COM(2006)231 final, Brussels 22.9.2006, pp. 12.
Commission of the European Communities (2006b). Proposal for a Directive of the European
Parliament and of the Council establishing a framework for the protection of soil and
amending Directive 2004/35/EC. COM(2006)232 final, Brussels 22.9.2006, pp. 30.
Commission of the European Communities (2009). A community approach on the prevention
of natural and man-made disasters. COM(2009)82 final, Brussels, 23.2.2009, pp. 9.
Corominas, J., Copons, R., Moya, J., Altimir, J. and Amigó, J. (2005). Quantitative
assessment of the residual risk in a rockfall protected area. Landslides 2, 343-357.
Covello, V. (1998). Communicating risk information: A guide to environmental communication
in crisis and non-crisis situations, with Principles of effective risk communication in
crisis and noncrisis situations. In Kolluru R.V. (Ed.), Environmental strategies handbook:
A guide to effective policies and practices. New York: McGraw Hill.

Grant Agreement No.: 226479
SafeLand - FP7

Page 25 of 31

D0.1
Living with landslides – European and International dimensions of the project SafeLand

Rev. No: 1
Date: 2010-01-11

Crosta, G. (1998). Regionalization of rainfall thresholds: an aid to landslide hazard evaluation.
Environmental Geology 35, 131-145.
Dai, C.F. and Lee, C.F. (2001). Terrain based mapping of landslide susceptibility using a
geographic information system: a case study. Canadian Geotec J. 38, 911-923.
Dai, F.C., Lee, C.F. and Ngai, Y.Y. (2002). Landslide risk assessment and management: an
overview. Engineering Geology 64, 65-87.
Dapples, F., Oswald, D., Raetzo, H., Lardelli, T. and Zwahlen, P. (2003). New records of
Holocene landslide activity in the Western and Eastern Swiss Alps: Implication of
climate and vegetation changes. Eclogae geologicae Helvetiae 96, 1-9.
Deballa-Gilo, M. and Kääb, A. (2010). Sub-pixel precision algorithms for normalised crosscorrelation based image matching of mass movements. Remote Sensing of the
Environment (submitted).
Delacourt C, Allemand P, Casson B, and Vadon H. (2004). Velocity field of „„La Clapie`re‟‟
landslide measured by the correlation of aerial and QuickBird satellite images.
Geophysical Research Letters 31(15), L15619.
Delacourt C, Allemand P, Berthier E, Raucoules D, Casson B, Grandjean P, Pambrun C, and
Varel E. (2007). Remote-sensing techniques for analysing landslide kinematics: a review.
Bulletin de la Societe Geologique de France 178(2), 89-100.
Dewitte, O., Jasselette, J.‐C., Cornet, Y., Van Den Eeckhaut, M., Collignon, A., Poesen, J.,
and Demoulin, A. (2008). Tracking landslide displacements by multi‐temporal DTMs: A
combined aerial stereophotogrammetric and LIDAR approach in western Belgium.
Engineering Geology 99(1‐2), 11‐ 22.
Dikau, R., Brunsden, D. and Schrott, L. and Ibsen, M.L. (1996). Landslide Recognition.
Identification, Movement and Causes. Wiley, Chichester, pp. 251.
Domakinis, C., Oikonomidis, D. and Astaras, T. (2008). Landslide mapping in the coastal
area between the Strymonic Gulf and Kavala (Macedonia, Greece) with the aid of remote
sensing and geographical information systems. International Journal of Remote Sensing
29 (23), 6893-6915.
Durand, Y., Etchevers, P., Guyomarc'h, G., Malet, J.-P. and Maquaire, O. (2006). Assessment
of meteorological time series to estimate the activity of clayey landslides for present and
expected future climate conditions. EGU General Assembly, 2-7 April 2006, Vienna
(Austria).
Eberhardt, E. (2008). Twenty-Ninth Canadian Geotechnical Colloquium: The role of
advanced numerical methods and geotechnical field measurements in understanding
complex deep-seated rock slope failure mechanisms. Canadian Geotechnical Journal 45
(4), 484-510.
Faella, C. and Nigro, E. (2003). Dynamic impact of the debris flows on the constructions
during the hydrogeological disaster in Campania-1998: failure mechanical models and
evaluation of the impact velocity. Proc. of the Int. Conf. on "Fast Slope Movements –
Prediction and Prevention for Risk Mitigation”, Napoli. Vol. 1, 179-186. Pàtron Editore.
Fell, R., Ho, K.K.S., Lacasse, S. and Leroi, E. (2005). A framework for landslide risk
assessment and management. In: Hungr, O., Fell, R Couture, R. and Eberhardt, E. (Eds.)
Landslide Risk Management, Taylor and Francis, London, 3-26.
Fell, R., Corominas, J., Bonnard, C., Cascini, L., Leroi, E. and Savage, W.Z. on behalf of the
JTC-1 Joint Technical Committee on Landslides and Engineered Slopes (2008).
Guidelines for landslide susceptibility, hazard and risk zoning for land use planning.
Engineering Geology 102, 85-98.

Grant Agreement No.: 226479
SafeLand - FP7

Page 26 of 31

D0.1
Living with landslides – European and International dimensions of the project SafeLand

Rev. No: 1
Date: 2010-01-11

Ferretti, A., Prati, C. and Rocca, F. (2001). Permanent scatterers in SAR interferometry. IEEE
Transactions on Geoscience and Remote Sensing 39, 8-20.
Fischer, L., Amann, F., Moore, J.R., and Huggel, C. (2010). The 1988 Tschierva rock
avalanche (Piz Morteratsch, Switzerland): An integrated approach to periglacial rock
slope stability assessment. Engineering Geology (submitted).
Fowler, H. J. and Ekström, M. (2009). Multi-model ensemble estimates of climate change
impacts on UK seasonal precipitation extremes. International Journal of Climatology
29(3) 385-416.
Frattini, P., Crosta, G.B., Fusi, N. and Dal Negro, P. (2004). Shallow landslides in pyroclastic
soils: a distributted modelling approach for hazard assessment. Engineering Geology 73,
277-295.
Frattini, P., Crosta, G. and Sosio, R. (2009). Approaches for defining thresholds and return
periods for rainfall-triggered shallow landslides. Hydrological Processes 23 (10), 14441460.
Frauenfelder, R., Kronholm, K., Behling, R., Kääb, A., and Olsson, R. (2009). Combined use
of optical remote sensing and GIS for the mapping of landslides triggered by the 2005
Kashmir earthquake, Pakistan. Proceedings of the 33rd International Symposium on
Remote Sensing of the Environment, contribution No. 739 (CD-ROM).
Friedel, S. Thielen, A. and Springman, S.M. (2006). Investigation of a slope endangered by
rainfallinduced landslides using 3D resistivity tomography and geotechnical testing.
Journal of Applied Geophysics 60(2), 100-114.
Galli, M. and Guzzetti, F. (2007). Landslide vulnerability criteria: A case study from Umbria,
central Italy. Environmental Management 40 (4), 649-664.
Glade, T., Crozier, M., and Smith, P. (2000). Applying probability determination to refine
landslide triggering rainfall thresholds using an empirical “Antecedent Daily Rainfall
Model”. Pure and Applied Geophysics 157 (6-8), 1059-1079.
Godio, A. and Bottino, G. (2001). Electrical and electromagnetic investigation for landslide
characterisation Physics and Chemistry of the Earth, Part C: Solar, Terrestrial and
Planetary Science 26 (9), 705-710.
Gómez, H. and Kavzoglu, T. (2005). Assessment of shallow landslide susceptibility using
artificial neural networks in Jabonosa river basin, Venezuela. Engineering Geology 78,
11-27.
Gorsevski, P.V., Gessler, P.E., Foltz, R.B. and Elliot, W.J. (2006). Spatial prediction of
landslide hazard using Logistic Regression and ROC analysis. Transactions in GIS 10(3),
395-415.
Grandjean, G., Bitri, A., and Gourry, J.-C. 2006. Apport de la géophysique à l‟étude des
glissements de terrain: glissements de Super-Sauze (04) et Ballandaz (73). Journées Nat.
Geol. Ing., Lyon, France.
Guzzetti, F., Carrara, A., Cardinali, M. and Reichenbach, P. (1999). Landslide hazard
evaluation: a review of current techniques and their application in amulti-scale study,
Central Italy. Geomorphology 31, 181-216.
Guzzetti, F., Peruccacci, S., Rossi, M. and Stark, C.P. (2008). The rainfall intensity–duration
control of shallow landslides and debris flows: an update. Landslides 5 (1), 3-17.
Harris, C., Arenson, L.U., Christiansen, H.H., Tzelmüller, B., Frauenfelder, R., Grubere, S.,
Haeberlie, W., Hauck, C., Hölzlee, M., Humlum, O., Isaksen, K., Kääb, Q., KernLütschga, M.A., Lehning, M., Matsuokai, N., Murton, J.B. Nötzlie, J.,Phillips, M., Ross,
N., Seppälä, M., Springman, S.M. and Vonder Mühll, D. (2009). Permafrost and climate

Grant Agreement No.: 226479
SafeLand - FP7

Page 27 of 31

D0.1
Living with landslides – European and International dimensions of the project SafeLand

Rev. No: 1
Date: 2010-01-11

in Europe: Monitoring and modelling thermal, geomorphological and geotechnical
responses. Earth-Science Reviews 92 (3-4), 117-171.
Hervás, J., Barredo, J.I., Rosin, P.L., Pasuto, A., Mantovani, F. and Silvano, S. (2003).
Monitoring landslides from optical remotely sensed imagery: the case history of Tessina
landslide, Italy. Geomorphology 54(1-2), 63-75.
Hervás, J. and Bobrowsky, P. (2009). Mapping: inventories, susceptibility, hazard and risk.
In: Sassa, K. and Canuti, P. (Eds.). Landslides – Disaster Risk Reduction, SpringerVerlag, Berlin Heidelberg, pp. 321-349.
Hilley, G.E., Bürgmann, R.,Ferretti, A., Novali, F. and Rocca, R. (2004). Dynamics of SlowMoving Landslides from Permanent Scatterer Analysis. Science 304. 1952-1955.
Hungr, O. (1995). A model for the runout analysis of rapid flowslides, debris flows and
avalanches. Canadian Geotechnical Journal 32, 610-623.
Hungr, O. (1997). Some methods of landslide hazard intensity mapping. In: Cruden, D. and
Fell, R. (Eds.). Landslide Risk Assessment, Balkema, Rotterdam, 215-226.
Hungr, O., Corominas, J. and Eberhardt, E. (2005). Estimating landslide motion mechanism,
travel distance and velocity. Proc. Int. Conf. on Landslide Risk Management, Vancouver,
99-128.
Hungr, O. and McDougall, S. (2009). Two numerical models for landslide dynamic analysis.
Computers and Geosciences 35 (5), 978-992.
Imre, B. and Springman, S.M. (2006). Micromechanical Analysis of the Particulate Nature of
Sturzstroms. International Symposium on Geomechanics and Geotechnics of Particulate
Media, Ube, Yamaguchi, Japan, 12-14.09.2006, Taylor & Francis/Balkema, Leiden,
Netherlands, 267-272 (ISBN: 0-415-41097-5).
Jaedicke, C, Solheim, A., Blikra, L.H., Stalsberg, K., Sorteberg, A., Aaheim, A., Kronholm,
K., Vikhamar-Schuler, D., Isaksen, K., Sletten, K., Kristensen, K., Barstad, I.,
Melchiorre, C., Høydal, Ø.A., and Mestl, H. (2008). Spatial and temporal variations of
geohazards in Norway under a changing climate, the GeoExtreme Project. Natural
Hazards and Earth Systems Science 8, 893-904.
Kääb A. (2002). Monitoring high-mountain terrain deformation from repeated air- an
spaceborne optical data: examples using digital aerial imagery and ASTER data. ISPRS
Journal of Photogrammetry and Remote Sensing 57, 39-52.
Kienholz, H. (1978). Map of geomorphology and natural hazards of Grindelwald,
Switzerland, scale 1:10,000. Artic and Alpine Research 10, 169-184.
, A. and Costa, S. (2006). The retreat of the chalk cliffs of the Pays de Caux
France erosion processes and patterns. Zeitschrift fur Geomorphologie, Supplementband
144, 183-197.
Lee, S., Ryu, J.H., Lee, M.J. and Won, J.S. (2006). The application of artificial neural
networks to landslide susceptibility mapping at Janghung, Korea. Mathematical Geology
38, 199-220.
Leone, F., Asté, J.P. and Leroi, E. (1996). Vulnerability assessment of elements exposed to
mass moving: working towards a better risk perception. In: Senneset, K. (Ed.),
Landslides, Balkema, Rotterdam, 263-269.
Malet, J.P. and Maquaire, O. (2009). Risk assessment methods of landslides, Project Report
2.2, Deliverable 2.3.2.4. RAMSOIL – Risk Assessment for Soil Threats, pp. 29.
Malet, J.-P., Maquaire, O., Garambois, S., Jongmans, D., Schwartz, S., Delacourt, C., Marc,
V., Emblanch, C., Cognard-Plancq, A.-L., Durand, Y., Etchevers, P., Sailhac, P.,
Bogaard, T.A., Van Asch, Th.W.J., Allemand, P., Cantat, O., Davidson, R., and The

Grant Agreement No.: 226479
SafeLand - FP7

Page 28 of 31

D0.1
Living with landslides – European and International dimensions of the project SafeLand

Rev. No: 1
Date: 2010-01-11

GACH2C Research Team. (2006). The GACH2C research project: Assessing the
influence of climate change on the activity of landslides in the Ubaye valley and the
Trièves Region (southeast France). EGU General Assembly, 2-7 April 2006, Vienna
(Austria).
Mantovani, R., Soeters, R., and van Western, C.J. (1996). Remote sensing techniques for
landslide studies and hazard zonation in Europe. Geomorphology 15, 213-225.
Marques, F.M.S.F. (2006). Rates, patterns, timing and magnitude-frequency of cliff retreat
phenomena A case study on the west coast of Portugal. Zeitschrift fur Geomorphologie,
Supplementband 144, 231-257.
Massonnet, D., Rossi, M., Carmona, C., Adragna, F., Peltzer, G., Feigl, K. and Rabaute, T.
(1993). The displacement field of the Landers earthquake mapped by radar
interferometry. Nature 364, 138-142.
Massonnet, D., Briole P. and Arnaud A. (1994). Deflation of Mount Etna monitored by
spaceborne radar interferometry. Nature 375, 567-570.
Metternicht, G., Hurni. L. and Gogu, R. (2005). Remote sensing of landslides: An analysis of
the potential contribution to geo-spatial systems for hazard assessment in mountainous
environments. Remote Sensing of Environment 98 (2-3), 284-303.
Montgomery, D.R., Sullivan, K. and Greenberg, H.M. (1998). Regional test of a model for
shallow landsliding. Hydrological Processes 12, 943-955.
Moriwaki, H., Inokuchi, T., Hattanji, T., Sassa, K., Ochiai, H. and Wang, G. (2005). Failure
processes in a full-scale landslide experiment using a rainfall simulator. Landslides 1(4),
277-288.
Mostyn, G.R. and Fell, R. (1997). Quantitative and semiquantitative estimation of probability
of landsliding. In: Cruden D. and Fell R. (Eds.). Landslide risk assessment, A.A.
Balkema, Rotterdam, pp. 297-315.
Nadim, F., Kjekstad, O., Peduzzi, P., Herold, C. and Jaedicke, C. (2006). Global landslide and
avalanche hotspots. Landslides 3 (2), 159-174.
Nichol, J.E., Shaker, A. and Wong, M.-S. (2006). Application of high-resolution stereo
satellite images to detailed landslide hazard assessment. Geomorphology 76 (1-2), 68-75.
Ochiai, H., Okada, Y., Furuya, G., Okura, Y., Matsui, T., Sammori, T., Terajima, T. and
Sassa, K. (2004). A fluidized landslide on a natural slope by artificial rainfall. Landslides
1(3), 211-220.
Olivares, L. and Picarelli, L. (2006). Modelling of flowslides behaviour for risk mitigation.
General Report, Int. Conf. on Physical Modelling in Geotechnics, Hong Kong 1, 99-113.
Oppikofer, T., Jaboyedoff, M., and Keusen, H.‐R. (2008). Collapse at the eastern Eiger flank
in the Swiss Alps. Nature Geoscience 1, 531‐535.
Pastor, M., Quecedo, M., González, E., Herreros, M.I., Fernández Merodo, J.A. and Mira, P.
(2003). An eulerian model for soil dynamics: application to fast slope movements. Révue
Française du Génie Civil 7 (7-8), 1003-1051.
Petley, D.N., Dunning, S.A. and Rosser, N.J. (2005) The analysis of global landslide risk
through the creation of a database of worldwide landslide fatalities. In: Hungr, O, Fell, R.,
Couture, R., and Eberhardt, E. (Eds.). Landslide Risk Management, A.T. Balkema,
Amsterdam, 367-374.
Petley, D.N. (2008). The global occurrence of fatal landslides in 2007. Proceeding of the
“First World Landslide Forum Satellite Conference”. Sendai, Miyagi Prefecture, Japan,
pp. 11.

Grant Agreement No.: 226479
SafeLand - FP7

Page 29 of 31

D0.1
Living with landslides – European and International dimensions of the project SafeLand

Rev. No: 1
Date: 2010-01-11

Pfaffhuber, A. A., Grimstad, E., Domaas, U., Auken, E. and Halkjær, M. (2010). The hunt for
sliding planes in a Phyllitic Rock Slide in Western Norway using Airborne
Electromagnetic mapping. Abstracts of the EGU General Assembly, 2–7 May 2010,
Vienna (CD-ROM).
Picarelli, L. (2000). Mechanisms and rates of slope movements in fine grained soils. Issue
paper, Int. Conf. on Geotechnical and Geological Engineering GeoEng2000, Melbourne.
Picarelli, L., Oboni, F., Evans, S.G., Mostyn, G. and Fell, R. (2005a). State of the Art Paper 2,
Hazard characterization and quantification. Int. Workshop on Landslide Risk Mitigation,
Vancouver, 27-61.
Picarelli, L, Oboni, F., Evans, S.G., Mostyn, G. and Fell, R. (2005b). Hazard characterization
and quantification. In: Hungr, O., Fell, R Couture, R. and Eberhardt, E. (Eds.) Landslide
Risk Management, Taylor and Francis, London, 27-62.
Picarelli, L., Versace, P., Olivares, L. and Damiano, E. (2007). Prediction of rainfall-induced
landslides in unsaturated granular soils for setting up of early warning systems. Proc.
2007 Int. Forum on Landslide Disaster Management, Hong Kong.
Pitilakis, K. (2006). Vulnerability and risk assessment of lifelines In: Oliveira, C.-S., Roca, A.
and Goula X. (Eds). Assessing and managing Earthquake Risk Springer Verlag.
Popescu, M.E. (2002). Landslide Causal Factors and Landslide Remedial Options, Keynote
Lecture, Proceedings 3rd International Conference on Landslides, Slope Stability and
Safety of Infra-Structures, Singapore, p 61-81
Puglisi, G., Bonforte, A., Ferretti, A., Guglielmino, F., Palano, M. and Prati, C. (2008).
Dynamics of Mount Etna before, during, and after the July-August 2001 eruption inferred
from GPS and differential synthetic aperture radar interferometry data. Journal of
Geophysical Research B: Solid Earth 113 (6).
Quinlan, J.R. (1993), C4.5: Programs for Machine Learning. Morgan Kaufmann Publishers
Inc. San Francisco, CA, USA.
Renn, O., Webler, T. and Wiedemann, P. (1995). Fairness and Competence in Citizen
Participation: Evaluating Models for Environmental Discourse, Kluwer, Dordrecht.
Roberds, W. (2005). Estimating temporal and spatial variability and vulnerability. In: Hungr,
O., Fell, R Couture, R. and Eberhardt, E. (Eds.) Landslide Risk Management, Taylor and
Francis, London, 129-158.
Saito, M. (1965). Forecasting the time of occurrence of slope failure. Proc. 6th International
Conference on Soil Mechanics and Foundation Engineering, Montreal 2, 537-542.
Sass, O., Bell, R. and Glade, T. (2008). Comparison of GPR, 2D-resistivity and traditional
techniques for the subsurface exploration of the Öschingen landslide, Swabian Alb
(Germany). Geomorphology 93 (1-2), 89-103.
Savage, W.Z., Godt, J.W. and Baum, R.L. (2004). Modeling time-dependent slope stability:
Proceedings IX International Symposium on Landslides, Rio de Janeiro, Brazil, June 27July 2, 2004, 23-38.
Sidle, R.C., Pearce, A.J. and O‟Loughlin, C.L. (1985). Hillslope Stability and Land Use.
American Geophysical Union, Water Resources Monograph, vol. 11. Washington, DC,
pp. 140.
Sirangelo, B., and Braca, G. (2002). L‟individuazione delle condizioni di pericolo d‟innesco
delle collate rapide di fango. Applicazione del modello FLaIR al caso di Sarno. Proc.
conference on Il Dissesto idrogeologico: inventario e prospettive. Accademia dei Lincei,
Rome, Italy, 473-484.

Grant Agreement No.: 226479
SafeLand - FP7

Page 30 of 31

D0.1
Living with landslides – European and International dimensions of the project SafeLand

Rev. No: 1
Date: 2010-01-11

Soeters, R. and van Westen, C.J. (1996). Slope instability recognition, analysis and zonation.
In: Turner, A.K. and Schuster, R. (Eds.). Landslides investigation and mitigation,
Transportation Research Board Special report 247, National academy press, Washington
DC.
Springman, S.M., Jommi, C. and Teysseire, P. (2003). Instabilities on moraine slopes induced
by loss of suction: a case history. Géotechnique 53 (1), 3-10.
Tsutsui, K., Rokugawa, S., Nakagawa, H., Miyazaki, S., Chin-Tung Cheng, Shiraishi, T. and
Shiun-Der Yang (2007). Detection and Volume Estimation of Large-Scale Landslides
Based on Elevation-Change Analysis Using DEMs Extracted From High-Resolution
Satellite Stereo Imagery. IEEE Transactions on Geoscience and Remote Sensing 45 (6),
1681-1696.
Van Den Eeckhaut, M., Vanwalleghem, T., Poesen, J., Govers, G., Verstraeten, G. and
Vandekerckhove, L. (2006). Prediction of landslide susceptibility using rare events
logistic regression: a case-study in the Flemish Ardennes (Belgium). Geomorphology 76,
392-410.
Van Den Eeckhaut, M., Reichenbach, P., Guzzetti, F., Rossi, M. and Poesen, J. (2009).
Combined landslide inventory and susceptibility assessment based on different mapping
units: an example from the Flemish Ardennes, Belgium. Natural Hazards and Earth
System Sciences 9, 507-521.
Van Westen, C.J. (1993). Application of Geographical Information Systems to landslide
hazard zonation. ITC Publication 15, Enschede, The Netherlands, pp. 245.
Van Westen, C.J., Van Asch, T.W.J. and Soeters, R. (2005). Landslide hazard and risk
zonation - why is still so difficult? Bulletin of Engineering Geology and the Environment
65, 167-184.
Varnes D.J. (1984). Landslide hazard zonation: a review of principles and practice. UNESCO
Press, Paris, pp. 63.
Vilardo, G., Ventura, G., Terranova, C., Matano, F.
, S. (2009). Ground deformation
due to tectonic, hydrothermal, gravity, hydrogeological, and anthropic processes in the
Campania Region (Southern Italy) from Permanent Scatterers Synthetic Aperture Radar
Interferometry. Remote Sensing of Environment 113 (1), 197-212.
Wasowski, J., Bovenga, F., Casarano, D., Nutricato, R. and Refice, A. (2006). Application of
PSI techniques to landslide investigations in the caramanico area (Italy): Lessons learnt.
European Space Agency, (Special Publication) ESA SP (610)
Zhou, G., Esaki, T., Mitani, Y., Xie, M. And Mori, J. (2003). Spatial probabilistic modelling
of slope failure using an integrated GIS Monte Carlo simulation approach. Engineering
Geology 68, 373-386.

Grant Agreement No.: 226479
SafeLand - FP7

Page 31 of 31

