
Rockfall is the most frequent type of slope move-
ment in the Ticino area, Southern Switzerland, par-
ticularly in zones of subvertical valley slopes com-
posed of orthogneisses, e. g. in the Leventina valley.

The main highway and railway lines connecting
Southern and Northern Switzerland are exposed to a
large number of rockfalls and rockslides. Continuous
maintenance of these traffic lines is necessary to re-
duce the risk and minimize costs.

Quantitative risk analysis requires data on the
distribution of magnitude and frequency of these
hazards, whereas the assessment of the temporal
aspect (frequency) generally presents the problem-
atic aspect. The rockfall inventories of Canton Ticino
contain the volumes of more than 150 events from
1950 to 2004 in different geological settings, includ-
ing metamorphic, igneous and calcareous rocks.

The statistical analysis of the rockfall inventory,
done on granitic gneisses according to [1, 2], yields
the average number of rockfalls, which may be ex-
pected in the area for a given period of time and a
given volume range. The data is used to determine
the frequency-volume statistics of rockfall and to es-
timate the annual frequency of rockfalls, providing
the temporal component of the hazard. Rockfall vol-
umes of the analyzed events range from 0.5 to more
than 10’000 m3. The data is fitted with a power-law
distribution, giving a curve for the medium and large
rockfall events above 8 m3. The resulting curve al-
lows us to give the return period of a rockfall of a
certain volume.

Figure 1. Cumulative frequency vs. rockfall volumes in the
studied area.
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Debris flows are a major threat to settlements and
infrastructures in mountainous regions. In Switzer-
land, in the last 30 years about 9 Mia Fr. of direct
damages were caused by natural hazards, about
10% of them by debris flows [1]. The threat due to
natural hazards, also debris flows, can be reduced,
by integrating them into land use management and
urban planning. A valid tool to estimate the effects of
debris flows are computer models, capable to pro-
duce maps of the spatial distribution of past and
possible future events in terms of intensity maps,
hazard index maps and hazard maps. An important
criterion for the choice of a simulation tool is not only
the validity of the selected approach and its user-
friendliness, but also its degree of integration as part
of a spatial modeling environment (GIS) in order to
evaluate not only the hazard process, but also its
impact on the land use in the framework of a com-
prehensive risk assessment procedure.
We chose the rather simple, conceptual model
dfwalk [2], which is based on a multiple flow direc-
tion, Monte Carlo approach to develop the expansion
pattern of the debris flow on the digital terrain and a
1-D frictional 2-parameter model to determine veloc-
ity and run-out distance. Within the Interreg III-B
project CatchRisk [3], this model was implemented in
ESRI ArcGIS, using the built-in scripting language
VBA (Visual Basic for Applications). Further inte-
grated tools were developed to analyze the hazard
and risk according to the Swiss federal recommen-
dations [4] and build an hazard map on the basis
also of field investigation.
The poster illustrates the results of the model at the
municipality level of a community in Ticino and pre-
sents the foundations to define the hazard map of
the fan area (Figure 1).

Figure 1. Debris flow hazard map at the municipality level
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In mountainous areas, such as the Canton Ticino re-
gion, landslide process are particularly frequent and
have a  strong social impact being responsible of life
losses and expensive damages.

The assessment of landslide behaviour is usually
undertaken by means of monitoring scheme. Usually,
the measurement of superficial displacement is the sim-
plest way to observe the history of a landslide and to
analyse the kinematics of the movements. In all cases,
measurements have to be done.

Often these observations are archived in text files or
paper sheds and the visualization of movements is
done by digitizing or drawing the relative annual
movement vectors on the top of base maps. Such a
procedure is time consuming and not enough flexible to
permit easy and fast multi-temporal analysis, therefore a
new approach has been developed.

As a Web-GIS service allows the specialists an
easy access to maps and informations, our solution is a
dynamic customized application for generating velocity
vectors and plots based on  users choices.

Two different tools and some option filters/choice
have been developed for this purpose, in details the
application has the options to select:
- a landslide to analyse;
- a time interval filter;
- a plot type;
- a vector scale;
and the tools to:
- click on a monitored point and produce a plot of the

observed movements according the eventually se-
lected time filter (see Figure 1);

- display on the the top of the map the movements of
the monitored points according the chosen landslide
and the eventually selected time filter (see Figure 2).

Figure 1. Plot of planar movements of two monitored points

Figure 2. scaled vectors of the movements of the points be-
longing to a landslide
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Heavy rainfalls can trigger superficial slope instabili-
ties such as soil slips and debris flows, when critical
rainfall conditions are surpassed. The landscape can
be considered in equilibrium with the regular mete-
orological conditions, drastic modifications of the
landscape, such as natural hazard phenomena, are
thus linked to extraordinary circumstances. The criti-
cal conditions for triggering superficial slope insta-
bilities have been studied in many regions of the
world, and also in the Swiss central and Southern
Alps [e. g. 1, 2]. These analyses are usually illus-
trated with diagrams of rainfall duration-intensity, in-
troduced by [3].

We present a regional model that can be used to
assess the risk of triggering superficial slope insta-
bilities during an ongoing event of heavy rainfalls. It
is applied to the area of Ticino, but can be used eve-
rywhere, if the necessary base data is available. The
model does not consider any physical aspect of the
territory, where it is applied. It is merely based on the
analysis of the pluviometric conditions of historically
documented events of superficial slope instabilities.

The model is based on the known regional trig-
gering levels in the area. A network of online
pluviographs and the rainfall forecast are used to
relate an ongoing event to the known triggering lev-
els and thus give the possibility to judge the hazard-
ness of the event. The time horizon and the reliability
of the stability forecast are limited to the available
rainfall forecast.

The model uses several elements: (1) about 40
online pluviometric stations in the Ticino area deliver
the amounts of fallen rainfall; (2) the rainfall forecast
delivers the foreseen rainfall amounts (3) the mean
annual precipitations in the area are used to nor-
malize the rainfall at the different pluviometric sta-
tions to a common base [4]; (4) known different
triggering levels identify different levels of hazard-

ness [1]; (5) the different data sources are regridded
onto a 1 km mesh, where the actual assessment is
done to obtain regional maps of the Ticino area. A
color coding (green-yellow-blue-red) is used on the
maps to identify the different levels of hazardness
with regards to the triggering of superficial slope in-
stabilities.

The model was used to produce maps of critical
rainfall for different events (6, 12, 24 hours), and was
successfully applied to a few real events of heavy
rainfall (Figure 1). It is now systematically used when
heavy rainfall is announced, to give an idea of the
overall situation and to forecast its proceeding.

Figure 1. Modelling of the event of August 2003. Hazard map
for 10 a. m. of August 29, forecasted at 1 a. m. of August 29
(left), compared to the situation calculated a posteriori with the
fallen rainfall (right). The red dot on the right indicates the de-
bris flow event that occurred at 10.30 a. m. The color coding
represents the different hazard levels.
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Natural hazards from glacial and periglacial envi-
ronments frequently affect populated high mountain
regions. Hundreds or even thousands of lives can be
lost in catastrophes related to glaciers. For glacial
hazards, annual economic loss is estimated to be in
the order of 100 mill. EUR worldwide (Kääb et al.,
2005), but recent disasters suggest these numbers
being on the rise. Hazards having their source in
glacial and periglacial areas represent a major risk to
life and property in densely populated high mountain
areas such as the European Alps. Long-term atmos-
pheric warming since the end of the Little Ice Age
with an ongoing trend and increasing human activi-
ties in mountain areas are two important compo-
nents which govern the risk posed by such hazards.

The glacial and periglacial environment is very
sensitive to atmospheric warming, and thus quickly
affected by melt conditions, as evidenced in the
strong retreat of mountain glaciers currently experi-
enced. In fact, in the 2001 IPCC report, mountain
glaciers were declared among the best natural indi-
cators of atmospheric warming. In the European
Alps, for instance, glacier extent has receded to the
minimum point, or is even less than in the last few
thousand years (Haeberli et al., 2002). Significant
glacier recession can influence the development of
related hazards. For example, potentially unstable
glacial lakes often form in glacier forefields dammed
by frontal moraines. Concerned with the related risk,
UNESCO recently issued a strong warning regarding
lake outburst hazards in the Himalayas. In spite of
inconsistencies in the recording of natural historical
hazards, it seems that there has been an increase
over the past decades in the frequency of lake out-
burst events in the Himalayas (Richardson and Rey-
nolds, 2000). Steep slopes of unconsolidated debris
no longer covered by glaciers are a potential cause
of debris flows. New ice break-off zones on glaciers
may evolve while others may cease to be active.

Atmospheric warming also affects permafrost distri-
bution. The active layer zone may become deeper,
rockfall activity may increase or evolve at locations
without known precedence. Lateral rockwalls can be
destabilized by glacier retreat due to the stress
changes induced. In general, climate change may
bring about a shift of the hazard sources. It is difficult
to ascertain whether the frequency and/or magnitude
of events have actually increased. However, situa-
tions with no historical precedence do already occur
and must also be faced in the future.

In the last few decades, human settlements and
activities have greatly increased in high mountain
regions such as the European Alps. Infrastructure
has been expanded into areas which had not been
developed previously. Hence, there was a parallel
increase in damage potential and vulnerability of
mountain communities giving rise, in turn, to a
growing conflict with natural processes. Expensive
protective structures have had to be built to reduce
the risk. Spatial conflicts between human settle-
ments and interests, and hazardous natural proc-
esses are very acute and strongly driven by eco-
nomic, social and political factors.

The research focus on glacial hazards in the past
has been predominantly on local studies, and there
have been considerable advances in the under-
standing of the processes involved. However, most
of the processes involved are very complex and
large gaps in the knowledge still exist. Further com-
plicating is the fact that these processes do often
interact involving chain reactions or process trans-
formations which have, in fact, led to the most dev-
astating disasters (Huggel et al., 2004a). The origin
of glacial and periglacial hazards are generally in
remote and badly accesible areas. This is particu-
larly true for high-mountain regions such as the Hi-
malayas, Karakorum or Andes. Therefore, there is a
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problem of insufficient knowledge of the presence
and distribution of hazards. Hence, methods are
needed which are capable of detecting and assess-
ing glacial and periglacial hazards over large and
remote areas. Nowadays, remote sensing and Geo-
graphic Information System (GIS) techniques are
able to fulfill these tasks. A variety of satellite sen-
sors with different spectral ranges and spatial reso-
lutions regularly record the state of the earth's sur-
face. GIS technologies, on the other hand, facilitate
the integration of remote sensing data and derived
parameters, as well as terrain information for ana-
lyzing and modeling glacial hazards. Recently, tech-
niques have been developed to integrate remote
sensing and GIS methods for assessing hazards
from glacial and periglacial areas and include among
others the following (Huggel et al., 2004b):

1. Identification and evaluation of hazardous glacial
lakes based on remote sensing and digital terrain
data, and subsequent modeling of lake outburst
floods.

2. Detection of ice avalanche prone glaciers and
modeling of ice avalanche impacts.

3. Identification of steep and potentially unstable
debris reservoirs based on high-resolution satel-
lite images and digital terrain modeling, and sub-
sequent debris flow modeling.

4. GIS-based modeling of rock and rock-ice ava-
lanches from large glacierized mountain walls.

5. Modeling of process interactions and related im-
pacts on downstream areas.

Remote sensing instruments will continue to offer the
possibility to regularly monitor high-mountain re-
gions, at increasingly improved spatial and temporal
resolution. Integration of remote sensing data into
process oriented and GIS models has been recog-
nized to provide a powerful tool for evaluation of
hazards from icy peaks impacting populated down-
stream areas. In fact, the accelerated rate of change
of the natural (glacial and periglacial) and the human
dominated environment requires readily applicable
models which allow the assessment of impacts of
natural hazards and include the possibility to antici-
pate future effects.
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Triggering of local microearthquakes is a well-known
phenomena, often observed in association with
forced fluid injection at depth (injection-induced
seismicity) or with filling of large reservoirs (reser-
voir-induced seismicity). We present observations on
two incidences of triggered microearthquakes in
Switzerland that are not related to fluid injection or to
reservoir filling.

The first example is a series of earthquakes that
has probably been triggered by the construction of
the Gotthard Base Tunnel. Starting in 2004, a series
of ten earthquakes with local magnitudes between
0.9 and 1.9 have been observed in the area of
Faido, TI. Prior to 2004, the same area was seismi-
cally quiet. The most striking feature of this earth-
quake series is the similarity of the waveforms (Fig-
ure 1), suggesting that the earthquakes were
triggered at nearly the same location with similar
source mechanisms. Two groups of clusters with
similar waveforms could be discriminated, clearly
separated in time. Within the uncertainties, epicenter
locations of the triggered earthquakes are close to
the construction site of the emergency stop station in
Faido, MFS Faido, of the Gotthard Base Tunnel. The
geology at the construction site is dominated by the
fault zone between the Lucomagno and the Lev-
entina Gneis, causing severe difficulties in the con-
struction of the tunnel. Numerous rock bursts have
been observed, some of which clearly associated
spatially and in time with the occurrence of the
earthquakes. To investigate whether the earth-
quakes are triggered by local stress variations in the
vicinity or along the fault zone caused by the tunnel
constructions, a dense network of seven seis-
mometers has been installed around Faido.

Figure 1. Seismic waveforms of earthquakes series observed
close to Faido, TI. The signals were recorded at the permanent
seismic station FUSIO of the Swiss Seismological Service.
Waveforms are bandpass-filtered between 1 Hz and 10 Hz.
Only the vertical component is shown. Map shows epicentre lo-
cations of the observed earthquakes (white circles) and loca-
tion of FUSIO (black triangle).
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The second example is a series of earthquakes
that has probably been triggered by unusual rainfall.
Starting Monday, August 22, 2005, a series of 47
earthquakes occurred over a 12 hour period. The
earthquakes concentrated in the region of Muotatal
and Riemenstalden (SZ), Alpnach (OW), and Stans
(NW). Local magnitudes were between 1.0 and 2.4.
Some of the larger earthquakes were felt locally in
Alpnach (OW) and Muotatal (SZ). The most striking
feature of this earthquake series is a clear correla-
tion with unusually large rainfall in central Switzer-
land between Saturday, August 20, and Tuesday,
August 23, 2005. The earthquake series occurred at
the end of this three day period of rain. The highest
seismicity rate occurred in the region of Muotatal and
Riemenstalden (Figure 2), a well known Karst area,
that facilitates the penetration of fluids into the shal-
low crust. Focal depths of the larger events were
mostly shallow, less than 2.0 km depth. These ob-
servations favor a model in which pore pressure is
locally increased due to the large amount of rainfall.
The short time delay between the rainfall and the
onset of the earthquake activity, as well as the rela-
tively short duration of the earthquake series, sug-
gest a high permeability of the shallow crust in these
areas.

Figure 2. Epicenter locations of earthquakes (white circles) that
were likely triggered by large rainfall in central Switzerland.
Size of the circles is scaled by magnitude as indicated. Note
the clustering of earthquakes in Muotatal and Riemenstalden.



Unlike the classic “natural hazards”, caused by
events that are sudden and of short duration, creep-
ing environmental problems, such as desertification,
deforestation, water quality, climate change, etc.
have long lead time before their adverse conse-
quence became apparent. This implies that decision
makers normally have more difficult in finding a
problem-solving solution or, at least a way to slow
down or arrest the occurring adverse changes.

Remote sensing supplies an important set of tools
to monitor and manage environmental processes,
especially when then imply spatio-temporal transition
toward different scenarios. The synergic using of
remote sensing data and geographical information
system (GIS) technologies is becoming a wide-
spread method to analyse, store and update envi-
ronmental data and help decision makers to find so-
lution to maintain stability and sustainability (e.g.
Ehlers et al. 2002, Sultangazin 2004,).

Comparing satellite image taken at different peri-
ods, it becomes easy to monitor and model land-
scape changing occurred in the Aral Sea region (e.g.
Glushko et al. 1994). In the late 1950s, the Aral Sea
was the Earth's fourth-largest inland body of water
with respect to surface area, but starting from the
seventies a large zone of the lake was dried (Figure
1). The so called Aral Sea crisis is the brightest ex-
ample of how human mismanagement can have
catastrophic socio-ecological consequences.

The stream flows of the two perennial river sys-
tems, the Amu Darya and Syr Darya, have sustained
a stable Aral Sea level since sixties years, but the
expansion of irrigated agricultural production altered
this ecological balance. This is primarily due to the
rivers diversions in order to provide water to the very
exigent monocropping productions (cotton, rice, fod-
der). The main tangible consequence was a drastic

decline in the sea level (of about 20 meters) and a
big reduction in its surface area (more then 60%).

The mismanagement of water resources and of
agricultural leading caused in the region around sev-
eral ecological problems related to the dried of the
Aral Sea: climate change, increasing of the pollution
level, air quality degradation, deterioration of human
health, degradation of faunal and floral ecosystem,
desertification and so forth (Glantz 1999). Each of
these environmental-related problems can be seen
as the result of long-term, low-grade and slow-onset
cumulative process.

The aim of this work is to collect, harmonise and
process environmental spatio-temporal data in a way
to realize an “Aral Sea Atlas”. Data updating and
analysis by performed means of remote sensing and
GIS integrated tools allow realising a precise envi-
ronmental impact assessment and management.
This information has to provide a solid base to make
recommendations for overcoming consequences of
the Aral Sea catastrophe and to elaborate a com-
prehensive analysis of dynamics of the occurred en-
vironmental, climatic and socio-economic changes.

The first and important part of the work concerns
data harmonisation and valorisation. The informa-
tion, once analysed and processed, has been orga-
nized in a form of atlas, defined as a collection of
maps, by means of advanced software GIS (AcGIS
9.0). The “Aral Sea Atlas” incorporates a large vol-
ume of miscellaneous spatial and non-spatial data.

A fundamental phase in the creation of a GIS
based atlas was to convert heterogeneous existing
data and information into a GIS-compatible digital
format. It involved a critical analysis of the data to
decide their significance. Normally existing maps
(such as soil maps and climatic maps) were elabo-
rated with MapInfo and needed to be converted into
shapefiles. Information concerning meteorological-
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data (temperature and humidity), inorganic pollut-
ants, water resource, socio-economic data, etc. was
stored in different formats such as Excel file, text,
reports, etc. and needed to be organised in a form of
spatio-temporal data bases.

The use of remote sensing is important in re-
search on the dynamics of landscape changes in the
Aral Sea basin and allows updating information with
the addition of images from new sensors. A down
spatio-temporal scaling approach was used for the
present study, making use of the diverse remote
data sources.  An extended historical overview of
desertification processes over a period of several
years, including change in the agro-ecosystems and
sea drought, could be detected through image se-
quences from the Landsat program, while a monthly
resolution could be derived from sequences obtained
from recent launched Modis and Spot vegetation
sensors. For a more detailed evaluation of present
conditions and trends, the Syr Daria delta was cho-
sen as pilot area. To this scope better resolutions, as
provided by the Aster sensor, and the option for
completion of temporal sequences using different
imagery sources will be used. Classification and
modeling of thematic images combined at a proper
scale with field data could give insights on changing
process in the area.

Valorisation and intelligent analysis of data using
contemporary statistical/geostatistical models and
machine learning algorithms (neural networks, sta-
tistical learning theory) was an integrated part of
data treatment process (Kanevski & Maignan 2004).
This led to the elaboration of new thematic maps
staring from existing data collected on place (tem-
perature, rain, inorganic pollutants) (Figure 2).

Figure 1: July - September, 1989 Landsat mosaic at 250 m
resolution; August 12, 2003 Aqua MODIS scene at 250 m
resolution (NASA)

Figure 2: Mapping of the temperature in Syr Darya basin using
Support Vector Regression.
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For the sake of improving quantitatively based pre-
dictions of realistic gravity-driven mass movements
we present a systematic application and quantita-
tively based evaluation of a mathematical model ap-
proach for the time-dependent description of the
'simplest' gravity-driven free-surface flow phenom-
ena, a dry granular avalanches down irregular topog-
raphy. The underlying physical principles of the
model are the conservation of mass, momentum
conservation and that material movement is gov-
erned by inter-granular stress generation. The gov-
erning equations are expressed in an earth-centered
coordinate system and are formulated in terms of the
classical shallow-water equations. The closure as-
sumptions for the stress tensor represent a modified
version of the classical Savage-Hutter theory and
additionally account for shearing stresses transverse
to the flowing direction and plastic deformations be-
ing caused by the interaction of flowing material and
the topographical surface. The latter occur parallel to
the flowing direction along the bed and within the
overlying bulk material and are considered to take
place on different characteristic timescales and
hence to be physically decoupled. The deformation
stresses at the bed are described by a Coulomb-dry
friction law. The bulk internal deformation stresses
are linked to the strain-rate or velocity gradients in-
side the deforming bulk material and describe the
kinematics of motion at yield, utilizing a three-
dimensional extension of the Mohr-Coulomb yield-
function. The model is applied on two different
'granular flow down irregular topography' problems,
a massive mass movement and a moderate or small
mass movement. The numerical results are com-
pared against results of two corresponding labora-
tory experiments.In order to check the influence of
different recently proposed model approaches for
lateral normal stresses and the existence of trans-
verse shearing and bulk internal deformation
stresses on the flow dynamics, the two problems are

computed on four different ways, (1)+(2) under con-
sideration of two a different model approach for the
lateral normal stresses, (3) under disregard of trans-
verse shearing stresses and (4) under disregard of
transverse shearing and bulk internal deformation
stresses. The detailed investigation reveals for mas-
sive mass movements that due to material-
topography interactions, inter-granular stresses oc-
cure and the assumption of a shear localization in a
basal near boundary layer breaks down. In addition
to basal deformation stresses inter-granular stresses
or bulk internal shear stresses occure throughout the
whole bulk and have to be taken into account. Con-
trary to this for moderate or small mass movements
almost no generation of inter-granular stresses oc-
cure, so that they are negligible in numerical simula-
tions. Shearing effects are appropriately assumed to
be predominantly located in a basal near boundary
layer.
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Figure 1. Flow height results of the granular flow down an ir-
regular laboratory topography for times t=[0.09, 0.3, 0.51, 0.72,
0.93, 1.14, 1.55, 1.97, 2.81, 8.00] sec. Left: Laboratory experi-
ment A [Courtesy \cite{IverDen:04}]. Contour line depict surface
elevation at 5 mm intervals. Right: Numerical experiment with
consideration of transverse shearing and bulk deformation
stresses computed with the proposed model. Color coding rep-
resents the flow height range between the minimum (0.15 cm)
and the maximum flow height of 4.35 cm corresponding the
material initial height.

Figure 2. Flow height results of the granular avalanche down
an irregular laboratory topography normal to the bed as iso-
surface representation for t=[0.09, 0.3, 0.51, 0.72, 0.93, 1.14,
1.55, 1.97, 2.81, 3.83, 8.00] sec. Left (I): Numerical results with
consideration of transverse shearing and bulk deformation
stresses. Middle (II): Numerical results with consideration of
transverse shearing stresses. Bulk deformation stresses are
neglected. Right (III): Numerical results computed with the
classical Savage-Hutter approach. Transverse shearing and
bulk deformation stresses are neglected. Color coding repre-
sents the flow height range between the minimum (0.15 cm)
and the maximum flow height of 4.35 cm corresponding the
material initial height.


