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Definition

Mass movement is defined as a downward dis-
placement of compact and/or looserock. It main-
ly comprises gravitational processes (stonefalls,
blockfalls and rock avalanches), landslides und
earth flows. These can occur either quickly and
suddenly, or slowly and continuously.

It is estimated that about 7% of the land
area of Switzerland is affected by slope insta-
bility. Extensive landslide areas occur particu-
larly in flysch formationst containing a high
fraction of clay and silt, making them suscepti-
ble to instability. Owing to the fine-grained
soils in these areas, rainwater seepage is hin-
dered, so that the water content is high the
whole year round. The presence of water in the
soil and the rock renders the ground more vul-
nerable to instabilities.

Smaller mass movements often occur unno-
ticed in uninhabited areas; larger mass move-
ments are perceived as extreme when they cause
|losses to assets. Smaller earth flows too, can
have devastating effects at the local level (e.g.
Gondo on 14.10.2000, Lutzenberg on 1.9.2002
and Schlans on 16.11.2002). In this chapter,
large and infrequent movements of very large
landslide-prone slopes (with a volume exceed-
ing 1 million m3) and concentrated occurrences
of several smaller landslides (up to severd
100000 m3) are designated as extreme events.
Following abundant precipitation in the summer
of 2002, approximately one-thousand sponta-
neous landslides occurred in Switzerland, sever-
a hundred of which occurred in central and
eastern Switzerland.

Critical weather conditions

and tendency towar ds instability
Mass movements occur when a large input of
water occurs over longer periods. In the moun-
tains, this is only the case for temperatures
above the freezing point, since otherwise the
precipitation is stored in the form of snow and
ice. Large quantities of water are availablein the
spring in cases where heavy thawing and heavy
precipitation coincide, and before and during
summer and autumn in the case of heavy and
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to a 300 to 1000-year event. On 14
October 2000, the safety barrier
above Gondo broke. The resulting
landslide with earth flow claimed
13 human lives.
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Slope instabilitiesin the past
160
Prehistoric age

Towards the end of the last ice age
when the glaciers receded, and at
the beginning of the Holocene
about 11 600 years ago, the large
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Fig. 41 Precipitation and groundwater variations in the storm year 1999.2 The landdide aress in the AlpS were

figure shows the precipitation (top: blue), the groundwater level (top: brown),
runoff (bottom: red) and the water equivalent of snow cover (bottom: light

very active (Fig. 42). In the absence

blue) in Alptal in the Canton of Schwyz (WSL data). For comparison purpos- of the retaini ng forces of the ice
es, slope instabilities are shown at daily intervals (bottom: black). The first ~ Masses, the flanks of the valleys
period of high landslide activity occurred between 20 and 23 February 1999 that were formed by glacia action
following the last snowfalls in the mountains. A second landslide period loosened. At the same ti me, exten-

occurred between 12 and 17 May 1999 in the course of heavy precipitation,

coinciding with the end of the thawing season.

enduring precipitation (cf. Chapters 2.5 and 2.7).

For example:

e |n the avalanche winters of 1888/89,
1950/51 and 1998/99 (cf. Chapter 2.9), large
guantities of snow lay on the ground in late
winter. Owing to higher temperatures the
following spring, the snow thawed rapidly.
At the same time, it rained prolifically over
a long period. This resulted in increased
movement of numerous landslide-prone
slopes, and many debris flows occurred (cf.
Fig. 41). A similar but locally more confined
event occurred in Fali HAlli in the Canton
of Fribourg in spring 1994, when large
guantities of snow water caused a rapid
acceleration of the landslide. Forty houses
were carried 200 metres down the slope and
completely demolished.

e In 1987, 1993 and 2000, numerous Alpine
valleys were visited in summer and autumn
by intensive precipitation over a period of
several days (cf. Chapters 2.5 and 2.7).
These carried with them large quantities of
water, causing slope instabilities and flood-
ing. On 13/14 October 2000, an extreme
event occurred in the area of the Simplon
Pass. A southerly flow situation carried hot
and humid air from the South towards the
Alpsfor 8 days. Almost 500 mm of rain fell
within two days, corresponding statistically
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sive areas of permafrost, in which
compact and loose rock masses had
been held together, thawed out.
This resulted towards the end of the last ice age,
and to a lesser extent at the end of the little ice
age, in landdides and numerous rockfals34. The
Alpine valleys were filled with landdide debris
and in some places mass movements dammed the
rivers, forming lakes and swamps (e.g. in Davos,
Flims, Pfynwald and Schwarzsee).

Over the last 9000 years (Holocene), tem-
peratures remained fairly constant. Over that
period, sope instability was probably caused
mainly by fluctuationsin precipitation. However,
the temperature and precipitation data for the
Holocene still remain incomplete and imprecise,
so that the relationship between dope instability
and climate is poorly defined. Significantly more
landslides occurred, for example, in the Lobben
ice age about 3000 years ago. During this high
precipitation epoch, numerous mass movements
occurred al over Europe (Fig. 42).

Historical era and 20t century
In the period after the 15t century, climatic data
can be reconstructed with considerable preci-
sion. The duration and trend of the so-called lit-
tle ice age (late 13h to mid 19t century) are
known within close limits. In this phase, years of
high precipitation can be correlated with years
of high landslide activity.

Since the early 1970s, heavier precipitation
has led to an increase in mass movementsin var-
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ious landslide areas in western
Switzerland. In the recent past, an increas-
ing number of landsiides have occurred
due to increasing winter precipitation in
conjunction with snow water.
Statistically, the events that occurred
in the years 1951 (Alpine winter), 1987
(summer precipitation in the Alpine
region), 1993 (heavy storm in Brigue),
1999 (thawing season and spring precipi-
tation) and 2000 (heavy autumn storm in
Valais and Ticino) were extreme events.

Consequences of climate change
The frequency of mass movements is
influenced by changesin the temperature,
the hydrological cycle, the glaciers and
permafrost. The rise in winter and spring
temperatures changes the form that pre-
cipitation takes, the amount of snow
cover and the ground temperatures.
Climate change gradually aters the sta-
bility of large landslide masses. Extreme
events such as heavy precipitation and
thunderstorms can, however, trigger
smaller landslides and earth flows.

Glaciers and permafrost

By virtue of receding glaciers and thawing
permafrost, large volumes of debrisare free
to move. In the presence of water, this can
lead to mass movements. Globa warming
will have dragtic effects on the glacial and
periglaciad mountainous areas.3 However,
quantitative predictions of the effects of cli-
mate change on permafrost are difficult.
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Fig. 42 Frequency of landslides in Switzerland in the Holocene.56
The selection covers large landslide-prone slopes with a volume of
several million m3. These large volume landslides have experienced
several acceleration phases since the last ice age. By means of C14
dating of fossilised tree trunks embedded in the debris in the course
of earlier events, qualitative conclusions may be drawn for the
Holocene both on the physical activity and, to a more limited extent,
the climatic conditions. Samples are obtained using borings or exca-
vations, whereby the probability of finding younger wood fossils is
greater, since these lie closer to the surface than older wood. Thus for
the last 2 to 3 millennia, more C14 datings are available than for the
period prior to that. In the Hohberg landslide, the oldest dating goes
back to the Young Dryas (12 700 years ago). After the glaciers had
receded, several large debris flows occurred in the course of the 12th
and 11t millennia in the Freiburg and Grisons Alps (Hohberg,
Schlossisboden, Saas and Serneus). This epoch is characterised by
climate warming. Numerous slope instabilities occurred between
7000 and 5000 years ago during a variable climatic phase. Following
a relatively quiescent phase about 3400 years ago, landslide activity
increased steeply in several areas, i.e. Falli Holli, Hohberg,
Schlossisboden, Purrena and Gotschna. From a climatological stand-
point, the end of the Sub-boreal is significant for the whole of Europe.
The cold phases of the Lébben (3500 to 3100 years ago) and the
Goschenen | (2830 to 2270 years ago) periods are also characterised
by glacial expansion. The phase of high landslide activity continued
into the second century BC, after which the frequency declined slight-
ly, while continuing to vary in concert with the wet phases.

In generd, it is probable that the long-term
temperature increase will cause dow, retarded,
thawing of the permafrost. This trend is coupled
with seasona fluctuations depending mainly on
the thickness of snow cover. In autumn and win-
ter, early snow cover retards cooling of the
ground. Ground heat is thus stored, reinforcing
the trend to thawing the following summer. In
digtinction, the cold ground in spring is insulated
by enduring snow cover. Large quantities of snow
extend the period required for complete thawing.
Owing to later thawing in spring, less heat can be
absorbed by the ground during the summer
months. However, the seasonal fluctuations men-
tioned will probably have little effect on long-
term thawing of permafrost.

The permafrost system reacts sluggishly, since
the heat capacity of ice and the ground are larger
that of air. Thus only the long-term changes will
have an influence, and this will persist over a
long period. The permafrost will first warm upin
the topmost strata, in snow-free zones and in
smaller and shallower permafrost areas. In these
areas, blockfals, erosion, landslides und debris
flows will increase. As an example, debris flows
have repeatedly broken loose in the Ritigraben
(Canton of Valais) over the past ten years, having
their origin in the block glacier at 2500 m. Also,
smaller — and some larger — rock masses have
descended from permafrost zones into the val-
leys (e.g. in Tschierva, Piz Scerscen, Méttenberg,
Monte Rosa (Italian side), and Gruben?s).
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Facts
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Precipitation

The acceleration of the hydrological
cycle (cf. Chapter 2.5) has a negative
influence on slope stability. Owing to
the increase in winter precipitation,
landslide activity could increase in
future. Higher temperatures will result
in more rain and less snow. Through

the increased quantities of water in sup- 1800 16000 o
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2000 in the Simplon region. If during
southerly flow situations of severa
days duration the frost line dso lies
very high, an increase in landdides and

debris flows would be expected.
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Fig. 43 Landslide in La Frasse near Aigle.® The net precipitation (grey
bars) and the cumulative displacements (red lines) in zones A and B for the
period 1976-2002 are shown for comparison purposes. The blue line
shows the 3-yearly average of net precipitation. When this lies above 1150
mm, the landslide front accelerates towards the river bed of the Grande

Eau. While zone A reacts with marked acceleration (particularly from 1977-
1982), zone B displays only small speed changes. Thus the landslide front
reacts more-or-less sensitively to the precipitation and the pressure of
groundwater, that is to say, it reacts only indirectly to climatic changes.

Sediments from threshold zones above the ocean surface that
concentrated in narrow troughs in the course of mountain for-
mation (marine sandstones often rich in aconite, marl, shale
and limestones in alternating strata).
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