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15The Walgau: A Landscape Shaped
by Landslides

Stefan Steger, Elmar Schmaltz, Arie Christoffel Seijmonsbergen,
and Thomas Glade

Abstract

Landslides of the slide-type movement are common on
slopes of the federal state of Vorarlberg. This chapter
focuses on landslides located in the Walgau region, where
both shallow and deep-seated slope movements are
widespread and leave a distinct geomorphic footprint on
the hillsides. Landslide activity considerably increased
since the Last Glacial Maximum (LGM) and still plays a
substantial role in landscape evolution of the area. Several
examples of this chapter highlight that the causes of those
slope movements are manifold and a result of a complex
interplay between various processes which act frequently
at different spatial scales, but with varying intensity. The
presented large, deep-seated, and small, frequently occur-
ring landslides of the area are strongly influenced,
respectively, caused by an interplay between the prevalent
relief-rich topography, the local geological setting,
regolith coverages, the humid climate, and recurrent land
cover changes. Human activities are also known to
directly impact the geomorphic dynamic of several recent
landslide events. Major challenges for the future arise due
to projected and already observable changes in land
cover, climate, and human impact, which may modify the
magnitude and frequency of the landslide process itself,
but also the exposition of people, their properties, and the
living environment.
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15.1 Introduction

Vorarlberg is the westernmost federal state of Austria. In
general, altitudes increase from northwest to south and range
from 400 m asl at the plains of the Rhine Valley to over
3300 m asl at the southern lying peaks of the Silvretta
mountain range. Gravity-driven degradation processes, such
a landsliding, are very active throughout the mountainous
and hilly parts of Vorarlberg and are considered among the
most important processes that shape and reshape the land-
scape over time (Seijmonsbergen 1992).

Landslides can be defined as the downslope movement of
soil, rock, or debris in response to the force of gravity
(Crozier 1989; Glade et al. 2005). Within this chapter, the
expression “landslide” is restricted to the slide-type move-
ment according to Cruden and Varnes (1996). This specific
landslide type describes those landslides, where a planar
(translational slide) or concave (rotational slide) shaped
shear plane separates the downslope moving material from
the stable subsurface (Crozier 1989; Cruden and Varnes
1996).

Besides playing an essential role in landscape evolution
(Crozier 2010; Bierman and Montgomery 2014), landslides
also pose a serious threat to residents, private properties, and
infrastructure (Bell and Glade 2004). Thus, they can be
considered as hazards and even as risk when vulnerable
infrastructure (e.g., buildings, roads) is exposed (Glade et al.
2005). A steadily increasing population density, the subur-
ban spread, and the increased economic utilization of land
substantially contribute to the ongoing trend that more and
more people, their properties, and the economy are endan-
gered by landslides in the Austrian Alps (Slaymaker and
Embleton-Hamann 2009; Promper et al. 2014). An in-depth
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investigation of these geomorphic phenomena is, therefore,
also needed to develop sustainable strategies to reduce, or
even prevent, future damage.

This chapter focuses on the characterization of landslides
located in Vorarlberg with a regional focus on the Walgau
region, an area characterized by widespread earth surface
dynamics since the end of the last ice age (Ruff and Czurda
2008a; b). After presenting the contemporary environmental
setting of the region and associated potential predisposing
and triggering factors of landslides (Sect. 2), a short dis-
course on the role of landslides within the context of land-
scape evolution is given (Sect. 3). Section four examines
several examples of deep-seated (Sect. 4.1) and shallow
(Sect. 4.2) landslides, and subsequently embeds those pro-
cesses within a multi-dimensional viewpoint (Sect. 4.3).
This chapter concludes by highlighting future challenges in
the context of landslide processes (Sect. 5).

15.2 Environmental Setting

The Walgau, a valley of the Ill River, is located in the
western part of Vorarlberg (Fig. 15.1) at the geological
boundary between the Eastern and the Western Alps (Friebe
2007). The corresponding alluvial plain is mainly filled with
glaciofluvial gravels and alluvial sediments. The valley can
generally be described as a “mixed-type valley” (i.e., due to
its glacial and fluvial origin) with fluvial processes domi-
nating the lower parts. Former glacial activity was respon-
sible for a large portion of today’s landforms, which have
mainly been preserved at higher altitudes (De Graaff 1992;
Ruff 2008a, b). The surrounding hillsides (Walserkamm,
Großwalser Valley, Rätikon, Fig. 15.1) are affected by
landsliding to varying degrees mainly due to their geological
differences, which in turn co-determine regolith coverages
and topography.

15.2.1 Geology

The geological setting highly influences the tendency of a
specific slope to fail (Grelle et al. 2011). For instance, the dip
of the bedding may act as a sliding surface while the
thickness and properties of the overlying weathering mantle
are also controlled by the geologic parent material (Crozier
1989; Schweigl and Hervás 2009). Consequently, the
hydrogeological behavior in the deep subsurface, for
example, the water pressure on potential sliding surfaces, is
highly determined by the geological setting such as variation
in lithology and the location of thrust zones and faults
(Crozier 1989).

The Walgau Valley is located on the tectonic thrust zone
between the Rhenodanubian Flysch to the north and the

Northern Calcareous Alps to the south (Friebe 2004; Ruff
2008a, b). In general, four major lithological units can be
distinguished (Fig. 15.1). The outermost northwestern part
of the area mainly consists of continental marginal sediments
(Helvetic and Ultrahelvetic), while the Walserkamm and the
western part of the Großwalser Valley are underlain by
sandstone sequences of the Flysch Zone. On the orographic
left side of the Ill River, slopes consisting of Flysch sedi-
ments and carbonate rocks, e.g., the Rätikon mountains to
the south, are prevalent as well as Penninic melange.
A considerable portion of the area was formerly transformed
by glacial processes. Thus, Quaternary glacial and post-
glacial deposits cover a large portion of the region (Ruff and
Czurda 2008a; b).

The physical properties of the subsurface material con-
siderably influence landslide activity of the region (Markart
et al. 2007). In general, areas underlain by morainic deposits,
and heterogeneous bedrock material with marls and sand-
stones such as in the Rhenodanubian Flysch or the Helvetic
Zone, are most prone to shallow slope movements (Ruff
2008a, b; Ruff and Czurda 2008a, b; Zieher et al. 2016).
Such smaller landslides are regularly triggered by a combi-
nation of heavy precipitation events and a long-term water
supply (due to snowmelt for example), which leads to
intensive water fluxes into the respective sediments and
consequent increased pore water pressures in the slopes.

The Flysch Zone of Vorarlberg consists of interbedded
sequences of sandstones, claystones, and marls. The deeply
weathered marls and sandstones in the Walgau are partly
interrupted by limestones and covered by till. Especially, the
marly material within the Flysch is characterized by low
permeability and better able to store infiltrated water than
sandstone layers. In general, no clear transition between the
overlying soil mantle and the underlying intensively
weathered bedrock is discernible. The prevalent clayey
layers are likely to promote landsliding due to their strong
reaction to water-influx (for example the swelling of clays)
(Heissel et al. 1967; Glade et al. 2001).

The marls of the Helvetic and Ultrahelvetic nappes are
also highly prone to landsliding (Zieher et al. 2016). In the
case of water saturation, changes of the consistency of the
fine material and pore water pressure may promote shallow
landsliding. The numerous cliffs and steep slopes in car-
bonate rocks of the Rätikon (Fig. 15.1) are regularly source
areas of rockfalls (Seijmonsbergen 1992; Ruff 2008a, b).
However, landslides of the slide-type movement can also be
observed in these areas (cf. Sect. 4.1).

15.2.2 Land Cover and Socio-Economic Setting

The Walgau region has approximately 50,000 inhabitants in
total while the majority of the population is spread across the
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settlements at the valley bottom (Hoch and Rücker 2016).
Agricultural and recreational areas are dominant on this
plain. Smaller villages (e.g., Dünserberg) and dispersed
single farms are located on the south-exposed slopes of the
Walserkamm and connected by a dense network of roads
and pathways (Fig. 15.2).

The prevalent Alpine pastures and meadows on the hill-
sides of the Walserkamm reflect the high importance of dairy
cattle farming for the regional agro-economy. However,
timber harvesting is in direct competition with areas used for
dairy farming. Thus, a considerable portion of the slopes is
also covered by managed coniferous and mixed forests
(Schmaltz et al. 2017).

Smaller landslides occurring on the Walserkamm are more
likely to interfere with infrastructure compared to the
less-populated and mainly forested hillsides to the south of the
valley. It is evident that the land cover of the region is closely
related to its socio-economic setting and determines the
exposure of elements at risk (e.g., houses, roads) potentially
endangered by landslide events (Glade et al. 2005).

At the same time, land cover is also known to influence
geomorphic processes and details on how vegetation affects
slope stability are of high relevance to understand hillslope
dynamics (Glade 2003; Marston 2010; Promper et al. 2015).
In particular, woody vegetation is expected to reduce the

tendency of a slope to fail due to hydrological and geome-
chanical effects (Sidle and Ochiai 2006), such as root rein-
forcement, and the ability of woody vegetation to extract
water from the subsurface (Montgomery et al. 2000; Mar-
ston 2010). On the other hand, intensive grazing may con-
tribute to an increased soil compaction preventing water
from infiltrating into the soil (Markart et al. 2007).

In regions, where both branches (i.e., forestry and cattle
farming) are of high economic importance, such as in the
northern part of the Walgau (Fig. 15.2), human induced land
cover changes were recognized during the last decades
(Fig. 15.3). These changes are expected to influence the
occurrence of shallow landslides in the Walgau region
(Schmaltz et al. 2017).

Recent land use and climate change may increase the
frequency of small landslide events, however, it is still under
debate which factor has the higher influence on landslide
occurrence (Glade et al. 2014; Promper et al. 2014). Since
the land cover of an area can be managed directly by humans
and is simultaneously considered to influence both, the
landslide process itself, as well as potential consequences,
hazard mitigation strategies focusing on land use manage-
ment appear promising to prevent undesirable developments
(Glade et al. 2005; Papathoma-Köhle and Glade 2013;
Promper et al. 2015).

Fig. 15.1 Location of the focus area (right) and lithological overview (left). The black boxes refer to the locations of landslides addressed in the
following sections
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15.2.3 Climatic Conditions

The climatic conditions in Vorarlberg favor landslide pro-
cesses. The Walgau receives moisture throughout the year,
in winter often as snow, in spring, summer, and autumn as
rainfall (Fig. 15.4). In particular, the snowmelt season leads
to an increase of soil moisture across the region and has to be
regarded as an important pre-conditioning factor for

landslide initiation. The regularity of these conditions can be
depicted from the annual number of days with snow cover,
which are 40 days with a snow cover depth of more than
1 cm in Feldkirch (438 m asl) and 93 days in Vandans
(670 m asl) in the period 1981–2010. The actual triggering
of landslides is, however, mostly associated with thunder-
storm precipitation. The mean annual number of days with
thunderstorms between 1981 and 2010 is 30 in Feldkirch

Fig. 15.2 Western part of the Walserkamm (cf. Fig. 15.1) with its
patchy land cover distribution. The shown hillslopes are developed in
Flysch, widely covered by glacial deposits, and are regularly affected

by shallow landsliding (cf. Sect. 4.2). The red polygon refers to the
location depicted in Fig. 15.12. Photo: E. Schmaltz

Fig. 15.3 Orthophotos (left: 1954, right: 2012) depicting considerable
reforestation near Montanast on the Walserkamm, Vorarlberg. Note
that the yellow polygons delimit landslides that occurred in 2005. By

now, corresponding geomorphic features are not clearly visible in the
field, mainly because of anthropogenic modifications such as slope
leveling (Source of the orthophotos: © Land Vorarlberg)
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and 21 in Vandans. If a snowmelt period is followed by
thunderstorms with strong precipitation, optimal
landslide-triggering conditions are met (Zieher et al. 2016;
Schmaltz et al. 2017).

15.3 Landscape Development and the Role
of Landslides in the Walgau

The present landscape of Vorarlberg is the result of changing
climate conditions since the LGM, which affected the rela-
tive intensity of geomorphological processes over time
(Fig. 15.5). During maximum glaciation, the majority of the
landscape was prone to subglacial and ice-marginal glacial
processes. Fluvial deposition and ice-marginal glaciofluvial
processes were widespread in Northern Vorarlberg and
Southern Germany.

At the end of glaciation fluvial and slope processes
became dominant in the valleys. During this period, opti-
mal conditions for the development of low frequency, large
deep-seated landslides occurred. Valley slopes were

strongly eroded and steepened by glacial scour, while the
loss of glacier mass promoted “tensional rebound.” With a
slight temporal lag, the permafrost disappeared from the
slopes and increased their proneness to deep-seated lands-
liding. As major valleys were stripped from their valley
bottom sediments, huge lakes formed in the Rhine
(*500 m deep between Bregenz and Sargans) and Ill
valleys (*200 m deep between Feldkirch and Bludenz).
The combination of raised pore water pressure, slope
steepening, and loss of support promoted deep-seated
landslides on adjacent slopes (De Graaff et al. 1987),
such as that of Flims and Tamins, of which sedimento-
logical signatures were detected in Lake Constance (Sch-
neider et al. 2004).

In the following non-glaciated period, the major valleys
such as the Rhine and Ill valleys became filled with sedi-
ments which stabilized the adjacent slopes. Fluvial drainage
patterns, which were disturbed during the glacial period,
reestablished, while regrowth of vegetation as well as the
development of an extensive soil cover lowered the proba-
bility of large deep-seated landslide events.

Fig. 15.4 Climate diagram of two stations representing the general climatic conditions (1981–2010) of the area. The two stations, Feldkirch and
Vandans, are located close to the Walgau Valley (Data source: © ZAMG)
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15.4 Historic and Recent Landslide
Processes

Landslides are an important and dominant part of the natural
scenery of the Walgau region. The following sections
highlight examples of high-magnitude landslides (4.1), fre-
quently occurring smaller slope movements (4.2), and the
related multi-dimensional aspects (4.3) in this area.

15.4.1 Large Scale Landslides

In Vorarlberg many fossil, dormant and active large land-
slides have been recognized (Seijmonsbergen et al. 2005;
Ruff and Czurda 2008a, b). Some developed already before
the last glaciation, while others were active before or during
the Lateglacial period (Seijmonsbergen et al. 2014; Ruff and
Czurda 2008a, b). Active and relatively large landslides
occurred near the villages of Doren (active periods since
1935), Riefensberg in 1984 and 1988, Rindsberg (Sibrätsg-
fall) in 1999 and Ebnit (long-term activity) (AdaptAlp 2010;
Depenthal and Schmitt 2003; Jaritz and Marte 2013; Lin-
denmaier et al. 2008). In order to illustrate the variety of
relatively large and deep-seated landslides in the Walgau
area, we present four examples, which originate from dif-
ferent environmental conditions.

The first example portrays a deep-seated, dormant land-
slide located in the Flysch Zone around Frastanz (cf.
Fig. 15.1). Corresponding geomorphic features, such as the
large landslide deposits or the scar area, are still discernible
in the landscape and occur between 475 and 1100 m asl
(Figs. 6b and 7).

A comprehensive symbol-based geomorphic map
(Fig. 15.7) specifically depicts individual landforms and
their related sediments and processes within the wider sur-
roundings of this landslide and allows to interpret the rela-
tive timing and former conditions under which those slope
movement may have occurred (Seijmonsbergen 1992; Gus-
tavsson et al. 2006). This deep-seated landslide as well as the
surrounding area have been covered by a variety of Qua-
ternary deposits, which form a key location for recon-
structing the deglaciation history of Vorarlberg (De Graaff
et al. 2007). Four landslide bodies (B1–B4) have been
delineated, as have their corresponding scars. Field inspec-
tion of the landslide bodies revealed that they are partly
overlain by subglacial till and ice-marginal fluvial deposits.
The “dry valley” of Gampelün (code 1222) reflects a phase
of the deglaciation in the Walgau when the Ill Glacier
blocked the ice-free outlets of the Galina and Meng valleys.
Their rivers were forced to follow an ice-marginal course
along the Ill Glacier toward the northwest. Smaller Holocene
streams followed the side scars of the landslide and depos-
ited recent alluvial fans (code 2213) to the northwest of B1

Fig. 15.5 Relative importance of landscape forming processes (y-axis) as a function of location (x-axis) and time (dashed line, depth-axis) in
Vorarlberg and the adjacent German Alpine foreland (after De Graaff et al. 1987)
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and north of B4. The undisturbed terrain to the south of the
landslide shows a sequence of moraine ridges and
ice-marginal deposits (units 1221 and 1233), which were
deposited 16,000–17,000 years ago (De Graaff et al. 2007).
The terrace of Mariex in the north of the map is an
ice-marginal terrace, formed during the waning stages of the
Ill Glacier, which occupied the sediment free valley at that
time (Seijmonsbergen 1992).

The second example for large-scale landslides is located
northwest of the village of Satteins (cf. Fig. 15.1). The area
is underlain by resistant folded Helvetic Schratten Limestone
on top of non-resistant Drusberg marls. Large limestone
blocks are dislocated on top of the marls and are separated
by numerous tension fissures. Community archives provide
data for a medieval local rock slide event at “Spiegelstein,”
which was initially detached from the steep cliffs between
the years 1361 and 1371 at the onset of the Little Ice Age.
The lake “Schwarzer See” was subsequently dammed by
these landslide deposits. Recently, fallen blocks, freshly
exposed bedrock surfaces, and tilted trees indicate that this
landslide is still active. Geomorphic features like the scars,
geological lineaments, and the dammed lake are the legacy
of this major event (Fig. 15.8).

The third example for historic landslides of the region is a
large landslide, dominated by slide-type movements that
developed in the Gamp Valley (Fig. 15.9). The lower half of
the southern valley slope is a tectonic half-window that
exposes rocks of the Penninic Arosa Zone below the Aus-
troalpine “Hauptdolomite” and gypsum bearing Raibler
formations, separated by a tectonic thrust zone (Fig. 15.9b).
Along the upper fault, a major approximately 50 m high
landslide scar is exposed over a length of 2 km. Another
striking landform is a collapse doline (see legend of the
geomorphic map in Fig. 15.9a) which is 100 m in diameter
and 50 m deep, located at approximately 1900 m asl on the
water divide. This collapse doline is attributed to subsurface

dissolution of thick gypsum layers, which have been stacked
along tectonic thrust zones. Roof collapse resulted in a large
depression (Seijmonsbergen 1992). The interpreted subsur-
face conditions have been indicated in the geological cross
section in Fig. 15.9b.

Fourthly, near the village of Bürs, fissures up to 10 m
wide, 500 m long, and over 100 m deep have developed in
the Quaternary “Bürs” conglomerates near the mouth of the
Alvier River. The conglomerates are interpreted as relicts of
a cemented and raised alluvial fan which was deposited
against the Ill Glacier (De Graaff and Seijmonsbergen 1993).
Cementation of the conglomerate has been dated at
128 ± 10 ka by Ostermann et al. (2006). Locally, they are
overlain by Lateglacial ablation till of the Ill Glacier and
underlain by subglacial till (Ampferer 1908) and a palaeo
bedrock surface developed in Raibler Formation. The ten-
sion fissures developed along two sets of joints, which are
only observed on a 50 cm resolution 3D hill-shaded terrain
surface from which the tree cover has been filtered
(Fig. 15.10a).

15.4.2 Recent Shallow Landslides
at the Walserkamm

Several areas in Vorarlberg, including the slopes of the
Walserkamm, recently suffered from shallow slope move-
ments. Considering the observed damages and aftermaths
caused by these events, it appears that regions exhibiting
complex hydrogeological conditions and recent anthro-
pogenic transformations (e.g., land cover changes) were
especially affected by these shallow landslides (Ruff 2008a;
b; Haas et al. 2015; Schmaltz et al. 2016; Steger et al. 2020).

In general, the south-exposed slopes of Walserkamm
show a lower inclination, and presumably more deeply
weathered soils compared to their north-facing counterparts

Fig. 15.6 View from Walserkamm (cf. Fig. 15.1) in south (a) and
southwest (b) direction. The shown hillslopes are generally steeper and
appear more rugged than on the opposite valley side (displayed in

Fig. 15.2). The red polygon refers to the approximate position of the
geomorphic map shown in Fig. 15.7. Photos: E. Schmaltz
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Fig. 15.7 Excerpt of the geomorphic map (1:10,000) sheet Gurtis showing the area south of Frastanz, southern Walgau, after Seijmonsbergen
1992 (location cf. Fig. 15.1). Landslide deposits of deep-seated landslides are denoted with B1–B4
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in the valley Laternsertal (Schmaltz et al. 2016; Zieher et al.
2016). Shallow landslides are common on these slopes (cf.
examples in Fig. 15.11) and are mainly triggered by heavy
rainfall events and strongly influenced by specific hydroge-
ological and topographical conditions, water availability,
vegetation cover, and anthropogenic transformation as
described in more detail in the following paragraphs (Ruff
and Czurda 2008a; b; Schmaltz et al. 2017).

The hydrogeological conditions of the Walserkamm are
characterized by the presence of the Flysch. Particularly,
formations with a higher content of marl, like the Piesenkopf
Formation, appear to be prone to slope failure under satu-
rated or nearly saturated conditions (Seijmonsbergen 1992).
A high amount of infiltrated water, for instance during
snowmelt, leads to an increased water-influx into the bed-
rock material. This might cause a hydrological recharging
effect of the deep-seated hydrogeological system (Geologist
Walter Bauer, personal communication, October 14, 2015).
Thus, the typical spring combination of high saturation of
the underlying material combined with storm precipitation
effectively promotes shallow slope failures (Haas et al. 2015;
Zieher et al. 2016).

Comparing the distribution of vegetation with landslide
occurrence, we found evidence that under similar topo-
graphical and lithological conditions, forested slopes of the
Walserkamm appear to be less susceptible to shallow slope
movements than their non-forested counterparts (Schmaltz
et al. 2016, 2017). This was attributed to the rooting system,
which contributes to an increased soil reinforcement and a

decreased soil moisture (Sidle and Ochiai 2006; Meng et al.
2012). Additionally, trees are also known to promote evapo-
transpiration, while a considerable portion of rainfall is
intercepted by the forest canopy (Ghestem et al. 2011; Meng
et al. 2012). However, under certain conditions, trees might
also contribute to a decreased slope stability as their roots can
disturb the soil structure leading to higher infiltration capac-
ities, while the weight of trees may add to increased down-
slope forces on steep terrain (Crozier 1989; Rickli et al. 2002;
Sidle and Ochiai 2006; Marston 2010; Ghestem et al. 2011).
Currently, ongoing investigations are aimed at gaining deeper
insight into the linkage between vegetation cover and slope
stability at the Walserkamm (Steger et al. 2015). Field
observations by Markart et al. (2007) showed that simple
correlations between landslide occurrences and vegetation
types may not exist for the area due to a large variety of
cultivation practices prevalent within each vegetation type.

Many areas of the south-exposed slopes are used for
agriculture and therefore affected by anthropogenic trans-
formations. Drainage channels were constructed in many
areas to decrease soil moisture content and increase the
stability of slopes. However, human interventions might also
have a strong negative effect on slope stability. For instance,
during the 2005 event, numerous landslides were triggered
on or close to roads (Markart et al. 2007). Thus, we conclude
that landslide activity on the Walserkamm is strongly related
to an interplay of natural and anthropogenic factors.

Numerous shallow landslides during and after severe
rainfall events in May 1999 and August 2005 are related to

Fig. 15.8 Spiegelstein landslide and surroundings as visible on a hillshade presented in 3D (a) and with a plan view (b)
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hydrometeorological conditions in the weeks before the
respective landslide events. For instance, a large amount of
snow was registered for the winter of 1998/99 with a mean
temperature around the freezing point, leading to frequent
freeze–thaw events. This promoted steady water infiltration
and thus an increase of soil moisture content. Heavy rainfalls
in the snowmelt season around the 22nd of May caused
floods and triggered numerous shallow landslides (Haas

et al. 2015). In August 2005, heavy rainfalls (Zieher et al.
2016; Haas et al. 2015) triggered new landslides in the areas
of Montanast (Dünserberg, Fig. 15.1) and promoted reacti-
vation of old landslides near Düns (Fig. 15.12). These rainfall
events led to an oversaturation of the upper soil layers
inducing consistency changes and shallow slope movements
of the marl-rich material. In contrast to the event of 1999, the
deeper subsurface was not affected by saturation and remained

Fig. 15.9 Excerpt of a geomorphic map (a), geological cross section of the landslide area in the Gamp Valley (b), and corresponding photograph
(c) (after Seijmonsbergen 1992). Photo: A. C. Seijmonsbergen
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stable. Several landslides in this area are aligned along a
transition between a steeper upper part and a flatter slope
section (cf. potential lineament in Fig. 15.12). This spatial
distribution supports the assumption of a locally strong rela-
tionship between landslide occurrence and hydrogeologically
active lineaments. The drainage systems installed downslope
of this transition may contribute to a confinement of the areal
extent of these shallow movements. However, after the snowy
winter of 2005/06, several parts of this area became unstable
again and began to move (Geologist Walter Bauer, personal
communication, October 14, 2015).

15.4.3 Landslides Within a Multi-dimensional
Perspective

Landslides are a major agent within the landscape dynamics
and the past, current, and future landscape development of
the Walgau. But due to a number of reasons, great care is
necessary when analyzing the causes of slope failure.

Firstly, landslides occur frequently over time, but with
varying magnitudes and response times between trigger and
event. For example, while large-scale and deep-seated
landslides are prepared by long-term changes in

Fig. 15.10 3D-Bird’s eye view (a) with location of cross section
(b) indicated by a colored line. The cross section (b) of the lower Alvier
River gorge near Bludenz shows tensional fissures developed in the

Bürs conglomerates. Approximate height difference between the Alvier
River and the upper conglomerate level is 80 m (after de Graaf and
Seijmonsbergen 1993)

Fig. 15.11 Examples of typical
shallow translational landslides
on the Walserkamm. Landslide
deposit northeast of Düns (cf.
Fig. 15.12). Scars of shallow
landslides on the steeper upper
part of the hillside (b, c). Photos:
E. Schmaltz
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hydrogeological or climatic conditions, often related to
glaciations (as explained in Sect. 4.1), small and shallow
translational landslides respond quickly to intensive thun-
derstorm cells with high precipitation inputs as triggers (as
shown in Sect. 4.2) (Zieher et al. 2016). In this case, land-
slide initiation can be related to an evident input. However,
large landslides show long response times with possible
large lag times between the changes of predisposing and
triggering factors and the actual slope failure.

Secondly, one has to differentiate between first-time
movements and reactivations. Most small landslides can be
classified as first-time landslides which remove the available
landslide mass from the slope system. In many cases, the
material is delivered to the hydrological system where it is
further distributed through debris flows or as sediment load
in streams and rivers. In contrast to small landslides, large
failures show different dynamics. Indeed, these large
movements can occur instantaneously in the form of a
“Bergsturz” (e.g., from Spiegelstein, Vorarlberg) (Ober-
hauser 1984). But many of these large slope movements

creep with varying intensities for decades or even centuries
(Czurda et al. 1983; Völk 2001), while these movements
regularly do not involve the whole landslide mass, but only
reactivated parts.

Thirdly, landslides might be nested and accordingly react
to different landslide thresholds. On top of large-scale and
creeping landslides, small landslides might occur regularly.
It is obvious that these different landslides occur on a variety
of spatial scales and are determined by different preparatory
and triggering factors. However, they are all part of the
landscape dynamics.

15.5 Future Challenges

15.5.1 Climate and Environmental Changes

The impact of environmental and climate changes on land-
slides is not only a global phenomenon (Glade and Crozier
2010; Promper et al. 2014, 2015). These changes are also

Fig. 15.12 Multiple landslides on the lower slopes of the Walser-
kamm. A complex hydrogeological setting as well as an alternation
between marly sandstone flysch, limestones, and morainic sediments

appear to promote translational landslides in the shallow soil mantle
(after Schmaltz et al. 2016)
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recognizable in the regional conditions of Vorarlberg
(Kromp-Kolb et al. 2014) where a increase of heavy rainfall
events in the last 50 years was observed (Haas et al. 2015).
Generally, the amount of rainfall and the intensity increased
in winter, while summers became more and more dry
(Matulla et al. 2004), with direct effects on certain geo-
morphic processes, particularly during snowmelt in spring.
For example, the communities of Vorarlberg had to face
more frequent and intense rainfalls in the last years (e.g., in
1999 and 2005) with increased damage, especially to the
infrastructure (Haas et al. 2015). On the other hand,
Orthophotos, since the early 1950s, provide evidence of a
slowly rising timberline in parts of the region. This in turn
may decrease erosional processes and slope movements in
the upper parts of the Alpine area.

Strategies to cope with the anticipated hydroclimatic
changes are recently under development (Haas et al. 2015).
In the Eastern Alps, for instance, the establishment of pro-
tected areas and a reduced intensity of timber harvesting as
one option within forest management may become more
common (Slaymaker and Embleton-Hamann 2009) and lead
to increased slope stability.

15.5.2 Human Impact and Socio-Economic
Developments

Besides the already highlighted climate and environmental
changes, humans modify the landscape to a great extent. For
instance, the geomorphology of a populated area is regularly
reshaped for agricultural purposes or for designing better
building sites. Further direct interventions include the
building of transport corridors, water and sewage pipelines,
drainage systems, and reservoirs, the consequence of which
is a changed slope hydrology. Agricultural use not only
involves changes of the vegetation cover, but also the
application of fertilizers, which affects the geophysical
bonding of sediment particles (Glade 2003).

It is estimated that the population of the region Feldkirch
will increase by 16.2% within the period 2010–2050, which
will then increase the pressure on the environment through
suburbanization (Hanika 2010). All these scenarios are
expected to considerably intensify the exposure of humans
and their properties to hazardous phenomena, but especially
in the lower slope sections of the Walgau. Finally, we argue
that a multi-dimensional evaluation of past, current, expec-
ted future environmental, and socio-economic developments
is crucial for developing sustainable strategies to avoid
future damages.

One day field trip: Several landslides presented within this
chapter can be visited during a one day trip (for orientation
refer to Fig. 15.1). When traveling by car from Feldkirch, we

recommend visiting the landslide-dammed Schwarzer See near
Satteins (Fig. 15.8). Afterward, slow moving shallow land-
slides along the described hydrogeological lineament can be
seen northeast of Düns (Fig. 15.12). You can continue the trip
to the top of the Walserkamm (“Dünser Älpele”) for a
panorama view over the entire Walgau. Several deep-seated
landslides (e.g., Fig. 15.6b) can be seen from this position.
From here, we recommend a walk (c.10 min in northeast
direction) to the spectacular “Doppelgrat” (cf. Fig. 15.1) that
relates to a large deep-seated landslide and contains several
shallow and active slope movements.
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