
Glaciated upland areas may have only
limited agricultural potential, but
their scope for encouraging human
activities is considerable nonetheless.
This Geofile outlines how such
activities have evolved in inherently
hazardous environments, and
continue to both develop and alter as
glacial landscapes change. Examples
throughout draw particularly on the
Valais canton in southern Switzerland
(Figure 1).

Hydro-electric power
Hydro-electric power (HEP) has
significant potential in glaciated
landscapes, given the characteristic
upland combination of high
precipitation and potential dam sites.
For example, at Grand Dixence in the
predominantly resistant and
impermeable metamorphosed Pennine
Alps south of the Rhône, melt-water
from 12 glaciers is fed via tunnels to a
massive reservoir and dam for winter
electricity generation. However, HEP
reservoirs need not be restricted solely
to the provision of electricity. Europe’s
largest ‘earth’ dam at Stausse
Mattmark is a multi-purpose scheme.
At the head of the Saaser Vispa Valley
(see Box 1) – another Rhône tributary
in this region – the dam and reservoir
provide:

• pump storage HEP water for
growing tourist and domestic
electricity demands

• leat (basin) and sprinkler
irrigation water for government-
subsidised agriculture

• river flood control.

The Stausse Mattmark scheme
illuminates much about the
challenges of human activities in a
glaciated environment. Built over 40
years ago, at a significant human cost
of over 60 lives from ice falls, this dam
has been constructed from reworked
medial and lateral moraine rock
debris left by the retreating Allalin
Glacier. By avoiding a solid
reinforced-concrete structure, the
dam has been designed to re-adjust
and so shift its position in response to
earthquakes associated with
continuing tectonic folding of the
Swiss Alps as the African Plate pushes
north into the Eurasian.

Construction versus
conservation
Building aggregates are normally
expensive to blast, excavate and
crush; yet fluvioglacial deposits are
easy to quarry – and require minimal
grading! Just as the bulldozing of
eskers throughout Inverness-shire
has destroyed important glacial
evidence in Scotland, so, too the
outwash plain of Saas Fee’s
Spielboden Glacier has
systematically been stripped and
sorted for building materials over
recent years (Figure 2). Conservation
arguments for an outwash plain have
lost out to a debatably pressing
economic need in order to reduce
the dependence on lorry-transported
aggregates from lower altitude
Rhône Valley quarries. As a result,
the costs of constructing additional
cable cars, chair lifts, snow cannon
emplacements and hotels – in order
to expand the resort’s world-wide
reputation as a premier
snowboarding centre – have been
reduced.

Leisure, recreation and
tourism
Leisure, recreation and tourist
potential in glaciated upland areas are,
therefore, of most note. Just as the
beautiful glaciated scenery in two of
England and Wales’ most popular
National Parks – the Lake District
and Snowdonia – attract huge
numbers of visitors annually, so do
glacial and glaciated areas throughout
mainland Europe and North America.
Even Australasia and the Far East
have developed tourist industries
based on glaciated uplands’ twin
resources of spectacular scenery and
ample snow (Box 2). Summer walking,
climbing and bird watching can share
exactly the same facilities constructed
to support potentially more lucrative
winter sports seasons. But there are
both costs and benefits, inevitably, to
this development. Construction work
(see earlier) on buildings, ski lifts,
access roads, and so on not only scars
beautiful landscapes, but also upsets
delicate environmental balances in
already hazardous areas. Construction,
for example, increases runoff and
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Figure 1: Valais, Switzerland
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decreases soil stability – both
intensifying landslip, avalanche and
flood danger (see Alpine Hazards,
below). Perhaps inevitably,
conservation issues have to be
weighed against the undoubted
benefits of increased local
employment and wealth, and
demographic stability. Valais’ Saaser
Vispa Valley illustrates these issues
particularly effectively (Box 1).

Such conflicts and concerns are by no
means restricted to Switzerland’s
Valais canton. Remember, over 300
million people live within a 1000km
radius of the European Alps, and the
whole region faces similar threats.
Most notable issues relate to traffic,
natural hazards such as avalanches,

water pollution, and acid rain
threatening to kill one-third of current
forests within the next decade. Eight
protocols agreed in a treaty of seven
European nations known as the
Alpine Convention aim to address
these concerns (Box 3). 

Alpine hazards
Glaciated areas are vulnerable to
natural hazards, including:

• floods
• mass movements (mass wasting)

including rockfalls and mudslides
• avalanches.

Floods 
Floods can result from avalanches (see
later), very high rainfall, rapid spring

snowmelt and outbursts. Outbursts or
glacier floods are sudden, short-lived
and catastrophic. Caused by the
sudden release of meltwater, which
has accumulated on, within or against
an ice barrier, outbursts are
notoriously unpredictable.
Furthermore, global warming is
increasing the likelihood of such ice
barriers melting, breaching,
overflowing and lifting! 

In the past the danger of flooding was
avoided, simply, by building
settlements above the rivers.
Nowadays, however, the canalisation
of existing channels to both increase
capacity and improve their hydraulic
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From a settlement and agricultural
perspective, the Saaser Vispa Valley
can be viewed as of limited value.
Indeed, this glaciated landscape of
steep slopes and poor soils limit farm
production to only 18% of the total land
area. Furthermore, the valley’s
vulnerability to multiple natural hazards,
and isolation caused by inaccessibility,
suggest little to encourage settlement.
Yet isolation certainly has been, and
remains today, a positive characteristic
for such a location in a defence-
conscious land-locked country. Swiss
defence policy centres rightly on the
historically proven value of mountain
retreat. Similarly, agricultural potential
need not be viewed entirely negatively.
The Saaser Vispa Valley floor alluvial
soils are deep, rich in nutrients and, by
definition, well watered and sheltered.
Transhumance agricultural systems
have evolved from traditional
subsistence to commercial farming –
albeit heavily subsidised nowadays.
Furthermore, south-facing aspects offer
considerable potential for terraced
viticulture. Add to such a positive
perspective the important trading link
with Italy via the Monte Moro Pass, and
the original settlement of the valley can
be explained. However, negatives
inevitably dictated post-World War II
depopulation by the young of this and
adjacent valleys, and the resulting
ageing demographic structure. Tourism
has halted this decline.

Originally an elite activity for the 19th-
century wealthy, tourism is now central
to the Swiss economy. In the Saaser
Vispa and neighbouring valleys it is
crucial. Over one-third of all alpine
valleys’ employment is tourism-related!
Whilst 60% of all visitors to Switzerland
come in summer, winter snow sports
epitomise both the potential and growth
of mass-market tourism over recent
decades. The development of

supporting infrastructure has been as
prolific as it has been dramatic –
everything from hotels, mountain
restaurants and ski lifts, with rail and
road links improving accessibility and
reducing journey times. But tourism in
such areas has had negative
consequences to offset the economic
advantages:

• Social changes have resulted from
the enhanced access to the rest of
the world – not least the breakdown
of traditional ways of life formerly
focussed on family values, church
ethics and agricultural toil.

• Consumerism dominates the so-
called ‘economics of envy’ as locals
inflate tourist prices, and petty crime
increases.

• Transhumance agriculture is
threatened by reduced meadows as
demands for tourist accommodation
increase, and ski pistes degrade
alpine pastures. Tourist jobs also
offer higher wages for fewer hours.

• Noise and air pollution threaten the
very peace and clean air that visitors
come to enjoy. Saas Fee is a traffic-
free resort in response.

• Water demands from hotels,
improved irrigation systems and
snow cannon threaten to exceed
supply.

• Footpath and ski piste erosion look
unsightly and increase slope
instability. 

• Flora and fauna are reduced as
deforestation and building decrease
habitats. For example, alpine plants
such as edelweiss are threatened,
chamois deer are rare, and wolves
and bears now effectively extinct.

Box 1: The Saaser Vispa Valley, Valais, Switzerland

The oldest known ski – over 4,500
years old – was found in Sweden.
However, it was not until recently that
skiing developed into a recognised
sporting discipline. The first organised
ski events took place in Scandinavia
in the early 1800s, but another 100
years elapsed before it became more
commonplace in the rest of Europe.

It was during the 1930s that alpine
skiing became a popular European
pastime – due to the invention of ski
lifts, eliminating the labour of climbing
a mountain. Post World War II stability
then allowed the rapid growth of ski
centres throughout the alpine regions
of Switzerland, Austria, Italy and
France. 

Mass consumerism of skiing has
more recently promoted the growth of
associated sports, including snow
boarding, of which Saas Fee is noted
as an elite centre. Yet whilst this
association between the ski industry
and the Alps is a recent
phenomenon, the geographical
impact is set to be one of a long-
lasting partnership.

Box 2: The growth of the Alpine ski
industry 

Eight protocols contained clauses
covering key issues such as: 

• the fixing of common limits to
tourism 

• the creation of an information
network on the environment

• the control of ‘anarchic’
construction

• the delimitation of unspoiled zones
• the reduction of atmospheric

pollution
• the encouragement of rail

transport
• the preservation of water reserves
• the restoration of forests.

Box 3: The Alpine Convention (1991)
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efficiency is necessary. Furthermore,
the construction of particularly high-
capacity relief channels (to cope with
dam reservoir overflows) can reduce
the risk further.

Mass movements
Rockfalls, mud and soil slides are
particularly good examples of mass
movements or mass wasting.
Glaciated landscapes are especially
vulnerable to such events because
glacial action oversteepens valley
slopes. This makes them unstable and
prone to sudden collapse –
particularly following heavy rain or
earthquakes. Both the Randa rockfall
of 1991 and the Gondo mudslide of
2000 illustrate how human activities
affect such catastrophic mass
movements (Box 4).

Avalanches
Avalanches are uncontrolled rapid
movements of snow, ice and other
debris en masse down-slope. They are
the most rapidly moving type of mass
movements and occur in high
mountain areas with heavy snowfall
and open, steep slopes. Although
‘natural’ hazards, they are
compounded by deforestation
associated with both ski piste
development, acid rain, and even salt
running off roads. 

Ground avalanches of wet snow, ice
slabs, rock debris, soil and vegetation
moving rapidly over the ground
normally push a powder avalanche of
dry snow ahead of them. Their
destructiveness often depends upon
whether or not they fall freely from
open slopes or get confined to certain
‘tracks’ within inhabited valleys. 

Avalanche disasters of varying
magnitude have been recorded in
most upland areas of the world,
resulting in injury and death, loss of
property and forest, blocked roads
and railway lines, and flooding by
avalanche dammed rivers. Whilst
research is improving the
predictability of these dramatic mass
movements they still remain a
particular hazard for ski resorts where
nature’s best protection, coniferous
trees, have been cleared to create
pistes. Most avalanches are associated
with the ‘avalanche season’ – from
January to March in the Swiss Alps.
They normally occur on steep slopes
following further addition to the
snow’s weight by either heavy
snowfall or spring rainfall. Sudden
rises in temperature – melting and

Figure 2: Saas Fee with Spieboden Glacier’s terminal moraine in background

The Gondo mudslide, October 2000

On Saturday morning, October 14,
2000, during what reporters described
as ‘the flood of the century’, the tiny
village of Gondo near the Italian border
was hewn in two by a 40m-wide
landslide of debris, rocks and mud. 

Gondo, in the Valais canton of
Switzerland, lay within the centre of a
triangle of destruction caused by three
days of persistent, unrelenting rain that
left the Rhône drainage basin
saturated.

The immediate effects of the disaster
were devastating. The mudslide left
more than 10 dead and dozens more
injured. Buildings were swept away,
and 1,500 people were evacuated by
helicopter as 100 troops and around
7,000 fire service workers became
involved in the full-scale rescue
operation. 

Lines of communication across the
canton and in northern Italy were
severely impaired as roads, cables and
power lines were swept away.

In an area closely associated with the
threat of natural hazards, the words of
warning given by the Swiss President
Adolf Ogi, immediately following the
disaster, should serve as a timely
reminder of the dangers of living in an
unstable environment, ‘Once again, we
must recognise how powerful the
forces of nature can be,’ he said. 

The Randa rockfall, March 1991 (Fig 3)

A particularly unwelcome early morning
alarm call awoke the residents of the
hamlet of Randa, in the Matter Vispa
Valley. 16 million cubic metres of rock had
fallen dramatically from the mountainsides
above, levelling the railway and road and
blocking the Matter Vispa river. In an area
not unused to natural hazards, the scale of
the rockfall remains striking even today.
Mercifully, the early timing of the fall
spared any casualties or fatalities,
although the human impact was
nevertheless dramatic. Communications
to the head of the valley and the tourist
resort of Zermatt were cut off, and the river
soon began to flood behind the rockfall.
The immediate consequences, however,
were short-lived. Swiss army conscripts
were mobilised and reopening access to
Zermatt given first priority. Within four
days, the road to Zermatt had been
diverted around the fall, and within six
weeks the railway line reopened. The river
was rediverted, whilst pontoon bridges
allowed safe passage for vehicular traffic
upstream. Yet, in the longer term, perhaps
more questions are raised than answers.
The specific cause of the landslide is
unknown; there are a number of possible
explanations. The alpine range of fold
mountains remain tectonically active (see
earlier), and an upfold of movement could
have been a contributory factor. The
geology of the area too has come under
close inspection, as weathered soft clay
regolith, or lines of cleavage, may have
proven weaknesses that the weight of the
rocks above exploited. More significantly,
permafrost that cemented the rocks
together, may have melted, possibly a
result of global warming. The scale of the
Randa rockfall was unique, but the pre-
requisite conditions for a repeat
occurrence are present throughout the
Swiss Alps. 
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lubricating previously bonded ice and
snow – are cited frequently as causes.
Regardless, however, of the
conditions, vibration is needed to
start the event. Other mass
movements such as rock falls, falling
trees, even passing vehicles, skiers and
snow-boarders are all that is needed to
trigger a small flow that can build
rapidly to a major avalanche.

Although complete prevention of
avalanches is effectively impossible,
protection from the worst effects can
be achieved by stabilising the snow.
This is by far the most effective
protection. For example:

• reafforestation can nearly halve
avalanche damage.

• shelters known as ‘avalanche
sheds’ have been built over roads

• villages can be protected by
upslope snow bridges and rakes

• small explosions can be detonated
to trigger controlled falls.

Finally, careful monitoring of snow
accumulation by specialist
organisations such as the Avalanche
Research Centre at Davos in
Switzerland aids both prediction of
where (if not when) avalanches are
most likely to occur, and contingency
planning for evacuation and rescue
procedures in vulnerable areas.

Glossary
Hydraulic efficiency – a river’s
capacity to allow the flow of water.
Hydraulic efficiency is influenced by
channel gradient (gravity), size and
smoothness of cross profile. 

Mountain retreat – a military
defensive tactic that relies on retreat
from the valley floors to the
mountain-sides. From these sheltered
and inaccessible locations a guerrilla
war can be fought, using ‘hit-and-run’
tactics to surprise the enemy.

Outwash plain – a pro-glacial
landform beyond the snout of the
glacier that has resulted from the

deposition of sands and gravel by
melt-water. Coarser gravels tend to be
deposited nearest to the ice margin
and the finer sands further away.

Pump storage – a method of HEP
generation, where cheap, off-peak
electricity is used to pump water from
a lower to an upper reservoir where it
is stored until needed for electricity
generation. 

Transhumance agricultural systems
– a type of pastoral farming system
that involves livestock being moved
to a different region at the turn of
each new season. Commonly, cattle
are moved from high altitude grazing
pastures in summer to lower level stall
feeding in the winter.

Viticulture – the intensive farming of
vineyards, usually on terraced slopes.
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1.  The Swiss Alps are described as an inherently hazardous environment. What
do you understand by this term? Use examples of natural hazards to illustrate
your answer. 

2.  Complete the table below to summarise the impacts of the human
population on the local Alpine environment. 

3.  (a) What do you consider to be the single, most important natural hazard
in the Swiss Alps? Give reasons for your answer.
(b) For the natural hazard that you have named, present a 10-year
management plan. Your plan should include preventive and protective
strategies, and where appropriate, methods of prediction. Relate your
management plan to a named area of the Swiss Alps. 

F o c u s Q u e s t i o n s

Figure 3: The Randa rockfall, Matter Vispa Valley
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Human Impact Positive Effects Negative Effects

Hydro-electric power    

Development of summer tourism    

Development of winter tourism    

Changing farming practices    


