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Abstract

Tourism has many potential benefits for rural areas, being an important source
of jobs for nonmetro communities, especially for those that are economically
underdeveloped. The traditional use of lands in mountain regions is combined
nowadays with surfaces devoted to recreational activities because of increasing tourist
demand for winter sports. Winter-based ski tourism is a major human use of many
mountain regions, with large-scale ski resorts in Europe, Asia, North and South
America, New Zealand and Australia. The Alps have become increasingly developed to
cater to tourist activities beginning in the ‘50s. This was partly an outcome of
traditional practices (livestock, agriculture, forestry), which were unable to generate
enough income to maintain farms and the social structure. As with many human
activities, the development of winter sport resorts may impact mountain landscapes and
environments. In general, ski run construction and management have a great impact on
the soil properties and other environmental factors, sometimes influencing traditional
rural activities such as the management of pasture lands. Therefore, it could be
recommended that environmental goals in ski resort management should be established
and respected. In particular, we recommend carefully recording the vegetation and soil
characteristics in a specific area before any intensification of use as ski slope, and
complete avoidance of areas with soil and vegetation of particularly high conservation
value.
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1. Introduction

As many human activities, the development of winter sport
resorts caused a strong impact on the mountain landscapes and
environments. The traditional use of lands in mountain regions, in fact, is
combined nowadays with surfaces devoted to recreational activities
because of increasing tourist demand for winter sports. Construction and
persistence of ski runs and lifts have a particular impact on high-altitude
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ecosystems and soil resilience because their building induces many
environment transformations such as: tree-clearing, removal of the soil
and vegetation cover, surface corrections, road construction and artificial
snowing. All these operations may induce geomorphologic hazards,
increase of flow and sediment loads (David et al. [8]), soil erosion and
interference with flora and fauna that lead to loss, deterioration and
fragmentation of the ecosystems and consequent modifications in animal
behaviour (Geneletti [15] ; Geneletti and Dawa [16]; Negro et al. [31];
Arrowsmith and Inbakaran [2]). In spite of these threats, ski resorts are
widespread all around the World where latitude and/or altitude are
suitable. In this paper, we report of the modifications occurred on the
pasture lands and soils because of the construction, presence and
managing of ski resorts and runs.

2. Effects of ski resort construction on ecosystem compartments

The construction of ski resorts and slopes may interfere at various
extent with many ecosystems components. At each place, prevailing site
conditions in terms of geology, geomorphology, climate, soil, vegetation,
flora and fauna determine the degree and type of interference.

2.1. Effects on flora and fauna

In the European Alps, ski runs are constructed mainly on pastures
and heaths (Figure 1), and this has led to ecological damages such as
reduction in the number of species of some vegetal population (Bayfield
[4]; Stern [44]; Watson [53]; Haimayer [21]). Other studies have
documented changes in plant biomass, and plant species composition and
colonisation due to ski run construction (Titus and Tsuyuzaki [46]; Ruth-
Balaganskaya and Myllynen-Malinen [40]).
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Fure 1. Ski run construction on a pasture land
(Photo, courtesy Monterosa Ski Resort)

In other cases, it has been assessed that the creation of ski runs
have often induced forest loss and/or fragmentation and upper soil layers
removal (Malinen [28]; Tsuyuzaki [47], [48]; Titus and Tsuyuzaki [45]),
with consequent severe impacts on plant and animal communities. The
vegetation dynamics and the success of re-vegetation decline with
altitude (Urbanska [50]), also because of the deterioration of the soil
physico-chemical properties (Gros et al. [18]).

In the alpine environment, also because of the harsh climate
conditions and steep slopes, former run construction and earth moving
needed for topographic adjustment led to site degradation, vegetation
removal and soil erosion. In these areas, recurrent rainfalls caused seed
runoff, which is one of the main factors hindering vegetation recovery.
According to Urbanska [49], Titus and Tsuyuzaki [46] and Ruth-
Balaganskaya and Myllynen-Malinen [40], ski run construction is able to
induce different soil nutrient status and change plant species composition
and colonization.

In fact, to prevent erosion and improve the quality of the
landscape, ski runs are often re-vegetated with non native grass species
as they are less expensive than native plants and have the ability to
quickly establish a sufficient vegetation cover.

Thus, the vegetation composition and colonization is also affected
by fertilization and artificial snow (Kammer [23]) and complicated by the
use of salts in the snow that can result in environmental impacts that are
still not recognized (Rixen et al. [36]).

The construction of ski resorts and slopes and the consequent
environmental changes can influence animals ecology and behaviour
because of the disappearance of one or more of the factors necessary for
their survival.

The most affected animals are those feudatory to soil, in
particular small mammals, some bird and mesofauna (arthropods). For
example, Menoni and Magnani [30] and Zeitler and Glanzer [55]
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observed that the expansion of ski resorts caused damages to local
population of black grouse (Tetrao tetrix), which also suffer mortality
induced from collision with cable wires (OGM [33]).

Laiolo and Rolando [27] described negative edge effect on bird
species richness and diversity in forests crossed by ski runs, while Amo
et al. [1] reported that ski run construction increases the predation risk for
lizards, and consequently affects their body condition, because of the
elimination of rocks and bushes which favour lizards aggregation (Martin
and Salvador [29]). Some authors (Hadley and Wilson [19]; Sanecki et
al. [42]) investigated short-term effects of ski runs on the dynamics of
small mammal populations in a ski area located in Colorado (USA) and
in Kosciuszko National Park (Australia).

Ski resorts and associated infrastructure have the potential power
to adversely affect small mammals (Antechinus swainsonii and Rattus
fuscipes) that over-winter in the sub-nivean space (Sanecki et al. [42]).

These winter-active small mammals are dependent on the
formation of a sub-nivean space, which occurs under Australian snow
conditions only if structural features such as vegetation, boulders and
microtopography are present. Negro et al. [31] pointed out the severe
impacts of the ski runs in north-western Italian Alps, with negative
effects on small mammals and ground animal communities such as
spiders and carabids.

2.2. Effects on soil

The soil provides resources such as nutrients and oxygen for the
development and growth of vegetation, and is a habitat for organisms,
which are important elements in the pedogenesis. Human impact in
mountain ecosystems may produce soil quality shifting whose direction
and degree of changing depend on climate, soil conditions, and land use.

Because of the multi-factorial nature of the ecosystem, human
pressure on mountain environments has modified the land use toward
productive systems that resulted in unknown ecological -effects.
Ecological sustainability of land use requires that soil functions such as
biogeochemical cycling, portioning of water, storage and release of
nutrients, buffering and energy partitioning be maintained (Sanchez-
Maranon et al. [41]).

Mountain soils can be affected by ski slope construction with
rocks removal, machine-grading and levelling of the surface.

These operations are carried out mainly during summer months,
sometimes by the same operators which are responsible of ski runs
management (e.g. snow grooming) during the winter season. Also the
snow management during the ski season may strongly influence the soil
characteristics of the ski slopes, by snow density changes due to
grooming and use of artificial snow. The construction and maintenance
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of ski runs involves the use of heavy earth-moving machinery to level
slopes, provide drainage and create retaining walls that may have strong
impacts on the soil.

Impacts may be several and able to strongly affect different soil
properties.

2.2.1. Soil structure and texture

Because of the construction of ski runs, the original soil thickness
can be reduced, with the loss of the previous soil stratification and
resulting in a disordered topsoil. After reduction of soil thickness, the
natural watershed may be destroyed and wet zones may begin to occur at
the foot of the slope. Then, also soil erosion may become a serious threat
as top-soil, rich in gravel, is covered with sparse vegetation.

Descroix and Mathys [10] evaluated the influence of mountain
management on alpine erosion, finding that gully erosion and solifluction
were sometimes provoked by the development of ski resorts in the
Northern Alps (Eglise and Ravoire Torrents downstream of Les Arcs
resort, in the upper Isére valley, Savoie as well as in the Southern Alps,
for example in Vars).

Slopes that have been disturbed through roadway, ski runs or
other constructions often produce more sediments than less disturbed
sites, with the loss of nutrient-containing topsoil essential for plant
growth (Grismer and Hogan [17]).

The extremely scarce development of the ski slopes soils involves
an almost complete lack of structure with subsequent problems of soil
compaction and reduction of water and air permeability (Tsuyuzaki [48]).
A consequent control of the incipient soil erosion on ski runs was
pursued through artificial seeding (Siniscalco et al. [43]; Urbanska et al.
[51]) (Figure 2).

Soil aggregation is important because it affects infiltration
capacity, hydraulic conductivity, water retention capacity, gas exchange,
decomposition of organic material and resistance to erosion (Delgado et
al. [9]). Barni et al. [3] found a significant decrease of water aggregate
stability in sky runs constructed above timberline and hydro-seeded at
different times (4-12 years).

In the same work the soil aggregate breakdown was inversely
correlated with the organic matter content. Soil aggregates of the upper
soil layer contain fine material, organic substances and soil organisms
and they are well known for their high water holding capacity. The
destruction of aggregates decreases the soil water retention and therefore
the plant-available water, and it encourages a rapid drainage to the
underground (Freppaz et al. [11]). As water availability is one of the
most important factors for plant growth, and soil hydrological functions
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(e.g. soil ability to hold certain amount of water to a certain depth) are
controlled by soil aggregation, this latter is among the first factors to take
into consideration for successful re-vegetation process of a levelled ski
slope (Pintar et al. [34]).

Figure 2. Artificial seeding at the end of a ski run construction
(Photo, courtesy Monterosa Ski Resort)

Disturbances due to ski run construction also resulted in great
changes in particle size distribution and amount of carbon, so influencing
aggregate stability and porosity. The soils of ski runs were characterised
by the abundance of rock fragments; in fact, the increase rock fragments
and sand particles resulted from the mechanical crushing of stones during
the ski runs establishment (Gros et al. [18]).

In natural soils of the Sierra Nevada, a significant decrease in clay
and organic C content with increasing altitude was found. This tendency
was not found in the ski run soils where the influence of management
seemed greater than that of the environmental factors (Delgado et al. [9]).
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2.2.2. Soil content of nutrients

The soil of the ski runs is subjected to more intense freezing,
higher CO, content, and changes in pH and nitrogen fixation. Kangas et
al. [24] found that both pH and conductivity were significantly higher in
ski-runs than in the forests. Similarly, concentrations of K, Mg, Ca were
significantly higher on the ski-runs soil than in the forest soil, while the
concentration of P tended to be higher on the ski runs than in the forests.

In soil of ski-runs, Delgado et al. [9] found an electrical
conductivity value and a calcium carbonate equivalent equal to 0.65 dS
m™ and 8.2%, respectively. These values are not normal for soils on
felsic rocks under a mean annual precipitation between 970 and 1270
mm, and the apparent discrepancy was found to be due to the application
of dolomite, additives for artificial snow production, salts to harden the
snow in race runs and fertilizers for grass growth.

An unexpected finding was the relatively high exchangeable
sodium percentage (ESP) measured in the soil of ski-runs, although these
soils did not display serious sodicity problems. The ESP values ranged
between 5.5 and 8.0%, even in soils not managed directly, implying a
diffuse contamination with Na caused by the treatment of runs with Na-
containing products and by salting of roads.

Downhill movement of the soil solution, continuous reworking of
the runs, and wind would have contributed to the contamination. The
same authors also noted the lack of correlation between organic carbon
content and other properties of the run soils.

When the data of the undisturbed site were excluded, cation
exchange capacity, water retention at 33 and 1500 kPa, total N and
exchangeable K were positively correlated with the clay content, but not
with organic C.

Thus, it seemed that the effect of organic material on water
retention and ion adsorption had been reduced by ski runs preparation. In
that case, the soils of the ski runs showed a low organic matter content,
but the degree of humification of the soil organic matter, as indicated by
the C:N and humic: fulvic ratios, was similar to that of the natural soils
because of the climatic and pedogenic factors, similar in both natural and
disturbed soils.
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2.2.3. Soil as habitat for microorganisms

Gros et al. [18] observed that ski runs are degraded ecosystems
which need to restore relationships between soil physico-chemical
properties, plant colonization and soil microbial activity. In fact, along a
chronosequence of restored alpine grasslands they observed that
recurrent changes in microbial habitats, such as aggregate-size habitats
and rhizosphere soil, and heterogeneous resource input, had initiate shifts
in the structure of the microbial community.

In this case study, microbial communities resulted very unstable
during the early stage of ski run operation (<13 years) and ski run
construction and rehabilitation processes induced wide and long lasting
changes of soil microbial life.

As ski run construction promotes aggregate breakdown, it may
induce the release and subsequent degradation of previously protected
organic matter. Potential N, fixation slightly increased during the first
year of restoration, to strongly increased in the successive stages. Soil
respiration in these runs was also low, indicating that 13-14 years is a too
short time for the stabilization of biological activity in these soils.

3. Effect of snowpack management on soil

During the ski season, snow-management vehicles and skiers
compact the snow, alter the depth and density of the snowpack, increase
thermal conductivity and duration of the snow and decrease gas exchange
between the snow surface and the base. Vegetation and soil are likely to
be degraded by these processes (Wood [54]; Rixen et al. [36]).

In Scotland, Bayfield [5] reported little subsequent disturbance of
the seeded ground as winter damage by skiing was largely prevented by
the cushioning effect of snow, while in summer most damage from
walkers was minimized by canalizing use along gravel-surfaced vehicle
trails and footpaths.

In particular, the mechanical impact on the soil surface by skiers
and snow-grooming vehicles is likely higher on runs with natural snow
than with artificial snow (Rixen et al. [36]; Rixen et al. [38]). However,
the groomed snow on ski slopes has a reduced insulation capacity and the
ground may freeze, with subsequent effects on soil nutrient dynamics and
plant development.
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On ski runs, Newesely [32] found indications that the increased
thermal conductivity of compacted snow can cause severe frost in the
soil.

Rixen et al. [39], in a snow density manipulation study, found that
a denser and thinner snow cover led to reduced soil insulation and lower
soil temperatures, which consequently increased net N mineralization.
On ski runs, Newesely [32] found indications that the increased thermal
conductivity of compacted snow can cause severe frost in the soil. A
denser snow cover furthermore resulted in a delay in plant phenology of
up to five weeks after melt-out.

With the ongoing intensification of ski resorts, the use of artificial
snow will become more prevalent (Freppaz et al. [13]) and the vegetation
will change over an increasing area. The use of artificial snow has a
considerable effect.

On runs with natural snow, the thin and compacted snow cover
led to severe and long lasting seasonal soil frost. Winter soil temperature
regime can directly affect soil nutrient status (Freppaz et al. [12], b;
Freppaz et al. [14]). Microbes can be active below 0°C (Brooks et al. [6])
and thus have an impact on the N cycling in the soil (Brooks and
Williams [7]) and the N availability for plants even during the winter.

Hence, preventing frost in soils that are usually not exposed to
temperatures much below freezing can be considered as beneficial.
Interestingly, the ground temperatures on runs with naturals snow
showed parallel characteristics to those from permafrost sites (Haeberli
[20D).

The ground cooling in the ski runs may, in the long run, change
the runs into slopes of coarse debris (Haeberli [20]), with considerably
increased erosion problems. If permafrost is induced on a ski run,
feedback mechanisms like increased lateral runoff can further enhance
erosion. However, it has still to be proved that permafrost can be
introduced by ski run preparation (Rixen et al. [37]).

On runs with artificial snow, soil frost occurred less frequently
because of increased insulation due to the greater snow depth. However,
due to the greater snow mass, the beginning of the snow-free season was
delayed by more than 2 weeks (Rixen et al. [37]; Keller et al. [25]).

The late melting of the artificial snow can additionally increase
the erosion risk in the warm season.

The impact on soil from the addition of water, ions, bacteria and
salts through artificial snow production is unclear (Rixen et al. [36]). In
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soils down to a depth of 15 cm, Kammer and Hegg [22] recorded
significantly higher pH-values on snowed runs compared to control plots.

They attributed the differences to the high pH of the river water
that was used for snow production. Salts are used for ski run preparation,
especially on race runs, to improve the snow quality for skiing purposes,
for example, if snow is too cold, too sticky or hard ice (USSA [52];
Raguso [35]).

Comparable to salts used on roads, the chemicals used on ski runs
melt the uppermost layer of the snowpack and thus change the snow
quality (Kobayashi et al. [26]).

4. Conclusions

Ski recreation represents an intensive form of land use that has
considerable impacts on mountain ecosystems. In general, ski run
construction and management have a greater influence on the soil
properties than other environmental factors.

With the ongoing intensification of ski resorts, the use of artificial
snow will become more prevalent and the vegetation will change over an
increasing area. Moreover, impacts of artificial snowing are cumulative
and will become even more pronounced in the long term.

In summary, mountain regions with a high proportion of areas
with extensive outdoor recreation activities, like the European Alps, are
facing continuous change of their traditional unique environment and
vegetation.

Therefore, it could be recommended that environmental goals in
ski resort management should be established and respected. In particular,
we recommend carefully recording the vegetation and soil characteristics
in a specific area before any intensification of use as ski run, and
complete avoidance of areas with vegetation of particularly high
conservation value.
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