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CS14.
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Country, Region:

Organisation:

Sector:

Land uses:

Main soil threat:

Key soil ecosystem 
services:

Summary:

Keywords:

Italy – Aosta Valley

University of Turin (UniTO-DISAFA) and Monterosa Ski

tourism

ski run, pasture

erosion, organic matter decline, compaction, nutrient 
depletion, loss of soil biodiversity

water retention (runoff control), habitat provision 
(biodiversity), nutrient cycling regulation, recreation

With an increase in construction of new ski slopes and 
infrastructure throughout the Alpine region, and the 
associated damage to the entire soil ecosystem, this 
project develops a set of soil management and restoration 
techniques to ensure positive development of plant 
communities and the mitigation of ecosystem damage. 
Findings described relevant short, mid and long term 
management options and expertise, so as to support 
stakeholders like other ski resorts, farmers, environmental 
agencies, etc. in future planning and management.

soil restoration, soil
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Background and description of the problem

Tourism in ski resorts brings many benefits to a mountainous region including 
economic diversification and the improvement of services and infrastructure. 
However, as with many human activities, the development of winter sport resorts 
can affect the mountain landscape and environment. The growing popularity of 
skiing – the Alps are home to 84% of the major ski areas in the World attracting 80% 
of total skiers – has increased the demand for wide and levelled ski runs that enable 
easy slope preparation with the option of using artificial snow and snow grooming. 
The grading of slopes using heavy-duty machinery on ski runs and construction of 
related infrastructure (ski lifts, roads, buildings etc.) can have a drastic and long-
term effect on the local and surrounding environment and affect many essential 
ecosystem services of the mountain soils. To create ski-runs, the natural landforms 
are often changed to level the surface, thus exposing deep soil horizons or even 
unweathered parent material. Thus, the original soil thickness can be reduced, often 
resulting in a “turbated” topsoil. As a result, the soils on ski-runs almost completely 
lack structure which subsequently causes problems in terms of soil compaction and 
reduction of water and air permeability. Erosion on ski-runs is thus enhanced. One 
control that is often used is artificial seeding. However, depletion of soil organic 
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matter, reduction in soil aggregate stability, and the nutrient imbalance can affect 
plant development. Therefore, the chosen soil restoration and management 
techniques are fundamental in order to influence the level and time needed for the 
successful recovery of the ski courses and the rehabilitation of damaged mountain 
soil ecosystems. 

Duration: 15 years (since 2005, before project start).

Expected improvements / contribution to better soil 
management 

The study aims at achieving better management of soil restoration techniques that 
are applied during and after the machine-grading of slopes for construction of ski 
runs. Comprehensive information about soil is fundamental in ski run management 
and planning, especially when construction on a ski area is carried out at high 
altitudes where the environment and natural setting are much more fragile. The 
presence of rare soils that are fundamental for unique plant species should influence 
the land use planning and the choice of the most appropriate ecological restoration 
and soil protection techniques in order to reduce the environmental impact of ski 
run construction. Due to harsh environmental conditions, the recovery of degraded 
soils and thus ecosystems at high altitudes is slow. That is why sustainable ski slope 
management requires exhaustive and often long-term monitoring of soil properties 
in order to better understand recovery processes and successfully implement soil 
prevention and landscape restoration techniques.

Stakeholders and knowledge transfer

The Monterosa Ski resort has been hosting the study site for more than 20 years. Its 
staff provided information about the ski run construction and management, logistic 
support and contributed to the discussions and evaluation of the main outcomes. 
A specific focus was devoted to the management of the topsoil during the ski run 
construction and the benefits of applying local seeds during restoration of sites. 
Target groups would include other ski resorts, regional environmental agencies, 
national authorities, research organisations, seed providing companies, farmers, 
NGOs. 

Research for a sustainable ski-run soil management; Valle d’Aosta, Italy
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Data and methods

The data on the soil management techniques applied in ski run construction 
were collected through reviewing the literature and by interviewing stakeholders. 
The effect of soil restoration techniques on ski runs of different ages have been 
investigated using a paired-site approach. In the ski runs and in control sites a 
specific field campaign was organised in order to collect new data on plant cover and 
species composition with related root characteristics (rooting depth, root area ratio, 
root length, root diameter and root biomass), as well as on physical and chemical 
properties of the soil (total organic carbon, total nitrogen, available phosphorus, 
available magnesium, potassium and calcium, particle size distribution, soil bulk 
density and soil aggregate stability). Visual estimation of soil erosion was also 
quantified to evaluate the potential for soil erosion resistance/stabilisation of the 
restored sites.  

Activities

The activities carried out in this case study were performed on four ski runs and 
paired sites under natural conditions along the ski runs in the Monterosa Ski resort, 
in the NW Italian Alps (Val d’Ayas, Aosta). The sites are located between 2,000 to 
2,600 m a.s.l. with an inner-alpine subcontinental climate. The undisturbed soils 
are classified as Regosols, Cambisols and Podzols, developed from morainic parent 
material composed of calcic schists mixed with mafic and ultramafic rocks. The 
natural vegetation mainly consists of acidophilus Alpine grasslands and dwarf shrub 
heath.

The case study observed machine-graded slopes where construction of ski runs 
was underway and assessed the effectiveness of appropriate soil restoration 
techniques in short (~8 y) and mid-term (25 y). The study was conducted from the 
start of construction and used soil and vegetation surveys. The field surveys were 
carried out with the logistic support provided by the operators of ski areas and were 
focused on soil sampling and plant collection for further laboratory processing.

Results 

In the mid-term, the soil restoration techniques applied on the ski runs (the removal 
and reuse of the topsoil, turf transplanting, and manuring after sowing) have led 
to a partial recovery of the soil properties. That allowed the establishment of a 
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sufficiently dense plant cover in the lower and mid elevation, although after 25 – 30 
years it did not reach the cover values (% of ground surface covered by vegetation) 
of the adjacent natural Alpine pasture at high altitude.

The results obtained in this case study contributed to the preparation of the 
Guidelines for sustainable soil management on ski runs (link), which can help land 
planners and ski area operators in selecting the best management procedures and 
techniques to minimise the impact of ski run construction on soil and ecosystem 
quality. The results obtained have been discussed with the ski resort staff operating 
in the ski area in order to understand their specific problems and needs. Additionally, 
the main outcomes have been presented in national and international conferences 
and published in peer-reviewed journals (see References and further reading). 

Transferability and applicability to best soil management 
practice

The best practices which result from the case study can be transferred to other ski 
areas in the Alps. The obtained results will provide a foundation for best practices 
and guidelines for soil restoration in similar environmental conditions.

Environmental and climate change impact

In Alpine countries where ski resorts are already widespread (e.g., Italy, Austria, 
France), construction of new ski runs is becoming a strategic investment. They 
predominantly target mountain sites at higher altitudes to secure their resorts 
occupancy by providing guaranteed snow reliability throughout the entire season 
due to lesser impact of climate change. Soils at high altitude are extremely fragile 
and vulnerable to degradation, therefore a particular attention should be paid 
during the ecosystem restoration. In parallel, there is a growing trend of ski slopes 
abandonment at lower and mid altitudes due to reduced snowfall caused by climate 
change. The recovery of soil and vegetation on previously machine graded slopes 
is difficult to predict even decades after abandonment. In some cases, due to 
poor recovery rates of vegetation and soil properties even after they have been 
abandoned for several decades, active restoration of disturbed sites is required.

Research for a sustainable ski-run soil management; Valle d’Aosta, Italy
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Photos / illustrations / maps

Figure 48:  Plots for the vegetation survey along the ski runs. Photos: Csilla Hudek
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Figure 49: Vegetation and soil surveys along the ski runs. From top to bottom: plot for the vegetation 
survey, a topsoil sampled along the ski runs. (Photos: Csilla Hudek).
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Figure 50: Soil organic C concentration (%) in the 4 ski runs. The mean altitudes are indicated 
in brackets (m a.s.l.). The different colours represent the organic C concentration  
(Corg %) in the topsoil in 2000 and 2017, in the latter case both in ski runs (2017 – green)  
and undisturbed/control sites (2017c – blue).

Figure 51:  Mean number of plant species on the four machine-graded ski runs in 2000 and 
2017; in the latter case both in ski runs (2017-green) and undisturbed/control sites (Control). 
Bars indicate standard deviations.
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Figure 52: Average root and shoot biomass of the four machine-graded ski runs and their 
corresponding undisturbed control sites (C_). Positive values (green colour): aboveground biomass; 
negative values (brown colour): belowground biomass.
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