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Preface

An old Slovenian proverb says - all people know it all. This proverb is, in fact, the
expression of the contribution of sharing experiences and knowledge for improving 
collective knowledge and practice. Such an approach was also followed by the idea
for the “Best Practice Examples of Implementing Ecosystem-Based Natural Hazard Risk 
Management in the GreenRisk4ALPs Pilot Action Regions”, which is one of the deliver-
ables of the GreenRisk4ALPs project (hereinafter GR4A).

The GR4A project, funded by the Interreg Alpine Space program, was established 
to develop models, tools, and guidelines that can serve as a basis for developing 
decision support tools in support of risk-based protection forest management in the
Alpine Space. They have been set up using scientific/practical knowledge, tested, 
improved, and operationally applied in the six Pilot Action Regions of the project
(hereinafter PAR). These regions lie in different parts of the Alps, and each has its
own characteristics. They differ in geographical, ecological, climatic, forestry, and 
social conditions, and in this way, they represent ideal first sample situations for
testing the project products.

However, as we wanted to expand our knowledge of individual PARs, we followed
the idea of presenting an example of best practice for each PAR related to ecosys-
tem-based risk management implementation, which could be of interest for other
regions in the Alpine space. The monograph is primarily intended for forestry
experts, decision-makers at all levels of decision-making, and other professional
public. However, we are convinced that scientists will also find interesting ideas
and knowledge in it. An example of one best practice for each individual PAR is
presented in the book as a separate chapter. All six chapters are combined into a
monograph, which forms a complete whole. The beginning of each chapter starts
with the description of the PAR, the main geographical, ecological, and social
characteristics of the area covered by the PAR, and the most common natural
hazards. As the project mainly deals with forests and their protective role, infor-
mation on forest and forestry in the PAR are included in the text, especially in the
light of protection against natural hazards. Each chapter ends with describing the
example of best practice in the PAR. Best practices examples covering different
areas: large-scale rockfalls modelling, environmentally-friendly construction in an
area of protective forest, the mountain forest initiative program, glaciers' open-air
laboratory, forest types determination, and ski tour steering concept. The idea
for the monograph was given by the, unfortunately, already passed away leader
of the GreenRisk4ALPs project, Dr. Karl Kleemayr, who, as a co-editor, also took
an active part in its preparation. Let this book be a small contribution in memory
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Chapter 1

Baronnies Provençales Regional 
Nature Park Pilot Action Region: 
The Benefit of Large-Scale 
Rockfall Modelling for Developing 
Efficient Forest-Based Integrative 
Management of an Alpine 
Territory
Frédéric Berger, Benjamin Einhorn, Jessica Jarjaye, David Toe, 
Jean-Baptiste Barré and Sylvain Dupire

Abstract

The choice of a natural risk prevention strategy must be considered at the scale 
of a territory in order to take into account all its components. Since 2015, France has 
developed integrated natural risk management (INRM) approaches in Alpine terri-
tories. The challenge of INRM lies in the definition and implementation of innova-
tive projects for initiating synergies with respect to natural risks while seeking to 
increase resilience through the new and different involvement of the territorial 
actors. The Baronnies Provençales Regional Nature Park is one of the pilot territo-
ries for the operational implementation of this approach, with a particular focus on 
forest-based solutions. For this reason it has been chosen as the French Pilot Action 
Region (PAR) of the Interreg Alpine Space project GreenRisk4Alps. In this article 
we present an example of good practice related to the benefit of large-scale rockfall 
risk modeling, the analysis of potential cascading effects and the added value of a 
territorial perspective.

Keywords: protective forest, protective function, risk plan prevention, mapping, 
modeling, rockfalls, forest fire, integrated natural risk management

1. Introduction

Natural risks in mountains combine multiple hazards and specific vulner-
abilities, including a high dependence of socio-economic activities on transport 
networks (risk of isolation). These risks, which are already omnipresent, also tend 
to increase under the combined effect of human activities and the rapid changes in 
the mountain environment brought about by climate change.
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The nature and diversity of the phenomena (rapid kinetics, strong impacts, 
unpredictability, accumulation of hazards, domino effects), but also of the vulner-
abilities (material, organizational) and impact scenarios, lead to particular difficul-
ties in terms of detection, monitoring, anticipation, evaluation and prioritization of 
risk situations associated with strong uncertainties.

These challenges make it difficult to take decisions concerning the choice, sizing 
or prioritization of interventions. These decisions must also establish a compromise 
between the socio-economic elements to be protected and the generally limited 
resources of mountain communities. Risk prevention in these territories therefore 
requires specific management methods that respond to these geographical particu-
larities through approaches that are both global (multi-risk) and adapted to the 
local context.

For increasing the competence of the Alpine territories in terms of risk manage-
ment and adaptation to climate change, it is not only necessary to mobilize a wide 
range of interdisciplinary scientific and technical skills, but also specific resources 
dedicated to the co-construction, capitalization and transfer of knowledge and 
practices to managers and decision-makers.

In this context, support for the development of integrated natural risk manage-
ment actions, public awareness raising and enterprises is essential. Integrated 
multi-hazard approaches, nature-based solutions and research-action are crucial 
levers for the quality of life, resilience and development of Alpine territories.

The main objective of integrated natural risk management in France is to opti-
mize risk governance at the catchment level. It targets all risk prevention levers:

• Knowledge of hazards and risks

• Recognition and optimization of nature-based solutions, particularly forestry

• Monitoring in order to anticipate an event

• Information for citizens and risk culture

• Control of urbanization by integrating local and systemic risk management 
into planning documents

• Reducing vulnerability

• Emergency preparedness

• Experience feedback

In 2015, the Baronnies Provençales Regional Nature Park (BPRNP) initiated 
a process to develop an Alpine Territory of Integrated Natural Risk Management 
(ATINRM, TAGIRN in French). The challenge for a TAGIRN lies in the definition 
and implementation of innovative projects that make it possible to initiate synergies 
with respect to natural risks while seeking to increase resilience through the new 
and different involvement of the actors in the territories in question.

One of the park’s objectives is to complement the regulatory prevention of 
natural hazards with a more integrated and efficient approach capable of limiting 
the consequences of disasters from an economic, social and environmental point 
of view. Through this multi-risk project, the park’s aim is to develop a risk culture 
among the population and elected representatives by implementing targeted 
activities according to the actions and the public. The emergence of this risk culture 
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begins with the provision of information and knowledge of natural risks to local 
authorities, the local population and local associations in order to raise awareness. 
Indeed, the memory of risk is fading in Baronnies Provençales; therefore, the main 
objectives of this TAGIRN project are as follows:

• to raise awareness among the population of natural risks, in particular the risks 
of forest fires, falling rocks and landslides;

• to develop coordination and synergy between the actors;

• to qualitatively and quantitatively develop an integrated management of natu-
ral risks in the territory with consideration of solutions based on the forest;

• to improve knowledge and awareness of natural hazards.

This TAGIRN project also has an interregional dimension with the opportunity 
to network actors and state services of the Drôme and Hautes-Alpes departments 
and to organize meetings and exchanges on working methods concerning natural 
risk management. Indeed, at the beginning of the demarche, differences in the 
approach to risk were identified between the services, resulting in significant differ-
ences in the understanding of risk management.

The desire of the park to develop an integrated management of natural risks, 
based among others on nature-based solutions, and the motivation of the actors 
of this territory, led us to select it as the French Pilot Area Region (PAR) of the 
GreenRisk4Alps Interreg Alpine Space project.

As an example of good practice related to forest-based solutions (FBS) for rock-
fall risk mitigation, the benefit of large-scale rockfall risk modeling, the analysis of 
potential cascading effects and the added value of a territorial diagnosis for better 
wellbeing in an Alpine territory, we present in this chapter the main conclusions of 
our analysis.

2. Description of the baronnies provençales regional nature park PAR

2.1 General data

Crossed by the northern limit of the presence of the olive tree, which has been 
cultivated here since antiquity, the Baronnies are authentically Provencal. However, 
it is a mountainous Provence, a mosaic Provence, constantly attenuated or affirmed 
according to altitude and latitude.

The Baronnies Provençales are located on the borders of two large regions, two 
thirds in the Rhône-Alpes, in the department of Drôme, and one third in Provence-
Alpes-Côte d’Azur, in the department of Hautes-Alpes (Figure 1). This off-center 
mountainous territory remains far away from the main transport routes and 
urban areas.

The remoteness and geographical compartmentalization of the Baronnies 
Provençales have left it on the fringes of the industrial development dynamics that 
prevailed in the last century. A territory forgotten by the industrialization of the 19th 
century, devoted to mixed farming and stockbreeding, the Provençal Baronnies have 
long preserved the traditional forms of rural society, punctuated, until the middle 
of the 20th century, by agricultural work, markets and the life of the villages. This 
restrictive geographical context has enabled the Baronnies Provençales to preserve 
particularly unspoilt biological wealth and original landscape structures associated 
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particularly unspoilt biological wealth and original landscape structures associated 



Best Practice Examples of Implementing Ecosystem-Based Natural Hazard Risk Management...

4

with a great diversity of traditional production, which make this territory so distinc-
tive and justify its recognition as a regional nature park.

The recent but marked changes in agriculture have considerably modified the 
landscapes and terroirs over the last few decades. Mechanization has caused many 
hedges to disappear. The old canals have been abandoned or replaced by sprinklers. 
The dry stone terraces on the well-exposed hillsides, which were used for vineyards 
or olive groves, have been abandoned. The forest is advancing on land covered by 
too few herds, and the life of men has retreated to the bottom of the valley. The 
land, which was once domesticated, including at high altitude, is now becoming 
more and more fertile, giving the region the picturesque character of a wilderness as 
soon as one leaves the cultivated valley bottoms.

The BPRNP is a tool at the service of the inhabitants, a responsible rural 
development project for an exceptional territory that we wish to preserve and also 
develop. It serves to find a balance between development that allows us to live better 
on a daily basis and the preservation of natural and cultural heritage.

Here, the fauna, flora and landscapes are protected, the built heritage is 
enhanced, cultural and tourist projects as well as economic development are 
encouraged, people meet, act together and bring their territory to life with passion.

This exceptional place of preserved nature is recognized at the national level 
for its rich terroir (Protected Designations of Origin, Protected Geographical 
Indications, red labels), its unique landscapes, built heritage (dry stone terraces, 
perched villages) and emblematic agricultural heritage (orchards, olive groves, 
lime trees, lavender, thyme, rosemary, etc.), as well as for its remarkable geol-
ogy and biodiversity. There is not a single piece of land in this dry medium-sized 
mountain area that has not been used, valued or named by the inhabitants, from 
the valley bottoms to the mountain peaks. The search for land for cultivation led to 
the use of very steep slopes, with constructions and facilities essential to agricul-
tural activity: terraces, sheds or shelters; water distribution networks; reservoirs; 
drainage galleries; etc. This medieval and agricultural heritage was gradually aban-
doned from the 1850s onwards, in favor of sites or land that were easier to occupy 
or exploit. The ways of living, occupying space and moving around transcend 
major administrative, historical or political boundaries, and bear witness to social 
and spatial similarities on which a project community can rely. In the Baronnies 
Provençales, Man and nature have lived together everywhere. The inherited 

Figure 1. 
Geographical scope (green contour) of the BPRNP [1].
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cultivated landscapes express the skilful use of the land, a harmony of the senses. 
The alternating atmospheres of the interior valleys reveal this feeling, the visual 
richness, in mosaic, of the lavender fields, the vineyards and the orchards accom-
panied by their colorful and olfactory notes. If the quality of the territory is partly 
linked to its intrinsic characteristics, it depends for the most part on the complicity 
that Man has established here with nature. However, the continuity of the long 
process of adaptation to a rural mountain life, which has produced the rich heritage 
of the Baronnies Provençales, is now threatened by the devitalization of the heart 
of the territory. The significant aging of the population is the first worrying sign of 
imbalance. It calls for a proactive policy to win back the population by attracting 
new workers.

Uncertainties about the future of agricultural policy make the transfer of farms 
more fragile, especially as the current economic valuation hardly remunerates the 
requirements of production methods that respect the environment, biodiversity 
and the landscape. The construction of an economic alternative based on the recog-
nition and enhancement of the specificities of local production is another challenge 
for a collective approach.

The future of agriculture in this dry mountain region cannot be conceived 
independently of water resource management. Under the effect of climate change, 
tensions may arise, particularly during summer low water periods. The search for 
a better balance between water abstraction and the availability of the resource is 
therefore an essential challenge for the organization of life in the area. An important 
network of rivers, which have structured the settlements and trade areas, irrigates 
the Baronnies Provençales. However, the regime of these rivers, which are torrential 
in nature, is very irregular and strongly marked by the seasons. They play a major 
ecological and tourist role and shape the landscape.

If the highly preserved character of the Baronnies Provençales is now becoming 
a factor of attractiveness, it is first for the benefit of the development of second 
homes. The resulting pressure on the land entails risks of imbalance in access to 
housing. The control of land, the development of the built heritage, the emergence 
of eco-construction, the development of communication technologies for the 
benefit of young people and the reception of new residents represent a real chal-
lenge for the territory.

The attractiveness of the area is also reflected in the development of seasonal 
tourism based on outdoor activities. The organization of these activities in order 
to optimize the economic spin-offs is a development issue, just as the control of 
visitor numbers in the most vulnerable natural sites is necessary to preserve the 
value of the natural heritage. The industrial past has had little impact on the area. 
Peri-urbanization remains a one-off phenomenon for the time being. The landscape 
of the Baronnies Provençales is therefore not polluted by heterogeneous buildings or 
by the proliferation of unmarked business areas.

In this geographical and socio-economic context, forest areas occupy a large part 
of the park. These are alternating green or white oak forests, beech forests and pine 
forests that can be seen as you drive through the Baronnies Provençales.

The BPRNP in a nutshell:

• Administrative headquarters: Sahune, in the Drôme department.

• Surface area: 1,818 km2.

• 152,759 ha of woodland and moorland (84.02% of the territory).

• 24 historical monuments, including 10 “listed” and 14 “remarkable” sites.
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• Around 2,000 plant species.

• Over 200 animal species protected at the national or regional level.

• 10 “Natura 2000” sites.

• 33,250 inhabitants [2].

• 97 communes classified as a Park +1 associated commune.

• 2 main communities of communes and 7 gateway towns: Dieulefit, Grignan, 
Montélimar, Sisteron, Valréas, Vaison-la-Romaine, Veynes.

• Baronnies Provençales Regional Nature Park is a member of the network of 54 
French regional nature parks. It has been classified as a regional nature park for 
15 years.

2.2 The main issues and activities in dealing with natural risks

A natural risk only exists if a natural hazard threatens one or more socio-
economic elements. Given this definition, for a territory, the implementation of a 
real integrated management of natural risks requires the establishment beforehand 
of a territorial analysis allowing an understanding of the main components char-
acterizing the economic stakes and the main trends of territorial development. 
The LESSEM research unit (Laboratory of Ecosystems and Societies in Mountains) 
of the National Research Institute for Agriculture, Food and the Environment 
(INRAE) has developed an information system dedicated to territories (SIDDT). 
This information system provides users with the LESSEM “territory” database:

• Large national statistical files, “BD Communale” section.

• GIS data, “Geographic Information” section.

The functionalities and databases of this information system are constantly 
evolving, allowing the characterization of evolutionary trends.

The SIDDT query and consultation portal was used to carry out the first stage 
of the territorial analysis relating to understanding the demographic and socio-
economic components of the BPRNP.

The BPRNP has a population of approximately 33,000 inhabitants. The most 
densely populated areas of the territory are on its eastern and western margins in 
the lower valleys of the Eygues, Ouvèze and Buëch rivers, with 60 inhabitants per 
km2. On the other hand, the heart of the territory, which is very enclosed, is one of 
the least densely populated areas in France with less than 10 inhabitants per km2 
(Figure 2). Thus, the specific geographical context of the territory has led to urban-
ization that is essentially limited to the valley bottoms or the plains, with a relatively 
weak intra- and inter-basin road network.

In 2017, the unemployment rate in the BPRNP (Figure 3) was higher than the 
national unemployment rate (France: 9.4%). This trend continued between 2018 
and 2020.

If the quality of the territory is partly linked to its intrinsic characteristics, it 
depends for the most part on the complicity that Man has established here with 
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Figure 2. 
Population density in 2017, inhabitants/km2 [2].

Figure 3. 
Evolution of utilized agricultural land from 2000 to 2010 (%) [3].
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nature. However, the continuity of the long process of adaptation to a rural moun-
tain life, which has produced the rich heritage of the Baronnies Provençales, is 
now threatened by the devitalization of the heart of the territory. The significant 
aging of the population and high unemployment rate are the first worrying signs of 
imbalance. It calls for a proactive policy to win back the population by developing 
new economic activities and welcoming new workers.

From 2012 to 2017, the population increased by 1.93%, of which 1.03% was due 
to natural population growth and 0.90% to immigration. In association and since 
1968, there has been a very strong upward trend in the aging of the population. 
The aging index (ratio of the population aged over 75 to that aged 20, expressed as 
a percentage) has been rising steadily since 1968. It went from 28.87% in 1968 to 
84.36% in 2017 (more than tripling in 50 years!).

In parallel and in line with these trends, the share of personal services equip-
ment is clustered around the main local areas of activity and population.

These demographic and employment trends generate the strong use of the road 
networks in favor of outgoing flows from the park territory compared to incoming 
flows: for the active population, the outgoing flow is on average twice as high as the 
incoming flow.

In addition, during the touristic season, these flows increase due to the occu-
pancy capacity of tourist accommodation and the outdoor activities on offer 
(canoeing, climbing, hiking trails, etc.). The organization of these activities to 
optimize economic spin-offs is a development issue, just as the control of visitor 
numbers in the most vulnerable natural sites is necessary to preserve the value of 
the natural heritage.

The evolution of agricultural activities is one of the main indicators of the 
evolution of the physiognomy of this territory over time (Table 1, Figure 3). Since 
1979, this evolution has been negative and reflects a very strong agricultural decline. 
The agricultural area decreased from 50,910 ha in 1979 to 39,919 ha in 2010, a 
loss of 21.59% of the agricultural surface. In parallel, the forest area has increased 
by 1.73%.

Given the geographical, economic and social characteristics of the park, natural 
risks must be anticipated and managed as closely as possible to the realities of 
this territory. Thus, the Baronnies Provençales Regional Nature Park includes the 
management of natural risks in a territorial and multi-actor approach, integrating 
all the active forces of the territory (elected officials, technicians, local populations, 
economic circles and decentralized institutions).

The territory of the park is affected by the following natural risks:

• Water-related risks: flooding, torrential floods, debris flows. In particular, the 
development of urbanization at the bottom of valleys raises the issue of flood 
management linked to run-off water.

1979–2000 (%)  
(reference year: 1979)

2000–2010 (%)  
(reference year: 2000)

Number of farms −25.4 −22.4

Utilized agricultural land −14.1 −8.2

Permanent grassland −25.7 −15.7

Cropland −11.1 −9.8

Table 1. 
Evolution from 1979 to 2000 and from 2000 to 2010 of the main agricultural indicators [3].
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• The risks of ground/terrain movements: landslides, rockfalls (Figures 5 and 6), 
consequences of clay shrinkage and swelling on housing.

• The risk of forest fires: Almost 70% of the park area is wooded. This character-
istic, combined with the Mediterranean climate, the dry stations and a diffuse 
habitat, makes the risk of forest fires present. This is why all of the park’s 
communes are classified by prefectural decree in the list of communes at risk, 
subject to legal obligations to clear brushwood.

• Seismic risks: since the new zoning of 22 October 2010, the communes of the 
park are in a low to moderate seismic zone. The damage from past tremors has 
been non-existent or minimal.

In terms of the consequences of these phenomena, 5% of the communes of the 
park have been affected by natural disaster decrees, which mainly concern floods, 
mudslides and land movements. In France, it is possible to be compensated for a 
disaster due to a natural or technological catastrophe if insurance against these risks 
has been taken out. However, an interministerial order (so-called natural disaster 
decree) must recognize the state of natural or technological catastrophe (Figure 4).

2.3 Forests and forestry in the Baronnies Provençales regional Nature Park PAR

In France, the July 2001 Forestry Orientation Law gives an important role to 
the development of a sustainable and multifunctional forest management policy, 
introducing the notion of territorial integration through the implementation of 
Territorial Forest Charters (TFC). The purpose of TFCs is “to structure a project 
for the sustainable development of rural areas, integrating forests more closely 
into their economic, ecological, social or cultural environment”. In 2012, the Park 
drafted is first TFC for its entire territory.

Figure 4. 
Example of rockfall risks in the park (photos F. Berger INRAE).
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The park’s forestry heritage represents an important potential lever for local 
development and a major challenge for sustainable development. The Forestry 
Charter approach is an opportunity to carry out a shared reflection with all the local 
stakeholders for developing a real forestry dynamic in this area.

Forest cover is substantial in the Baronnies Provençales compared to the rest 
of the country: the degree of afforestation is almost of 84%, i.e. around 152,000 
hectares (BD forêt v2 data), which is evenly distributed. In France, the national 
degree of afforestation is 31%. This land use makes the forest a considerable lever 
for local development. However, it currently generates very little economic benefit 
in relation to the space it occupies.

With respect to the forest sites, according to ecological and vegetation condi-
tions, oak forest types predominate in terms of area. The percentage share of area 
for the most important forest types is as follows:

• Coppice with a majority of oak sp. (43%) present on sunny slopes and/or on 
poor and superficial soils.

• Beech coppice (5%) on the higher northern slopes.

• Scots pine forests (19%) abound throughout the area.

• Other coniferous forests (5%), generally of Aleppo pine, are located in the 
most Mediterranean part of the area.

• Austrian black pine stands (5%) are widely scattered throughout the area. They 
constitute important massifs, mainly in communal and state-owned forests 
and locally in private forests. They reflect the artificial afforestation effort 
using Austrian black pine, generally carried out on former agricultural land 
colonized by Scots pine.

• Heaths and wooded moors (22%) are present on most of the slopes.

• According to the European forest types [5], the percentage share of area of the 
two most important forest types is as follows:

• 3.3 Alpine Scots pine and black pine forest: 22.4%

• 8.8 Other thermophilous deciduous forests: 60.7%

• The percentage share of area of the main tree species is presented in the  
map in Figure 5.

The characteristics of the Baronnies Provençales forest reflect the forestry con-
text of the area: a young forest with low volumes, often resulting from the natural 
reclamation of former pastoral or agricultural areas whose soils are generally chalky 
and superficial. These low-value stands are composed of an abundance of pubes-
cent oak coppice, Scots pine forests and, to a lesser extent, black pine forests. Beech 
forests are rarer and fir forests are almost anecdotal (Figures 5 and 6).

The forest of the park is essentially private: it represents 82% of the woodland 
and slightly more than 10,000 owners. Seventy-five percent of the forest properties 
are smaller than 5 hectares. Ninety percent of the private forest territory concerns 
properties of less than 100 ha, but 46% is occupied by properties of more than 
25 ha and therefore requires a simple management plan approved by the state. 
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Private forests are therefore relatively fragmented, which hinders the mobilization 
of the resource.

Public forests represent 18% of the wooded area: 56% communal and 44% state-
owned. They are evenly distributed over the area.

The analysis of the national forest inventory data on the territory makes it pos-
sible to estimate the main values of wood capital. Taking all types of stands together, 
there are approximately 7 million cubic meters of wood. The estimation of the annual 
production is 240,000 m3, but this volume should be put into perspective because 
more than 60% of the areas are difficult or very difficult to exploit (problems of 

Figure 5. 
Map presenting the spatial distribution of the main tree species [4].

Figure 6. 
Example of residual rockfall risks below an Austrian black pine stand in the park (photos F. Berger INRAE).
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access, quality of the stands, etc.). Most of the wood in the Baronnies Provençales is 
harvested in public forests, due to the quality of the roads and the stands. In private 
forests, the problems of access, fragmentation and the low value of the stands explain 
the low mobilization of timber, which is more complex to manage. Taking private and 
public forests together, the annual volume exploited is estimated at between 10,000 
and 15,000 m3 per year, i.e. around 5% of the annual productivity of the forests.

There are only two logging companies in the area. Twelve to fifteen companies 
from outside the area are involved in the process of forest resource mobilization. 
Some local construction and public works companies carry out part of the trans-
port. Several factors explain this situation:

• a lack of trained workers (loggers, skidders, etc.) linked to the arduous nature 
of the work relative to remuneration.

• a tense economic situation in which the value of wood remains low.

• the cumbersome nature of the investment involved.

• the increasing complexity of the regulations and the handicaps of the territory 
(land, access, slopes), including access to cuttings (inadequate access, tonnage 
limitations, etc.).

Primary processing is the most worrying link in the Baronnies Provençales. In ten 
years, nearly ten sawmills of various sizes, located in the area or nearby, have closed. 
The disappearance of sawmilling condemns any possibility of local valorisation of 
the production in transformed products. A reflection on the installation of the first 
transformation units is therefore necessary to meet the needs of the second trans-
formation. Black pine in particular is a species with very good mechanical properties 
suitable for construction. Traditionally, secondary processing companies used to 
source very unprocessed products directly from local sawmills. Today, they are turn-
ing to the use of semi-finished and technologically advanced products. At the same 
time, wood construction has undergone a technological leap: regulations have been 
refined and the quality requirements of companies are increasingly stringent. In 
addition, secondary processing companies (carpentry and joinery) prefer industrial 
products that meet precise criteria (grading, drying, etc.), which are not available 
locally due to the absence of modern sawing units. Finally, in the face of the craze 
for wood construction, the territory is faced with a deficit of carpentry companies, 
whereas secondary processing is a real link in the local economic development.

The main outlet for hardwoods (beech and oak) is energy wood (mainly logs). 
There is a significant amount of estovers. The forest communities therefore derive 
little benefit from their forests, preferring to focus on the social and community 
aspects. The almost exclusive outlet for softwoods is pulping, except for black pine 
for which outlets are more diversified. Wood energy in the form of forestry chips 
represents a promising outlet, especially since, unlike industrial wood, it can be 
used in short marketing channels.

3.  An example of best practice: the benefit of large-scale rockfall 
modeling for developing efficient forest-based integrative 
management of an alpine territory

The preservation and enhancement of the role of forests in mitigating natural 
hazards is essential in strategies to protect inhabitants and economic activities in 
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mountain areas. In order to avoid the catastrophic consequences generated by the 
alteration or even disappearance of forest cover, it is first necessary to locate the 
forests that play a role in protection against hazards.

With the exception of the risk of forest fires, the Baronnies Provençales Regional 
Nature Park had not carried out any assessment of the ecosystem service of protec-
tion against natural risks provided by the forest ecosystems present on its territory. 
Due to the masking effect of the forest cover and the lack of exhaustive mapping of 
the potential of phenomena in the absence of any forest vegetation, this protective 
service was either unknown or considered to be present throughout the territory.

In view of this observation, and the models developed by INRAE and its Alpine 
Territory for Integrated Natural Risk Management approach, the park asked the 
COMPET research team from the INRAE Centre in Grenoble to deploy its tools to 
carry out the first territorial assessment of the ecosystem service of rockfall risk 
protection in BPRNP forests.

The main aspects of the methodology, associated tools and results are presented 
in the following chapters.

3.1 The ROCK-EU-mapping model

Spatial models are effective tools for determining rockfall source, transit and 
deposit areas, and can be used for recognizing areas at risk due to rockfalls. Based 
on such models, a harmonized method for mapping rockfall protective forests for 
the entire Alpine Space (AS) has been developed by the consortium of the Interreg 
Alpine Space project RockTheAlps (#462). The innovative model Rock-EU-
Mapping has been so developed.

Rock-EU-Mapping enables the large-scale identification of forests that could 
potentially play a role in protection against rockfall hazards. This model is relevant for 
providing studies on a regional scale or for a mountain massif. The calibration and vali-
dation of the methodology [5] was carried out using a database gathering information 
on past rockfall events. This database (2,812 events at the date of the model calibra-
tion) was initiated in the framework of the Interreg Alpine Space project RockTheAlps 
and is updated regularly. On 1 January 2021, 6,116 past events were registered in this 
database, and a new calibration of the model is scheduled for December 2021.

Spatial input data were chosen to be homogeneous over the whole Alpine Space 
and in open access. They were taken from two main sources: The European Union’s 
Copernicus Earth Observation Program and OpenStreetMap. Relief and topogra-
phy were obtained from EUDEM v1.1, which is a digital elevation model (DEM) 
available in raster format for Europe at a 25 m spatial resolution. Land and forest 
cover were extracted from Corine Land Cover (CLC) 2018. CLC is produced by 
visual interpretation of high-resolution satellite imagery. It is available in shapefile 
(vector layer of polygons) format with a minimum mapping unit of 25 ha. Water 
surfaces and rivers were obtained from OpenStreetMap contributors in shapefile 
format and used also to develop the classification of soil types (needed for defin-
ing soil rebound coefficients). Human assets (buildings, roads and railways) were 
extracted in shapefile format from OpenStreetMap contributors locating different 
topographical information over the world. Using all these input data, the model 
simulates the propagation of rocks along the slope on a rasterized digital terrain 
model by successive sequences of free flights in the air and rebounds on the slope 
surface. Rebounds are directly calculated using a classical rebound model [6].

The detection of block release areas is based on the use of slope thresholds. The 
parameters required to compute the rebound are derived from 7 soil classes which 
are defined from the land use map and specified according to elevation, slope and 
information on human assets, water surfaces and rivers.



Best Practice Examples of Implementing Ecosystem-Based Natural Hazard Risk Management...

12

access, quality of the stands, etc.). Most of the wood in the Baronnies Provençales is 
harvested in public forests, due to the quality of the roads and the stands. In private 
forests, the problems of access, fragmentation and the low value of the stands explain 
the low mobilization of timber, which is more complex to manage. Taking private and 
public forests together, the annual volume exploited is estimated at between 10,000 
and 15,000 m3 per year, i.e. around 5% of the annual productivity of the forests.

There are only two logging companies in the area. Twelve to fifteen companies 
from outside the area are involved in the process of forest resource mobilization. 
Some local construction and public works companies carry out part of the trans-
port. Several factors explain this situation:

• a lack of trained workers (loggers, skidders, etc.) linked to the arduous nature 
of the work relative to remuneration.

• a tense economic situation in which the value of wood remains low.

• the cumbersome nature of the investment involved.

• the increasing complexity of the regulations and the handicaps of the territory 
(land, access, slopes), including access to cuttings (inadequate access, tonnage 
limitations, etc.).

Primary processing is the most worrying link in the Baronnies Provençales. In ten 
years, nearly ten sawmills of various sizes, located in the area or nearby, have closed. 
The disappearance of sawmilling condemns any possibility of local valorisation of 
the production in transformed products. A reflection on the installation of the first 
transformation units is therefore necessary to meet the needs of the second trans-
formation. Black pine in particular is a species with very good mechanical properties 
suitable for construction. Traditionally, secondary processing companies used to 
source very unprocessed products directly from local sawmills. Today, they are turn-
ing to the use of semi-finished and technologically advanced products. At the same 
time, wood construction has undergone a technological leap: regulations have been 
refined and the quality requirements of companies are increasingly stringent. In 
addition, secondary processing companies (carpentry and joinery) prefer industrial 
products that meet precise criteria (grading, drying, etc.), which are not available 
locally due to the absence of modern sawing units. Finally, in the face of the craze 
for wood construction, the territory is faced with a deficit of carpentry companies, 
whereas secondary processing is a real link in the local economic development.

The main outlet for hardwoods (beech and oak) is energy wood (mainly logs). 
There is a significant amount of estovers. The forest communities therefore derive 
little benefit from their forests, preferring to focus on the social and community 
aspects. The almost exclusive outlet for softwoods is pulping, except for black pine 
for which outlets are more diversified. Wood energy in the form of forestry chips 
represents a promising outlet, especially since, unlike industrial wood, it can be 
used in short marketing channels.

3.  An example of best practice: the benefit of large-scale rockfall 
modeling for developing efficient forest-based integrative 
management of an alpine territory

The preservation and enhancement of the role of forests in mitigating natural 
hazards is essential in strategies to protect inhabitants and economic activities in 

13

Baronnies Provençales Regional Nature Park Pilot Action Region: The Benefit of Large-Scale...
DOI: http://dx.doi.org/10.5772/intechopen.99010

mountain areas. In order to avoid the catastrophic consequences generated by the 
alteration or even disappearance of forest cover, it is first necessary to locate the 
forests that play a role in protection against hazards.

With the exception of the risk of forest fires, the Baronnies Provençales Regional 
Nature Park had not carried out any assessment of the ecosystem service of protec-
tion against natural risks provided by the forest ecosystems present on its territory. 
Due to the masking effect of the forest cover and the lack of exhaustive mapping of 
the potential of phenomena in the absence of any forest vegetation, this protective 
service was either unknown or considered to be present throughout the territory.

In view of this observation, and the models developed by INRAE and its Alpine 
Territory for Integrated Natural Risk Management approach, the park asked the 
COMPET research team from the INRAE Centre in Grenoble to deploy its tools to 
carry out the first territorial assessment of the ecosystem service of rockfall risk 
protection in BPRNP forests.

The main aspects of the methodology, associated tools and results are presented 
in the following chapters.

3.1 The ROCK-EU-mapping model

Spatial models are effective tools for determining rockfall source, transit and 
deposit areas, and can be used for recognizing areas at risk due to rockfalls. Based 
on such models, a harmonized method for mapping rockfall protective forests for 
the entire Alpine Space (AS) has been developed by the consortium of the Interreg 
Alpine Space project RockTheAlps (#462). The innovative model Rock-EU-
Mapping has been so developed.

Rock-EU-Mapping enables the large-scale identification of forests that could 
potentially play a role in protection against rockfall hazards. This model is relevant for 
providing studies on a regional scale or for a mountain massif. The calibration and vali-
dation of the methodology [5] was carried out using a database gathering information 
on past rockfall events. This database (2,812 events at the date of the model calibra-
tion) was initiated in the framework of the Interreg Alpine Space project RockTheAlps 
and is updated regularly. On 1 January 2021, 6,116 past events were registered in this 
database, and a new calibration of the model is scheduled for December 2021.

Spatial input data were chosen to be homogeneous over the whole Alpine Space 
and in open access. They were taken from two main sources: The European Union’s 
Copernicus Earth Observation Program and OpenStreetMap. Relief and topogra-
phy were obtained from EUDEM v1.1, which is a digital elevation model (DEM) 
available in raster format for Europe at a 25 m spatial resolution. Land and forest 
cover were extracted from Corine Land Cover (CLC) 2018. CLC is produced by 
visual interpretation of high-resolution satellite imagery. It is available in shapefile 
(vector layer of polygons) format with a minimum mapping unit of 25 ha. Water 
surfaces and rivers were obtained from OpenStreetMap contributors in shapefile 
format and used also to develop the classification of soil types (needed for defin-
ing soil rebound coefficients). Human assets (buildings, roads and railways) were 
extracted in shapefile format from OpenStreetMap contributors locating different 
topographical information over the world. Using all these input data, the model 
simulates the propagation of rocks along the slope on a rasterized digital terrain 
model by successive sequences of free flights in the air and rebounds on the slope 
surface. Rebounds are directly calculated using a classical rebound model [6].

The detection of block release areas is based on the use of slope thresholds. The 
parameters required to compute the rebound are derived from 7 soil classes which 
are defined from the land use map and specified according to elevation, slope and 
information on human assets, water surfaces and rivers.



Best Practice Examples of Implementing Ecosystem-Based Natural Hazard Risk Management...

14

Since these first works, the model has been calibrated for the French territory 
to use a French DEM and OSO data, both with a resolution of 10*10 m. OSO is 
the national scale map (Metropolitan France) of land cover in 30 classes, with a 
resolution of 10*10 m and an annual update frequency. The data used are a series of 

Figure 8. 
DEM and building locations in the Baronnies Provençales regional Nature Park [8].

Figure 7. 
Woodland cover of the Baronnies Provençales regional Nature Park [7].

15

Baronnies Provençales Regional Nature Park Pilot Action Region: The Benefit of Large-Scale...
DOI: http://dx.doi.org/10.5772/intechopen.99010

multi-temporal optical images at high spatial resolution (Sentinel-2 type, but also in 
the future SPOT-6/7, or even Pleiades).

Figures 7–10 present the main input parameters of the model.
In addition to these three main categories of elements, the park also requested 

the consideration of orchards and vineyards as important elements of the economic 
activities within its territory.

Figure 9. 
Road network in the Baronnies Provençales regional Nature Park [9].

Figure 10. 
Orchards and vineyards in the Baronnies Provençales regional Nature Park [10].
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All these input data are automatically processed by the ROCK-EU-Mapping 
model in order to provide a map of the forest areas offering a potential protection 
role against rockfall risks. Two classes of slope values are used for defining potential 
release areas: 28° to 42°, corresponding to foothill conditions, and greater than 42°, 

Figure 11. 
Forests protecting against rockfall risks in the Baronnies Provençales regional Nature Park with a blow-up of 
the Sahune area (Figure 12) [11].

Figure 12. 
Example of the protective effect of thermophilous deciduous forests in the Baronnies Provençales regional 
Nature Park (photos J. Jarjaye).
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corresponding to mountain and cliff conditions. According to the geographical and 
topographical conditions of the park, all the results obtained for slopes greater 28° 
have to be considered.

Therefore, forests protecting against rockfall risks represent only 2.6% of 
the park’s woodlands. The main element endangered by rockfall risks is the road 
network. As such, these forests are one of the actors, but not the main ones, of the 
policy of securing the transport routes in this territory. This analysis allows this 
ecosystem service, which had been largely overestimated by forest managers, to be 
put in its proper place (Figures 11 and 12).

3.2 Assessment of accessibility to logging machines in protective forests

Identifying and characterizing the conditions of access to forest resources are 
strategic points for their sustainable and multifunctional management. This issue 
of accessibility is all the more important for protective forests as it determines their 
maintenance and management strategies.

In order to fulfill these two objectives, INRAE developed the Sylvaccess model in 
2015. This model is designed to automatically map the accessibility of forests with 
the three main logging techniques currently used in France: skidder, forwarder and 
cable yarder. The model is based on spatial information and specific parameters of 
each logging technique. It can also integrate physical or environmental obstacles in 
the analysis. The outputs of the model can be used for many applications ranging 
from forest management and planning of logging operations to the comparison and 
selection of new forest road projects.

The Sylvaccess model requires different layers of geographical information. The 
three layers necessary for its operation are as follows:

• A digital terrain model (DTM) in raster format. The resolution of the DTM 
determines the resolution that the model uses for all processing.

• The forestry access network. This data is a vector of polylines. It lists all the 
public roads in the network, forest roads (accessible to timber trucks) and 
forest tracks (only accessible to logging machines). A specific field in the 
attribute table, previously filled in by the user, allows the model to automati-
cally distinguish between these three types of service. The quality of process-
ing depends on the completeness of this layer. Careful preparation of this 
information is therefore important. Before processing, the model checks the 
connection between the forest service and the public network. If errors are 
detected, it returns a warning message and a GIS layer for locating possible 
problems.

• The forest area. This data is a vector of polygons. It allows the model to identify 
forest areas. In France, BD Forêt v2 provided by the IGN is a source of informa-
tion adapted to the analysis scale.

The Sylvaccess model is a useful diagnostic and decision-making tool for forest 
managers and public decision-makers. It allows the identification of accessible 
forests with the main logging methods and the comparison of different alternatives 
during service projects. The results are summarized in the form of a map of logging 
methods. This map can be used as a basis for the planner and manager to plan the 
felling and silviculture to be carried out, which is of a different nature depending 
on the chosen exploitation mode [12]. The Sylvaccess model can be downloaded at 
https://sourcesup.renater.fr/projects/sylvaccess/.
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It is governed by the CeCILL license, which is subject to French law and respects 
the principles of free software distribution. Any forest manager, private or public, is 
able to use it free of charge for his own needs.

This model has been applied to the entire territory of the park. The first result confirms 
the difficulties in accessing forest areas. Sixty-two percent has a skidding distance longer 
than 500 m. This result confirms the impression of the local managers who considered in 
the first approach that more than 60% of the forest is difficult to access.

The second result is that 73% of the forest protecting against rockfall risks is 
not accessible to forestry equipment. This highlights the fact that protective forests 
are located in extreme topographical conditions, which makes them inaccessible to 
foresters even on foot (Figures 13 and 14).

3.3  Assessment of accessibility to fire fighting and rescue vehicles in protective 
forests

The dryness of the climate, the aerology and the type of forest species make the 
Baronnies Provençales an area that is highly exposed to the risk of forest fires. All the 
communes are classified by prefectural decree in the list of communes at risk, subject 
to the obligation to clear brushwood. As a result, the territory has several manage-
ment documents such as the Departmental Plans for Forest Fire Defense (FFD). 
With regard to these documents, the fire risk hazard and the level of FFD equipment 
are precisely known. However, none of these documents spatializes the areas that are 
actually accessible from the forest road network. This question of the accessibility 
of protective forests is crucial for assessing the sustainability of this function in a 
territory where the risk of forest fires is high. A forest fire can effectively nullify this 
function and force managers to implement civil engineering techniques as a replace-
ment. Knowing the location and accessibility of protective forests, firefighters can 
then build an adapted intervention strategy for these forests.

Figure 13. 
Forest accessibility for skidder exploitation in the Baronnies Provençales regional Nature Park [13].
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Within the framework of the Interreg Alpine Space project GreenRisks4Alps, 
Sylvaccess has been adapted to the context of the accessibility of forest areas 
to fire fighting and rescue vehicles. The first prototype of the Fireaccess model 
was developed and tested on the territory of the Baronnies Provençales Regional 
Nature Park.

This new model makes it possible to identify and map forest areas that are acces-
sible to land-based firefighting equipment (Figures 15–17).

The key result is that, based on a distance threshold of 100 m from both sides 
of a forest road or track, 74.8% of the forest is mainly inaccessible to classical 
land-based fire fighting vehicles (Figure 18). Another way of calculation is to 
evaluate the density of the forest surface accessible from a road or track. This 
density is calculated using a base of 100 ha. With this indicator, 71.4% of the for-
est has an accessibility density of less than 50% (for a forest area of 100 ha, less 
than 50 ha is accessible). These two results converge, underscoring the potential 
consequences of a forest fire in this territory if air-based equipment cannot 
be used.

Combining the map of the rockfall protective forests with the map of the acces-
sible forest density to terrestrial based firefighting devices reveals that 59% of these 
forests have an accessible density of less than 50%. The difference with the previous 
result presented is due to the location of these protective forests close to the road 
networks that they are protecting.

Figure 14. 
Accessibility of forest protecting against rockfall to exploitation devices in the Baronnies Provençales regional 
Nature Park with a blow-up of the Sahune area [14].
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Figure 15. 
Forest accessibility to terrestrial based firefighting devices in the Baronnies Provençales regional Nature 
Park [15].

Figure 16. 
Accessible forest density to terrestrial based firefighting devices in the Baronnies Provençales regional Nature 
Park [16].
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Figure 17. 
Rockfall protection forest density accessible to terrestrial based firefighting devices in the Baronnies Provençales 
regional Nature Park with a blow-up of the Sahune area [17].

Figure 18. 
Example of trees left across the slope. Debarking may be necessary to avoid phytosanitary problems (photos F. 
BERGER INRAE).
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4. Conclusion

The main objective of this work was to produce and transfer the necessary 
and sufficient cartographic data to enhance the rockfall risk protection service 
of the forest heritage in the integrated natural risk management approach of the 
Baronnies Provençales Regional Natural Park. This objective answered the desire 
to develop a territorial intelligence as a response to the societal demand for the 
improvement of the prevention of natural risks by better taking into account  
the functions offered and the services rendered by the forest ecosystems. The 
general objective was to carry out the first territorial assessment concerning 
all the parameters for qualifying the forest ecosystem service of rockfall risk 
protection.

The first stage of the territorial assessment was to identify and understand the 
socio-economic factors explaining the development of this territory. From this first 
analysis, it emerged that the road network and the maintenance of its practicability 
are the two most important issues. Not only does this network ensure the proper 
economic functioning of the territory, it also represents access routes for interven-
tion and rescue vehicles to fight forest fires.

The second step allowed the identification and display of the forest sectors 
protecting against rockfalls. The use of a trajectographic simulation model 
greatly facilitated this mapping work. Thanks to this approach, it was possible 
to carry out a concerted and harmonized action for the whole of this territory, 
freeing it from communal boundaries. In the end, it was found that only 2.6% of 
the park’s forest area is capable of performing this protective function. Given the 
importance of the risk of forest fires, which affect the entire territory (remember 
that 84% of the territory is forested!), the management of this ecosystem service 
is not a priority action due to its low representativeness in the park’s territory and 
is secondary to forest fire protection. This is especially true since only 25% of the 
forests protecting against rocky hazards are accessible to fire service vehicles. 
For the first time in France, the information produced by large-scale simula-
tions makes it possible to prioritize the forest fire defense intervention sectors 
according to the presence or absence of the ecosystem service of rockfall risk 
protection.

All of the park’s communes are classified by prefectural decree in the list of 
communes at risk, subject to legal obligations to clear brushwood. As such, there is a 
potential conflict of objectives between fire and rock protection forestry. Given the 
very low rate of forests with a rockfall risk protection function and their accessibil-
ity to land-based DFCI equipment, this management conflict does not really exist. 
For these forests, the management compromise is very simple:

The obligation to clear brushwood is imposed according to the distance of the 
forest stands from the objects.

It is possible to cut down trees and leave them in place provided that:

• The trunks on the ground are lopped off and the branches are removed from 
the site.

• The trunks on the ground must be positioned at an angle of 30° to the  
contour lines.

• The height of the obstacles thus created must be at least equal to the  
largest dimension (a projectile is characterized by its shape and its three 
dimensions: width, height, length) of the largest rock projectile present on 
the site.
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If necessary, it is possible to use the trees present as supports for a rockfall 
protection net. If this solution is chosen, it is necessary to carry out a 3-dimensional 
trajectographic study to define the mechanical characteristics of this structure.

The main conclusions of this forestry territory analysis have been integrated 
into the integrated natural risk management approach of the Baronnies Provençales 
Regional Nature Park (a first in France) and will be included in its forestry territory 
charter when it is revised. More specifically, they will feed into two main objectives:

• Enhancing natural and human assets.

• Designing sustainable forestry development based on solidarity.

In this respect, they demonstrate the contribution of large-scale modeling work 
to decision-making and to the development of a genuine territorial intelligence 
based on the display of the ecosystem service of protection against natural hazards. 
Very often and unfortunately, awareness of this service is only raised when the 
forest cover disappears. These tools therefore offer the possibility of anticipating the 
consequences of forest cover change.

The issue for decision-makers now is the recognition of forest-based solutions in 
natural hazard prevention policies, but that is another story to follow.
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Chapter 2

Oberammergau Pilot Action Region: 
Mountain Forest Initiative  
(BWO)
Helena Eisele, Roland Schreiber and Anne Stöger

Abstract

Natural hazards caused by climate change pose a permanent threat to the inhab-
itants of the Alpine Space. In addition to technical protection measures, forests 
are very often the key to permanent and cost-effective protection against these 
hazards. In the Mountain Forest initiative (BWO) of the Bavarian state government, 
launched more than 10 years ago, suitable measures for the preservation of protec-
tive forest are discussed and, if possible, decided by consensus in on-site round 
tables with all involved interest groups. Only a functioning interaction between 
the different actors in the Alpine Space will contribute towards the set objective 
of integrating forests and ecosystem services in risk governance and balancing the 
numerous interests, demands and costs. Using the example of the Oberammergau 
Pilot Action Region (PAR), the process and implementation of the BWO is pre-
sented against a background of more than 10 years of experience. At the beginning, 
the identification of stakeholders and the overall goal and expectations of the 
participatory process (technical issues, trust and community building) is clarified. 
After a detailed actor analysis, the moderated participatory process is described.

Keywords: protective forest, natural hazards, Mountain Forest Initiative, round 
table, participatory process, stakeholder involvement, risk governance, actor analysis

1. Introduction

Several factors contributed to the decision to select the Municipality of 
Oberammergau as a PAR within the GreenRisk4Alps project. The municipality is 
located in the Ammertal Valley on the Ammer River, which gives the municipality 
its name. The river has its source in the Ammergau Alps south of Oberammergau. 
The Ammergau Alps, with an area of about 30 x 30 km, are a mountain group of the 
Northern Limestone Alps, about 75% of which are located in Germany (Bavaria) and 
25% of which are located in Austria (Tyrol) (see Figure 1). The forests in the region 
protect the municipality and its infrastructure from various natural hazards, especially 
from the Große Laine Torrent and partly from rockfalls and avalanches. These facts are 
the basis for the immense importance of the establishment, management and mainte-
nance of protective forests, with their typical challenges.
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hazards. In the Mountain Forest initiative (BWO) of the Bavarian state government, 
launched more than 10 years ago, suitable measures for the preservation of protec-
tive forest are discussed and, if possible, decided by consensus in on-site round 
tables with all involved interest groups. Only a functioning interaction between 
the different actors in the Alpine Space will contribute towards the set objective 
of integrating forests and ecosystem services in risk governance and balancing the 
numerous interests, demands and costs. Using the example of the Oberammergau 
Pilot Action Region (PAR), the process and implementation of the BWO is pre-
sented against a background of more than 10 years of experience. At the beginning, 
the identification of stakeholders and the overall goal and expectations of the 
participatory process (technical issues, trust and community building) is clarified. 
After a detailed actor analysis, the moderated participatory process is described.

Keywords: protective forest, natural hazards, Mountain Forest Initiative, round 
table, participatory process, stakeholder involvement, risk governance, actor analysis

1. Introduction

Several factors contributed to the decision to select the Municipality of 
Oberammergau as a PAR within the GreenRisk4Alps project. The municipality is 
located in the Ammertal Valley on the Ammer River, which gives the municipality 
its name. The river has its source in the Ammergau Alps south of Oberammergau. 
The Ammergau Alps, with an area of about 30 x 30 km, are a mountain group of the 
Northern Limestone Alps, about 75% of which are located in Germany (Bavaria) and 
25% of which are located in Austria (Tyrol) (see Figure 1). The forests in the region 
protect the municipality and its infrastructure from various natural hazards, especially 
from the Große Laine Torrent and partly from rockfalls and avalanches. These facts are 
the basis for the immense importance of the establishment, management and mainte-
nance of protective forests, with their typical challenges.
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For more than 10 years, the region has participated in the Mountain Forest 
Initiative (Bergwaldoffensive, BWO), which is part of a broad Bavarian state 
government program combatting climate change. In the defined BWO projects, 
measures for the maintenance and adaptation of forests are established to maintain 
the protection function of forests in the face of climate change. One important part 
of the BWO is the involvement of forest owners and local stakeholders in order to 
consider their interests and ensure the broad agreement of society.

2. Description of the Oberammergau PAR

The Oberammergau PAR is a municipality in the Upper Bavarian district of 
Garmisch-Partenkirchen and is located 90 km southwest of Munich (see Figure 2). 
The municipality has an area of 30 km2 and a population of about 5,500 inhabitants 
and is located in the Ammergau Alps Nature Park. The area was declared a nature 
park by the Bavarian State Ministry for the Environment and Consumer Protection 
on July 27, 2017 and covers an area of 227 km2. Its tasks are comprehensive and range 
from nature conservation and landscape management, with the aim of protecting 
biodiversity, climate and resources, among other things, to recreational opportuni-
ties, sustainable regional development and education in sustainable development.

Only about one kilometre from the village center is Kofel, a striking hilltop that 
can be seen from afar and offers a variety of hiking trails. In addition to numerous 
mountain biking and hiking opportunities, the region is also well-known for winter 
tourism, with a wide network of cross-country ski trails and family-friendly as well 
as more challenging downhill runs.

Figure 1. 
Ammergau Alps [1].

Figure 2. 
The village of Oberammergau and surrounding area [2].
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Oberammergau is also an attractive destination for various tourist groups. It 
has gained particular recognition for its Passion Festival, which takes place every 
10 years and features locals as performers (see Figure 3).

Its history began almost 400 years ago when the plague ravaged Oberammergau. 
To put an end to the misery, the people of Oberammergau vowed in 1633 to perform 
the Passion and Death of Christ every ten years, provided no one else died of the 
plague. The first Passion Play was performed in 1634.

2.1 Forest and forestry in Bavaria

Forestry in Bavaria follows the “Bavarian Way” of integrative forest manage-
ment. The guiding principle here is to “protect and benefit over as large an area as 
possible.” With this approach, the diverse services of the forests are considered in a 
balanced and locally adapted manner. In Bavaria, more than 50% of forests are pri-
vately owned, while state-owned forest accounts for about 30% (see Table 1) [4].

Although beech sites actually predominate in Bavaria as well, the leading 
tree species is still spruce, which is more or less due to a historically determined 
approach to forest management.

Today, foresters and forest owners consistently create stable mixed stands of 
deciduous and coniferous species that are adapted to the respective location.

Figure 3. 
The passion play [3].

Ownership Percentage 
share (%)

Private forest
(distributed among about 700,000 forest owners)

54.2

Corporate forest
(mainly communal forest, i.e. forest owned by municipalities or cities)

13.5

State forest
(forest of the Free State of Bavaria, managed by Bayerische Staatsforsten AöR under the 
legal supervision of the Bavarian Forestry Commission)

30.1

Federal forest
(Forest of the Federal Republic of Germany, mostly forest on training grounds of the 
German Armed Forces)

2.2

Table 1. 
Distribution of ownership in Bavaria [5].
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A look at the Bavarian Alps shows that about half of the area – around 260,000 
hectares – is covered with forest. As the 2012 Federal Forest Inventory revealed, the 
forest in the mountains is older and has larger reserves per hectare than the forest 
in the lowlands. With a share of 68%, coniferous species predominate in mountain 
forests.

Spruce alone, which has one of its natural distribution centers in the Alpine 
region, accounts for 58% of the forest structure. Fir ranks second among coniferous 
species with about 7%, followed by the pine with 2%. Larch and Swiss stone pine 
play only a minor role in the Bavarian Alps [5].

The predominant deciduous tree species in the Bavarian Alps is beech, with an area 
share of about 19%. Sycamore maple and ash, both of which are deciduous tree species, 
together take up about 10%. The remaining 3% is distributed among other deciduous 
tree species such as rowan, hackberry, alder, birch and willow (see Figure 4).

Originally, half of the mountain forest in the montane zone between 700 and 
1,400 meters above sea level consisted of spruce and about 20 to 25% each of 
beech and fir. The other mixed tree species accounted for about 5 to 10% of the 
forest structure. Because of the extreme climatic conditions in the high moun-
tains, trees grow much more slowly in the Alps than in the lowlands. Mountain 
forests, with an average age of 101 years, are older than lowland forests, with an 
average age of 83 years. With about 420 solid cubic meters of stock per hectare, 
the average wood stock in mountain forests is about 6% higher than the Bavarian 
state average. For many decades, wood utilisation has been significantly below the 
increment [6].

Of the 260,000 hectares of mountain forest, around 60% fulfil priority protec-
tion functions and are specially protected by the Bavarian Forest Law (BayWaldG). 
The preservation of intact protective forests or their restoration is therefore a 
forestry and socio-political task of high priority.

In 1986, the Bavarian Forestry Administration surveyed the condition of protec-
tive forests in all forest ownership types and derived from this the first long-term 
overall plan for protective forest restoration in the Bavarian Alpine region. Since 
then, the plan has been updated at regular intervals and adapted to the latest 
 findings [6].

Protective forests are considered to be in need of rehabilitation if their 
functional capability is clearly impaired and this cannot be restored within the 
 framework of regular forest management.

Figure 4. 
Tree species distribution in Bavaria and the Bavarian Alps [5].
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This applies above all to

• thinned protective forests without sufficient regeneration;

• overaged protective forests (average age over 200 years without sufficient 
regeneration and more than one third of decaying, dying or dead trees in the 
upper layer);

• protective forests damaged by storms, bark beetles, shearing damage or declin-
ing vitality;

• protective forest regeneration that is not capable of development due to high 
browsing damage or grazing load.

Currently, there are 1,190 rehabilitation areas in the Bavarian Alpine region with 
a total area of about 14,000 hectares. This corresponds to about one tenth of the 
total protective forest area. Mainly due to storm damage and subsequent bark beetle 
calamities, their extent has increased by about 1,200 hectares since the first plan-
ning in 1986. Almost 40% of the rehabilitation areas are of special importance for 
object protection and therefore have a very high priority [6].

Since the redevelopment measures usually have to be coordinated on a large scale 
and with other measures, the redevelopment sites have been grouped into redevel-
opment areas. They include, for example, the sum of the redevelopment sites of a 
mountain flank with avalanche protective forest above a federal road or a village or 
all redevelopment sites in a torrent catchment area. At the level of the development 
areas, necessary accompanying measures such as large-scale hunting and wildlife 
management concepts are coordinated.

Bavaria’s mountain forests are habitats for cloven-hoofed game species, such 
as red deer, roe deer and chamois, as well as some rare game species that are not 
hunted. De-spite different habitat requirements, their habitats overlap, especially in 
the forest area. In order to reduce game damage in sensitive protective forest areas 
to a tolerable level, hunting management must consistently aim for adapted game 
populations of the three cloven-hoofed game species.

The Bavarian Hunting Act stipulates that impairment of proper agricultural, 
forestry and fishery use by game are to be avoided as far as possible. In particular, 
hunting should enable the natural regeneration of tree species appropriate to the 
location, essentially without protective measures [6].

2.2 Forest and forestry in the Oberammergau PAR

Since the Ammergau Alps were once royal hunting grounds, much of the region is 
still forested today. Forests with a high proportion of spruce cover 60% of the 3,000 ha 
PAR area; many of these are over-aged forests. The Private Forestry Association owns 
1,800 ha, and the remaining part belongs to the Bavarian State Forests.

The centuries-old traditional use of parts of the Alpine area as forest pasture 
(see Figure 5) have created many species-rich and valuable habitats [7]. At the 
same time, however, the conversion to open land is said to have considerable 
disadvantages for the protective function of the forests against rockfall, mud-
flows and erosion due to the inhibition of regeneration by treading and browsing 
(see Figure 6). Therefore, the forests in the respective areas play a particularly 
important role as object protective forests. The separation of forest and pasture in 
areas exposed to grazing is therefore a declared political goal and also part of the 
Mountain Forest Initiative [8].
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Forest diversity ranges from the peat-forming alder forest of the moraine and 
grey alder-spruce forest in the flysch, to mixed mountain forests, some of which are 
little influenced by forestry, to xerothermic carbonate pine forest on the west- and 
south-facing steep slopes. Subalpine spruce forests are found on the ridges.

Absolute rarities in Bavaria are thermophilic mixed forests of summer lime. 
Their occurrence in the Bavarian Alps and their composition there are still very 
insufficiently researched [11].

The last forest inventory for the private forest was carried out in 2006. 
According to it, the proportions of the main tree species are as follows (see Table 2).

Timber harvesting is complicated by steep and rocky slopes and low road 
density, which can result in increased stock buildup (average 478 m3/ha).

2.3 The main problems regarding natural hazards in the PAR

The Alpine region will be particularly affected by climate change. Not only will 
rising temperatures change growing conditions, floods, storms and avalanches are 
also likely to increase, giving forests an increasingly important role in their protec-
tive function.

In the PAR, dolomite and flysch play a major role from a geological point of 
view, which in part leads to dry, barren but also landslide-prone soils that are not 
very suitable for purely agricultural cultivation. With about 1,500 mm of annual 
precipitation, Oberammergau is among the regions with the highest precipitation in 
Germany.

Figure 5. 
Resting cattle in mountain forest [9].

Figure 6. 
Forest pasture [10].
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In Oberammergau, rockfalls, mudflows and floods pose challenges, and flood 
protection structures require high maintenance costs. The flood damage potential in 
settlements is quite high (see Figure 7), and the protective forest fulfils an impor-
tant protective function.

The Große Laine Torrent, which in the past repeatedly caused damage during 
storms and heavy rain, represents a particular hazard potential.

As early as the middle of the 18th century, attempts were made to protect settle-
ments against water masses by means of structural measures. However, the existing 
flood protection is not sufficient to discharge a major flood without damage.

Repairs have already been carried out since 2010. In addition, the construction 
of a larger debris barrier took place in 2015 (see Figures 8 and 9), as well as the 
creation of a partial drainage of the floodwater by means of a drainage channel [13].

However, these measures are associated with immensely high costs in the mil-
lions of euros and go hand in hand with a functioning mixed mountain forest that 
can fully develop its protective potential. This is because the forest not only protects 
against rockfalls and avalanches, but it also has a delaying effect on water runoff 
and snowmelt in the spring, reducing the risk of flooding [12].

The loss of the forest would lead to a significant challenge for the safety of settle-
ments near the Große Laine. Therefore, the main challenges are as follows:

• Große Laine Torrent with a large catchment area and high risk/damage poten-
tial for the city Oberammergau; flood peaks cannot be drained; 332 flood 
protection structures.

Tree species Percentage share (%)

Spruce 80.3

Silver fir 1.7

Beech 7.9

Special deciduous trees 7.4

Alder 1.2

Table 2. 
Distribution of tree species in the PAR.

Figure 7. 
Hazard zone map of the Große Laine torrent in Oberammergau [12]. Legend: Yellow – Medium risk; blue – 
High risk; red – Very high risk.
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• Rockfall and debris flow potential on the Schaffelberg and in the 
Graswang Valley.

• Sites are mostly geologically unstable and sensitive to erosion.

Sixty percent of the pilot action area in Oberammergau is covered with mostly 
tall, pure spruce. Game and hunting management is in the hands of forest owners, 
resulting in excessive red deer/roe deer populations causing calamity areas (strip-
ping damage by red deer (see Figure 10)).

Spruce stands have been converted into mixed mountain forests since the inven-
tion of the round table (Mountain Forest Forum) by the Mountain Forest Initiative. 
Some silvicultural measures have been tested in Oberammergau in research proj-
ects, such as thinning to stabilise forest stands, planting, reorganisation of hunting 
grounds, redesignation of forest and pasture areas (see Figure 11).

Figure 9. 
View of the completed barrier structure. A driftwood rake can be seen in the background on the left [12].

Figure 8. 
Looking downstream at a construction site with a drainage channel on the right [12] (firma Hubert Schmid).
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On the other hand, challenges remain in Oberammergau and include the 
improved involvement of local actors and the integration of the Mountain 
Forest Panel into the participatory development process of the Ammergau Alps 
Nature Park.

3. Best practice description

Almost 60% of Bavaria’s mountain forests in the Alps are protective forests. 
These forests are increasingly endangered by climate change. Bavaria has increased 
its efforts to preserve multifunctional mountain and protective forests with a broad 
package of measures, as described in the following chapters.

3.1 Mountain Forest initiative (BWO) program

The BWO is a part of a widespread program of the Bavarian state government 
to combat climate change. According to the Mountain Forests Protocol of the 
Alpine Convention, the implementation of the BWO is put forward together with 

Figure 10. 
Stripping damage by red deer [14].

Figure 11. 
Growing protective forest [15].
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concerned stakeholders. Since 2008, the Bavarian state government has financed 
the BWO with about 2.5 million euros annually. The measures of the BWO are 
specially designed for private and communal mountain forests, where the size of 
the single properties is usually very small.

The central parts of the BWO are the so-called BWO projects. These are specially 
identified areas with an elevated risk of degradation due to climate change. In these 
areas measures for the maintenance and adaption of forests are established with 
the input of different forest owners. Examples of such measures are the planting 
of adapted tree species, tending with the special aim of supporting adapted tree 
species, natural regeneration, logging with cable crane or building new forest roads 
(see Figure 12) [16].

Local forest authorities plan the individual measures and put them into action 
together with the forest owners. Bringing together different owners increases 
efficiency and reduces costs. A project manager of the local forest authority is 
responsible for the BWO project from planning until completion and is the contact 
person for forest owners and stakeholders.

In addition, the process of integral planning participation is an important part 
of the program. Therefore, all concerned persons have the possibility of bringing 
in their ideas from the beginning of the selection of the project region and during 
the planning process until the implementation of individual measures. In general, 
a so-called BWO advisory board is founded for BWO projects. The members of the 
advisory board differ in each project area. Generally, they consist of politicians, 
deputies of the forest owners, local authorities and other organisations (e.g. hunt-
ers, farmers, conservationists). We regard the BWO advisory board as the central 
factor of the success of the BWO.

In addition to BWO projects, several other actions are part of the BWO as a 
program for the adaption of mountain forests to climate change:

• Adapted seed sources: Forest regeneration, whether natural or artificial, is 
based on the utilisation of forest genetic resources (i.e. seeds). The selection 
of suitable forest reproductive material has assumed new importance both 
because trees are long-lived species and because rapid climate change will have 
an impact on the environmental conditions of trees as they grow and mature. 

Figure 12. 
Schematic picture of a BWO project in the Bavarian Alps.
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This is especially pertinent for the Alps because global warming will impact 
mountain areas in a particularly severe way, posing a very serious threat to 
Alpine forests. Adaptation to these novel environmental conditions is nearly 
impossible without genetic diversity. Therefore, the Bavarian Office for Forest 
Seeding and Planting (ASP) has established a project to identify site-adapted 
seed stands in the Bavarian Alps and to secure an adequate supply of seeds of 
high genetic quality.

• Information on mountain forest sites: Whereas there are existing detailed 
forest site maps for the lowlands of Bavaria, for a long period no such maps 
existed for the Alpine region. As part of the BWO, together with partners in 
Austria, the project WINALP – “Forest Information System for the Northern 
Alps” (www.winalp.info) developed intermediate-scale maps of the potential 
natural forest vegetation for the Northern Calcareous Alps, which are based 
on the ecological gradients of temperature, soil reaction and soil moisture. 
The project was financially supported by the European Fund for Regional 
Development (EFRE) within the “INTERREG Bayern – Österreich 2007–2013” 
program.

• Research: Although research findings show that the Alpine region will be 
increasingly affected by climate change, there are many questions associated 
with the effects of climate change on forests. Therefore, in the frame of the 
BWO, Bavaria has also intensified research on the effects of climate change 
on forests. For example, the INTERREG co-financed projects SICCALP and 
STRATALP dealt with the effects of loss of humus in a succession of wind-throws 
in the Northern Calcareous Alps.

With the BWO, Bavaria is increasing its efforts to preserve multifunctional for-
ests in the Alpine region. It is expected that it will help to preserve mountain forests 
as areas for recreation, biodiversity, wood supply and other ecosystem services for 
the coming generations [16].

One BWO project is located and being implemented in the GreenRisk4Alps PAR 
of Oberammergau.

3.2  Stakeholder involvement in the Oberammergau PAR in the framework of 
the project

Many actors inside and outside the forestry sector intervene in forest manage-
ment, as societal demands are manifold. Whereas forest-based sectors are interested 
in meeting the current and future market demands for wood, increasing needs for 
other ecosystem services in the Alpine Space must be met as well. Only a function-
ing interaction between the different actors in the Alpine Space will contribute 
towards the set objective to integrate forests and ecosystem services in risk gover-
nance and balance the numerous interests, demands and costs.

As described in deliverable D T2.1.2 “Report GR4A SNA concept” [17], the 
involvement of stakeholders leads to better solutions through joint learning, i.e. 
innovations, innovative approaches and measures [18]. The importance of a partici-
patory approach in the planning phase of forestry activities leads to greater public 
acceptance of policy decisions and provides an inclusive platform for constructive 
discussion. These aspects are even more important when dealing with forests and 
their management due to the multitude of conflicting interests and demands related 
to them [19, 20].
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3.2.1 Identification of the goals of the participatory process

Although the overall framework of the stakeholder involvement might be 
known, concrete and clear objectives of the participatory process must be clarified 
at the be-ginning. Besides the technical issues to be discussed during the round 
tables (see Figure 13), other important aspects also have to be considered. These 
include the following:

• Trust building between

a. local actors and public officials and

b. neighbouring municipalities

• Community building: creating shared collective goals

Thus, communication between different interest groups has been fostered 
continuously.

3.2.2 Identification of actors and stakeholders

Before starting the participatory process, it was necessary to identify the rel-
evant and important stakeholders in the PAR. For the Oberammergau PAR, the 
following groups are considered to be important for the success of the process:

• Governmental actors / district: regional forest office (government), regional 
watershed authority, regional nature conservation authority, regional hunting 
authority

• Ammergauer Alps Nature Park: Nature Park Manager, Tourism Manager

Figure 13. 
“Round table” excursion [21].
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• Environmental NGOs

• Actors of the communities of Oberammergau and Ettal: municipalities of Oberam-
mergau and Ettal, land use actors, hunters, recreational users of the nature park

3.2.3 Actor analysis in the PAR

3.2.3.1 Initial conditions

With respect to Oberammergau and Ettal, there are two municipalities involved. 
Both municipalities are part of the district of Garmisch-Partenkirchen. Natural 
hazard management is not a new topic in the area; since 2009, the BWO has encour-
aged the improvement of the protection function of mountain forests.

For many years, a major topic in Oberammergau has been the torrent & flood 
management of the Große Laine Torrent and the improvement of protection mea-
sures in recent years. Another topic has been the rock fall and debris flow potential 
at Schaffelberg and the Graswang Valley.

3.2.3.2 Objective

The objective of the actor analysis was the provision of social data to prepare and 
support the participation process focusing on the development and preservation of a 
safe and liveable regional Alpine living space in the region. The participation process 
is expected to enable the intermunicipal implementation of measures in the long run.

3.2.3.3 Approach

During the interviews with selected experienced actors in the PAR (mayors, 
regional forest officials and nature park officials), the important stakeholders and 
participants of the round tables are identified in a “snowball-system”. The inter-
views are complemented with data from a literature analysis.

The following questions should be answered during the process:

• Which stakeholders are involved in natural (hazard) management?

• What is the characterisation of each stakeholder (organisation, group or person).

• Which goals are most vigorously pursued?

• What are the concerns regarding (joint) nature (hazard) management?

• With whom do they work together or with whom do they have conflicts?

The main goal of this approach is not a mere scientific exploration but the prepa-
ration of the social process in the region. The participants of the GR4Alps round 
tables should start the process together with a joint project briefing at the first event 
(“Proactive” rumours must be avoided”) [22].

3.2.4 Starting the participatory process

The process started with a kick-off event, which was announced well ahead 
of time in an invitation letter sent to all identified stakeholders from both 
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municipalities. They were informed about the topics to be discussed to achieve a 
common understanding of the following process. An external moderator accompa-
nied the process to ensure that it was as productive and constructive as possible and 
to summarise the results for the participants.

The introductory work with actors from Ettal and Oberammergau led to a 
common objective: to identify the different types and intensity of use of the natural 
areas in the municipality and the added value of cooperation.

3.2.5 Expectations of the organisers

With the round tables, the initiators expected that in the short and medium 
term, existing local knowledge gaps concerning risk management would be closed, 
the available risk mitigation programs would be improved and the involvement 
of and exchange between local stakeholders would be fostered by this initiative. 
Furthermore, the Mountain Forest Panel of the BWO and the participatory devel-
opment process of the Ammergauer Alps Nature Park would be merged into a 
visible perceived institution.

4. Conclusion

Due to its location in the Ammergau Alps, Oberammergau has been confronted 
with the topic of protective forest and protective forest management for years. Not 
least because of the perpetual challenge of potential flooding of the Große Laine 
River. Mechanical shoring is of immense importance in this context. However, the 
use of forest-based support is also of great importance, and the management of 
the protective forest has played a major role for years. This is also demonstrated by 
the state-funded Mountain Forest Initiative, which aims to protect mountain forests 
against climate change by involving multiple stakeholders. This is done most effec-
tively on the ground with so-called round tables, joint excursions, talks and discus-
sions. The GreenRisk4Alps project has now been able to draw on these many years 
of experience. This experience was complemented by a social network analysis, 
which identified the goals of the participation process and the actors and stakehold-
ers in order to then target local knowledge gaps on the topic of risk management, 
improve existing risk reduction programs and promote the involvement of and 
exchange between local actors through this initiative.
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Chapter 3

Val Ferret Pilot Action Region: 
Grandes Jorasses Glaciers - An 
Open-Air Laboratory for the 
Development of Close-Range 
Remote Sensing Monitoring 
Systems
Paolo Perret, Jean Pierre Fosson, Luca Mondardini  
and Valerio Segor

Abstract

The Val Ferret valley (Courmayeur, Aosta Valley, Italy) was included as a Pilot 
Action Region (PAR) of the GreenRisk4Alps project since it is both a famous tourist 
location and a high-risk area for all types of mass movement processes. Typical 
natural hazards that endanger this PAR are debris flows and avalanches, sometimes 
connected to ice collapses from the glaciers of the Mont Blanc massif. Thanks to the 
steep sides of the valley and widespread alluvial channels, these events can reach 
the valley floor, where public roads, villages and touristic attractions are located. 
This article presents the main challenges of natural hazard management in the Val 
Ferret PAR, as well as the role of forestry and protective forests in the Aosta Valley 
Autonomous Region. As an example of good practice, the monitoring systems of the 
Planpincieux and Grandes Jorasses glaciers are presented. Recently, these glaciers 
have become an open-air laboratory for glacial monitoring techniques. Many close-
range surveys have been conducted here, and a permanent network of monitoring 
systems that measure the surface deformation of the glaciers is currently active.

Keywords: Val Ferret, protective forest, Mont Blanc, Aosta Valley, monitoring,  
glacial hazards, remote sensing

1. Introduction

Courmayeur (1,224 m asl) is a small mountain town located in the Aosta Valley 
Autonomous Region, in northwestern Italy. It is a famous tourist destination whose 
fame and history are largely related to the presence of the Mont Blanc massif, which 
is one of the most renowned attractions in the Alps. Two glacial valleys, the Val Veny 
to the west and the Val Ferret to the east, run parallel to the massif. Every year, these 
valleys become the holiday destination of thousands of tourists (more than 350,000 
in 2019), and amongst them are many climbers and hikers who are drawn to this 
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area for its majestic landscapes. Courmayeur is a typical example of an Alpine loca-
tion whose population can easily triple due to the presence of tourists. In addition, 
this area is home to the Mont Blanc Tunnel, which is part of a crucial roadway link-
ing Italy and the rest of Europe, as well as to the new Skyway Monte Bianco cable 
car, which crosses the Mont Blanc massif and connects Courmayeur to Chamonix.

Over the last two decades, in many alpine areas, the effects of global warming 
have increased the frequency of numerous types of gravitational slope instabilities 
(i.e. rockfalls, ice avalanches and debris flows), especially at high elevations, mainly 
due to glacial and permafrost degradation or extreme rainfall events. The Val Ferret 
PAR (Figure 1) has been affected by all these hazards.

2. PAR description

2.1 General data

The Aosta Valley Autonomous Region is a wide mountain basin consisting of a 
long main valley (100 km), corresponding to the Dora Baltea hydrographic basin 
and thirty major tributary valleys.

This area has a temperate oceanic climate, which is transitional to hemi-conti-
nental and lacks a dry season. The mean annual temperature varies greatly in the 

Figure 1. 
The Aosta Valley Autonomous Region (northwestern Italy) and Val Ferret PAR in the municipality of 
Courmayeur.
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different areas of the valley, mostly because of the considerable altitude differences. 
For example, the annual average temperature ranges between +10 and +12°C at 
500 m, but it is around −7.5°C at 1,200 m [1].

The region has an alpine pluviometric regime, with two rainfall maxima in the 
middle seasons and two minima during summer and winter. In the central sec-
tor of the region, the maximum rainfall occurs in autumn, while the minimum 
rainfall occurs in summer. The central area of the Aosta Valley is one of the driest 
sites in the Alps (550 mm/y). The mean annual precipitation is about 950 mm and 
increases with altitude and towards the watersheds, with the highest contribution 
on the Great St Bernard Pass (2,476 m) on the northern watershed, which averages 
2,000 mm/y (data set since 1817) [1].

The topographic elevation ranges from 400 m, where the valley mouth merges 
into the Po Plain, to the 4,810 m summit of Mont Blanc, the highest peak in the 
European Alps. From a geological point of view, the Aosta Valley region belongs to 
the axial zone of the Western Alps, an imbricated stack of continental and oceanic 
metamorphic complexes [2].

A very high regional mean altitude of around 2,100 m guarantees the presence 
of numerous glaciers (precisely, 175), which, according to the Aosta Valley Glacier 
Inventory (updated in 2019), have an overall extent of approximately 120 km2, or 
3.6% of the basin [3]. Amongst the morphodynamic agents in mountain environ-
ments, glaciers play the most important role, by modeling both erosional and 
depositional landforms as well as indirectly influencing slope dynamics.

Watercourses represent another crucial geomorphic agent, largely affecting the 
Aosta Valley’s landscape through the progressive erosional deepening of valleys. 
Evident signs of the constant shaping and reshaping of this territory are the wide-
spread alluvial and mixed fans, mainly created by debris-flow phenomena. Finally, 
yet importantly, gravitational phenomena also contribute to the evolution of the 
Aosta Valley’s geomorphology.

2.2 Val Ferret

Located at the foot of the Mont Blanc massif, the longitudinal profile of the 
Val Ferret valley progresses in a succession of steps, a distinctive trait of a glacial 
valley (Figure 2), from the village of La Palud to the Col Ferret. Small settlements 
populate the valley floor, and even if they are not permanently inhabited, they are 
renowned summer and winter holiday destinations where tourists come to engage 
in cross-country and backcountry skiing during the winter season and alpinism, 
mountain biking and trekking in summer. Thus, many economic activities, such as 
hotels, restaurants and campsites, flourish in this valley.

From a naturalistic point of view, Val Ferret is a Special Protection Area (SPA) [4] 
that is home to numerous species of nesting birds. Along with Mont Blanc’s glacial envi-
ronments, the Talweg of the Val Ferret valley, an important reservoir for the conserva-
tion of hygrophilous plants, is also listed as a Site of Community Importance (SCI) [5].

Larch and pine forests cover both sides of Val Ferret up to an altitude of 1,750 m 
(on average). The right bank has steep rocky sides that descend from the peaks of 
the Mont Blanc range to the valley floor at 1,400 m. This incredible drop of approxi-
mately 2,600 m is the perfect terrain for avalanches and debris flows. In fact, these 
natural hazards usually originate well above the timberline and are often associ-
ated with rockfalls and extreme precipitation events or, sometimes, to the partial 
collapses of glacier fronts (i.e. Grandes Jorasses and Planpincieux glaciers). These 
events flow over existing stream incisions, and their frequency effectively precludes 
the presence of forests in these areas. The left bank, facing northwest, has more 
continuous forest cover, up to 2,000 m. On this side of the valley, the forest provides 
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better protection from natural hazards, but despite the milder slopes, avalanche 
phenomena can still occur.

2.3 The main problems relating to natural hazards in the Val Ferret PAR

2.3.1 Winter management

During the winter season, the Val Ferret road is open up to the village of 
Planpincieux, which is located at the entrance of the valley. From this little town, 
cross-country ski trails extend to the village of Lavachey, halfway up the valley. The 
end of Val Ferret is accessible only with ski mountaineering equipment. During the 
cold season, the valley is a famous tourist destination, even though the high fre-
quency of snow avalanches make access to the valley quite difficult (Figure 3).

In mountain areas, local avalanche risk management has always been of crucial 
importance. In addition to being a complicated task, it requires excellent knowledge 
of the terrain and avalanche sites, as well as a deep understanding of the seasonal 
snow cover and the alpine micro-meteorology. For these reasons, the Aosta Valley 
Autonomous Region has officially established the Local Avalanche Commission 
(CLV – Commissione Locale Valanghe) [6].

Born to support the decision-making process of avalanche risk management 
in municipal areas, CLVs have the task of carrying out forecasting activities and 
assessing the snow and the meteorological conditions and the stability state of the 
snow masses in the designated areas. It also acts as a body of vigilance, alert and 
intervention in situations of risk and emergency management, in order to ensure, 
at the local level, the control of dangerous situations in its area of competence. CLVs 
also provide a civil protection technical consultative opinion to the mayor.

Regarding the Val Ferret PAR, in the event of avalanche danger, the mayor issues 
an order for the permanent closure of the municipal road of the Val Ferret valley 
and, if there is high risk to inhabited areas, the mayor can order the evacuation 
of the whole valley. The closure is generally preceded by a controlled evacua-
tion plan, according to an intervention regulation as part of the Municipal Civil 
Protection Plan.

Figure 2. 
Mont Blanc, with Val Veny on the left and Val Ferret on the right (photo: FMS).
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Snow avalanche data for the Val Ferret PAR are obtained from the Snow 
Avalanche Inventory of the Aosta Valley Autonomous Region [7]. This database has 
been updated every winter since the early 1970s and since 2005, it has been fully 
available online. Table 1 summarizes some data regarding Val Ferret.

2.3.2 Summer management

In summer Val Ferret is entirely accessible. The municipal road is open up to the 
hamlet of Arp-Nouva, and side paths are available for mountain bikers and trekkers. 
On the valley floor there are numerous tourist facilities, such as hotels, restaurants, 
campsites and a golf course. The valley is crossed by numerous hiking paths, the 
most famous of which is the Tour du Mont Blanc, a 170 km hiking trail that sur-
rounds the Mont Blanc massif and passes through parts of Italy (Aosta Valley), 
France (Haute-Savoie and Savoie) and Switzerland (Valais). Every year, this trail 
becomes the stage of the Ultra-Trail du Mont Blanc, a world-renowned trail running 
race with up to 10,000 participants.

Given the large number of visitors throughout the whole summer season, risk 
management is more complex compared to the winter period. Regarding hydro-
geological instability, the natural hazards that endanger the valley during summer 
are more rare and harder to forecast (i.e. debris flows) in comparison to the snow 
avalanches of the winter season. Alerting abilities are thus less developed, especially 

Figure 3. 
Aerial view of avalanches between Tête de Bernarde and Mont de La Saxe with the hamlet of Mayencet in the 
center (photo: FMS).

Avalanche sites 80

Total avalanche events 767

Avalanche events causing damage to forest cover 66

Avalanche events involving people 17

Avalanche events involving civil buildings 45

Avalanche events affecting the municipal road system 60

Avalanche events affecting the state road system 17

Table 1. 
Avalanche sites and avalanche events in Val Ferret (data: 2020 update) [7].
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because the event precursors are not as evident as those in winter hazards. The 
Functional Center of the Aosta Valley Autonomous Region manages the meteoro-
logical alert system. In Italy, functional centers have been established in compliance 
with a decree of the President of the Council of Ministers [8] in 1999, following 
a tragic event in the year before, in an effort to better the civil protection system 
linked to weather-related hazards.

This legislative act established, for the first time in Italy, an integrated monitor-
ing network, enabling the diffusion of hydro-pluviometric data throughout the 
whole country, while integrating them in a civil protection system designed to 
rapidly alert the population in case of a weather-related hazard.

In this context, the different functional centers create a tight net of forecasting, 
monitoring and surveillance bodies and provide technical support to the competent 
agencies dealing with risk management and civil protection.

The principal tool used by the functional centers to alert the different agen-
cies and the municipalities is the Bulletin of Critical Issues. This concise report 
describes, with a progressive color scale, the increasing danger and the expected 
scenarios according to the forecasted weather and hydrological conditions.

In the Aosta Valley’s Bulletin of Critical Issues, the regional territory is subdivided 
into four areas, for which a risk forecast is presented, in order to activate only the 
municipalities, authorities and emergency management bodies actually involved in 
the forecasted event. The municipalities included in the alert areas are required to 
activate the operational phases defined within the Municipal Civil Protection Plan. 
The data acquired regarding landslides, rockfalls, floods and debris flows affecting the 
regional territory are reported in a specific inventory called the “Catasto Dissesti” [9].

During the summer season, the most influential gravitational processes in the 
Val Ferret PAR are linked to water-related hazards, more precisely to floods and 
debris flows. These phenomena occasionally reach the valley floor, endangering 
crowded areas, such as houses, hiking trails and the main road (Figure 4).

Streams and river basins that can potentially be affected by these phenomena 
are very numerous; there are hundreds in the entire regional territory and at least 
twenty in Val Ferret alone.

In addition, glacier-related hazards have to be considered as well in the risk 
assessment analysis of the Val Ferret PAR. In fact, the current risk management 
plan already considers ice avalanches originating from the Mont Blanc massif as a 
potential threat to the valley floor.

Figure 4. 
Debris flow deposit in Val Ferret and clearing operations of timber and debris from the stream bed 
(photo: FMS).
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This subject is addressed in depth in Chapter 3, which is dedicated to the best 
practices carried out in Val Ferret, such as the open-air laboratory of the Grandes 
Jorasses glaciers.

2.4 Forest and forestry

2.4.1 Forest management in the Aosta Valley Autonomous Region

About 30% of the total area of the Aosta Valley Autonomous Region is wooded, 
amounting to approximately 97,970 hectares [10], of which 38,207 hectares (39% of 
the total forest area) is public property and 59,763 hectares (61% of the total forest 
area) is private property.

The forestation index might seem low, especially when compared with the 
average of other Alpine regions. However, the surface morphology and character-
istics of the Aosta Valley have to be taken into account. With an average altitude 
above 2,100 m, an entirely mountainous territory and the considerable presence 
of glacial and periglacial environments, the area available to forests is limited. 
In fact, excluding these barren areas would increase the potential surface area 
of forest to around 195,000 hectares, and would increase the forestation index 
from 30 to 45%. Therefore, the per capita area of forest in the Aosta Valley is 
7,500 m2, compared to the Italian average of 1,600 m2. This clearly shows that the 
current wooded area is quantitatively a significant part of the regional territory. 
Potentially, this area can still see further expansion, however, and the forest has 
already regained areas where, in the last three decades, land-use has changed. The 
constant increase recorded for about a century (Table 2) is mainly the result of 
the decline of agriculture work in mountain areas, lower livestock pressure inside 
and on the edge of the forest, and reforestation carried out since the first post-
war period.

Since the 1960s, the regional administration has implemented regional policies 
aimed at expanding knowledge about its forest heritage. An important planning 
instrument is the “Economic Plans of Forestry and Pastoral Assets”, which provides 
a subdivision of property into separate economic classes. The different classes are 
based on the prevailing functions that wooded areas are required to satisfy: produc-
tive, protective, touristic-recreational, and naturalistic. The economic plans define 
a set of rules that establish the extent of the interventions needed for conservation 
purposes and the strengthening of the forest.

These regulatory plans for the region, municipalities and consortiums have 
been constantly updated for 50 years. However, in 2010, due to financial reasons, 
the review was temporarily interrupted. Today, opportunities to complete the 
economic plan review, as well as to develop the agricultural and forestry sectors, 
arise mainly through the EU Rural Development Plan. As a matter of fact, The 

Year Area (hectares)

1962 66,000

1974 75,000

1996 86,550

1999 89,539

2011 97,970

Table 2. 
Variation in the forested areas of the Aosta Valley in the past years [11].
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Rural Development Program 2014–2020 is currently operational in the Aosta Valley 
Autonomous Region, carrying out measures to guarantee forest conservation and 
to increase the potential of the forest-wood supply chain. The forestry plan for the 
Municipality of Courmayeur and the Val Ferret PAR is currently in place and valid 
until 2022.

The forest typology of the Aosta Valley Autonomous Region has been analyzed 
since 1998 in the context of various Interreg projects that have led to the creation 
of the publication “I tipi forestali della Valle d’Aosta” [12], which identifies 15 
forest categories with 49 forest types. As part of the European Alcotra Renerfor 
Project, in 2011, a new forest map was created [10]. This inventory identified 21 
forest categories (14 broad-leaved, 6 conifer and one mixed) and 95 forest types. 
High forests account for 68% of the wooded area as the prevailing silvicultural 
system, while coppices are limited to about 15% of the area. Conifers are cer-
tainly the most represented species, exceeding 90% in high forests. In particular, 
in order of occurrence, there are larch, spruce, Scots pine, stone pine and silver 
fir. Less common are broad-leaved trees, of which less than 10% are in high forest 
systems. The majority of broad-leaved trees are in coppice populations, generally 
old growth, and in spontaneous high forest successions. The most represented 
species are chestnut, downy oak, poplar, ash, cherry, rowan, sycamore maple 
and beech.

In regard to the Val Ferret PAR, Table 3 shows the forest types according to the 
technical report of European Environmental Agency No 9/2006 “European forest 
types – Categories and types for sustainable forest management reporting and 
policy” [13].

The subdivision into prevalent functional destinations, with the exclusion of 
unmanaged forests, is linked to the different conditions of fertility, location and 
accessibility of each specific forested area. In the Aosta Valley, the main role of 
forests is protection from natural hazards, even if partially combined with timber 
production. In fact, it appears that about 80% of the forests of the Aosta Valley 
perform an irreplaceable protective function against rockfalls, avalanches, debris 
flows, floods and soil erosion.

2.4.2 Protective forests in the Aosta Valley Autonomous Region

With regard to forests protecting against natural hazards, a recent Italian 
legislative decree [14] defines “forest of direct protection” as wooded area that, 
thanks to its peculiar position, performs the function of the direct protection 

CODE Forest type %

3.1 Subalpine larch-arolla pine and dwarf pine forest 71

3.2 Subalpine and montane spruce and montane mixed spruce-silver fir forest 10

8.4 Portuguese oak and Mirbeck’s oak Iberian forest 3

11.2 Alder swamp forest 13

12.1 Riparian forest < 1

12.2 Fluvial forest 1

13.4 Southern boreal birch forest 2

Table 3. 
Val Ferret forest types according to European environmental agency No 9/2006 “European forest types – 
Categories and types for sustainable forest management reporting and policy” [13].

51

Val Ferret Pilot Action Region: Grandes Jorasses Glaciers - An Open-Air Laboratory... 
DOI: http://dx.doi.org/10.5772/intechopen.99013

of people, goods and infrastructure from natural hazards such as avalanches, 
rockfall, landslides and debris flows, preventing the occurrence of such events or 
mitigating their effect.

In 2006, a publication containing guidelines for the management of pro-
tective forests [11] was published by the Aosta Valley Autonomous Region 
together with the Piedmont Region. This study, starting from the exchange 
of experiences between foresters in the Western Alps, provides the necessary 
silvicultural path needed to enable a specific forest to perform its protective role 
in a lasting and effective manner. These suggestions were defined considering 
the main natural hazards characterizing the area. However, the frequency and 
intensity of natural hazards seem to change, particularly under the effect of 
climate change. In fact, in response to shifts in temperature and precipitation, 
many climate models predict an increase in the frequency of extreme weather 
events (i.e. storms and fires), an impact on the population dynamics of insects, 
an alteration of ecological niches (species replacement), and an increase in 
sensitivity to pathogens.

The collaboration between the forest departments of the Piedmont and Aosta 
Valley regions, has been extended thanks to the Alcotra 2007–2013 Project [15]. 
This cross-border project between Italy (Aosta Valley and Piedmont regions) and 
Switzerland (Canton du Valais) resulted in, amongst other things, the publication 
of cognitive complements on the management of protective forests. The research 
and experience gained in these five years have been summarized in two publications 
[16, 17], which expand on the first one [11] through the deepening of the interac-
tions between natural hazards and the stability of protective forest.

In the Aosta Valley, approximately 44,000 hectares of forest plays a “direct 
object protection” role, equivalent to 45% of the total forest coverage (Figure 5). 
This ratio is even greater in the Val Ferret PAR, despite only 10% of its territory 
being covered by forests.

Figure 5. 
Map of protective forests in the Aosta Valley Autonomous Region (data from [15]).
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3.  Grandes Jorasses Glaciers Open-Air Laboratory for the Development 
of Close-Range Remote Sensing Monitoring Systems: an example of 
good practice in the Val Ferret PAR

Research on Mont Blanc has always been an interdisciplinary effort, with 
numerous national and international projects built upon high mountain observa-
tion, mass balance measurement and glacial and periglacial environment moni-
toring. It is of crucial importance to study glaciers and their evolution, especially 
during this period of rapid change in which global warming is expected to 
drastically reduce glaciated areas and increase their instability. Moreover, in most 
mountainous regions of the world and especially in densely populated areas such 
as the European Alps, glacier-related hazards are a threat to lives and sustain-
able development. A thorough understanding of glacier dynamics is essential 
for glacier risk management, enabling the development of mitigation strategies 
against climate change cryosphere alteration. In order to attain this objective, 
scientific observation, data acquisition and analysis are fundamental, but the 
severe mountain environment where most glaciers are located, makes the survey 
activities very complex. Accessing these impervious areas implies high economic 
costs as well as potential risks for technicians and scientists. However, the recent 
development of remote sensing systems allows investigations to be carried out 
with minimal risks, enabling the measurement of many parameters without even 
accessing the glaciers, thus representing in many cases the most suitable moni-
toring solution.

Spaceborne earth observation techniques enable, for example, the extraction 
of information such as glacier topography, albedo, equilibrium line, mass balance 
or flow velocity. However, the spatial and temporal resolution of satellite data is 
not yet effective enough to the measure fast processes (e.g. sub-daily movements 
- cm/day), and often close-range remote sensing is the best monitoring solution 
for glacier stability evaluation and risk assessment. The effectiveness of these 
techniques has been successfully tested and used for several years in the Val Ferret 
PAR for the polythermal glacial complex of the Grandes Jorasses and Planpincieux 
glaciers (Figure 6). These glaciers, located on the Italian side of the Grandes 
Jorasses peak, have a southeastern orientation, and their elevation ranges from 
2,600 m to 4,200 m. The research and survey activities that have been conducted 
here since 2009 are arguably amongst the most intensive in the European Alps. 
Today, this area is an open-air laboratory for close-range remote sensing moni-
toring systems focused on developing new monitoring solutions and advanced 
research activities.

3.1 Planpincieux Glacier

Several documented ice avalanches and glacial floods (1929, 1952, 1982, 2005, 
2017), which, in some cases, have threatened the village of Planpincieux and  
damaged the municipal road, have been linked to the Planpincieux Glacier 
(Figure 7) [18].

The Planpincieux Glacier’s accumulation area consists of two separate glacial 
cirques, the largest of which is located at the base of the Grandes Jorasses peak.

The two cirques converge into a singular basin area that feeds the two lower 
lobes, whose fronts are located at an altitude of about 2,600 m. The ice flow is chan-
neled mainly into the right lobe, which, dynamically, is a very active area, with an 
average slope of 32° and has a strongly crevassed morphology.
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Figure 6. 
Overview of the Planpincieux and Grandes Jorasses glaciers. Orange and blue areas indicate the Montitaz lobe 
and the Whymper Serac, respectively.

Figure 7. 
Aerial view of the Planpincieux Glacier and Montitaz stream (photo: FMS).
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2,600 m to 4,200 m. The research and survey activities that have been conducted 
here since 2009 are arguably amongst the most intensive in the European Alps. 
Today, this area is an open-air laboratory for close-range remote sensing moni-
toring systems focused on developing new monitoring solutions and advanced 
research activities.
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Several documented ice avalanches and glacial floods (1929, 1952, 1982, 2005, 
2017), which, in some cases, have threatened the village of Planpincieux and  
damaged the municipal road, have been linked to the Planpincieux Glacier 
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cirques, the largest of which is located at the base of the Grandes Jorasses peak.

The two cirques converge into a singular basin area that feeds the two lower 
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neled mainly into the right lobe, which, dynamically, is a very active area, with an 
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Figure 6. 
Overview of the Planpincieux and Grandes Jorasses glaciers. Orange and blue areas indicate the Montitaz lobe 
and the Whymper Serac, respectively.

Figure 7. 
Aerial view of the Planpincieux Glacier and Montitaz stream (photo: FMS).
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The right lobe, characterized by a vertical front wall that reaches heights of up 
to 30 meters, leads into the steep Montitaz stream (Figure 7), where numerous ice 
collapses occur, mainly during the summer season.

Since 2011, when a large crevasse opened in the lower part of the right lobe, the 
glacier has been closely monitored using different technologies and methodologies. 
During this 10-year study period, speed increases of the entire right side of the 
glacier tongue have been recorded (up to 2 m/day at the glacier front), especially 
during the summer seasons. This fast-flowing motion is mainly induced by the flow 
of water present between the bedrock and the ice.

In the summer of 2019, a volume of about 300,000 m3 showed multiple signs of 
possible collapse. Phases of marked accelerations and decelerations of the ice flow, a 
subglacial drainage network distributed under most of the tongue, and a state of per-
vasive fracturation of the ice were all conditions that were present at the Planpincieux 
front. These unstable conditions could lead to the sudden detachment of the entire 
portion of the glacier, which, because it is hanging over a steep slope, could generate a 
large ice avalanche that could potentially reach the valley floor. These same conditions 
have been recorded in all known cases of temperate glaciers destabilizations: Le Tour – 
1949 [19], Allalin – 1965, Fee Glacier – 2009, and Allalin – 2000 [20].

3.1.1 Time-lapse camera applications

The Planpincieux Glacier is monitored by two time-lapse cameras with dif-
ferent focal lengths placed on the opposite side of the Val Ferret valley, 3,800 m 
from the glacier [21]. The monitoring station is equipped with two solar panels, 
and an electric cell for power supply and is remotely controlled by a single-board 
computer connected to a server. A robotic webcam was installed in 2018 to survey 
the functionality of the station. This monitoring system has been active since 2013 
and acquires images at hourly frequency, enabling the accurate identification of 
the different phenomena affecting the glacier over time. Between 2013 and 2020, 
this camera system collected more than 40,000 images, contributing to one of the 
longest continuous series of hourly images in the European Alps.

The surface kinematics of the right lobe of the Planpincieux Glacier has been 
deeply investigated with image analysis of eight years of time-lapse monitoring [18 
21]. The images are processed with a digital image correlation technique to estimate 
surface ice flow velocities (Figure 8).

The ice flow pattern is often composed of distinct kinematic domains, especially 
during summer. Observation of this phenomenon may indicate the action of high 
strain rates localized in areas where large crevasses appear.

The behavior of the glacier snout is noteworthy because it reveals the occurrence 
of a few speed-up periods per year, which can end in significant ice collapses.

3.1.2 Terrestrial radar interferometry applications

The Planpincieux Glacier is likely one of the few glaciers for which terrestrial 
radar interferometry investigations have been carried out using four different radar 
models [18], namely: GPRI™ (Gamma Remote Sensing), IBIS-L™ (IDS GeoRadar), 
FastGBSAR-S™ (MetaSensing) and LiSALab™ GbInSAR (Ellegi).

The surface kinematics of the glaciers was surveyed in five campaigns, in 2013, 
2014, 2015, 2016 and 2019. The first two campaigns were conducted using the 
GPRI™ real-aperture radar (RAR), which surveyed the glacier from both the valley 
floor and the valley ridge opposite to the glacier. Both campaigns lasted for two 
days and were able to detect the surface displacement of the glacier tongue. For the 
following surveys, synthetic aperture radars (GB-SAR) were used.
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Thanks to the 2015 campaign, which lasted for a longer period compared to the 
previous ones, it was possible to distinguish the different kinematic domains of the 
Montitaz Lobe, although the meteorological conditions were severe, and the radar 
acquisitions were affected by a strong atmospheric phase screen.

In order to minimize the atmospheric disturbance, FastGBSAR-S™ measure-
ments with an acquisition frequency of 10 seconds, were carried out in 2016. The last 

Figure 8. 
Digital image correlation of the right anterior lobe of the Planpincieux Glacier. The displacement difference in 
the frontal area of the glacier, below the large crevasse, is clearly visible.

Figure 9. 
Cumulated displacement measured by the LiSALab™ GBInSAR from December 2019 to march 2021.
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The surface kinematics of the glaciers was surveyed in five campaigns, in 2013, 
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investigation (LiSALab™ GBInSAR) began at the end of September 2019 for civil 
protection purposes (Figure 9). This campaign, which was still active during the 
writing of this article, is by far the longest, allowing for a dataset of almost two years.

During the Planpincieux Glacier ‘s most active phases, velocity displacements 
up to 200 cm/day were recorded on the right lobe, while movements on the left lobe 
never exceeded 20 cm per day. This separation and difference in surface velocities 
occurs during the summer season in particular.

3.1.3 Doppler radar applications

In 2020, an AVYX™ Doppler radar (Geopraevent) was installed for real-time 
detection of ice avalanches from the Planpincieux Glacier (Figure 10). After the 
calibration phase and numerous simulations, the alert system went into operation 
at the beginning of July 2020. This system includes automatic road closures upon 
avalanche detection in the defined “closure zone”. The road is automatically re-
opened if the avalanche does not reach the “danger zone”, which is a specific area at 
the bottom of the slope visible from the radar location.

The avalanche radar system placed in Planpincieux detected 103 avalanche events 
between July and December 2020. Of these, 75 were detected within, or at the border 
of, the closure zone, which led to the closure of the road. The radar further detected 
28 events outside the closure zone which did not lead to a road closure.

3.1.4 Hydrometer applications

In the summer of 2020, a water measurement system was installed in the 
Montitaz stream, at the end of the right lobe of the Planpincieux Glacier. This data 
could be useful for eventually identifying water pockets retained by the glacial body.

This system has been tested throughout the whole summer season but snow and 
ice deposition into the Montitaz channel, from glacier ice collapses, have made these 
data somewhat unreliable.

Figure 10. 
Consecutive Doppler radar ice collapse detections from the Planpincieux Glacier (photo: Geopraevent AG).
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3.2 Whymper Serac of the Grandes Jorasses Glacier

The south face of the Grandes Jorasses peak contains two steep glacial cirques, 
which form the accumulation zone of the Grandes Jorasses Glacier. The Whymper 
Serac, whose front is located at 3,800 m, forms the left cirque (Figure 11) and is 
defined as an unbalanced cold hanging glacier.

When hanging glaciers are entirely located above equilibrium-line altitude, ice 
avalanching becomes the dominant form of glacial ablation. Morphological evi-
dence and historical data indicate, in fact, that the Whymper Serac is progressively 
increasing in volume, reaching unstable geometries that are subject to recurrent 
breakoffs. The time between these collapse events ranges from a few years to more 
than a decade.

Therefore, a collapse can also occur during the cold season, when it might 
easily trigger a large snow avalanche that could seriously threaten the buildings 
and the road located on the valley floor. Four collapse events have been well docu-
mented so far: August 1993, June 1998 [22] (Figure 12), September 2014 [23] and 
November 2020.

Despite the absence of fresh snow and the limited dimension of the avalanche 
triggered by the 1993 event, eight mountaineers that were climbing in the area lost 
their lives.

3.2.1 Time-lapse camera applications

Since 2010, the Whymper Serac has been continuously monitored by a time-
lapse camera placed on the Skyway Monte Bianco cable car station platform at 
Pointe Helbronner. Since 2019, digital image correlation has been applied to the 
images of the Whymper Serac in order to measure the surface displacement. 
However, due to the high brightness, low color contrast and smooth texture of the 
scene, measuring the ice flow is more difficult than for the Planpincieux Glacier. 
This requires a robust outlier correction method to remove the artifacts present in 
the displacement maps.

Figure 11. 
Aerial view of the Whymper Serac of the Grandes Jorasses Glacier (photo: FMS).
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3.2 Whymper Serac of the Grandes Jorasses Glacier

The south face of the Grandes Jorasses peak contains two steep glacial cirques, 
which form the accumulation zone of the Grandes Jorasses Glacier. The Whymper 
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defined as an unbalanced cold hanging glacier.

When hanging glaciers are entirely located above equilibrium-line altitude, ice 
avalanching becomes the dominant form of glacial ablation. Morphological evi-
dence and historical data indicate, in fact, that the Whymper Serac is progressively 
increasing in volume, reaching unstable geometries that are subject to recurrent 
breakoffs. The time between these collapse events ranges from a few years to more 
than a decade.

Therefore, a collapse can also occur during the cold season, when it might 
easily trigger a large snow avalanche that could seriously threaten the buildings 
and the road located on the valley floor. Four collapse events have been well docu-
mented so far: August 1993, June 1998 [22] (Figure 12), September 2014 [23] and 
November 2020.

Despite the absence of fresh snow and the limited dimension of the avalanche 
triggered by the 1993 event, eight mountaineers that were climbing in the area lost 
their lives.

3.2.1 Time-lapse camera applications

Since 2010, the Whymper Serac has been continuously monitored by a time-
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Figure 13. 
One of the prisms positioned on the Whymper Serac, pointing towards the robotic total station located in the 
hamlet of Planpincieux (photo: FMS).

3.2.2 Robotic total station applications

Surface velocity measurements of the Whymper Serac from a robotic total 
station installed in front of the village of Planpincieux 4,800 m from the glacier 
have been continuously taken since 2010 [22, 23]. The survey is conducted with a 
Leica TM30 that operates automatically on target recognition mode. The reflector 
network is composed of several prisms installed on poles inserted into the serac’s 
unstable portions (Figure 13), while a few prisms placed in the surrounding 
bedrock serve as reference points. A complete acquisition of the entire network 
is conducted every two hours, tracing the position of the prisms and enabling the 
analysis of surface displacements.

Figure 12. 
Aerial view of the deposit of the 1998 collapse. The ice and snow mass stopped a few hundred meters from the 
municipal road and houses of Val Ferret (photo: Lorenzo Cosson).
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Even if the sensor-to-target distance is beyond the operating limits declared 
by the producer, the instrument works correctly. However, extreme atmospheric 
conditions due to the high-mountain elevation, such as heavy snowfall and strong 
wind, occur frequently, causing the loss of some reflectors, which must be replaced 
with the help of mountain guides. It is thus clear that measuring the surface velocity 
of the Whymper Serac with a robotic total station is a difficult task, and a robust 
data processing method has been developed especially for it. Nonetheless, this 
data allowed the break-off of the serac in October 2014 to be forecasted ten days in 
advance [23].

3.2.3 Terrestrial radar interferometry applications

In 2020, an IBIS-FM™ GbInSAR (IDS GeoRadar) was installed to test the 
capability of radar to monitor the Whymper Serac displacements beyond the instru-
ment’s operating limits (approximately 5 km) and in unfavorable environmental 
conditions. In addition to the correlation between radar data and the existing 
monitoring system, this new tool was of fundamental importance in identifying the 
kinematic domains that underwent a progressive acceleration before the ice col-
lapses of 18 October and 11 November 2020.

Starting from the end of October 2020 and during the month of November, a 
further test was carried out with a LiSALab™ GbInSAR (Ellegi) under the same 
conditions. This experimentation allowed the acquisition of important data allow-
ing the comparison between the two radar systems, especially regarding the sensi-
tivity to the glacial velocity increase before the collapse of the 11 November 2020 
(Figure 14).

3.2.4 Other studies: thermal regime investigations

Due to climate change, the high altitude glaciers in the Mont Blanc massif are 
known to be warming. If the base of these glaciers nears the melting point, they 
could slide on their beds and become unstable, causing massive ice avalanches.

Observations of internal temperatures of the Whymper Serac were made for 
the first time in 1997, with thermistors installed in boreholes (Figure 15). At that 
time, the recorded ice temperatures where all below 0°C. These measurements were 
repeated in October 2020 (Figure 16).

Figure 14. 
Comparison of the measurements (surface velocity) made by two different GbInSAR before the failure of 11 
November 2020.
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According to the new observations, the upper part of the glacier, near the 
rimaye, seems temperate (0°C), while the downstream part, near the front, remains 
at a negative temperature.

In comparison with the observations of 1997, it seems that the ice has warmed 
significantly, but it has to be considered that the glacier does not have the same 
geometric configuration (especially after the substantial collapse of 1998) and that 
the topography of the current glacier is, undoubtedly, very different from that of 
1997. It should also be noted that the glacier, which is located on a very steep slope, 

Figure 16. 
Preparation of the working site in 2020 (photo: FMS).

Figure 15. 
Preparation of boreholes on the Whymper Serac in 1997 (photo: FMS archive).
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is strongly fractured and that some of the temperature profiles (in 1997 and in 
2020) have been disturbed by the presence of crevasses. Nevertheless, the warming 
of this glacier ice over the past 23 years is clearly evident. In order to collect more 
data, a new measurement campaign has been planned for 2021.

3.3 Grandes Jorasses and Planpincieux glacial complex

3.3.1 Ground-penetrating radar applications

A helicopter-borne ground-penetrating radar (GPR) survey was conducted on 
the Planpincieux - Grandes Jorasses glacial complex in 2013, and 16 GPR traces 
homogeneously distributed on the glacial surface were acquired.

Due to the difficulties caused by the rough glacier surface and numerous cre-
vasses, which often caused the scattering of electromagnetic waves and obscured 
the reflections, there was considerable noise in the radar data. However, in the areas 
of high-profile densities, it was possible to estimate the ice thickness quite reliably.

In the framework of the stability assessment of the lowest part of the Planpincieux 
Glacier, GPR measurements were repeated in 2020 with a novel dual polarization 
system. In total, 12 km of profile data were acquired. The data quality allowed 
the identification of the bedrock for 7 km of profile data. The ice thickness of the 
Planpincieux - Grandes Jorasses glacial complex ranges between 10 and 100 m, while 
in the unstable lower part of the Planpincieux Glacier, the thickness varies between 
20 and 60 m. By comparing the two measurement campaigns (2013–2020), it can be 
stated that the two data sets do not provide any evidence of a significant change in the 
ice thickness during this period. In addition to the glacial thickness data, important 
information regarding altitude and rough morphology of the bedrock was obtained.

3.3.2 Digital elevation model analysis

Digital Elevation Models (DEMs) obtained during LiDAR and regional terres-
trial laser scanning surveys and from specific photogrammetric surveys by drone 
and helicopter (Figure 17) enable the monitoring of the morphological evolution 
of the glacier surface. Furthermore, consecutive surveys can be analyzed through 
DEM of Difference (DoD) calculation, allowing the estimation of the surface eleva-
tion change between different periods. This can allow, for example, the measure-
ment of the current instable ice volume or the ice mass lost or gained by the glacier.

Since 2019, numerous surveys of the topography have been carried out in order to 
identify and quantitatively determine the morphological changes of the two glaciers.

3.3.3 Other studies: numerical simulation of ice avalanches

In 2009, a numerical simulation of ice avalanches from the Whymper Serac was 
carried out using the RAMMS::Avalanche [24] and RAMMS::RKE Rock-Ice models 
developed by the Institute for Snow and Avalanche Research (SLF).

In 2012 and 2020, these activities were repeated for the Planpincieux Glacier, 
using new software versions and updated terrain models.

In parallel, Fondazione Montagna sicura, in collaboration with the University 
of Vienna and University of Graz, carried out the same simulations using the 
r.randomwalk [25] and r.avaflow [26] models.

The results obtained from the two different methodologies are comparable 
and confirm the robustness of the analyses (Figure 18), which, for the calibration 
of the parameters, were based on the back calculation of ice avalanches from the 
Planpincieux Glacier that were mapped between 2017 and 2020.
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Preparation of the working site in 2020 (photo: FMS).

Figure 15. 
Preparation of boreholes on the Whymper Serac in 1997 (photo: FMS archive).
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stated that the two data sets do not provide any evidence of a significant change in the 
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tion change between different periods. This can allow, for example, the measure-
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identify and quantitatively determine the morphological changes of the two glaciers.

3.3.3 Other studies: numerical simulation of ice avalanches

In 2009, a numerical simulation of ice avalanches from the Whymper Serac was 
carried out using the RAMMS::Avalanche [24] and RAMMS::RKE Rock-Ice models 
developed by the Institute for Snow and Avalanche Research (SLF).

In 2012 and 2020, these activities were repeated for the Planpincieux Glacier, 
using new software versions and updated terrain models.

In parallel, Fondazione Montagna sicura, in collaboration with the University 
of Vienna and University of Graz, carried out the same simulations using the 
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Planpincieux Glacier that were mapped between 2017 and 2020.
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The results of the simulations were then translated into risk scenarios and safety 
concepts based on the unstable volumes of the glacier.

4. Conclusion

The Val Ferret valley was included as a PAR of the GreenRisk4Alps project since 
it is both a famous tourist location at the foot of Mont Blanc and a high-risk area for 

Figure 18. 
Back calculation from the RAMMS model (left) and r.avaflow model (right) of an ice collapse mapped in 2017.

Figure 17. 
Point cloud rendering of the Whymper Serac obtained from a drone survey.
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all types of mass movement processes. Risk management in this area includes, in 
addition to the construction of structural measures, both site-specific knowledge 
and forecasting capabilities of the Aosta Valley’s CLVs and Functional Center. More 
than 45% of the PAR’s total wood coverage plays a “direct object protection” role, 
proving to be effective not only in reducing soil erosion but also in preventing ava-
lanche release and mitigating rockfall impact in runout zones. Nonetheless, glacier-
related hazards develop well above timberline in high mountain environments and 
in areas that are difficult to access, making both technical and ecosystem-based 
measures partially or completely ineffective. Monitoring and early warning systems 
are therefore essential, and remote sensing methods that are able to measure many 
parameters without accessing the glaciers often represent the most suitable solu-
tion. For these reasons, the Grandes Jorasses and Planpincieux glacial complex is a 
reference area for natural risk assessment and management, where different close-
range remote sensing techniques can be used and tested in an open-air laboratory 
that improves our knowledge of new technologies while increasing our understand-
ing of the recent evolution of alpine glacial environments.
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Chapter 4

Wipptal South Pilot Action Region: 
Gravity-Driven Natural Hazards 
and Forest Types
Christoph Hintner, Stefano Terzi and Stefan Steger

Abstract

This chapter describes the Wipptal South Pilot Action Region (PAR) in South 
Tyrol, where forests are well recognized to play a crucial role in protecting against 
a variety of gravity-driven natural hazards, such as landslides, debris flows, rock 
falls and snow avalanches. The chapter presents the three municipalities in the PAR 
area in terms of socio-environmental context, gravity-driven natural hazards and 
forest characteristics. The presented best-practice example describes the results of 
a former project entitled “Waldtypisierung Südtirol” (Eng. Forest Characterization 
South Tyrol) that focused on a detailed description of forests in South Tyrol and the 
development of a handbook for foresters. It is shown that the Wipptal South PAR as 
being is frequently affected by a variety of gravity-induced hazards while highlight-
ing the critical role of forest in protecting people and their properties. Appropriate 
forest management strategies are vital to maintain and increase tree species diversity 
(e.g. populating fir) and the associated protective forest function. In this context, 
climate change effects, such as an increasing threat of bark beetle infestation due to 
rising drought stress or the consequences of associated extreme weather events (e.g. 
storms), pose major challenges for the local forests and their protective function.

Keywords: natural hazards, forest, South Tyrol, protective forest

1. Introduction

The Wipptal South Pilot Action Region (PAR) represents one of the six study 
sites of the Interreg Alpine Space project GreenRisk4Alps. The area lies in the center 
of the Alps within the Autonomous Province of South Tyrol, northern Italy. The 
areal extent of the PAR includes the three municipalities of Sterzing/Vipiteno, 
Brenner/Brennero and Pfitsch/Val di Vizze (Figure 1a). Sterzing/Vipiteno is a 
small city with around 7,000 inhabitants lying in the southern part of the PAR at 
the valley bottom. The municipalities Brenner/Brennero and Pfitsch/Val di Vizze 
exhibit a more distinct mountainous and rural character with a population of 
around 2,300 and 3,100, respectively. The area was chosen as a pilot region for the 
GreenRisk4Alps project for the following two reasons:

• forest is well-known to play an important role in protecting against a variety of 
gravity-driven natural hazards
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• it directly borders the Austrian Vals/Gries PAR to the north, which allows 
the elaboration of cross-border similarities and differences in terms of forest 
management and its impact on the current natural hazard risk situation

The present chapter first introduces the PAR and its three municipalities in 
terms of socio-environmental context (Section 2) before highlighting the current 
natural hazard situation (Section 3). These more general parts are followed by 
the best-practice example (Section 4) that builds upon a former project entitled 
“Waldtypisierung Südtirol” (here translated as “Forest characterization South 
Tyrol”).

This best-practice project focused on the characterization of forests in South 
Tyrol and included a spatially explicit elaboration of forest typologies and associ-
ated ideal silvicultural treatment guidelines while also paying attention to the forest 
protective function. The chapter is concluded by highlighting pending challenges in 
terms of the protective forest and its management in the PAR (Section 5).

2. PAR description

2.1 General description

The Wipptal South PAR is situated in the northern part of the Province of South 
Tyrol with several mountain chains crossing the area. The area refers to the upper 
Wipptal with the Brenner area to the north, the Pflersch Valley to the west, the 
Sterzing Basin to the south and the Pfitsch Valley to the east (Figure 1b). The upper 

Figure 1. 
The location of the Wipptal south PAR within Italy and the areal extent of the three associated municipalities 
(a). The 3D shaded relief image provides a visual impression of the morphology of the area (b). (data source: 
GeoKatalog of the province of South Tyrol – http://geokatalog.buergernetz.bz.it/geokatalog/#!).

69

Wipptal South Pilot Action Region: Gravity-Driven Natural Hazards and Forest Types
DOI: http://dx.doi.org/10.5772/intechopen.99016

Wipptal is part of the Eisack Valley that borders with Austria at the Brenner Pass. 
This mountain pass represents one of the most important strategic commercial 
corridors in the Alps. The Pflersch and the Pfitsch valleys are located aside the main 
transportation network, making them rather unspoiled and attractive for naturalis-
tic tourism, hiking and skiing sport activities (Figure 1b).

In the Wipptal area, mountains span from the west, with the Stubaier Kalkberge 
dividing the Tuxer Alps from the Pfitsch Valley, and run transversely from the 
southwest to east of the Brenner line. South of the Pfitscher Joch (2,251 m), the 
Pfunderer Mountains form the foothills of the Zillertal Alps, where the Hochfeiler, 
at 3,510 m, represents the highest peak (Figure 1b). The area around the Hochfeiler 
is heavily glaciated and merges into the more strongly dissected Pfunderer 
Mountains, located in the high mountain region between the Pfitsch, Valser and 
Pfunderer valleys.

In summary, the mountainous environment characterizes considerable parts 
of the PAR. The prevalent high altitudinal gradients and steep slopes are essential 
controls for several gravity-driven processes that can rapidly displace a considerable 
amount of material to the valley bottoms where most of the assets, urban areas and 
villages are located (Figure 2).

2.2 Socio-environmental context

The social, economic and environmental characteristics of the Wipptal South 
PAR are fundamental in determining the risk associated with gravitational pro-
cesses. Each change in the socio-economic situation (e.g. changing population 
densities at the foot slopes) or environmental conditions (e.g. climate change) can 
modify the natural hazard risk situation. The comprehension of such differences 
in the socio-environmental conditions across the PAR and their developments 

Figure 2. 
View of the main valley. Sterzing/Vipiteno as seen from the Elzenbaumer Wetterkreuz. (source: https://
it.wikipedia.org/wiki/Immagine:Sterzing-Vipiteno_and_Elzenbaumer_Wetterkreuz.JPG; author: Fantasy; CC 
BY-SA 3.0: https://creativecommons.org/licenses/by-sa/3.0/legalcode; no changes were made).



Best Practice Examples of Implementing Ecosystem-Based Natural Hazard Risk Management...

68

• it directly borders the Austrian Vals/Gries PAR to the north, which allows 
the elaboration of cross-border similarities and differences in terms of forest 
management and its impact on the current natural hazard risk situation
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Tyrol”).
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Sterzing Basin to the south and the Pfitsch Valley to the east (Figure 1b). The upper 
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contribute to a better understanding of current and future impacts related to 
gravity-driven natural hazard processes.

2.2.1 Population

The entire Wipptal area represents the least populated district in the 
Autonomous Province of South Tyrol. Five out of six municipalities and about 95% 
of the area of the Wipptal can be classified as highly rural due to their comparably 
low population density of less than 30 inhabitants per square kilometer [1]. The 
area experienced an increase in population after 1960, a stagnation in the 1980s 
and an increase again after the 1990s (this most recent increase being mainly in the 
municipalities of Sterzing/Vipiteno and Pfitsch/Val di Vizze). In the other munici-
palities, a minimal growth rate or a decline in population have been recorded. The 
city of Sterzing/Vipiteno has the largest population and, at the same time, the 
smallest area, leading to a relatively high population density of 205 inhabitants per 
square kilometer. Overall, the population density of the Wipptal South area is far 
below the national average in all municipalities, except Sterzing/Vipiteno, underlin-
ing the rural character of the landscape [1].

2.2.2 Economy

The geographical position of the PAR close to the border with Austria has always 
supported trade activities between the south side of the Alps and Central Europe. In 
this context, the Brenner Pass plays a strategic role as a corridor for the transporta-
tion of goods and for shaping the social and economic characteristics in the entire 
province. While the vicinity of the pass affects the distribution of the population in 
the valley bottoms, where facilities and means of transportation are located, it also 
influences the type of existing economy, with most of the population employed in 
services (66%), manufacturing (25%) and agriculture (9%) [1].

In this sense, the municipalities of Brenner/Brennero and Vipiteno/Sterzing rep-
resent the economic hubs for the manufacturing and service sectors, with the latter 
being the main urban area (6,979 inhabitants in December 2018, Provincial Statistics 
Institute, 2019) and having an economic fabric focusing on Alpine technologies 
(cable systems, snow groomers), and food products (milk-based products) [2].

Tourism in South Tyrol represents a key sector, and the area has seen a steady 
increase in visitation over the years. This is not only due to its geographical and 
climatic conditions, but also to its historical and cultural background, which create 
particularly favorable conditions for activities linked to tourism. In the Wipptal 
area, Vipiteno/Sterzing and Brenner/Brennero have the highest bed occupancy 
rates, while the rest of the area shows a declining rate, with potential for expanding 
the tourist accommodation capacity [1].

With respect to agriculture, the number of farms in the Wipptal has declined 
at an above-average rate over the last 15 years. This is a clear sign that agriculture 
in the Wipptal Valley is undergoing profound change. This has consequences for 
the amount of land used for agricultural purposes and the ongoing process of rural 
abandonment. However, in the municipality of Pfitsch/Val di Vizze, the utilized 
agricultural area has increased, suggesting an intensification of agriculture activi-
ties with a lower number of farms [1].

2.2.3 Land use

The city of Sterzing/Vipiteno, as the main town and district center, represents 
only 11% of the area of Wipptal, at 33.2km2 [1]. The Wipptal has a below-average 
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proportion of artificial and agricultural land compared to the total area of the 
province, with Sterzing/Vipiteno having the highest proportion of artificial 
areas. In the context of rural communities, Pfitsch/Val di Vizze has a relatively 
high proportion of agricultural land, which shapes its landscapes and economic 
characteristics.

Due to the high altitude of the area and the mountainous topography (Figure 1b), 
however, all the municipalities in Wipptal South, except Sterzing/Vipiteno, have a 
below average proportion of usable agricultural land compared to the Italian mean. 
Such numbers, however, should be interpreted in the context of the considerable 
amount of high-altitude areas and extent of high forest. In particular, the municipal-
ities of Pfitsch/Val di Vizze and Brenner/Brennero exhibit an above-average propor-
tion of high-altitude areas without vegetation [1]. The prevalent forest situation is 
presented in detail in Section 4.

2.3 Climate

2.3.1 Past and current climate

The Wipptal South PAR is characterized by a climate that is heavily influenced 
by its alpine topography, with mountain peaks contributing to large diurnal 
temperature variations. The general climatic condition can be described as temper-
ate with very cold and snowy winters and frequent cold winds coming from the 
Brenner Pass. Summers are generally warm with maximum rainfall precipitation 
and very intense localized events (Figure 3). The Köppen-Geiger climate clas-
sification is Dfb, meaning a warm-summer humid continental climate. The average 
annual temperature in Sterzing/Vipiteno was 8.6°C for the period 2001–2010, while 
cumulative annual rainfall was 699.1 mm over an average of 90 rainy days (data for 
the period 2001–2010, Figure 3).

The prevalent climatic characteristics, with frequent heavy precipitation events, 
considerable snow fall in winter and snow melting in spring and frequent freeze–
thaw cycles at higher altitudes or in winter, generally favor suitable conditions for a 
variety of gravitational natural hazards. The projected increase in temperatures due 
to climate change is expected to affect the forest in the area as well as several hydro-
logical processes related to snow melting, runoff and soil infiltration. Moreover, 
climate change is also affecting the number and frequency of extreme sudden 
events (e.g. rainstorms and snowstorms), with acute consequences for environmen-
tal conditions and potential effects in terms of natural hazards. Three of the highest 
daily values of precipitation, maximum and minimum temperature are reported in 
Table 1, with extreme positive values of precipitation and temperature having been 
recorded in the last 17 years, while minimum temperature values were recorded 
further in the past.

2.3.2 Future climate

Future changes in climate conditions are expected to affect forest development 
and the occurrence of gravitational processes in the Wipptal South area. Although 
climate projections are affected by a certain degree of uncertainty, they can also 
provide indications of what can be expected in the future. In the context of the 
GreenRisk4Alps project, climate scenarios for the PAR were derived from multiple 
models and two greenhouse gas emission scenarios (Representative Concentration 
Pathway, RCP): RCP4.5 (i.e. emission peak around 2040) and RCP8.5 (i.e. business-
as-usual scenario). Technical details on the derivation of climate change scenarios 
are provided in Deliverable 1.1.1 of the project [3].
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as-usual scenario). Technical details on the derivation of climate change scenarios 
are provided in Deliverable 1.1.1 of the project [3].
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The results for the Wipptal South PAR clearly depict a positive trend in tempera-
ture by all models, with considerable differences between the emission scenario 
that foresees a peak around 2040 and the business-as-usual scenario (Table 2). 
The more uncertain analysis of precipitation projections indicates slightly wetter 

Figure 3. 
Ten-year average monthly (x-axis) precipitation and temperature (y-axis) recorded at the weather station in 
Sterzing/Vipiteno from 1931 to 2010 (data source: http://meteo.provincia.bz.it/download-dati.asp).

Date Precipitation 
[mm]

Date Max. temp. 
[°C]

Date Min. temp. 
[°C]

2018-10-28 99.7 2013-08-03 35.5 2000-01-14 −20.6

2012-08-05 81 2015-07-05 35.1 1999-12-22 −19.9

2011-09-19 80.4 2003-08-13 34.7 1999-12-23 −19.8

Table 1. 
Extreme daily precipitation and temperature values recorded at the weather station in Sterzing/Vipiteno. 
Precipitation records are from 1/01/1981 onward, while temperature records are from 03/12/1998 onward (data 
source: http://meteo.provincia.bz.it/download-dati.asp).
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conditions for future winters, with no clear trend regarding increasing or decreas-
ing precipitation amounts. The uncertainties involved call for a cautious interpreta-
tion of the results. Nevertheless, such outcomes are in line with existing studies on 
climate change across Europe and Alpine regions (see e.g. [4–8]).

In particular, the results on temperature highlight an increase in all seasons, 
with a yearly average of +1.8 °C for the greenhouse gas emission peak in 2040 
and + 3.2 °C for the business-as-usual scenario. Although the highest increase in 
temperatures is expected during summers, the projected changes during  
winters and springs should be carefully considered due to their potential  
influence on snowfall and snow cover, frost conditions, run-off and soil 
moisture.

The models also depict seasonal changes for precipitation with generally higher 
yearly precipitation in the business-as-usual emission scenario (Table 3).

Changes in extreme precipitation conditions were also analyzed within the 
GreenRisk4Alps project, and further details can be seen within Deliverable 1.1.1 
[3]. In summary, the derived numbers indicate a statistically significant increase in 
extreme precipitation for the business-as-usual emission scenario. In the case of an 
emission peak around 2040, the derived extreme precipitation indicators showed 
a lower signal and no statistical significance in most cases. Overall, the obtained 
results need to be cautiously interpreted, especially in case of the analysis of total 
precipitation and extremes (see e.g. [9, 10]).

Wipptal South PAR

RCP4.5 RCP8.5

DJF +1.7 +2.9

MAM +1.5 +2.9

JJA +2.2 +3.8

SON +2.0 +3.6

Year +1.8 +3.2

Table 2. 
Trend in seasonal and annual mean temperature anomalies (reference 1971–2000) for the period 1950–2097. 
The values are expressed as °C per century. Interpretation example (in bold): Annual mean temperature 
variation over one century (e.g. 1951–2050) is +2°C (+1°C in 50 years). DJF: December, January, February, 
MAM: March, April, may; JJA: June, July, august; SON: September, October, November.

Wipptal South PAR

RCP4.5 RCP8.5

DJF + +26.7

MAM + +

JJA + +15.2

SON +11.8 +

Year +8.1 +14.1

Table 3. 
Trend in seasonal and annual total precipitation anomalies (reference 1971–2000) over the period 1950–2097. 
The values are expressed as % per century. The trend sign (+ or -) is only reported for non-significant trends 
(p-value <0.05). Interpretation example (in bold): Annual total precipitation variation over one century (e.g. 
1951–2050) is +8.1% (+4.05% in 50 years).
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3. Natural hazard risks in the PAR

3.1 Principles of risk management

The area is regularly affected by diverse natural hazard phenomena. After 
severe weather periods in particular, rivers and streams can overflow their banks, 
hillslopes can become unstable, debris flows or snow avalanches can occur and rock 
walls and very steep terrain can produce rock falls. In South Tyrol, the Agency for 
Civil Protection deals with protecting the population from the potential negative 
effects of natural hazards. In summary, their integral approach to risk management 
builds upon the combination of four pillars for the most efficient protection of 
people and their belongings (cf. http://www.provincia.bz.it/sicherheit-zivilschutz/
wildbach/umgang-mit-naturgefahren.asp):

• Prevention mainly focuses on spatial planning, including official hazard zona-
tion, object protection (also via forests) and awareness raising.

• Protection activities also include the case-specific design, construction and 
maintenance of technical protection structures.

• Preparedness includes prediction, warning, emergency planning and the 
development of protocols in case of events.

• Response and recovery activities relate to measures after an event, such as the 
implementation of protocols, restoring the pre-event state, redevelopment, 
learning from past events and improving conditions to cope with future events.

These four risk management pillars should be considered as equally important, 
and one pillar should not be neglected in favor of another. The official hazard 
zonation of South Tyrol accounts for a variety of gravity-driven mass movement 
hazards (slides and falls), water-related hazards and snow avalanches (Section 3.2). 
For the Wipptal South PAR, these legally binding plans are currently in an advanced 
stage of development (status: 4th December 2020): the municipalities of Brenner/
Brennero and Pfitsch/Val di Vizze are currently in phase C (technical examination), 
while the plan for Sterzing/Vipiteno has recently been approved (http://www.
provinz.bz.it/natur-umwelt/natur-raum/planung/gefahrenzonenplan.asp).

3.2 Gravity-driven hazards

The causes of gravity-driven hazards in the PAR are manifold and controlled 
by a combination of diverse environmental factors. Besides the morphology of the 
area, the properties of weathered slope material and hydrological and mechanical 
effects of vegetation also influence the occurrence of natural hazards in the PAR. 
Anthropogenic effects also play a role in modifying the natural risk situation. On 
the one hand, humans frequently influence natural hazard processes due to e.g. 
construction activities, slope undercutting or land use practices, while on the other 
hand, construction and land use activities determine the exposure of assets. In the 
PAR, gravity-driven hazards are mainly triggered by heavy precipitation events 
and/or intensive snow melting (all mass movements), temperature alterations (e.g. 
avalanches, rock falls), mid-term weather conditions (e.g. prolonged rain, wet or 
snow-rich seasons) and direct human interference (e.g. construction works).

Altitudes range from less than 950 m a.s.l. in the Sterzing/Vipiteno basin to more 
than 3,500 m a.s.l. in the very east of the Pfitsch Valley (Hochfeiler in Figure 1). 
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This considerable elevation difference entails substantial relief energy in the PAR. 
In addition to altitude, slope aspect and associated shadowing effects co-determine 
the prevalent temperature, insolation and precipitation regimes. In fact, mean 
annual precipitation of around 700 mm can be observed for Sterzing/Vipiteno 
(Figure 3), while rates of more than 1,000 mm/year are prevalent for some of the 
mountainous areas (e.g. Pfitsch Valley).

The geology and therefore also the subsurface material properties vary across the 
PAR. In the Pflersch Valley, different kinds of gneisses and schists are prevalent, and 
carbonate rocks, such as calcareous phyllites, marbles and dolomite (e.g. Pflerscher 
Tribulaune), can also be found. In the Pfitsch Valley, the main rocks are landslide-prone 
phyllitic mica-schists, paragneisses and granite gneiss. At the Brenner Pass, calcareous 
phyllites and mica-schists are common. Glacial till, laid down directly by glaciers or 
reworked by fluvial and other processes, covers large parts of the hillslopes [11].

3.3 Landslides of different movement types

Natural hazard inventories provide an overview of the spatial distribution 
of past events. In the basin area of Sterzing/Vipiteno, flooding and associated 
hydrological processes are the main natural hazard. Figure 4 highlights that the 
hilly and mountainous areas surrounding the area of Sterzing/Vipiteno are prone 
to a variety of gravity-induced processes. Due to their mountainous character, 
the municipalities of Brenner/Brennero and Pfitsch/Val di Vizze frequently 

Figure 4. 
Point and extension information for different landslides types. (data source: GeoKatalog of the Autonomous 
Province of South Tyrol – http://geokatalog.buergernetz.bz.it/geokatalog/#!).
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Figure 6. 
Buildings in the area affected by debris flows in 2012 (source: © Provinz Bozen Südtirol, Abteilung 30).

experience gravitational mass movements, such as landslides, rock falls, debris 
flows and snow avalanches (Figures 4 and 5).

The official Italian database for landslides (IFFI: Inventario dei Fenomeni 
Franosi in Italia) provides an overview of registered past events. For the PAR, the 
available point information depicts the initiation zones of different landslide types 
(Figure 4). Even though this information was registered with high positional accu-
racy, it should be noted that it mainly portrays instabilities that caused damage or 
induced an intervention by the local authorities. Thus, landslides that did not cause 
damage or pose a risk were usually not registered [12]. For the PAR, 121 landslides 
of the fall-type movement (mainly rock falls) and topples are registered. In particu-
lar, the south-exposed very steep parts of the Pflersch valley, the lower parts of the 
Pfitsch Valley and the upper part of the Eisack valley are well-known to be prone to 
rock fall processes. Landslides of the slide-type movement are characterized by a 
downslope movement of earth and debris on a distinct (planar or rotational) sliding 

Figure 5. 
Snow avalanche inventory of the area (light blue and red) and flooding area (light red). (data source: 
GeoKatalog of the province of South Tyrol – http://geokatalog.buergernetz.bz.it/geokatalog/#!).
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surface. A high portion of the 69 inventoried slide-type movements were registered 
on the western lying hillslope in the municipality of Vipiteno/Sterzing. In total, 60 
flow-type movements, which are mainly related to the prevalent channel system, 
were registered. In this context, it should be emphasized that many hydrological 
processes in the area, such as channelized debris flows, are not registered in the 
IFFI dataset, but in an inventory called ED30 (not shown in the maps). Complex 
movements consist of a combination of several movement types. Six of these 
movements are inventoried for the PAR. A very interesting geomorphic feature in 
the PAR is the impressive catastrophic rock-slope failure between the villages of 
Afens and Ried in the Pfitsch Valley (cf. deep-seated movement in the Pfitsch valley; 
Figure 4 bottom). The catastrophic slope collapse was dated with a minimum age of 
11,290 ± 500 years before present and its masses cover around 0.9 km2. This massive 
mass movement completely dammed the Pfitsch River, leading to the development 
of a considerable backwater lake (11 km2). The lake area dried up after a devastating 
outburst. The flat and wide valley floor upstream of this mass is a silent witness of 
this impressive event and represents the former bottom of the lake [13].

3.3.1 Example of a severe debris flow event

The heavy weather event in August 2012 exemplarily highlights the potential 
consequences of gravity-induced hazards in the PAR. On 4 August 2012, a series 
of storms hit the Upper Isarco Valley, particularly the middle and lower part of the 
Pfitsch Valley. On this day, cumulative precipitation values between 14 h00 and 
22 h30 summed up to more than 80 mm in large parts of the area. Almost all of the 
side streams suffered debris flows, and the Rio di Vizze River recorded significant 
flooding that included a considerable amount of sediment. Damage to infrastruc-
ture was very serious, and the entire Pfitsch Valley remained isolated for a long 
time. Unfortunately, two people lost their lives due to the debris flows. Figure 6 

Figure 7. 
Technical measure against debris flows upstream of the buildings in Figure 6. The site was visited during a 
GreenRisk4Alps field trip in June, 2019 (source: © S. Cocuccioni).
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depicts the accumulation zone of one of the debris flows in the area. The restoration 
works were carried out quickly and several technical mitigation works have been 
finalized (Figure 7). Besides the events in the Pfitsch Valley, a major event (flooding 
with extensive bedload transportation) was also registered at the Riesenbachl in 
Sterzing, causing damage to infrastructure, buildings and vehicles.

3.4 Snow avalanches

The Agency for Civil Protection manages the snow avalanche inventory for 
South Tyrol. Figure 5 highlights that snow avalanches are common on the hillslope 
sides of the PAR. The threat posed by snow avalanches to infrastructure and build-
ings is considerably reduced in the PAR by a variety of protection measures. The 
widespread forest on the lower lying hillsides provides crucial protection against 
snow avalanches. For particularly prone areas or at high altitude sites, technical 
measures such as snow bridges and avalanche nets are common.

4.  The project “Forest Characterization South Tyrol”: best-practice 
example for the Wipptal south PAR

The project “Waldtypisierung Südtirol” (further referred to as “Forest 
Characterization South Tyrol”) represents the best-practice example for the PAR. 
Within Section 4, we first present the aims and the background associated with this 
project. Section 4.1 describes forest types at the level of the South Tyrol Province 
and one example from the best-practice handbook. The different sections under 
4.2 are also based on the abovementioned project but are dedicated to the Wipptal 
South PAR. In this context, the forest type distributions (Section 4.2.1) and the 
forest history and former management in the PAR (Section 4.2.2) are presented. 
Section 4.3 highlights the protective forest in the PAR and related silvicultural 
measures.

The results of this project are summarized in two freely accessible books 
(Volume 1 and Volume 2 as pdfs in German or Italian) and can be downloaded 
under the following link: http://www.provinz.bz.it/land-forstwirtschaft/wald-
holz-almen/studien-projekte/waldtypisierung-suedtirol.asp). The main aims of this 
project were to:

i. determine the potential natural forest types in South Tyrol

ii. provide an ecological description of forest types in terms of location (terrain 
forms and altitudinal levels), geology, soil, nutrient and water balance, and 
vegetation

iii. provide a silvicultural characterization of forest types with regard to tree 
species selection, forest management and forest regeneration methods

iv. summarize the results in a practice-oriented ecological handbook and 
representation of the forest types on a map at a 1:25,000 scale with possible 
indications for associated natural hazard processes

The objective of producing a scientifically sound and at the same time practi-
cable handbook required a thorough examination by all staff members involved in 
the project. The developed silvicultural guidelines were intended to set a broader 
framework for forest management within which sustainable actions are possible. 
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The handbook was designed to provide foresters with a decision-making tool for 
the selection of tree species and associated forest management practices. The main 
target group of the handbook is therefore forestry personnel.

From a methodological viewpoint, stratification procedures were applied to 
derive forest site units based on a comprehensive geo-ecological model. This model 
integrates spatial information with the prevalent geology and associated substrates, 
the morphology of the area (slope angle, aspect terrain forms) as well as climatic 
information related to altitudinal belts. The forest site units were subsequently vali-
dated by means of detailed field surveys. To characterize the forest types in detail, 
literature and the practical experience of local forest experts were also included 
(Figure 8).

The aim of the associated workshops was to account for the local experiences of 
foresters in silvicultural management and to consider their expertise when developing 
the associated recommendations. Based on the selected forest sites, the current forest 
management was discussed, and potential challenges were elaborated. During the 
workshops, the developed handbook was first introduced in order to facilitate its later 
use. The silvicultural discussion also led to the development of a common glossary. 
When preparing the workshops, attention was paid to known silvicultural problem 
areas. The selection of the locations for the workshops was then based on multiple 
criteria, such as the representative forest type, homogeneousness and accessibility 
of the site, and the forest function. During the workshops, previously collected and 
prepared site and stand characteristics served the groups as a basis for their work. 
The results of the individual groups were discussed together and then translated into 
statements that were generally considered valid for the entire forest type. This allowed 
the incorporation of local specificities and experiences into a practice-oriented 
ecological handbook (see Section 4.1 for an example). The handbook was intended to 
not only facilitate the silvicultural treatment of the individual forest types, but also 
indicate their ecological importance and possible natural hazards.

4.1 Forest types in South Tyrol and handbook example

Half of the province of Bolzano/Bozen is covered by forests, for a total of 
356,188 ha of forests. Due to this large forest area, management practices are 
particularly important for supporting its many protective, productive, social and 
ecological functions. In particular, 99% of the forested area is subject to hydrogeo-
logical provincial law restrictions [14] limiting and defining territorial and forest 
interventions (e.g. deforestation, soil movements) that can negatively affect slope 
stability and the water regime.

Figure 8. 
Workshop participants develop silvicultural treatment strategies for many forest types (source: © C. Hintner).
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Most of the forest area in the province of Bolzano/Bozen is covered by sub-
alpine spruce (25.8%), followed by mountain spruce (19%), mixed beech and fir 
(15.4%) and Swiss pine (13.1%), as reported in Figure 9.

The practice-oriented ecological handbooks first provide an overview of 
the ecological classification for the forests of South Tyrol, which is based on the 
regional climate, the predominant forest types and differences in altitudinal belts. 
The different growth areas of South Tyrol are described in detail. The following 
forest type catalog characterizes the prevalent forests based on both ecological and 
silvicultural aspects. The results of the silvicultural and site analysis, the outcome 
of interviews in forest stations and discussions during workshops were incorpo-
rated into the description of each individual forest type. In addition to the forest 
type map in Figure 9, forest types can also be determined by means of a forest type 
key. This key has a logical structure, whereby the forest type is mainly determined 
by three input variables: site group, altitudinal gradient and substrate group.

For example, the comprehensive forest type catalog contains several sub-catego-
ries and among them a category called “subalpine spruce forests”. This subcategory 
in turn contains a detailed elaboration of eleven individual forest types, such as 
“subalpine high shrub spruce forest” (Adenostylo alliariae-Piceetum). Each specific 
forest type is presented concisely (two pages) using easily comprehensible text and 
graphs (Figure 10).

For instance, such a forest is predominantly present on north-exposed slopes, 
on rather steep terrain (> 40°) and at altitudes above ~1,500 m.a.s.l. The general 
appearance of this type is then described in a short text block. The geology and soil 
development are shown and describe that this forest type predominantly develops 
over carbonate–silicate mixed rocks and clay-rich weathering limestones or marls 
as well as on loose sediments from these rocks with nutrient-rich, medium- to 
deep-textured calcareous brown soil or calcareous brown loam. The following sec-
tion entitled silvicultural evaluation highlights accompanying forest types, forest 
productivity, formation and forest development. Furthermore, the specific forest 

Figure 9. 
Areal extent of forest type distributions and percentage of total forested area in South Tyrol (provincial forest 
type classification, data source: GeoKatalog of the province of South Tyrol – http://geokatalog.buergernetz.
bz.it/geokatalog/#!).
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functions are also highlighted and show that this forest is usually a “commercial 
forest with protective functions, especially against landslides, floods, snow movement 
and rockfall.” The last text block focuses on recommendations for its silvicultural 
treatment and provides recommendations for natural regeneration and forest 
management. It should be noted that this example should only provide insight into 
the extent of detail included for the many identified individual forest types that are 
presented in the handbook.

Figure 10. 
Example of the representation of one specific forest type (Adenostylo alliariae-Piceetum) from the original 
handbook (volume 1). For this figure, the main categories were translated into English (marked with *). For 
details refer to the text below.
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productivity, formation and forest development. Furthermore, the specific forest 

Figure 9. 
Areal extent of forest type distributions and percentage of total forested area in South Tyrol (provincial forest 
type classification, data source: GeoKatalog of the province of South Tyrol – http://geokatalog.buergernetz.
bz.it/geokatalog/#!).
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functions are also highlighted and show that this forest is usually a “commercial 
forest with protective functions, especially against landslides, floods, snow movement 
and rockfall.” The last text block focuses on recommendations for its silvicultural 
treatment and provides recommendations for natural regeneration and forest 
management. It should be noted that this example should only provide insight into 
the extent of detail included for the many identified individual forest types that are 
presented in the handbook.

Figure 10. 
Example of the representation of one specific forest type (Adenostylo alliariae-Piceetum) from the original 
handbook (volume 1). For this figure, the main categories were translated into English (marked with *). For 
details refer to the text below.
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4.2 Forest characterization for the PAR

4.2.1 Forest type distributions

The Wipptal South PAR area is characterized by extensive forested areas, most 
of which are sub-alpine and mountain spruce forests. Larch forests in montane 
and sub-alpine locations extend over large areas from Gossensass/Colle Isarco 
via Sterzing/Vipiteno to the southern slopes around Mauls/Campo di Trens, in 
the Pfitsch Valley to Kematen/Caminata as well as from Gossensass to Hinterstein 
(Figure 11). The distribution coincides well with the extent of the calcareous shales 
on which these forest types were anthropogenically created due to their suitability 
for grazing and mowing (larch meadows). On the other hand, natural juniper-larch 
forests are covered with numerous dry plants on sunny steep slopes above limestone 
slates. Larch also dominates the dwarf-shrub-rich stands in high sub-alpine and 
steep and shady areas together with mountain pine. In the lower, high-montane 
level (up to 1,300 m), a steppe heath pine forest grows on steep sunny sides at a sim-
ilar location, and an earth sedge pine forest grows on the marble stock near Mauls/
Campo di Trens. While in the Sterzing/Vipiteno basin, there are also dry grassland 
and shrubs with sedge bushes, and in the rest of the area, larch and spruce forests 
are mostly widespread. In the Pflersch Valley, pine forest stretches from the bottom 
(1,230 m) to the orographic limit at 1,600 m above sea level, with pine receding in 
favor of spruce as the valley narrows. Swiss stone pine only appears locally in the 
inner Pfitsch above Stein and on the N-S ridges north of Zinseler and Hühnerspiel. 
This is partly due to the Swiss stone pine fault area above limestone slate, and partly 
to clearing activity and the use of alpine pastures in subalpine areas.

Figure 11. 
Wipptal south PAR area and location in South Tyrol with a visualization of the main forest types according 
to the European environmental agency (EEA) forest categories and types, weather stations, urban areas, lakes 
and rivers. (data source: GeoKatalog of the province of South Tyrol – http://geokatalog.buergernetz.bz.it/
geokatalog/#!).
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Compared to the whole province of Bozlano/Bozen, the Wipptal South PAR is 
characterized by a lower percentage of Swiss pine forests, which account for 3.1% 
of the PAR forest area. Moreover, some particular species do not occur in the PAR, 
such as beech, Orno-ostryenion and spruce-fir-beech mixed forest. While mountain 
spruces are still widespread, the share of mixed beech and fir forest is lower (8.7%) 
than in the whole province (15.4%). Nevertheless, the share of larch woods and 
brush and white alder and birch is larger (8.1% and 8%, respectively) compared to 
that in the whole province (2.5%) (Figures 12 and 13).

Figure 12. 
Areal extent of forest type distributions and percentage of total forested area in the Wipptal south PAR 
according to the data presented in Figure 11 (provincial forest type classification, data source: GeoKatalog of 
the province of South Tyrol – http://geokatalog.buergernetz.bz.it/geokatalog/#!).

Figure 13. 
Areal extent of forest type distribution and percentage of total forested area in the PAR (EU forest type 
classification, data source: GeoKatalog of the province of South Tyrol – http://geokatalog.buergernetz.bz.it/
geokatalog/#!).
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The soil in the area is formed over carbonate-rich rocks (mica marble, calcareous 
slates, green rocks) to calcareous brown soils with a much more demanding ground 
vegetation of nutrient-indicating herbs and tall perennials. At such sites, larch has 
been establishing itself as the predominant tree species. With the exception of a 
few individual finds, no fir trees occur due to the climatic conditions. Green alder 
bushes cover slopes and ditches on the shady side, more common in the Brenner 
area and the inner Pfitscher Valley. Deciduous forests with predominant ash, gray 
alder (occasional sycamore maple) are limited to sliding ladders on the lower slopes. 
The Eisack and Pfitscher streams are partly covered with gray alder floodplains. 
On the Pfitscher Bach near St. Jakob, there is also an occurrence of lavender willow 
meadows with German tamarisk.

4.2.2 Forest history and former management in the PAR

In the Middle Ages, considerable mining activities took place in the Sterzing/
Vipiteno area, formerly the largest mining area in Tyrol. However, the altitude, lack 
of wood and water were a hindrance, and mining activity was soon abandoned. The 
Gossensasser Bergordnung of 1427 specifically mentioned the use of forests for the 
extraction of coal. Although wood burning was strictly prohibited, forests were not 
protected by these regulations. Many other directives were issued in 1460, 1502 and 
1511 in an attempt to regulate the felling of wood for sale, coal burning, cutting and 
construction timber, although the effect of the laws was little to no forest protection 
[15, 16]. New regulations in 1527 tried to limit pitch and resin extraction, which was 
particularly damaging to forests, and smelters were strictly forbidden to cut green wood 
while there was still a drought. It was generally stipulated that only old trees could be 
cut down with limitations on the cutting of forests to be converted into pastures [17].

During times of need in the 19th century, the forests in Pfitsch/Val di Vizze were 
once again severely decimated, and from 1847, when “forest purification” took place 
(forest was returned by the state to the communities), a period of uncontrolled use fol-
lowed throughout the Wipptal. Frequently, “plundering forests” were created through 
the use of the strongest trunk with a subsequent cattle drive. From 1875 to 1877, the 
drainage of the Sterzing/Vipiteno area and the Wiesner part of the moss was carried 
out, with the remaining riparian forests being converted to cultivated land [18–20].

Livestock breeding and pasture farming also had an impact on the forest. 
Wooden fences were erected to limit the forest and alpine pastures. The pasture 
areas were often extended with cattle driven into cut clearings with the forest 
reduced to create pre-alpine and alpine pastures. In 1515 and 1527, for example, the 
Sterzing forestry administration opposed the conversion of clear cuttings into per-
manent pastures [21]. In many cases, forest grazing rights are no longer exercised 
today [22]. Similarly, the large mountain meadows in Pfitsch (e.g. “in der Schnagge” 
and on the “Birchmahdern”) have not been mown for some time [23]. In Pfitsch, 
where the proportion of private forests is very high, the timber industry has always 
had some importance as a source of income, and the proportion of farms owning 
forest and selling timber is above the average for the Wipptal. Although there were 
occasional sales of timber to other countries, most of it was processed for local use, 
as the supply of timber from the Pfitscher Hochtal was very difficult before the 
construction of the road [20, 24]. The forest of the Pflersch Valley is predominantly 
in the hands of interested parties [22, 25].

4.3 Protective forest in the PAR and related silvicultural measures

Forests are well-known to influence several types of these hazard types, and 
available data on object protective forest indicates that forests play a paramount 
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role in protecting people and assets, such as settlements and infrastructure. The 
prevalent site protective forests also provide protection to nature and different 
ecosystems (e.g. soils, plants). The spatial designation of protective forest indica-
tion areas (Figure 14) is based on the community Initiative Interreg III Austria-Italy 
2000–2006. These maps provide a general overview of where the current forest in 
the PAR protects people, settlements and infrastructure (object protective forests) 
or the ecosystem (soils, plants, site protective forests) against rock falls, snow 
avalanches and debris flows.

A large part of the forest in the area (around 50%) in the PAR can be considered 
as protective forest, with 19% object protective forest and 31% site protective forest 
(Figures 14 and 15). This comparably high number is not surprising considering 
that gravitational hazards are common in the area and forests are mainly located 
on hillsides (Figure 4a). Table 4 highlights the share of site and object protective 
forest for each municipality of the area in detail.

The main focus in the silvicultural management of protective forests is to 
maintain their protective function. According to the South Tyrolean Forest Act 
[26], every tree must be identified by the forest authority before felling. During the 
timber display, the foresters come into contact with the forest owners and can thus 
also give them silvicultural advice. In this way, the protective forest function can 
optimally be taken into account in the management procedures. In order to main-
tain the protective effect, the forest has to be managed in a continuous, near-natural 
way. If a protective forest is not used for a longer period, the forest may no longer 
fulfill its protective function.

Many forested areas in the Wipptal, especially in the communities of Brenner/
Brennero and Pfitsch/Val di Vizze, fulfill an essential protective function against 
snow movements and avalanches. In such forests, management aims to ensure that 
the forests do not become over-aged and that regeneration approaches are present 
over the entire area. If logging is carried out, no extensive use should be made in the 
fall line. At slope gradients of greater ~70%, the gap length in the fall line should be 
less than 50 m to prevent the onset of forest avalanches.

The situation is similar for rockfall protective forests. Here, similarly, the gap 
length in the stand has a great influence on the protective effect, since falling stones 

Figure 14. 
Protective forest map for the Wipptal south PAR according to the south Tyrolean protective forest indication 
map (data source: GeoKatalog of the province of South Tyrol – http://geokatalog.buergernetz.bz.it/
geokatalog/#!).



Best Practice Examples of Implementing Ecosystem-Based Natural Hazard Risk Management...

84

The soil in the area is formed over carbonate-rich rocks (mica marble, calcareous 
slates, green rocks) to calcareous brown soils with a much more demanding ground 
vegetation of nutrient-indicating herbs and tall perennials. At such sites, larch has 
been establishing itself as the predominant tree species. With the exception of a 
few individual finds, no fir trees occur due to the climatic conditions. Green alder 
bushes cover slopes and ditches on the shady side, more common in the Brenner 
area and the inner Pfitscher Valley. Deciduous forests with predominant ash, gray 
alder (occasional sycamore maple) are limited to sliding ladders on the lower slopes. 
The Eisack and Pfitscher streams are partly covered with gray alder floodplains. 
On the Pfitscher Bach near St. Jakob, there is also an occurrence of lavender willow 
meadows with German tamarisk.

4.2.2 Forest history and former management in the PAR

In the Middle Ages, considerable mining activities took place in the Sterzing/
Vipiteno area, formerly the largest mining area in Tyrol. However, the altitude, lack 
of wood and water were a hindrance, and mining activity was soon abandoned. The 
Gossensasser Bergordnung of 1427 specifically mentioned the use of forests for the 
extraction of coal. Although wood burning was strictly prohibited, forests were not 
protected by these regulations. Many other directives were issued in 1460, 1502 and 
1511 in an attempt to regulate the felling of wood for sale, coal burning, cutting and 
construction timber, although the effect of the laws was little to no forest protection 
[15, 16]. New regulations in 1527 tried to limit pitch and resin extraction, which was 
particularly damaging to forests, and smelters were strictly forbidden to cut green wood 
while there was still a drought. It was generally stipulated that only old trees could be 
cut down with limitations on the cutting of forests to be converted into pastures [17].

During times of need in the 19th century, the forests in Pfitsch/Val di Vizze were 
once again severely decimated, and from 1847, when “forest purification” took place 
(forest was returned by the state to the communities), a period of uncontrolled use fol-
lowed throughout the Wipptal. Frequently, “plundering forests” were created through 
the use of the strongest trunk with a subsequent cattle drive. From 1875 to 1877, the 
drainage of the Sterzing/Vipiteno area and the Wiesner part of the moss was carried 
out, with the remaining riparian forests being converted to cultivated land [18–20].

Livestock breeding and pasture farming also had an impact on the forest. 
Wooden fences were erected to limit the forest and alpine pastures. The pasture 
areas were often extended with cattle driven into cut clearings with the forest 
reduced to create pre-alpine and alpine pastures. In 1515 and 1527, for example, the 
Sterzing forestry administration opposed the conversion of clear cuttings into per-
manent pastures [21]. In many cases, forest grazing rights are no longer exercised 
today [22]. Similarly, the large mountain meadows in Pfitsch (e.g. “in der Schnagge” 
and on the “Birchmahdern”) have not been mown for some time [23]. In Pfitsch, 
where the proportion of private forests is very high, the timber industry has always 
had some importance as a source of income, and the proportion of farms owning 
forest and selling timber is above the average for the Wipptal. Although there were 
occasional sales of timber to other countries, most of it was processed for local use, 
as the supply of timber from the Pfitscher Hochtal was very difficult before the 
construction of the road [20, 24]. The forest of the Pflersch Valley is predominantly 
in the hands of interested parties [22, 25].

4.3 Protective forest in the PAR and related silvicultural measures

Forests are well-known to influence several types of these hazard types, and 
available data on object protective forest indicates that forests play a paramount 

85

Wipptal South Pilot Action Region: Gravity-Driven Natural Hazards and Forest Types
DOI: http://dx.doi.org/10.5772/intechopen.99016

role in protecting people and assets, such as settlements and infrastructure. The 
prevalent site protective forests also provide protection to nature and different 
ecosystems (e.g. soils, plants). The spatial designation of protective forest indica-
tion areas (Figure 14) is based on the community Initiative Interreg III Austria-Italy 
2000–2006. These maps provide a general overview of where the current forest in 
the PAR protects people, settlements and infrastructure (object protective forests) 
or the ecosystem (soils, plants, site protective forests) against rock falls, snow 
avalanches and debris flows.

A large part of the forest in the area (around 50%) in the PAR can be considered 
as protective forest, with 19% object protective forest and 31% site protective forest 
(Figures 14 and 15). This comparably high number is not surprising considering 
that gravitational hazards are common in the area and forests are mainly located 
on hillsides (Figure 4a). Table 4 highlights the share of site and object protective 
forest for each municipality of the area in detail.

The main focus in the silvicultural management of protective forests is to 
maintain their protective function. According to the South Tyrolean Forest Act 
[26], every tree must be identified by the forest authority before felling. During the 
timber display, the foresters come into contact with the forest owners and can thus 
also give them silvicultural advice. In this way, the protective forest function can 
optimally be taken into account in the management procedures. In order to main-
tain the protective effect, the forest has to be managed in a continuous, near-natural 
way. If a protective forest is not used for a longer period, the forest may no longer 
fulfill its protective function.

Many forested areas in the Wipptal, especially in the communities of Brenner/
Brennero and Pfitsch/Val di Vizze, fulfill an essential protective function against 
snow movements and avalanches. In such forests, management aims to ensure that 
the forests do not become over-aged and that regeneration approaches are present 
over the entire area. If logging is carried out, no extensive use should be made in the 
fall line. At slope gradients of greater ~70%, the gap length in the fall line should be 
less than 50 m to prevent the onset of forest avalanches.

The situation is similar for rockfall protective forests. Here, similarly, the gap 
length in the stand has a great influence on the protective effect, since falling stones 

Figure 14. 
Protective forest map for the Wipptal south PAR according to the south Tyrolean protective forest indication 
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may reach their maximum speed after only 40 m of track length. During timber 
display, care is taken to avoid large uses in the fall line.

In both rockfall protective forests and avalanche protective forests, slash-like 
uses across or diagonally to the fall line are considered particularly suitable. It is 
important to ensure that the slit-like openings are not too wide so as not to diminish 
the protective forest function.

Stand maintenance is of great importance in protective forests. In order for 
the trees to achieve good individual stability, they must not grow up too densely. 
Young growth with a large number of trunks must therefore be vigorously thinned 
already in the thickening stage. In order to stabilize pole woods and to improve the 
structure, the formation of rotations is recommended in the protective forests of the 
subalpine altitudinal zone.

5. Conclusion and some challenges

The chapter highlighted the critical role of protective forest in the natural 
hazard prone PAR. In this context, future challenges are expected as a consequence 
of climate change. It is assumed that the prevalent spruce tree species might become 
more prone to bark beetle infestation due to increasing drought stress. Therefore, it 
is particularly important to focus on tree species diversity to ensure a future protec-
tive function. The fir tree species in the Wipptal, for instance, is of great relevance 

Figure 15. 
Protective forest type distribution in Wipptal south according to the south Tyrolean protective forest indication 
map. Note that the class “other” was derived as the difference between the total forested area and the protective 
forest types, i.e. object and site (data source: GeoKatalog of the province of South Tyrol – http://geokatalog.
buergernetz.bz.it/geokatalog/#!)

Municipality Site protective forest Object protective forest

Brenner/Brennero 66% 32%

Sterzing/Vipiteno 43% 10%

Pfitsch/Val di Vizze 74% 26%

Table 4. 
Proportion of site and object protective forest by municipality.
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in this context. Investigations in the area have shown that the potential of fir is high 
on many sites and particularly on shady hillslopes. Currently, however, fir trees are 
often absent because of the former extensive use of wood. From a forest manage-
ment perspective, red deer populations also restrict the successful natural regenera-
tion of fir. If fir is to be promoted in the Wipptal Valley in the future, the red deer 
population must be controlled.

The current low timber price, as a result of damaged due to the recent storm 
events, also has an unfavorable effect on the protective forest in the PAR. As a 
result, there is currently no incentive for forest owners to carry out small-scale 
harvesting in protective forests. It is expected that if the price of wood does not 
rise in the near future, more measures and subsidies from the public sector will be 
required to maintain the functioning of the protective forest.
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events, also has an unfavorable effect on the protective forest in the PAR. As a 
result, there is currently no incentive for forest owners to carry out small-scale 
harvesting in protective forests. It is expected that if the price of wood does not 
rise in the near future, more measures and subsidies from the public sector will be 
required to maintain the functioning of the protective forest.
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Abstract

When people engage in recreational activities in sensitive forest habitats, there 
can be unintended negative impacts on wildlife and forests. These include dis-
turbance and displacement of wild game as well as damage to young plants (tree 
seedlings and saplings from ski or snowshoe compaction or direct physical damage 
from ski edges). These are just a few examples that highlight the need to manage the 
impact of recreationists with different measures in order to minimize the distur-
bance of game (especially red deer and roe deer) and the impairment of important 
object protective forests that this in turn causes. In Section 2 of this chapter, we 
describe the tourism, population, settlement area, economy, forestry and natural 
hazards in the GreenRisk4Alps Pilot Action Region (PAR) of Gries am Brenner and 
Vals in Tyrol, Austria. Section 3 provides an overview of the overarching initiative 
and integration forum, “Tyrolian mountains – experience together”, which was 
initiated by the Amt der Tiroler Landesregierung (Office of the Tyrolean Provincial 
Government). We then provide a description of the exact workflow, the possible 
measures and other details on ski tour steering options. Ski tour steering measures 
in the Gries am Brenner and Vals PAR can be found in Section 3.4, followed by a 
critical review of the experiences in Section 4.

Keywords: protective forest, red deer, ski touring, natural hazards, recreation

1. Introduction

With the expansion of settlement and industrial areas, and the space-intensive 
development of infrastructure in the Austrian Alpine region, the importance of 
forests as an efficient protection measure against natural hazards has increased 
over the last hundred years [1]. Necessary management strategies to maintain the 
protective capacity of these forests must include silvicultural adaptation concepts 
which also address climate change. The challenges in the face of climate and socio-
economic change are considerable. In addition to the influence of climate change, 
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wildlife management and tourism are among the factors that make it difficult for 
forest managers to maintain the protective functions and effects of forests against 
natural hazards [1].

In this chapter, we focus on one of our six GreenRisk4Alps pilot action regions, 
which is represented by the two municipalities of Gries am Brenner and Vals in the 
Tyrolean Wipptal Valley. This area is subject to numerous natural hazards, such as 
rockfall and snow avalanches, which endanger residents as well as visitors and key 
infrastructure. Therefore, it is essential that the surrounding protective forests and 
their protective effects are managed sustainably and as a priority.

The maintenance and improvement of the protective effects of these forests as 
a necessary integral part of modern risk management can be achieved through a 
combination of diverse interventions, management methods and strategies. In this 
best-practice example, we highlight how the steering of winter recreation activities 
such as ski touring, snow shoeing and off-piste skiing in combination with wildlife 
management can play a central role in protective forest management. We demon-
strate how targeted visitor management with a variety of cost-effective measures 
can contribute to the preservation of the protective effect of forests against natural 
hazards.

2. Description of the Gries am Brenner and Vals PAR, Tyrol, Austria

2.1 General

The municipalities of Gries am Brenner and Vals are located in the Wipptal 
Valley in the southern part of the Austrian Federal Province of Tyrol, adjacent to 
the Italian border on the main ridge of the Alps (Figure 1). The two municipalities 
span an area of approximately 105 km2. Only 10 km2, i.e. 10% of the total area, 
are permanent settlement areas, and about 35% of the total area is forested. The 
remaining areas of the municipalities constitute agricultural land, water bodies, 
future construction areas, gardens and high alpine areas covered with pastures, 
alpine meadows or scree and rocks (30%) [2, 3].

Figure 1. 
Protected areas in the PAR. Source shapefiles: Land Tirol – Department Geoinformation. Aerial image: Google 
satellite.
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2.2 Population and settlements

The region of Gries am Brenner and Vals is home to 1,882 inhabitants (as of 2019), 
and the population growth is relatively slow compared to that of the entire region of 
Tyrol [4, 5]. In 2020, there were 671 registered buildings [6, 7]. Compared to other 
regions in the state of Tyrol, this region is not particularly densely populated.

2.3 Economy and tourism

The two municipalities of Gries am Brenner and Vals are quite different. Vals has 
only 28 businesses (excluding agriculture), while Gries am Brenner has 73 [8, 9]. 
This is due, among other things, to its location: the Valsertal is a side valley of the 
Wipptal Valley, while Gries am Brenner is located in its middle at the Brenner Pass, 
which is an important international transit route. From a tourism perspective, the 
Valsertal is less important compared to the municipality Gries am Brenner. While 
43,789 overnight stays were recorded in Gries am Brenner in 2019, only 12,786 were 
recorded in the municipality of Vals [10, 11]. Based on these numbers, this destina-
tion region represents only a small share in Tyrol’s tourism economy.

Winter tourism infrastructure such as ski areas (lifts, lodges, built ski trails), 
which attract large numbers of tourists to the region of Tyrol, are de facto absent in 
the PAR. One small ski area formerly located on Sattelberg Mountain is no longer in 
operation. However, parts of the municipality of Gries am Brenner and the Valsertal 
have become quite popular for ski touring and snowshoeing, which led to the initia-
tion of the best-practice example described in Section 3.

2.4 Protected areas

Two protected landscapes provide large areas for sensitive plants and animals 
within the region, “Nösslachjoch-Obernberger See-Tribulaune” in the municipality 
of Gries am Brenner and a “Natura2000 Fauna-Flora-Habitat” area in the munici-
pality of Vals (Figure 1).

2.5 Dealing with natural hazards

Transportation corridors and settlements are partly located at the base of steep 
rock faces. The region lies in the continental central alpine climate zone, which is 
characterized by wide temperature ranges and low precipitation with a pronounced 
summer maximum. A regional feature is the “Föhn” wind, a dry downdraft wind 
that can reach hurricane-like speeds. The mean annual precipitation for the 
period 1981–2010 was 817 mm [12]. This corresponds to a significantly below-
average value compared to all other stations in Austria (mean maximum annual 
precipitation = 2,403 mm).

Overall, all notable alpine natural hazards occur in this PAR. Large areas of 
the municipality of Gries am Brenner are prone to shallow soil slides, and several 
torrents from various side valleys have the potential to produce flooding and mud-
flows. In the Valsertal, avalanches and rockfall are highly frequent. The lithological-
geotechnical situation (pronounced schistosity and high crack and joint density) 
leads to a high frequency of rockfall and occasionally to larger rock avalanches (e.g. 
volume > 110,000 m3 occurred in 2017). In winter, at least 25 avalanche paths are 
repeatedly problematic in the Valsertal [13].

As in other parts of the Alps, natural hazard process areas that endanger 
buildings and infrastructure have been preventively managed here for decades. 
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Especially on the orographic right side of the Valsertal and in the center of the 
municipality Gries am Brenner, dams, nets and single block protection measures 
have been installed to mitigate rockfall hazards [14]. The so-called “Sill-Avalanche” 
has been controlled with steel snow bridges and tripods. Along the Austrian rail-
road line (ÖBB), the operator itself provides extensive protection. In the Lueg area, 
where there is a steep rock face located directly above the railroad tracks, protection 
against gravitational natural hazards has been provided for decades by technical 
structures of various ages and functions. To protect against flooding, the streambed 
in the center of St. Jodok (Vals) was extensively expanded a few years ago. All these 
technical protection measures are implemented (planning and execution) by the 
WLV as well as by the transport and infrastructure operators ÖBB (railway) and 
ASFINAG (highway).

The WLV is (besides the Federal Water Engineering Administration) respon-
sible for the protection of settlement areas. The costs of measures are mostly 
divided between the federal government (main share), the federal states and 
the municipality (usually the smallest share). For example, extensive protec-
tion measures (monitoring with early warning systems, relocation of a road and 
construction of dams amounting to several million euros) were implemented 
in 2018–2020 in response to a major rock avalanche event that occurred in Vals 
in 2017.

At locations that have not yet been or cannot be protected by technical mea-
sures, other strategies must be implemented. For example, an avalanche com-
mission convenes several times each winter – on a statutory basis – to assess and 
avert avalanche damage. Local fire brigades also play an extremely important and 
indispensable role in disaster response and recovery. These institutions, which are 
all comprised of voluntary members, are the first responders in case of emergen-
cies. Flooding, soil slides, avalanches and rockfall are in most cases dealt with by 
volunteer fire brigades during an event. Before and after an event, the WLV and 
the Tyrolean Geological Survey (Landesgeologie) play an important role as sup-
port organizations.

The official hazard zone plans of the WLV are the fundamental basis for spatial 
planning when dealing with natural hazards (Figure 2). For each municipal-
ity – including Gries am Brenner and Vals – the spatially explicit hazard zones for 
avalanches and torrents are shown (Figure 2). The process runout lengths and 
intensities in these plans are based on event documentation, silent witnesses, 

Figure 2. 
Left – Excerpt of the hazard zone plan for avalanches and torrents from the Austrian Service for Torrent and 
Avalanche Control (WLV) in the Valsertal. Source shapefiles: Land Tirol – Department Geoinformation. 
Aerial image: Google satellite. Right – The southwest-exposed side of the Valsertal. Low building density but 
pronounced steep slopes of partially unstable rock walls with high susceptibility to rockfall activity. Image 
source: Matthias Plörer.
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eyewitness accounts, numerical simulations and expert input. The hazard zone plan 
is the basis for the construction zoning plan and indicates building bans or possible 
technical requirements for protection against natural hazards. Rockfall processes 
and landslides are only roughly defined in the official hazard zone plans as hazard 
indication areas in the spatially relevant areas [15].

Finally, forest management plays an important role in the prevention of natural 
hazards. In addition to forest rangers, who are employed by the municipalities, 
the nearby Bezirksforstinspektion (District Forestry Inspectorate) in Steinach am 
Brenner and the various forestry departments of the Landesforstdirektion (State 
Forestry Directorate) in Innsbruck are responsible for the management of the 
(protective) forests to prevent natural hazards.

A strategy that goes beyond the official institutions and includes all relevant 
stakeholders is described in detail and as our “best-practice example” in the following 
chapters.

2.6 Forests and forestry

2.6.1 Share of forest cover

In total, an area of around 3,718 hectares (35.6% of the overall land area) is 
covered by forest within the municipalities of Gries am Brenner and Vals (Figure 3). 
Other large areas are uncultivated heathland or high alpine rocky landscapes.

2.6.2 Forest categories/forms of operation

The forests in the two municipalities can be divided into (low-yield) pro-
tective forest and (high-yield) production forest as well as mixed forms and 
unstocked forest areas. According to the forest database provided by the Amt 
der Tiroler Landesregierung (Office of the Tyrolean State Government) – 
Department of Forest Planning [16], the following forest categories are  
distinguished (Figure 4):

• “WW” production forest

• “WS2”  production forest with medium protective function

Figure 3. 
Recent forest cover in the communes of interest. Source shapefiles: Land Tirol – Department Geoinformation. 
Aerial image: Google satellite.
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• “SiE”  protective forest in yield

• “SaE”  protective forest out of yield (high forest)

• “SaEK”  protective forest out of yield (krummholz)

• “NHB”  unstocked forest area

As shown in Figure 4, 78% of the total forest area in the region is protective for-
est (protective forest in yield, protective forest out of yield in the form of high forest 
and protective forest out of yield with krummholz). Production forests, including 
those with a medium protective function, account for 21% of the total forest area. 
According to the Tyrolean forest management plans, forests in yield (production 
forest, production forest with medium protective function, protective forest in 
yield; 58% of the total forest area) can be managed in a planned and sustainable 
manner by regular harvesting [17].

2.6.3 Tree species distribution

The description of the tree species distribution in this PAR is based on the 
Waldtypisierung Tirol (forest typification of Tyrol). For the forest typification, similar 
forest units – determined by the combination of site characteristics such as location, 
climate, soil, and potential natural vegetation – were aggregated [18, 19]. This typifica-
tion is not entirely identical to the actual species distribution, but the potential vegeta-
tion is largely consistent with the current one. We categorized forest types based on the 
forest typification and according to the European forest types (Figure 5) [20].

According to the European forest type catalog, type 3.2 (subalpine and montane 
spruce and montane mixed spruce-silver fir forests) is the most represented with a 
share of 67% of the total forested area followed by type 3.1 (subalpine larch-arolla 
pine and dwarf pine forest) with 37% of the total forested area. Types 3.3 and 12.1 
occur only in very small proportions.

Figure 4. 
Forest categories/form of operations. WW: Production forest, WS2: Production forest with medium protective 
function, SiE: Protective forest in yield, SaE: Protective forest out of yield (high forest), SaEK: Protective 
forest out of yield (Krummholz), NHB: Unstocked forest area. Source shapefiles: Land Tirol – Department 
Geoinformation. Aerial image: Google satellite.
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2.6.4 Ownership structure

Forests in Austria can be owned by a wide variety of entities and individuals. In 
addition, especially in Tyrol, there is the atypical form of the agricultural commu-
nities to which municipal property (in the form of forest) was transferred decades 
ago. These transfers were declared unconstitutional by the Austrian Constitutional 
Court on 11 June 2008. This municipal property is now owned in an atypical 
manner by the municipalities as well as the beneficiaries (farmers) and organized 
as an agricultural community. The municipality is entitled to the intrinsic value of 
the land. This is the value that remains after agricultural and forestry use by the 
beneficiaries. The land itself and, for example, the income from gravel extraction is 
municipal property [21].

In the area of Gries am Brenner and Vals, the following types of property can be 
distinguished, according to the Tyrolean Forest Database (Figure 6) [16]:

Figure 5. 
Tree species distribution according to the European forest type catalog. Source shapefiles: Land Tirol – 
Department Geoinformation. Modified after the European forest type catalog. Aerial image: Google satellite.

Figure 6. 
Ownership structure of forest within the region of Gries am Brenner and Vals. Generated from the Forest 
database. AC: Agricultural communities, MUN: Municipal property and assets, ACMUN: Agricultural 
communities from municipal property, PuF: Other public forests, PrF: Private forests, ÖBF: Austrian Federal 
Forests. Source: Land Tirol – Forest planning department.
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• Municipal property and assets     “MUN”

• Agricultural communities from municipal property (atypical form) “ACMUN”

• Agricultural communities      “AC”

• Private        “PrF”

• Austrian Federal Forests      “ÖBF”

• Other public forests (e.g. State of Tyrol, highway and train line operators) “PuF”

More than one third (35%) of the forest is owned by private individuals (PrF), 
which often own very small forest plots. The traditional agricultural communities in 
Tyrol, which are mostly associations of private farmers, own 7% of the total forest area 
within the PAR. Classical community forest and atypical community forest (com-
munity forest with beneficiaries and management by an agricultural community) 
together account for a share of 55%. Other forests under public law account for 3%.

2.6.5 Felling quantity/harvested volume

Figure 7 shows data from the forest database of the Provincial Forestry 
Directorate Tyrol for all forest users (private, public, cooperatives) over the last 
20 years [16]. The harvested volume, which includes both pre-use /intermediate 
cut (thinning, thicket maintenance) and the final use/regeneration cut (including 
damaged timber removal), varied between 2,000 and nearly 13,000 m3 over the 
past two decades.

2.6.6 Growing stock and increment

The existing forest management plans for the two municipalities record 329 m3 
(agricultural community of Vals), 361 m3 (municipality of Gries am Brenner) and 
377 m3 (agricultural community of Niedererberg/Fraderwald) growing stock per 

Figure 7. 
Harvesting quantity in Gries am Brenner and Vals by private and public use. Generated from the Forest 
database. Source: Land Tirol – Forest planning department.
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hectare. The growth increment lies between 6.0 and 6.6 m3 per hectare per year. 
Most of the growing stock consists of spruce and larch [17, 22, 23].

These plans were prepared by the Forest Planning Department for periods of 
20 years and cover agricultural community forests and community estate forests 
located in the PAR. Private forest land is not included, so while the data cover large 
portions of forest land in this region, they do not fully represent it [17, 22, 23].

3.  “Tyrolean mountains – experience together”: Ski tour steering – An 
example of best practice in the region of Gries am Brenner and Vals, 
Austria

3.1 Introduction

More and more people are enjoying nature through various sports such as hik-
ing, biking, snowshoeing, skiing and ski touring. This benefits the tourism industry 
as well as individual health along with our healthcare system. However, the increase 
in outdoor recreation also leads to conflicts. Mountain bikers use hiking trails, ski 
tourers unintentionally scare game away from winter resting areas and sport climb-
ers trample through farmers’ meadows on their way to rock climbing routes. It is 
usually individual users who do not always follow the rules that make conflict-free 
coexistence in nature difficult [24].

The program Tyrolean mountains – experience together (translated from “Bergwelt 
Tirol – miteinander erleben”) was launched by the Tyrolean government in the 
spring of 2014. This program includes the management and control of recreational 
activities in summer (mountain biking, rock climbing, hiking, etc.) as well as in 
winter (ski and snowboard touring, snowshoe hiking) by involving all relevant 
stakeholders and representatives from tourism, agriculture, forestry, hunting, 
politics, nature conservation and landowners, especially in regions or locations 
where conflicts may arise or have already arisen. To achieve a balance between the 
interests of the various stakeholders, a large number of institutions are involved 
in the program, including among others the Tyrolian provincial government, the 
Austrian Alpine Club, the Chambers of Agriculture & Commerce, the Tyrolean 
Hunters’ Association and Tirol Advertising Ltd. [24].

3.2  Ski and snowboard tour steering: an initiative to protect wildlife and 
protective forests

3.2.1 Basic concept

“Experience the winter mountain world under your own power with climbing skins 
– skiing started like this – long before our mountains were made accessible by ski lifts. 
In recent years the sport of ski touring has increased substantially in popularity” [25].

One part of the program “Tyrolean mountains – experience together” is the 
so-called “Ski tour steering”.

According to the head of the mountain sports department of the Austrian Alpine 
Club, Michael Larcher, the number of people in Austria who practice mountain 
sports in the form of ski touring is now between 500,000 and 600,000. The Corona 
pandemic with the consequence of partial ski area closures also seems to be con-
tributing to the fact that, especially in the winter season, more and more people are 
seeking recreation on touring skis and snowshoes in the forest. Larcher expected 
a further increase of approximately 20% before the start of the winter season 
2020/2021 [26].
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in outdoor recreation also leads to conflicts. Mountain bikers use hiking trails, ski 
tourers unintentionally scare game away from winter resting areas and sport climb-
ers trample through farmers’ meadows on their way to rock climbing routes. It is 
usually individual users who do not always follow the rules that make conflict-free 
coexistence in nature difficult [24].
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where conflicts may arise or have already arisen. To achieve a balance between the 
interests of the various stakeholders, a large number of institutions are involved 
in the program, including among others the Tyrolian provincial government, the 
Austrian Alpine Club, the Chambers of Agriculture & Commerce, the Tyrolean 
Hunters’ Association and Tirol Advertising Ltd. [24].

3.2  Ski and snowboard tour steering: an initiative to protect wildlife and 
protective forests

3.2.1 Basic concept

“Experience the winter mountain world under your own power with climbing skins 
– skiing started like this – long before our mountains were made accessible by ski lifts. 
In recent years the sport of ski touring has increased substantially in popularity” [25].

One part of the program “Tyrolean mountains – experience together” is the 
so-called “Ski tour steering”.

According to the head of the mountain sports department of the Austrian Alpine 
Club, Michael Larcher, the number of people in Austria who practice mountain 
sports in the form of ski touring is now between 500,000 and 600,000. The Corona 
pandemic with the consequence of partial ski area closures also seems to be con-
tributing to the fact that, especially in the winter season, more and more people are 
seeking recreation on touring skis and snowshoes in the forest. Larcher expected 
a further increase of approximately 20% before the start of the winter season 
2020/2021 [26].
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The “Ski tour steering” initiative aims to demonstrate that ski touring can be 
done in an environmentally friendly way despite a massive increase in the number 
of winter recreationists, if certain rules are followed. In locally implemented 
ski touring projects throughout the state of Tyrol and together with the project 
partners and stakeholders, protection zones are defined for the most important 
protected targets, and measures are developed to not only improve the ski touring 
experience, but also the coexistence of people, wildlife and nature.

There are areas or specific locations in Tyrol where, due to tourism and recre-
ational activities (ski and snowboard tours), the potential for conflicts with other 
interests such as hunting, nature conservation or forest management prevail or 
where conflicts have already occurred. Especially in the context of forestry and 
hunting, conflicts can arise if tourism activities and recreational sports disturb 
game or wildlife habitats and, therefore, affect the protective forest.

The 60-page “Tyrolean Ski and Snowboard Touring Concept” [27] (Figure 8) was 
developed by all institutions and experts involved in the program, which contains, 
among other things, information and guidelines for the following topics:

According to the basic concept, several protected targets must be considered 
when the elaboration of a steering concept starts (Figure 9).

Figure 8. 
Most important topics in the “Tyrolean Ski and Snowboard Touring Concept” [27].

Figure 9. 
Protected targets that are identified as important for ski touring projects in Tyrol. The red and green highlighted 
topics are of particular interest in the GreenRisk4Alps project. Icon made by Freepik from www.flaticon.com.
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3.2.2 Protected targets: red deer, roe deer and protective forest

In the context of the GreenRisk4Alps project, the protection of red deer and 
roe deer as well as protective forest is of particular interest (highlighted in red and 
green in Figure 9). Protective forests can be negatively affected either by human 
influence or by game. Disturbance of game can lead to an impairment of its energy 
balance and, as a direct consequence, to increased browsing pressure leading to 
peeling damage on trees (Figure 10) [27].

3.2.2.1 Protective forest—direct damage

Direct damage to forest regeneration by ski edges occur on frequently used 
ski tour routes and lead to the delayed development of the stand and financial 
loss for the forest owner [27]. This damage must be taken seriously, and steering 
measures to prevent it must be undertaken. A distinction must be made as to 
which protective category the affected forest belongs. In case of damage in object 
protective forests of priority 1, steering measures that are suitable for reducing 
the damage must be developed by the regional working group in any case.  
In the assessment of the extent of damage, the district forestry inspectorate 
participates [28].

3.2.2.2 Red deer, roe deer and the indirect influence on protective forest

Game disturbances in winter are highly relevant because animals are adapted 
to rest and consume as little energy as possible during this period of food shortage. 
Animals adapt physiologically to the low food supply and low temperatures. They do 
this, for example, by lowering their heart rate [27]. However, when disturbed, deer 
usually respond by increasing their heart rate, which is associated with increased 
energy consumption [29]. The animals then require more food. Game, in particular, 
which in the winter season is fed by hunters in Tyrol, has a higher metabolic rate and 
therefore requires more food to compensate for this when disturbed [27].

Disturbances at dawn and dusk, especially near game feeders, have the most 
fatal consequences. The game then often avoids the feeding area for a longer period 
and peeling off bark and eating shoots occur more frequently in protective forest 
stands. This increases the stress on the forest [30].

Animals can partially get used to disturbances if they are of a similar nature and 
predictable. Therefore, in wildlife habitats it is important that ski tourers stick to 
consistent routes and times instead of touring at all hours of the day. Disturbances 
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The “Ski tour steering” initiative aims to demonstrate that ski touring can be 
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Figure 8. 
Most important topics in the “Tyrolean Ski and Snowboard Touring Concept” [27].

Figure 9. 
Protected targets that are identified as important for ski touring projects in Tyrol. The red and green highlighted 
topics are of particular interest in the GreenRisk4Alps project. Icon made by Freepik from www.flaticon.com.

101

Gries am Brenner/Vals Pilot Action Region: The Tyrolean Ski Tour Steering Concept...
DOI: http://dx.doi.org/10.5772/intechopen.99011

3.2.2 Protected targets: red deer, roe deer and protective forest
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should therefore be reduced to a minimum if possible, especially in winter [27]. 
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When disturbed by humans, red deer and other game species have the potential to 
strongly influence and change their habitats through grazing behavior.

In addition, game hunting can be made more difficult when tourists disturb the 
game. This leads to lower hunting harvest numbers, which then leads to increased 
peeling and browsing damage in the forest stands caused by a larger number of 
surviving animals. This can result in a conflict between hunting and forestry.

According to the ski and snowboard touring concept [27], the following key 
points regarding feeding and disturbance of red deer are important:

• In winter, the habitat of red deer can be delineated by intensive feeding at a 
suitable, quiet location without hunting pressure.

• Red deer are accustomed to routine touring parties.

• The distance between recreationists and game where there is visual protection 
(e.g. dense forest) should be 300 m, and at least 500 m without visual protec-
tion (e.g. open field).

• Unpredictable skiing through feeding areas is fatal for deer and the forest 
vegetation, and therefore the protective forest.

• Disturbances have a particularly strong effect at dusk.

3.3 The workflow for local ski tour steering projects

In areas with obvious conflicts or in areas where ski touring is to be particularly 
promoted and advertised for tourist interest, such as in the municipality of Gries am 
Brenner, a precautionary elaboration of control measures makes the most sense to 
avoid advanced conflicts which are more difficult to handle [31].

As outlined in Figure 11, the existing problem areas and suitable solution 
strategies are developed together. This results in a map of the protection zones for 
different protected targets. The definition of the relevant protected targets is the 
fundamental core of the respective local projects. However, it is not the goal to cover 
as many as possible or all somehow relevant protected targets, but to define the 
most relevant targets to be protected and to focus all further steps on the needs of 
this protection goal and its interested parties [27].

In addition to the experts and institutions that are in principle involved in the 
initiative, there are numerous other people and representatives of institutions 

Figure 11. 
Scheme of workflow for local ski tour steering projects (after [27]). Icons made by Freepik from www.
flaticon.com.
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that should participate in local steering projects. The local working groups for the 
development of ski touring control measures consist of all (representatives of) 
stakeholders, and the success of the projects shows how important such integration 
forums are to reach a solution that is acceptable to all stakeholders (Figure 12) [32].

3.3.1 Preparatory expert inputs

The protective forest areas of interest are based on the current mapping of the 
Abteilung Forstplanung (Forest Planning Department of the Office of the State of 
Tyrol). Protective forest categories are differentiated, whereby object protective 
forests with the priority “3” are of particular interest due to their protective effect for 
settlements, traffic routes and transportation corridors. Whether steering measures 
are necessary due to direct damage to the regeneration from skiers, and thus the 
maintenance of the protective effect is particularly important, is assessed within the 
working group by the representative of the Bezirksforstinspektion (District Forest 
Inspectorate). Whether there is a disturbance of game, especially where there is a high 
game density in a small area, is decided by a representative appointed by the Tiroler 
Jägerverband (Tyrolean Hunters’ Association). Sensitive deer resting areas and feed-
ing locations are made available to the regional working group by those authorized 
to hunt or by the Abteilung Waldschutz (Forest Health Department of the Office of 
the State of Tyrol). Maps with all relevant ski tours will eventually be provided by the 
Tiroler Landschaftsdienst (Tyrolean Landscape Service). The data for this come from 
the maps of the Austrian Alpine Club, ski touring portals or local experts [27].

Figure 12. 
Example of the composition of a local working group or integration forum, coordinated by the Tyrolean 
landscape service (after [27]). Icon made by Freepik from www.flaticon.com.
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Based on elaborated maps as shown in Figure 13, different kinds of steering 
measures can by implemented. In the following subchapter, the most effective 
measures of the Tyrolean ski and snowboard touring concept [27] are listed.

3.3.2 Which measures and courses of action can be implemented?

The Tyrolean working group for ski tour steering has developed a catalog of 
measures which basically recommends three different types of measures, and 
combinations of each (Figure 14):

3.3.2.1 Infrastructure

• Parking lots and parking prohibitions:

By creating sufficient parking spaces at specifically selected locations, tourers 
can be redirected to low-conflict routes. Information boards can also be used to 
provide comprehensive information about game rest areas, ski touring routes, 
etc. already in place at the parking areas. Parking bans are part of the solution 
where mass crowds lead to negative impacts.

Figure 14. 
Possible types of measures and actions for ski tour steering (according to [27]). Icons made by Freepik, 
Prosymbols & surang from www.flaticon.com.

Figure 13. 
Map of feeding locations (red and orange dots), spatial occurrence of red and roe deer (red and yellow areas), 
chamois and ibex as well as official ski touring routes (purple lines). Source: Land Tirol, Forest organization 
department [27].
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• Forest paths/routes for ski touring:

In order to protect adjacent forest regeneration areas or to steer tourers away 
from game resting places and feeding areas, artificially created forest trails can 
be an effective measure of steering ski tourers, especially since forest areas and 
stands have been increasing in Tyrol for decades [33]. However, this approach 
involves submitting an application in order to be granted permission from the 
responsible Bezirksforstinspektion (district forestry inspectorate).

• Information boards with ski tours and protection zones & signposts:

Information boards can be set up, e.g. at starting points for ski tours (parking 
lots) (Figure 15). These can contain low-conflict ski tours, protection zones as 
well as information on the protected targets and rules of conduct to be observed 
here. A uniform layout is important for recognition and has been developed by 
the landscape service (Land Tirol). In addition, guidance can be extended with 
signposts at strategically important points along the ski tour route.

• Relocation of feeding sites:

According to §46 of the Tyrolean Hunting Law (TJG), the locations of game feed-
ing sites are to be adapted to local conditions and, if possible, positioned far away 
from frequented routes of various recreational sports. However, this solution of 
relocation is usually only considered when other measures have little effect.

3.3.2.2 Analogue maps and brochures

To be able to communicate the results and requirements of the locally devel-
oped ski tour steering measures to ski tourers at low cost, maps and brochures, for 
example, which are displayed in restaurants or at frequently visited parking lots, are 
helpful. The distribution and communication by local alpine clubs can also promote 
this knowledge transfer. Ideally, the protected areas defined in the working groups 
could also be printed directly on alpine club maps in the future.

To increase the positive perception of ski tourers and promote a uniform image 
throughout the state of Tyrol, the following steps are important:

Figure 15. 
Top right: Structure of a typical information board with ski tour routes, protected targets and protected zones. 
Top left: Artificial forest aisle with signpost. Bottom: Signpost types for ski tour steering in corporate design [34].
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• Explanation of the local protected targets with uniform symbols

• Uniform representation of the protected area and/or restricted areas

• Use of the project logo “Bergwelt Tirol – miteinander erleben” (“Tyrolean 
mountains – experience together”)

• Listing of uniform rules of conduct

3.3.2.3 Visitor guidance and steering with new media

As evaluations have shown, the decision on where to go on a tour is made at home 
the day before or in the tourist’s accommodation. If winter tourists have already 
decided on their route, it is very difficult to influence them afterwards. It is there-
fore important that the relevant information on ski tour steering (protected areas, 
restricted areas, protected targets, etc.) is readily available in advance in the most 
important online portals. This transfer to new media is carried out by the Landscape 
Service Department (State of the Tyrol), which saves work for the local working 
group and increases the likelihood that the developed concepts will be circulated.

The official homepage of this initiative (https://www.bergwelt-miteinander.at/
winter.html), which contains all the important contents of the project and presents 
them in a user-friendly way, also serves as a basic tool and means of communication 
for ski tour steering. Among other things, all regional ski tour steering projects are 
explained, and the “Tyrolean Ski and Snowboard Touring Concept” is available as a 
PDF for download.

3.4 Ski tour steering in the Gries am Brenner region

3.4.1 Initial situation

The Obernberg Valley, which is partly represented by the municipality of Gries 
am Brenner, is a popular destination for ski tourers and snowshoe hikers in winter. 
Visitors particularly appreciate its natural character, the well-kept rural cultural 
landscape, the impressive scenic backdrop, easy accessibility and the great variety 
of ski and snowshoe tours. However, this area is also home to wintering areas for red 
deer, capercaillie and black grouse. To protect these species, snowshoe and ski tour-
ing routes should be designated and should steer clear of their habitats. Therefore, 
a ski tour steering project was designed and implemented in cooperation with all 
relevant stakeholders [35].

As outlined in the overall concept, a working group was initiated here to work 
out the current state, the necessary measures and to answer these basic questions:

• Is there wildlife worth protecting?

• Are forest sites already damaged?

• Are there possibilities to steer ski tourers away?

The local working group is composed of municipality officials, landowners, 
Austrian Alpine Club representatives, local tourers, tourism association mem-
bers, hunters, the local forestry authority, nature conservation organizations 
(e.g. Stubai Alps protected area), a mountain hut owner and the State of Tyrol. All 
these stakeholders and experts have equal rights and therefore can present their 
 respective concerns [36].
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Aside from the committee discussing plans for the region, all ski touring routes 
were surveyed, visitor counts were carried out at parking spaces and bus stops, the 
parking behavior of tourers as well as the wildlife habitats were investigated, and 
the resulting conflict areas were identified (Figures 16 and 17) [35].

According to the principles of the “Tyrolean Ski and Snowboard Touring 
Concept” [27], the project partners agreed on four protected targets after appropri-
ate professional evaluation (Figure 18) [36]:

• Red deer & Roe deer

• Object protective forest

• Chamois & Ibex

• Capercaillie & Black Grouse

Figure 16. 
Projected regions for the ski tour steering program (in black). In yellow: The area of interest near Gries am 
Brenner. Map source: [37].

Figure 17. 
GreenRisk4Alps PAR (white border) and projected ski tour steering areas (yellow/red). Source shapefiles: Land 
Tirol – Department Geoinformation. Aerial image: Google satellite.
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On this basis, nature-friendly routes, a parking guideline and demarcations for 
voluntary game protection areas were defined.

3.4.2 What measures have been implemented?

3.4.2.1 New ascent route with signposts

One of the old ski tour ascent routes passed through the middle of a grouse 
habitat and a nearby red deer feeding location (red sign in the center of Figure 19). 
Due to the high frequency of visitors, there was increased disturbance of game and 
subsequently also forests at this site. Therefore, a new ascent route was defined and 
signposted at a sufficient distance from the red deer feeding location and grouse 
habitat [36].

Figure 19. 
Top: Overview of the (new) protection zones and (steered) ski tour routes on Sattelberg Mountain. Source: 
Department forestry organization. Bottom left: Example of signage for the ascent route. Bottom right: Experts 
installing signage [36].

Figure 18. 
Signs related to the chosen protected targets in the objective region of interest [36].
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3.4.2.2 Panorama boards

Easily recognizable panorama boards providing information about the location 
of the defined forest and wildlife protection zones have been set up at important 
trail heads in the region. These boards display the most nature-friendly touring 
routes and adapted rules of conduct, as well as QR codes that provide further 
information (Figure 20) [36].

3.4.2.3 Avalanche transceiver checkpoint

A total of three checkpoints for avalanche transceivers have been set up in the 
Obernberg Valley (one of them on Sattelberg Mountain). These serve not only as 
a personal safety check for everyone, but can also record visitor frequency [36], 
which is particularly helpful for the overall conception of the measures. However, 
recreationists without avalanche transceivers are not recorded in the survey.

4. Effectiveness of measures/lessons learned

It has been proven that in the projects implemented so far, the targeted surveys 
and measures have led to a reduction of disturbance factors towards sensitive game 
and also to a reduction of the negative impacts on the surrounding object protective 
forests [38].

A webinar held on 20 January 2021 showed that the project described here is not 
fully completed but is still an important topic of interest and is continually being 
discussed. The project managers of the Amt der Tiroler Landesregierung (Office 
of the Tyrolean Government - Department of Landscape Service) invited more 

Figure 20. 
Panorama board in the objective region with original signposts, suggested nature friendly ski tour routes and 
safety tips [36].
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signposted at a sufficient distance from the red deer feeding location and grouse 
habitat [36].

Figure 19. 
Top: Overview of the (new) protection zones and (steered) ski tour routes on Sattelberg Mountain. Source: 
Department forestry organization. Bottom left: Example of signage for the ascent route. Bottom right: Experts 
installing signage [36].

Figure 18. 
Signs related to the chosen protected targets in the objective region of interest [36].
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3.4.2.2 Panorama boards

Easily recognizable panorama boards providing information about the location 
of the defined forest and wildlife protection zones have been set up at important 
trail heads in the region. These boards display the most nature-friendly touring 
routes and adapted rules of conduct, as well as QR codes that provide further 
information (Figure 20) [36].

3.4.2.3 Avalanche transceiver checkpoint

A total of three checkpoints for avalanche transceivers have been set up in the 
Obernberg Valley (one of them on Sattelberg Mountain). These serve not only as 
a personal safety check for everyone, but can also record visitor frequency [36], 
which is particularly helpful for the overall conception of the measures. However, 
recreationists without avalanche transceivers are not recorded in the survey.

4. Effectiveness of measures/lessons learned

It has been proven that in the projects implemented so far, the targeted surveys 
and measures have led to a reduction of disturbance factors towards sensitive game 
and also to a reduction of the negative impacts on the surrounding object protective 
forests [38].

A webinar held on 20 January 2021 showed that the project described here is not 
fully completed but is still an important topic of interest and is continually being 
discussed. The project managers of the Amt der Tiroler Landesregierung (Office 
of the Tyrolean Government - Department of Landscape Service) invited more 

Figure 20. 
Panorama board in the objective region with original signposts, suggested nature friendly ski tour routes and 
safety tips [36].
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than 40 relevant stakeholders and experts from various fields and institutions. 
Among others, important representatives from the Austrian Alpine Association, the 
Tyrolean Hunters’ Association, the Forestry Directorate of Tyrol with its sub-units, 
the Tourism Association, Austrian Federal Forests, Tyrol Advertisement Ltd., the 
Tyrolean Chamber of Agriculture, as well as professional hunters were involved in 
this meeting. At the beginning, the project initiator presented a status-quo report 
and practical examples by means of video contributions, which was followed by a 
lively discussion. According to the meeting minutes of the webinar [38], the follow-
ing issues were discussed:

• Recent analyses show that the density of tracks (skier lines) in some sen-
sitive areas is still too high despite steering measures. It was noted that 
ascending skiers are easier to steer than descending skiers, who look for 
un-skied/tracked areas, e.g. in fresh powder snow. In wide open terrain, the 
installation of analogue guidance systems is difficult to carry out without 
considerable effort. Another cause of overuse in sensitive areas arises from 
ascent routes that have been established for decades, and it is therefore 
often difficult to persuade locally experienced tourers to use new routes. 
In already projected regions, the evaluation of visitor frequency (tracks 
in the snow) will be continued. Continuous optimization of the measures 
is sought.

• In printed literature such as guidebooks with ski tour descriptions, the desired 
current state of possibilities (ascent routes, avoidance areas, etc.) is often not 
yet available. Publishers are sometimes slow to include this information, which 
needs to be improved.

• In addition to the already established steering measures, the targeted creation 
of a first track after fresh snowfall would be interesting. Local ski tourers (e.g. 
on behalf of the Austrian Alpine Association) could create the first correctly 
running track in order to successfully guide following recreational skiers.

• Even if the intention is only to steer ski tours with particularly strong conflict 
potential, there is a desire – especially on the part of the hunting association –  
to speed up the project planning to other areas. Negative hotspots that have 
been eliminated so far are showing positive effects, but there are still regions 
where, e.g. due to disturbance of game, shooting plans cannot be achieved. It 
should be kept in mind that the basic idea behind these projects requires the 
involvement of all relevant stakeholders, which requires a considerable amount 
of time and commitment.

• Since ski touring is growing at a fast rate, the topic at hand is becoming 
increasingly widespread in terms of time and space. In the future, it will be 
important to raise more awareness within the ski touring community and to 
make it known that designated protection zones are off-limits for everyone. To 
be able to identify the location of such protection zones in the terrain, tour-
ing platforms need to integrate them into their online services and apps. In 
addition, social media campaigns of several stakeholders and project partners 
should be promoted (e.g. avalanche.report, bergfex.at, almenrausch.at, etc.)

• In general, it is important to increase acceptance and awareness of the problem 
among the public. It will be important to raise concern about the needs of the 
game and the condition and importance of the protective forest.
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Finally, it was noted in this webinar that an overview of related or similar 
projects as “the best of” from all Alpine regions would be interesting. In principle, 
the steering concept could be raised to an international level [38], which has already 
been implemented with the description in this “Best Practice Book” and can thus be 
promoted and implemented beyond the region of Tyrol!

5. Conclusion

The Tyrolean Ski Tour Steering Concept has been successfully implemented in 
Tyrol since 2014 and continues to be improved with new ideas involving all relevant 
stakeholders. So far there have been concrete elaborations of these steering concepts 
in six Tyrolean regions (Figure 16). The successful implementation of local ski tour 
steering projects contributes significantly to the protection of wildlife and subse-
quently also to the protection of protective forests. Through targeted surveys of 
visitor frequencies in sensitive areas, game resting areas, feeding sites and impor-
tant object protective forests, spatially-specific hotspots can be identified, and 
measures can be adapted to and implemented in the respective area. The ski touring 
steering concept clearly demonstrates the importance of integrating all stakeholders 
in the planning of such governance mechanisms, especially in the case of conflicts, 
in order to find a satisfactory solution for all parties involved [32].
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Chapter 6

Kranjska Gora Pilot Action Region: 
Environmentally-Friendly 
Construction of the Planica Nordic 
Centre
Jurij Beguš, Janez Mertelj and Samo Škrjanec

Abstract

The Municipality of Kranjska Gora was chosen as a Pilot Action Region (PAR) 
due to its location in the Slovenian Alpine area, its extensive forest cover and its 
important role in tourism and sport activities. As an example of best practice in 
the implementation of ecosystem-based risk management, the environmentally-
friendly construction of the new Nordic center in the Planica Valley is presented, 
with an emphasis on the role of various stakeholders in the fields of forestry, envi-
ronmental protection and natural hazard management. The article also presents 
the forest and forestry in Slovenia and in the PAR, as well as the role of protective 
forests and other forest functions.

Keywords: protective forest, protective function, forestry, sport centre, cooperation, 
environmentally-friendly construction

1. Introduction

Several factors contributed to the selection of the Municipality of Kranjska 
Gora as a PAR area within the GreenRisk4Alps project. The municipality lies in the 
central area of the Slovenian Alpine region with distinct valleys and steep slopes. 
The majority of the area is covered with forests, many of which are protective 
forests that protect buildings and goods against various natural hazards. As one of 
the main activities in the municipality, tourism is closely connected to forests and 
their functions. As the host of world-class events, the municipality is also strongly 
represented in various sport activities, particularly Alpine skiing and Nordic sports.

As an example of good practice related to forest, the environment, tourism, 
sport and natural hazard management, the world-famous Planica Valley with its 
newly built Nordic centre was chosen. The centre represents the logical continu-
ation of almost a century of sport and tourism activities in this environmentally 
sensitive area, where forest, particularly protective forest, plays an important role. 
Several decision-makers were involved in the siting of the new centre, each of 
whom contributed to the successful completion of the task from their respective 
field of expertise.
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Chapter 6

Kranjska Gora Pilot Action Region: 
Environmentally-Friendly 
Construction of the Planica Nordic 
Centre
Jurij Beguš, Janez Mertelj and Samo Škrjanec

Abstract

The Municipality of Kranjska Gora was chosen as a Pilot Action Region (PAR) 
due to its location in the Slovenian Alpine area, its extensive forest cover and its 
important role in tourism and sport activities. As an example of best practice in 
the implementation of ecosystem-based risk management, the environmentally-
friendly construction of the new Nordic center in the Planica Valley is presented, 
with an emphasis on the role of various stakeholders in the fields of forestry, envi-
ronmental protection and natural hazard management. The article also presents 
the forest and forestry in Slovenia and in the PAR, as well as the role of protective 
forests and other forest functions.

Keywords: protective forest, protective function, forestry, sport centre, cooperation, 
environmentally-friendly construction

1. Introduction

Several factors contributed to the selection of the Municipality of Kranjska 
Gora as a PAR area within the GreenRisk4Alps project. The municipality lies in the 
central area of the Slovenian Alpine region with distinct valleys and steep slopes. 
The majority of the area is covered with forests, many of which are protective 
forests that protect buildings and goods against various natural hazards. As one of 
the main activities in the municipality, tourism is closely connected to forests and 
their functions. As the host of world-class events, the municipality is also strongly 
represented in various sport activities, particularly Alpine skiing and Nordic sports.

As an example of good practice related to forest, the environment, tourism, 
sport and natural hazard management, the world-famous Planica Valley with its 
newly built Nordic centre was chosen. The centre represents the logical continu-
ation of almost a century of sport and tourism activities in this environmentally 
sensitive area, where forest, particularly protective forest, plays an important role. 
Several decision-makers were involved in the siting of the new centre, each of 
whom contributed to the successful completion of the task from their respective 
field of expertise.
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2. Description of the Kranjska Gora PAR

2.1 General data

The Municipality of Kranjska Gora lies in the northwest of Slovenia, in the 
three-border area of Austria, Slovenia and Italy, at the foot of the Julian Alps and 
the Karavanke range, in the narrower area of Triglav National Park, and almost 
entirely covers the so-called Upper Sava Valley area. It was established as an admin-
istrative unit in 1995. It covers 256 km2 and has about 5,200 inhabitants. The central 
settlement in the municipality is the village of Kranjska Gora, which dates back to 
the 14th century; it is the municipal centre and the largest settlement of the Upper 
Sava Valley (Figure 1).

Kranjska Gora is a world-famous winter sport centre [1]. Every year, it hosts the 
Alpine Ski World Cup on the ski course in Podkoren, and in Planica, it hosts the 
Nordic Skiing World Cup (ski flying, cross-country skiing) and several other sporting 
events. In addition, due to its favourable location and rich tourist offer, it is a popular 
destination for hikers, cyclists, adrenaline enthusiasts, nature lovers and other visitors.

Besides tourism and related activities, other important economic activities 
include agriculture (livestock breeding, pastoralism and the production of milk and 
milk-based products), forestry, the timber industry and craft activities (service 
activities, construction, etc.) [2].

The area of the Municipality of Kranjska Gora is characterised by varied relief 
with steep slopes, which means that there is a high risk of rapid and intensive 
natural processes of displacement of materials that could cause material damage 
to infrastructure, residential and commercial facilities. Many such facilities are 
situated in the municipality, i.e. roads, cycling trails, mountain trails, ski courses, 
ski jumps, settlements and hotels, to name just the most important. Due to tourism, 
these natural risks further endanger human lives, and therefore the municipality is 
constantly looking for innovative approaches to mitigate these dangers.

Climatologically, the municipality lies in the alpine climate zone. This climate is 
characterised by long and snowy winters and short, relatively cool summers [2].

The beginnings of tourism date back to 1904. Summer tourism, such as hiking 
and mountaineering, developed first, followed by winter tourism during the period 

Figure 1. 
Ski resort in Kranjska Gora (photo: Jurij Beguš).
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between the two world wars. This included sledding, skiing and ski jumping in 
Planica. Besides the already mentioned Planica Valley, the main tourist attractions are 
the road over the Vršič Mountain Pass with the Russian Chapel, Zelenci (the source 
of the Sava Dolinka River), the Peričnik Waterfall in the Vrata Valley, the Martuljek 
Waterfalls, Lake Jasna, the Ajdovska Deklica (Pagan Girl) (a natural feature), the 
Slovenian Mountain Museum in the village of Mojstrana, and the summit of Tromeja 
(three-boarder point) on the border with Austria and Italy (Figures 2 and 3).

2.2 The main issues and activities in dealing with natural hazards

The area of Kranjska Gora is highly diverse due to various ecological and 
geomorphological factors. It is a distinctly mountainous area with the Karavanke 
Mountains in the north (dolomite rock base) and the Julian Alps in the south 

Figure 2. 
The Jasna recreation area near Kranjska Gora is a popular recreational and vantage point (photo by 
Jurij Beguš).

Figure 3. 
The Peričnik waterfall (photo: Jurij Beguš).
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(limestone rock base), separated by the flat land of the Sava Dolinka River valley. 
Due to the steep slopes and high precipitation (1628 mm/year, 2007–2016), the 
most common natural hazards are torrential riverbeds. Problematic areas can be 
found throughout the area of the Karavanke Mountains and the Julian Alps. Here, 
due to material slippage and heavy rainfall, material, which often derives from 
erosion hotspots, moves along the riverbed and threatens lower settlements and 
infrastructure. The frequency and economic impact of extreme weather events have 
been increasing in the past decade (Figure 4). Windthrow events, often followed by 
bark beetle outbreaks (including at higher altitudes), and floods are becoming more 
frequent. Landslides and rock-falls are particularly dangerous and threaten public 
and forest roads. In the winter, they are accompanied by avalanches due to the large 
amount of snow and the long-lasting snow cover.

In addition to technical measures (concrete walls, flood barriers, avalanche gal-
leries, snow protection devices, snow bridges), biotechnical measures in protective 
forests (preservation of high tree stumps, preservation of fallen trees at a certain 
angle to the slope, afforestation) have proven to be effective (Figure 5).

In the case of extreme events, the Municipality of Kranjska Gora has the author-
ity to activate the Civil Protection Headquarters, which leads the intervention. 
The Civil Protection Headquarters activates the local fire brigades and subcontrac-
tors operating in the field of forestry and infrastructure. Operating within the 
Municipality of Kranjska Gora is the Kranjska Gora Public Utility Services, which 
has pre-prepared intervention means and materials for taking quick action (sand, 
anti-flood bags, rocks, boards, square cross-section timber), and subcontractors are 
determined in advance (contracts). The intervention system is set up and functions 
very well. The action follows the already established scheme “prevention – pre-
paredness – response – intervention – restoration”.

2.3 Forest and forestry

In order to obtain a clear picture of forests and forestry in the Kranjska Gora 
PAR, it is necessary to present some basic facts about forests and forestry for the 
country as a whole (Figure 6).

Figure 4. 
Damage (in euros) to infrastructure in the PAR caused in the last decade, mainly by storms and wind [3].
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2.3.1 Forests and forestry in Slovenia

Slovenia is one of the most forested countries in Europe. More than 1.1 mil-
lion hectares of forests cover more than half (58%) of its territory [4]. There exist 
more than 70 different forest types in the county, but most forests lie within beech, 
fir-beech and beech-oak forest sites (70%), which have a relatively high production 
capacity [5].

Forest management in Slovenia is regulated by the Forest Act [6] and the 
Slovenian National Forest Programme (SFNP) [7], a fundamental strategic 

Figure 6. 
Slovenian forests and the location of the Kranjska Gora PAR [4].

Figure 5. 
System of torrent barriers on the Suhelj torrent (photo: Jurij Beguš).
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document. The protection function of forests is part of all the main legislation. The 
Slovenian SNFP contains, among other things, the main strategies for maintaining 
and strengthening the role of protective forests. Forest management in all forests, 
irrespective of ownership, is committed to respecting three main principles: 
sustainability, the close-to-nature concept, and multi-objective forest management. 
The main tool for the implementation of these principles is the forest management 
planning system, using a participatory process to address the relevant public (forest 
owners, municipalities, different organisations, the public). Increasing demands for 
a vast array of ecosystem services have emphasised the importance of multi-objec-
tive forest management. As a solution, the integration model of multi-objective 
forest management has been practiced, and represents an important management 
tool to implement the concept of forest functions [5].

According to data on forests collected by the Slovenia Forest Service [4], the 
growing stock of Slovenian forests amounts to 357 million m3 or 303 m3 per hectare. 
Coniferous trees account for 45% and deciduous trees for 55% of the growing stock. 
The annual increment is 8.8 million m3 of wood per year or 7.5 m3 per hectare. In 
recent years the annual cut in Slovenian forests has totaled between 5.0 and 6.3 
million m3 of trees.

In Slovenia, 76% of forests are privately owned, 21% are owned by the state 
and 3% are owned by local communities. Private forest estates are small, with 
an average area of only 3 ha. They are typically fragmented into several separate 
plots and are becoming even more fragmented as the number of forest owners is 
increasing. According to the latest data, there are already 413,000 forest owners in 
Slovenia [4].

In addition to damage caused by weather (wind, ice, snow), Slovenian forests 
have recently been threatened by insects (mainly bark beetles), which are the most 
common reason for sanitary cutting. On average, sanitary cutting ranges from more 
than 50% to as much as 70% of the entire annual cut.

2.3.2 Forests and forestry in the Kranjska Gora PAR

Forests represent the most extensive and important landscape category in the 
PAR (Table 1), as forest cover more than half of the area. Due to the alpine condi-
tions, protective forests account for 45% of the entire forest cover in the PAR, which 
is relatively high compared to typical Slovenian conditions.

According to ecological and vegetation conditions, beech forest types predomi-
nate. Table 2 presents the share (as a percentage of the total forest area) of the most 
important forest types, based on European forest types [10], among managed and 
protective forests.

Surface area 
(ha)

Share of the surface area of the 
municipality (%)

Area of the municipality 25,631

Commercial forest 7,926 31

All forests (forest and other forest areas) 14,578 57

Protective forests 6,652 26

Table 1. 
Share of forests in the Kranjska Gora PAR area [8, 9].
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Although beech forest types predominate, and consequently beech is expected 
to be the predominant tree species, the leading tree species is still spruce, which 
is more or less due to a historically conditioned approach to forest management. 
Spruce accounts for more than half of the growing stock, followed by beech and 
larch (Figure 7).

Most forests are privately owned. The average estate totals 15.8 hectares, which 
is far above the Slovenian average. In turn, this means that guidance and forest 
management is easier to implement and more economical here. Forest owners are 
responsible for forest management (Table 3).

Wood production takes place mainly as manual felling and tractor harvesting, 
while in steeper areas, cable logging is performed (Figure 8). Forestry infrastruc-
ture, forest roads and skid trails are adapted to these methods.

The average growing stock in the PAR forests totals 373 m3/ha, and the average 
increment totals 7.4 m3/ha. The majority of the growing stock consists of conifers 
(69%) (Table 4).

Forest management guidance is prescribed by forest management plans for 
all types of properties (private, state-owned, municipalities), which is the task 
of the Slovenia Forest Service. Forest management planning is also an important 
tool which enables the transfer of scientific knowledge into everyday use. Thus, 
models and maps developed in the framework of scientific research are included 
in forest management plans. For example, models for determining protected forest 
areas prepared within the GreeRisk4Alps project and management strategies for 
protected forests are included in forest management plans. Furthermore, the results 

Forest type %

Managed forests

3.1 Subalpine larch-arolla pine and dwarf pine forest 4

3.2 Subalpine and montane spruce and montane mixed spruce-silver fir forest 6

3.3 Alpine Scots pine and black pine forest 3

5.8 Ravine and slope forest 1

6.4 Central European submontane beech forest 10

6.4 Central European submontane beech forest 2

7.4 Illyrian montane beech forest 74

12.1 Riparian forest 1

Protective forests

3.1 Subalpine larch-arolla pine and dwarf pine forest 25

3.2 Subalpine and montane spruce and montane mixed spruce-silver fir forest 1

3.3 Alpine Scots pine and black pine forest 9

6.4 Central European submontane beech forest 3

6.4 Central European submontane beech forest 1

7.4 Illyrian montane beech forest 61

8.8 Other thermophilous deciduous forests 1

Table 2. 
The share (as a percentage of the total forest area) of the most important European forest types – managed and 
protective forests [9–11].
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of research and guiding principles from forest management plans are transferred to 
the operational level to reach all interested parties.

2.3.3  Natural hazards and forest protection in the light of climate change: Kranjska 
Gora PAR

Records on the annual cut (regular cut, sanitary cut, …) for the period 
1995–2019 show that until 2003, the share of the regular cut was between 90% and 
70%. In 2003, the sanitary cut due to windthrow amounted to more than 40% of the 
annual cut. Later, in the period 2008–2011, the sanitary cut increased due to a bark 
beetle outbreak in the aftermath of a windthrow (Figure 9).

Major disturbances in the forests continued in the Kranjska Gora PAR with a 
massive amount of trees felled and damaged by an ice storm in 2014, which was fol-
lowed by bark-beetle infestations and windthrows. This increased the sanitary cut 
up to almost 80%. The effects of climate change are clearly visible after 2014, and 
this has greatly affected forest management in the PAR (Figure 10).

2.3.4 Forest functions/ecosystem services in the Kranjska Gora PAR

In Slovenia, multi objective forest management following an integrative 
approach is applied, and forest functions are used as a main tool. The Slovenian 

Figure 7. 
Shares of the main tree species (%) in the total growing-stock – Managed and protective forests [9].

Ownership

Private State Local community Total

Forest area (ha) 13,300 1,193 85 14,578

Share (%) 91 8 1 100

Table 3. 
Forest area in the Kranjska Gora PAR by form of ownership [8].
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Forest Act defines 17 forest functions classified into social, ecological and 
productive functions. The importance of each function is ranked according to 
three levels: in the first level, the function determines the management regime; 
in the second level, the function influences the management regime; and in the 
third level, the function has no significant influence on the management regime. 
Two forest functions are closely connected to the protective role of forests: 1) 

Figure 8. 
Cable logging (photo: Jurij Beguš).

Forest 
category

Area 
(ha)

Growing stock (m3) Increment (m3/year)

Conifers Broadleaves Total Conifers Broadleaves Total

Managed 
forests

7,926 2,055,547 973,750 3,029,297 34,670 16,068 50,737

Per hectare 259 123 382 4.4 2.0 6.4

Forests 
with special 
purposes1

567 53,954 32,760 86,714 710 470 1,180

Per hectare 95 58 153 1.3 0.8 2.1

Protective 
forests

6,085 706,850 455,147 1,161,997 9,460 8,269 17,730

Per hectare 116 75 191 1.6 1.4 2.9

All forests 14,578 2,816,351 1,461,657 4,278,008 44,840 24,807 69,647

Per hectare 193 100 293 3.1 1.7 4.8

% 66 34 100

Definition from the Slovenian Forest Act (Section 44):
Forest in which there is a special emphasis on the research function, hygiene-health function or the function of the 
protection of natural and cultural heritage;
Forest in which there is a special emphasis on the protection, recreation, tourist, educational, defence or aesthetic 
functions;
Forests in areas that have been declared natural features of interest according to the regulations on the protection of 
natural heritage.

Table 4. 
Basic forestry data for the Kranjska Gora PAR [8, 9].
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protecting forest soil and stands, hereafter the “indirect protective function”, 
and 2) protecting people, assets and properties, hereafter the “direct protective 
function”. Additionally, forests that during extreme ecological conditions protect 
themselves, the surrounding site and the land below them, as well as forests with 
a significant role in any other ecological function (e.g. biodiversity conservation 
function), are declared by the Forest Decree as a special category of “protective 
forests”. The majority of forests with indirect or direct protective functions are 
included in this category [8].

Figure 9. 
Bark beetle attack close to the village of Mojstrana (photo by J. Beguš).

Figure 10. 
The amount of sanitary cut in the Kranjska Gora PAR by year [4].
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In the Kranjska Gora PAR area, many of the functions and interests that need to 
be considered in forest management are intertwined. In terms of area covered, eco-
logical functions are the most extensive, followed by production and social func-
tions. Among the ecological functions with the first level of importance, the largest 
area is covered by the function of the protection of forest lands and forest stands, 
which is set at almost 70% of the forest area, and the function of biodiversity 
conservation, which is set at 17% of the forest area. The hydrological function has 
the first level of importance at 12% of the forest area. Among the social functions 
with the first level of importance, the function of the protection of natural values 
predominates with 47% of the forest area. This is followed by the recreational func-
tion and the research function [7].

2.4 Promotional and extension activities dealing with protective forests

Through promotion and extension activities, relevant stakeholders in forestry are 
addressed to make sure they are well and properly informed about the importance of 
the protection functions of forests. To achieve this, different ways of extension (direct 
contact or at a distance, individually or in groups), different methods (counselling, 
workshops, training, etc.) and all possible information and education channels (media, 
internet, training, lectures, etc.) are used. Thus, two main goals are achieved: 1) the 
content of the statutory regulations and policies in the forest management plans has to 
be transferred to the stakeholders and 2) scientific results are transferred to users.

A good example is the workshop on “Forestry Operations in Protective Forests 
with an Emphasis on Rockfall Areas”, which was developed under the RockTheAlps 
project (November 2016 – October 2019) and is also part of dissemination activities 
under the GreenRisk4Alps project in Slovenia. The main goal of this workshop is 
to transfer scientific results and legal policy to those who need such knowledge in 
their everyday activities – knowledge about rockfall problems, the importance of 
the protective role of forests in Alpine space, and knowledge about the management 
of such forests, with an emphasis on performing forestry operations. The workshop 
consisted of a theoretical and a practical part (in the field) and is a part of the 
extension activities of the Slovenia Forest Service.

3.  The new Planica Nordic Centre – An example of good practice in the 
Kranjska Gora PAR

The valley of ski jumps, as Planica could be called, lies near the settlement of 
Kranjska Gora in the extreme west of the PAR area and has been the scene of Nordic 
sport activities at the highest international level for almost a century. At the end of 
the last century, sport facilities in Planica became somewhat outdated and dilapi-
dated, and it was not easy to follow the requirements of modern sport. In the year 
2000, the decision was made to reconstruct and upgrade the existing facilities with 
the new Planica Nordic Centre (hereafter “Nordic Centre”) and to modernise the 
implementation of existing activities and supplement them with new ones. Today, 
the offer not only includes ski jumping, but also cross-country skiing, and both 
activities can be carried out throughout the year (Figure 11) [12].

The reason that the construction of the Nordic Centre was chosen as an example 
of good practice in the Kranjska Gora PAR lies in the fact that the construction in all 
its phases was carried out in an environmentally-friendly way. The Nordic Centre 
investors were well aware that without proper cooperation with various stakehold-
ers and institutions, they would not be able to carry out this task successfully. In 
doing so, it was necessary to respect Slovenian legislation, which is very strict with 
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respect to nature interventions. Such an intervention as the construction of the 
Nordic Centre has an impact on the forest, on other natural values, on the water 
regime with an emphasis on the regulation of torrents, and on the aesthetic image 
of the natural environment. With the right approach to the planning and construc-
tion of the Nordic Centre, the above have not been affected, the impacts of natural 
hazards have not increased, forest functions have been preserved, and that the 
Nordic Centre is very well positioned in the landscape.

3.1 General information

The Planica Valley is a typical glacial valley in the northwestern part of the Julian 
Alps. It is approximately seven kilometres long and stretches from the settlement of 
Rateče to the “Dom v Tamarju” mountain hut. Except for the village of Rateče, the 
valley is surrounded by mountains. The varied valley bottom of the Planica Valley is 
covered by glacial moraines and screes that are swept away by torrents. In the lower 
part of the valley, the forest is intertwined with hayfields. The upper part of Planica 
is dominated by forests.

At the beginning of the central part of Planica Valley, at the foot of the Ponce 
mountain group, a series of Planica ski jumps are the most important facilities of 
the Nordic Centre. The border of Triglav National Park, the only national park in 
Slovenia, runs just above these jumps. In the winter, the lower part of the valley is 
interspersed with regulated runs for cross-country skiing and walking.

3.2 History

Already in 1926, cross-country skiing competitions were organised in Planica. 
The valley was becoming a popular destination for tourists and nature lovers, and 
the ideal conditions for winter sports activities attracted an increasing number of 
athletes, which gave birth to the idea of a modern ski jumping and cross-country 
skiing centre. This was made possible by favourable winter conditions and the prox-
imity of the railway line, which led to the inauguration of a modern and year-round 
supplied guesthouse in 1931.

Based on Stanko Bloudek’s1 plans, the Bloudek Giant ski jumping hill in Planica 
was built in 1934. Even then, the first of many world records was set on the hill. 

1 Stanko Bloudek (11 February 1890–26 November 1959) was a Slovenian aeroplane and automobile 
designer, sportsman and sport inventor, designer, builder and educator.

Figure 11. 
The location of the Planica Valley [13].
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In 1936, the ski jump was enlarged, and the first man jumped beyond the magical 
100 m mark. Thus, Planica became the cradle of ski flying. In 1969, a new, larger ski 
jump was built based on the plans of the Gorišek brothers2, and in 1994 the 200 m 
mark was eclipsed. Despite the centre’s worldwide fame, the dilapidation of some of 
the facilities led to the persons responsible considering a thorough renovation and 
establishment of a modern Nordic sports centre in Planica.

3.3 Forests and natural hazards in the Planica Valley

The forests in the area of the Nordic Centre and in the entire Planica Valley have, 
in addition to their production role, other functions that are very important for the 
operation of the Nordic Centre. One of the most important is the protective role of 
the forest, which is significant around the Nordic Centre due to the protection of 
buildings and structures against rockslides and falling rocks, avalanches, torrents 
and water erosion. These are also the most important natural hazards in the vicinity 
of the Nordic Centre.

The forests in the vicinity of the Nordic Centre are also important for wind 
protection, which is crucial for the implementation of competitions and for carry-
ing out training on the ski jumps, especially the giant Planica ski jump. The forest 
creates an extremely important microclimate with favourable wind and thermal 
conditions (Figure 12).

The aesthetic function of the forest is also very important, as the forest irre-
placeably complements the beautiful backdrop of the structures themselves and the 
entire valley.

Therefore, it is even more important that this landscape component was taken 
into account as much as possible in the construction of the Nordic Centre and that 
the forest was encroached upon with filigree precision (Figure 13).

2 Janez Gorišek (born September 13, 1933) and Vlado Gorišek (4 January 1925–2014 June 1997) were 
Slovenian civil engineers, builders and architects. Their work consisted mainly of the design and 
construction of ski jumping and ski flying hills worldwide.

Figure 12. 
The forests are also important for wind protection (photo: Jurij Beguš).
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3.4 The construction process of the Planica Nordic Centre

The central idea in the construction of the new Planica Nordic Centre was to 
modernise the sports centre to bring it in line with international standards, which 
would benefit sports, the state and the municipality, as well as the local popula-
tion. The idea was to establish a one-stop-shop centre for Nordic disciplines, i.e. ski 
jumps, cross-country skiing tracks and a covered training centre which would allow 
the use of the facilities throughout the year, as well as the possibility of recreation 
and entertainment for other visitors.

The necessary steps were (1) to develop a conceptual plan and apply for European 
funds; (2) to purchase the land; (3) to adapt the relevant legislation; (4) to establish 
fair cooperation between the municipality and the local population; (5) to invite all 
stakeholders – formal and informal – to cooperate; (6) to establish a construction com-
mittee; (7) to hold an architectural competition and select the appropriate solution; (8) 
to obtain all necessary consents and guiding principles from the relevant stakeholders 
– nature conservation, water protection, forestry, municipality, Triglav National Park, 
etc.; (9) to carry out construction; and (10) to put the Nordic Centre into operation.

The first activities related to the construction of the Nordic Centre began in 
2007, namely with the purchase of land by the Government of the Republic of 
Slovenia. The Municipality of Kranjska Gora played an important role in this, trans-
ferring its land to the state free of charge, thus giving the signal to other landowners 
that it supported the idea and the project, and thus enabling the purchase of land to 
take place fairly smoothly. The municipality has actively participated in other ways 
and is still an important partner of the Nordic Centre. When the Planica Nordic 
Centre Act was adopted, the foundations were laid for the Planica Institute (estab-
lished within the framework of the said Act) to prepare all the relevant documenta-
tion and apply for funding from the EU Regional Development Fund.

As a coordination body for the construction of the Nordic Centre, a special com-
mittee was established, consisting of experts from various fields from the Ministry 
of Education, Science and Sport; the Planica Institute of Sports of the Republic of 
Slovenia; and the Ski Association of Slovenia. The committee made a significant 

Figure 13. 
The view of the forests towards mount Jalovec above the Planica Valley (photo by J. Beguš).
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contribution to improving the programme and the implementation solutions developed 
through the architectural competition. A representative of the ministry took care of the 
financing from the European Regional Development Fund, while the management of 
the investment and later the management of the new infrastructure were entrusted to 
the representatives of the Planica Institute of Sports of the Republic of Slovenia.

3.4.1  Legal framework and institutional involvement in the planning and 
construction process

For the purposes of the construction and management of the Nordic Centre, the 
Government of the Republic of Slovenia adopted a special Planica Nordic Centre Act 
(in 2010), which further determines the area and management of the Nordic Centre 
and the implementation of the spatial interventions necessary for its construction. 
In 2000, the Municipality of Kranjska Gora adopted the ordinance of the manage-
ment plan for Planica and in 2012, the ordinance on amendments and supple-
ments to this plan. The management plan is a spatial implementation act, which 
determines in more detail the criteria and conditions in terms of function, design, 
infrastructure and protection for regulating and equipping the area in question, 
and which is the basis for issuing a building permit. Individual articles stipulate the 
regulation of torrents in the forests alongside the ski jumps, the protection of areas 
against erosion, the protection of natural heritage and environmental protection.

Based on Slovenian legislation, the following institutions were involved (as 
approving bodies responsible for forestry, water and nature protection) in the 
process of constructing the Nordic Centre:

• The Institute of the Republic of Slovenia for Nature Protection (ZRSVN), 
whose mission is to preserve the natural environment of Slovenia. It strives for 
the lasting harmonious coexistence of nature and people and the rational use 
of renewable and non-renewable natural resources. The area in question falls 
under the responsibility of the Kranj Regional Unit.

• The Slovenian Water Agency, which performs professional, administrative 
and development tasks in the field of water management in accordance with 
the regulations governing waters at the national level. The Upper Sava sector 
is responsible for the area in question; they were mainly responsible in the 
regulation of the Nadiža watercourse and the Ciprnik alluvial cone.

• The Triglav National Park Public Institution (hereinafter referred to as (TNP) 
manages the only Slovenian national park, which was established in 1981. 
The basic goal and purpose of Triglav National Park is to preserve exceptional 
natural and cultural values and to protect autochthonous flora and fauna, 
ecosystems and characteristics of the inanimate world.

• The Slovenia Forest Service is the central Slovenian institution in directing the 
development of forests in Slovenia. It is divided into 14 regional units,  
and the Bled Regional Unit (hereinafter SFS) is responsible for the forests in 
the Municipality of Kranjska Gora.

3.4.2 Architectural solution and construction

The public tender for the selection of the most professionally suitable solution 
for the comprehensive design of the Nordic Center and architectural and landscape 
architectural solutions was completed in autumn 2009. The special investors’ 
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would benefit sports, the state and the municipality, as well as the local popula-
tion. The idea was to establish a one-stop-shop centre for Nordic disciplines, i.e. ski 
jumps, cross-country skiing tracks and a covered training centre which would allow 
the use of the facilities throughout the year, as well as the possibility of recreation 
and entertainment for other visitors.
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funds; (2) to purchase the land; (3) to adapt the relevant legislation; (4) to establish 
fair cooperation between the municipality and the local population; (5) to invite all 
stakeholders – formal and informal – to cooperate; (6) to establish a construction com-
mittee; (7) to hold an architectural competition and select the appropriate solution; (8) 
to obtain all necessary consents and guiding principles from the relevant stakeholders 
– nature conservation, water protection, forestry, municipality, Triglav National Park, 
etc.; (9) to carry out construction; and (10) to put the Nordic Centre into operation.

The first activities related to the construction of the Nordic Centre began in 
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that it supported the idea and the project, and thus enabling the purchase of land to 
take place fairly smoothly. The municipality has actively participated in other ways 
and is still an important partner of the Nordic Centre. When the Planica Nordic 
Centre Act was adopted, the foundations were laid for the Planica Institute (estab-
lished within the framework of the said Act) to prepare all the relevant documenta-
tion and apply for funding from the EU Regional Development Fund.

As a coordination body for the construction of the Nordic Centre, a special com-
mittee was established, consisting of experts from various fields from the Ministry 
of Education, Science and Sport; the Planica Institute of Sports of the Republic of 
Slovenia; and the Ski Association of Slovenia. The committee made a significant 

Figure 13. 
The view of the forests towards mount Jalovec above the Planica Valley (photo by J. Beguš).
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contribution to improving the programme and the implementation solutions developed 
through the architectural competition. A representative of the ministry took care of the 
financing from the European Regional Development Fund, while the management of 
the investment and later the management of the new infrastructure were entrusted to 
the representatives of the Planica Institute of Sports of the Republic of Slovenia.

3.4.1  Legal framework and institutional involvement in the planning and 
construction process

For the purposes of the construction and management of the Nordic Centre, the 
Government of the Republic of Slovenia adopted a special Planica Nordic Centre Act 
(in 2010), which further determines the area and management of the Nordic Centre 
and the implementation of the spatial interventions necessary for its construction. 
In 2000, the Municipality of Kranjska Gora adopted the ordinance of the manage-
ment plan for Planica and in 2012, the ordinance on amendments and supple-
ments to this plan. The management plan is a spatial implementation act, which 
determines in more detail the criteria and conditions in terms of function, design, 
infrastructure and protection for regulating and equipping the area in question, 
and which is the basis for issuing a building permit. Individual articles stipulate the 
regulation of torrents in the forests alongside the ski jumps, the protection of areas 
against erosion, the protection of natural heritage and environmental protection.

Based on Slovenian legislation, the following institutions were involved (as 
approving bodies responsible for forestry, water and nature protection) in the 
process of constructing the Nordic Centre:

• The Institute of the Republic of Slovenia for Nature Protection (ZRSVN), 
whose mission is to preserve the natural environment of Slovenia. It strives for 
the lasting harmonious coexistence of nature and people and the rational use 
of renewable and non-renewable natural resources. The area in question falls 
under the responsibility of the Kranj Regional Unit.

• The Slovenian Water Agency, which performs professional, administrative 
and development tasks in the field of water management in accordance with 
the regulations governing waters at the national level. The Upper Sava sector 
is responsible for the area in question; they were mainly responsible in the 
regulation of the Nadiža watercourse and the Ciprnik alluvial cone.

• The Triglav National Park Public Institution (hereinafter referred to as (TNP) 
manages the only Slovenian national park, which was established in 1981. 
The basic goal and purpose of Triglav National Park is to preserve exceptional 
natural and cultural values and to protect autochthonous flora and fauna, 
ecosystems and characteristics of the inanimate world.

• The Slovenia Forest Service is the central Slovenian institution in directing the 
development of forests in Slovenia. It is divided into 14 regional units,  
and the Bled Regional Unit (hereinafter SFS) is responsible for the forests in 
the Municipality of Kranjska Gora.

3.4.2 Architectural solution and construction

The public tender for the selection of the most professionally suitable solution 
for the comprehensive design of the Nordic Center and architectural and landscape 
architectural solutions was completed in autumn 2009. The special investors’ 
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commission assessed the proposals on the basis of the attitude towards the entire 
environment of Planica, including the placement of facilities in the landscape. The 
selected solution was prepared by Studio AKKA (Figure 14).

The Nordic Centre is located in the landscape such that the lines of the ski jumps 
and slopes meet at one point, and the centre also does not interfere with the view 
of the mountain landscape. Construction took place from 2011 to 2015. During this 
time, the following facilities were reconstructed or built: Bloudek’s Giant ski jump, 
three children’s ski jumps, two youth jumps, the Gorišek Brothers’ ski-flying hill, 
the Čaplja service facility, a central cross-country skiing facility with a viewing 
platform, a preparation facility at the top of the ski-flying hill, and cross-country 
ski trails with a total length of 40 km.

The Čaplja service facility is intended for controlling the operation of the ski 
jumps, changing rooms, ski servicing, storage of equipment and socialising among 
the athletes. The facility also has a pumping station for an artificial snow system, ski 
jump irrigation and central control system.

The central cross-country skiing facility with a viewing platform has two func-
tions. During competitions, it offers all the infrastructure for the implementation of 
competitions at the highest level, and in the remaining time it serves as the central 
facility, housing all the programmes intended for visitors to Planica outside the events.

The construction was placed such that all the vegetation was preserved or was 
supplemented with new plantings. The facilities are multi-functional, and their 
use takes into account the latest standards of environmentally-friendly energy use. 
In addition, some temporary access routes and the Macesnovec-Drnice forest road 
were built to provide access to construction sites.

3.5 The role of individual approving bodies and major stakeholders

3.5.1 The municipality of Kranjska Gora

The Municipality of Kranjska Gora was actively involved in the construction of 
the Nordic Centre from the very beginning. In order to ensure that construction 

Figure 14. 
The position of ski-jumps at the bottom of Ponce ridge (photo: Jurij Beguš).
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would run smoothly, and above all, in order to be able to obtain all the necessary 
permits, it was necessary to adopt certain municipal acts and to ensure that specific 
legislation was adopted. In 2000, the municipality adopted a management plan 
for the Planica area. It also participated intensively in the adoption of the Planica 
Nordic Centre Act, which finally removed all administrative obstacles to the 
construction of the Nordic Centre itself.

The municipality played a very important role in convincing landowners to 
sell their land to the state. Setting an example to all, the municipality transferred 
its land to the state free of charge, thus giving a clear signal to landowners that it 
supported the construction of the Nordic Centre, and that the construction of the 
Nordic Centre was a good investment. For this purpose, the municipality organised 
meetings with landowners, where it also supported the planned project and actively 
participated in all steps of planning and construction of the centre.

The municipality was clearly aware that such a centre is not only a sport and tourist 
attraction, but also a great opportunity to promote the place itself, especially in terms 
of a tourist destination, providing new jobs and earnings for the locals. In addition to 
tourism and visits to the ski flying competitions, a large part of the earnings is rep-
resented by the training of athletes throughout the year. The centre also offers cross-
country skiing training in the summer in the covered part of the central building. Thus, 
according to the centre, 200,000 training units are performed annually, of which 
11,000 represent foreigners from 23 countries, which not only means earnings for the 
Nordic Centre itself, but also earnings for providers of hotel and other tourist services.

3.5.2 Institute of the Republic of Slovenia for nature protection (ZRSVN)

The role of the ZRSVN in the siting of the Nordic Centre was mainly in the 
formal inclusion of the project in obtaining environmental and nature protection 
consents with an expert opinion, which were the basis for issuing a building permit.

The ZRSVN prepared several expert opinions and proposed several mitigation 
measures and recommendations to reduce the negative impacts of the construc-
tion on the environment, which were mostly summarised in its decisions by the 
Slovenian Environment Agency (ARSO). With the investors, the ZRSVN coor-
dinated at meetings and field trips investors’ wishes with actual opportunities in 
nature. During the construction, the investors respected all key mitigation mea-
sures and recommendations prepared by the ZRSVN. Since the completion of the 
construction of the Nordic Centre, this cooperation has been less intense, though it 
still exists. It focuses on individual questions by the Nordic Centre operator about 
individual specific measures that must be implemented during operation.

3.5.3 Slovenian water agency

During the preparation, planning and construction of the Nordic Centre, the 
Water Management Office was still operated within the Slovenian Environment 
Agency (ARSO). The Slovenian Water Agency (DRSV), and thereby the administra-
tive, professional and development tasks in the field of water management, began its 
work in early 2016. The entire field of work thus passed from ARSO to the DRSV.

With the decision of the Government of the Republic of Slovenia, all land in 
the area of the Nordic Centre is owned by the Republic of Slovenia, regardless of 
the type of use, and managed by the Planica Institute of Sports of the Republic of 
Slovenia, including lands with water and lands with watercourses on them. In the 
spatial planning procedures, the field of water management was involved in obtain-
ing guidelines and opinions in the field of spatial legislation. Specifically, water 
consents were issued for individual phases of the intervention as prescribed by law. 
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commission assessed the proposals on the basis of the attitude towards the entire 
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In addition, some temporary access routes and the Macesnovec-Drnice forest road 
were built to provide access to construction sites.
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The Municipality of Kranjska Gora was actively involved in the construction of 
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would run smoothly, and above all, in order to be able to obtain all the necessary 
permits, it was necessary to adopt certain municipal acts and to ensure that specific 
legislation was adopted. In 2000, the municipality adopted a management plan 
for the Planica area. It also participated intensively in the adoption of the Planica 
Nordic Centre Act, which finally removed all administrative obstacles to the 
construction of the Nordic Centre itself.

The municipality played a very important role in convincing landowners to 
sell their land to the state. Setting an example to all, the municipality transferred 
its land to the state free of charge, thus giving a clear signal to landowners that it 
supported the construction of the Nordic Centre, and that the construction of the 
Nordic Centre was a good investment. For this purpose, the municipality organised 
meetings with landowners, where it also supported the planned project and actively 
participated in all steps of planning and construction of the centre.

The municipality was clearly aware that such a centre is not only a sport and tourist 
attraction, but also a great opportunity to promote the place itself, especially in terms 
of a tourist destination, providing new jobs and earnings for the locals. In addition to 
tourism and visits to the ski flying competitions, a large part of the earnings is rep-
resented by the training of athletes throughout the year. The centre also offers cross-
country skiing training in the summer in the covered part of the central building. Thus, 
according to the centre, 200,000 training units are performed annually, of which 
11,000 represent foreigners from 23 countries, which not only means earnings for the 
Nordic Centre itself, but also earnings for providers of hotel and other tourist services.

3.5.2 Institute of the Republic of Slovenia for nature protection (ZRSVN)

The role of the ZRSVN in the siting of the Nordic Centre was mainly in the 
formal inclusion of the project in obtaining environmental and nature protection 
consents with an expert opinion, which were the basis for issuing a building permit.

The ZRSVN prepared several expert opinions and proposed several mitigation 
measures and recommendations to reduce the negative impacts of the construc-
tion on the environment, which were mostly summarised in its decisions by the 
Slovenian Environment Agency (ARSO). With the investors, the ZRSVN coor-
dinated at meetings and field trips investors’ wishes with actual opportunities in 
nature. During the construction, the investors respected all key mitigation mea-
sures and recommendations prepared by the ZRSVN. Since the completion of the 
construction of the Nordic Centre, this cooperation has been less intense, though it 
still exists. It focuses on individual questions by the Nordic Centre operator about 
individual specific measures that must be implemented during operation.

3.5.3 Slovenian water agency

During the preparation, planning and construction of the Nordic Centre, the 
Water Management Office was still operated within the Slovenian Environment 
Agency (ARSO). The Slovenian Water Agency (DRSV), and thereby the administra-
tive, professional and development tasks in the field of water management, began its 
work in early 2016. The entire field of work thus passed from ARSO to the DRSV.

With the decision of the Government of the Republic of Slovenia, all land in 
the area of the Nordic Centre is owned by the Republic of Slovenia, regardless of 
the type of use, and managed by the Planica Institute of Sports of the Republic of 
Slovenia, including lands with water and lands with watercourses on them. In the 
spatial planning procedures, the field of water management was involved in obtain-
ing guidelines and opinions in the field of spatial legislation. Specifically, water 
consents were issued for individual phases of the intervention as prescribed by law. 
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Water permits were also issued for special water uses, such as snowmaking and heat 
recovery.

The building designers and the Nordic Centre had to pay special attention to the 
water flow of the Nadiža (Beli potok), which was already regulated by the Nordic 
Centre, and it was necessary to ensure that flood and erosion conditions would not 
worsen (Figure 15). In doing so, the DRSV participated as an administrative body, 
also giving advice and recommendations for the implementation of measures that 
were still acceptable. Upstream of the giant ski jump, the existing flood barrier was 
raised, restricting the transport of sediments across the regulated section through 
the Nordic Centre. The Nordic Centre also implemented stabilisation and protection 
measures on top of the alluvial cone below Ciprnik, which could directly threaten 
part of the Nordic Centre area during storms, i.e. the central building, the giant ski 
jump’s landing strip, part of the parking lots and the cross-country ski tracks.

The provider of the obligatory state commercial public water management 
service in the Upper Sava area, as well as for the entire area, also monitors the 
condition of the watercourses, torrents, lands with water and lands near banks and 
water facilities, as well as water infrastructure in the area of the Nordic Centre.

3.5.4 Triglav National Park Public Institution

The Triglav National Park Public Institution (TNP) was involved in the process 
of obtaining nature protection consent for the said intervention as part of the 
siting of the Nordic Centre. Although the entire intervention was planned and 
carried out outside the area of the national park, the Public Procurement Agency 
was included in the procedure by the Slovenian Environment Agency, which 
conducted the procedure for issuing nature protection consent due to the area of 
intervention.

Namely, the Nordic Centre was planned directly on the border of the park; 
therefore, it was estimated that the existing and planned facilities and infrastruc-
ture arrangements would lead to a significant increase in the number of people 
visiting the protected area throughout the year.

Figure 15. 
Regulation of the Nadiža torrent at the foot of the Planica ski-flying hill (photo: Jurij Beguš).
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Pursuant to the Triglav National Park Act, the TNP participates in the proce-
dures for obtaining consents in the field of the construction of facilities and inter-
ventions in space with a mandatory expert opinion. In its expert opinions, the TNP 
directed the investor to strictly observe the protection regimes of the national park 
and thus to withdraw interventions from the immediate vicinity of the national 
park border.

3.5.5 Slovenia Forest Service

The Slovenia Forest Service (SFS) participated in the Nordic Centre project 
from the very beginning, first as an approving body and subsequently by making a 
number of proposals and solutions, especially in terms of forest management in the 
narrower but also in the wider centre area and in connection with the preservation 
and strengthening of the forest functions in this area.

As some forests on the construction site of the Nordic Centre were proclaimed 
protection forests by law, the investor had to obtain the positive opinion of the 
Ministry of Agriculture, Forestry and Food.

An important role of the SFS in the construction of the Nordic Centre was to 
assist in constructing (mostly forest) infrastructure that provided access to con-
struction sites. In this area, the Macesnovec-Drnice forest road was built. The forest 
road is important for forest management and for the construction, operation and 
maintenance of facilities in the Nordic Centre (Figure 16). The conceptual route 
and course of the zero line of the planned forest road was prepared by the SFS in 
2009, taking into account the optimal relationship between the needs of forest 
owners inside and outside the Nordic Centre area and the requirements for access to 
facilities (Figure 17).

In the same year, the chairlift connecting the bottom of the ski jumps with the 
top of the ski-flying hill was completed, and from the intermediate station, there 
is access to the Bloudek ski jump inrun. In order to implement the chairlift route, 
the SFS selected trees for felling in the width envisaged by the project, but it was 

Figure 16. 
The Macesnovec-Drnice forest road enabled access to the construction site (photo: Jurij Beguš).
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and strengthening of the forest functions in this area.

As some forests on the construction site of the Nordic Centre were proclaimed 
protection forests by law, the investor had to obtain the positive opinion of the 
Ministry of Agriculture, Forestry and Food.

An important role of the SFS in the construction of the Nordic Centre was to 
assist in constructing (mostly forest) infrastructure that provided access to con-
struction sites. In this area, the Macesnovec-Drnice forest road was built. The forest 
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and course of the zero line of the planned forest road was prepared by the SFS in 
2009, taking into account the optimal relationship between the needs of forest 
owners inside and outside the Nordic Centre area and the requirements for access to 
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In the same year, the chairlift connecting the bottom of the ski jumps with the 
top of the ski-flying hill was completed, and from the intermediate station, there 
is access to the Bloudek ski jump inrun. In order to implement the chairlift route, 
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Figure 16. 
The Macesnovec-Drnice forest road enabled access to the construction site (photo: Jurij Beguš).
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necessary to pay attention to the stability of the edge trees so that these trees would 
not later endanger the facility itself.

Wherever necessary, the SFS participated in the selection of trees that needed 
to be removed due to the construction of the facilities, as well as in the tracing and 
siting of smaller or temporary transport roads. After the completion of works, most 
of these paths were reconstructed and the terrain was levelled, grassed over and in 
some places replanted.

In the final phase of construction, the cross-country ski tracks were built and 
the final arrangement of the Nordic Centre was carried out. In the first part, the 
SFS together with other professional services (ARSO, TNP, ZRSVN), managed to 
provide an optimal solution for the forest and forest area, as well as for the planners 
of the cross-country ski trails, especially in terms of complexity and the sports and 
technical parameters of the tracks. In the final arrangement of the Centre, the SFS 
prepared guidelines and technical requirements for planting (the selection of tree 
and shrub species and herbs with an emphasis on indigenous and habitat-appropri-
ate plant species) on the basis of the forest management plan of the Kranjska Gora 
forest management unit and associated silvicultural plans. The time, manner and 
spatial distribution of planting were also determined.

Due to the construction technology and the gradual construction, and despite 
the absence of a special integrated logistics plan, practically all of the functions of 
the forest stands have been preserved. This was facilitated by the exemplary and 
proactive cooperation of all stakeholders, both the SFS and forest owners, but above 
all those responsible for project management, in which the stakeholders always had 
a correct and interested interlocutor.

4. Conclusion

An important focus at the conclusion is that a disregard for legal, profes-
sional and aesthetic frameworks in the construction of the Nordic Centre could 

Figure 17. 
The position of the Macesnovec-Drnice forest road [4].
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have irreparably encroached on sensitive natural ecosystems and the picturesque 
Alpine landscape. The founders of the Nordic Centre were well aware that without 
proper cooperation with various stakeholders (especially forest owners and the 
Municipality of Kranjska Gora) and institutions, they would not have been able to 
perform this task well – in fact, they would not have been able to perform it at all, 
because Slovenian legislation is very strict in the field of nature intervention. Such 
an intervention has, of course, an impact on the forest, on other natural values, on 
the water regime with an emphasis on the regulation of torrents, and on the aes-
thetic image of the natural environment.

The correctly managed construction of the Nordic Centre is a success story 
regarding environmental protection and placement of facilities in the landscape. 
This was the main reason why the Planica Nordic Centre was chosen as good prac-
tice in the Kranjska Gora PAR.
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proactive cooperation of all stakeholders, both the SFS and forest owners, but above 
all those responsible for project management, in which the stakeholders always had 
a correct and interested interlocutor.

4. Conclusion

An important focus at the conclusion is that a disregard for legal, profes-
sional and aesthetic frameworks in the construction of the Nordic Centre could 

Figure 17. 
The position of the Macesnovec-Drnice forest road [4].
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have irreparably encroached on sensitive natural ecosystems and the picturesque 
Alpine landscape. The founders of the Nordic Centre were well aware that without 
proper cooperation with various stakeholders (especially forest owners and the 
Municipality of Kranjska Gora) and institutions, they would not have been able to 
perform this task well – in fact, they would not have been able to perform it at all, 
because Slovenian legislation is very strict in the field of nature intervention. Such 
an intervention has, of course, an impact on the forest, on other natural values, on 
the water regime with an emphasis on the regulation of torrents, and on the aes-
thetic image of the natural environment.

The correctly managed construction of the Nordic Centre is a success story 
regarding environmental protection and placement of facilities in the landscape. 
This was the main reason why the Planica Nordic Centre was chosen as good prac-
tice in the Kranjska Gora PAR.
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