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Forests can provide effective protection against rockfalls, landslides and avalanches; their preservation and 

proper management can maintain these services and functions which assume relevance also in the perspective 

of adaptation to current extreme events and future climate changes. The Protect Bio method enables the 

evaluation of these ecosystem services. The method aims to evaluate if technical protective (and expensive) 

measures (i.e. technical structures) need to be implemented in forests to provide protection against rockfalls or if 

forests can naturally prevent damages caused by these events.

The method was implemented in practice for the first time in a protection forest (i.e. forests which are maintained 

for protective functions) on the Fuorn Pass road in the Engadin region, Switzerland. The Protect Bio method 

enabled to promote the forest protection function as an effective adaptation measure to cope with natural 

hazards typical of mountain regions.

Case Study Description

Challenges: 
Forests are particularly vulnerable to extreme events. Compared with the slow processes in the forest (growth, 

seed distribution, genetic adaptability, etc.), climate change threatens to occur at a rate that overwhelms natural 

adaptation processes. Important forest products and services such as protection against natural hazards could 

be reduced or disappear due to climate change. Alpine forest ecosystems are already affected from multiple 

climate-induced effects, e.g. higher tree mortality, more pest species calamities, higher water stress and greater 

forest fire frequency, thus reducing the role of forests to protect against rockfalls, landslides and avalanches. For 

example, major outbreaks of bark beetles were observed in protection forests in Switzerland, resulting from the 

Lothar winter storm in 1999 and the dry summer in 2003. Such outbreaks had never occurred at this altitude 

before.

As reported in the EEA report “Climate change, impacts and vulnerability in Europe [3]”, the main climatic drivers 

affecting Alpine forests are: (i) an increase in temperature higher than the global average; from the late 19

century until the end of the 20  century, the Alpine region experienced a total annual mean temperature 

increase of about 2 °C, nearly twice the average in the northern hemisphere, (ii) an observed increase in annual 

precipitation in the north-west and a decrease in the south-east of the Alps, (iii) a pronounced variability in 

precipitation patterns (i.e. a decrease in seasonal precipitation during summer and increase in precipitation in 

winter in the north-west), as well as change in the intensity of extreme weather events.
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A general shift in precipitation peaks from summer to winter is projected for most of the Alps, while the south and 

south-east will become significantly drier in all seasons. Moreover, an increase in the intensity and frequency of 

extreme weather events (heavy rainfall, drought periods, heat waves and possibly also storms) is expected in the 

whole Alpine region, leading to have the hydrological system of forests more sensitive to extreme weather 

events.

In addition, other than climate related hazards, such as gravitational mass movements (e.g. debris flows and 

landslides), torrential processes and floods, Alpine forests are highly susceptible to related climate effects, such 

as increased soil erosion, permafrost degradation and destabilization of mountain slopes. Extreme events, such 
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as intense precipitation and storms, could then determine an increased risk of rock falls and landslide in such a 

degraded soil and with forest under stress conditions. This reduces the suitable areas for settlement, reinforcing 

the competition between the different forms of land use and directly affecting infrastructures for transport and 

energy distribution. Rockfall risk – from bits of gravel to fist-sized rocks which can penetrate a car roof – also 

requires to regularly clearing the carriageway. Marks on the asphalt and repaired areas also bear witness to 

such events. In the Fuorn Pass road in Engadin region in Switzerland, the potential initiation area in the massive 

fissured rock faces over the pass road extends from around 600 m to 2,100 m asl. The slope in this area partly 

exceeds 45 degrees.

Adaptation measures should reduce existing risks, increase adaptability through carefully planned regeneration 

of the forest species and reduce future risks. The fields of action identified include the critical protection of forests 

with a protective function in which there is a combination of insufficient regeneration (i.e. climate change occurs 

at a rate that overwhelms natural adaptation processes compared with the slow processes in the forest, such as 

plant growth, seed distribution, genetic adaptability, etc.) and reduced stability.

Objectives: 
Forests provide more effective protection against natural hazards than even experts in the field believed up to 

now. Maintaining forests is considerably cheaper than building costly technical structures. But can the forest 

guarantee a similar level of safety to structural measures? The Protect Bio method enables the evaluation of this 

nature-based protection service. As part of this project, a method was developed which makes it possible to 

determine the effect of the forest and other biological protection measures and to take them into account 

accurately in hazard protection projects. This method aims to evaluate the forest protection functions against 

natural hazards or the need for implementing technical protective measures (i.e. barriers or nets) to prevent from 

rockfalls damages. The method was used in practice for the first time on Fuorn Pass road, which connects 

Zernez in the Engadin valley with Val Müstair.

Solutions: 
Fuorn Pass road, near Zernez in the Engadin region (Switzerland), is an approximately 800-metre-long stretch of 

road. Rockfall risk in this area was analysed with the help of the Protect Bio method. Rockfalls events registered 

in the past, maps of past events and scenarios derived from the structural geological observations allow 

describing the rockfall risk: the analysis shows the areas in which rockfall may be expected and how frequently 

such events may arise. A mathematical model was also used to simulate the consequences of the rockfall 

events. Based on a three-dimensional terrain model the computer calculates the rockfall track and the forces 

released by different rock and boulder sizes.

The Protect Bio method also enables to take in consideration in the risk assessment the role of biological 

protective measures provided by forests against natural hazards (rockfalls, landslides, avalanches, etc.). The site 

gradient, stem density and other factors are incorporated into the simulation for the determination of the forest’s 

protection capacity.

In the case of Fuorn Pass road near Zernez, results showed that no rockfall nets are needed on around half of 

the affected stretch of road. In this portion, the protection function provided by existing forests is enough to 

ensure protection against events with less than 1 to 30 years return period. As a low-cost complementary 

measure, felled trees can be arranged crossways to the slope. Technical and more expensive measures (such 

as nets) are only needed in stretches of the road where the forest is thin.

Based on previous assessments – in which the insufficiently quantifiable effect of the protection forest as a 

natural impediment was often ignored – rockfall nets or other protective barriers would have had to be built along 

most of the stretch of road in question. With the Protect Bio method, the forest protection function has been 

evaluated and promoted as adaptation measure based on accurate risk assessment and cost-benefit analysis. 

The application of this method, thus, allowed saving millions of euros on technical protective structures that have 

been evaluated as not necessary.

Importance and relevance of the adaptation: 
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Additional Details

Stakeholder engagement: 
The project “Effectiveness of biological protection measures” (also known as Protect Bio) involved the following 

partners:

FOEN - Federal Office for the Environment: Landslides, avalanches and protection forest section;

Canton of Grisons: Office for forests an natural hazards; Office for civil engineering;

Municipality of Zernez: Forest service.

Success and limiting factors: 
The developed method includes different tools and analytical approach which make it possible to determine the 

effect of the forest and other biological protection measures and to take them into account accurately in hazard 

protection projects, saving costs associated to the implementation of not necessary technical protective 

structures.

However, the role of protection forest services against natural hazards such as avalanches, landslides and 

debris flows, are rather difficult to assess and quantify; data are not available in every locations.

Budget, funding and additional benefits: 
Around half of Switzerland's forest area is classified as protection forest. Protection forests were neglected for 

decades until an approach based on the revised forestry legislation introduced in 1991 obliged the cantons to 

provide for the maintenance of the protection forests. Protection forest was defined as “a forest that can prevent 

a recognized potential damage due to an existing natural hazard or reduce the associated risks”. Since then the 

federal authorities, cantons and communes have provided annual funding of around EUR 145 million for the 

maintenance of protection forests. This represents a good investment, since the economic value of the protection 

forest, which is related to the risk reduction for settlements and traffic routes, is estimated at EUR 3.8 billion per 

year.  

The consistent use of Protect Bio throughout Switzerland could enable savings millions of euros of technical 

protective structures; this increases the value of the protection forest still further.

Legal aspects: 
A milestone in the use of natural resources was reached in the 19  century with the decision to introduce 

sustainable management practices to protect forests. Today, Swiss forest legislation is internationally recognised 

and regulates in a comprehensive manner the various functions of the forest both for people and as a habitat for 

animals and plants. By encouraging natural and sustainable forest management, it also ensures that wood, a 

local natural resource, can be used on a permanent basis. Furthermore, the Forest Act (ForA) addresses the key 

role of forests in protecting against natural hazards. The ForA accords forest a unique position in land use: it 

protects it both in terms of its spread and its spatial distribution. The main instrument is the general prohibition of 

deforestation. Besides protecting the forest and the various functions they provide, the ForA also has the goal of 

managing the forest with respect to nature and of encouraging the sustainable use of wood as a natural resource.
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Floods, avalanches, landslides and rockfalls frequently occur in Switzerland, and they are often of considerable 

magnitude. The Hydraulic Engineering Act (HEA) and the ForA regulate how to organise protection against these 

natural hazards, which is demanded to the cantons. In constructing protective structures and drawing up natural 

hazard maps, they can call on expert and financial support from the Confederation. The various measures are 

designed to protect people and valuable property. The best way to do this is to use space appropriately. Spatial 

planning has to ensure that no buildings or infrastructure are constructed in areas which are prone to natural 

hazards. Protective forests are also considered a mean to improve protection against avalanches, rockfalls and 

landslides.

Implementation time: 



Protect Bio is a pioneering approach developed in Switzerland. Besides the Fuorn Pass road, the method has 

been implemented for example at Gruobenwald, Klosters and Orvin, Täsch, Schmitten. It is planned to use 

Protect Bio in other locations and, in particular, in the context of avalanches, rockfall and mudflows in the years 

to come and to improve its validation.
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