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Glossary 

ñConnectivityò (structural and functional) 

ñConnectivity comprises two components, structural and functional connectivity. It 
expresses how landscapes are configurated, allowing species to move. Structural 
connectivity, equal to habitat continuity, is measured by analysing landscape structure, 
independent of any attributes of organisms. [é]. Functional connectivity is the response of 
the organism to the landscape elements other than its habitats (i.e. the non-habitat matrix). 
This definition is often used in the context of landscape ecology. A high degree of 
connectivity is generally linked to low fragmentation.ò (EUROPEAN COMMISSION - 
Technical information on Green Infrastructure (GI), 6.5.2013, Glossary) 

(Definition of connectivity see also Deliverable 1.1.1, chapter 8) 

ñGBI ï Green and blue infrastructureò 

ñGreen infrastructure (GI) is a strategically planned network of natural and semi-natural 
areas with other environmental features designed and managed to deliver a wide range of 
ecosystem services. It incorporates green spaces (or blue if aquatic ecosystems are 
concerned) and other physical features in terrestrial (including coastal) and marine areas. 
On land, GI is present in rural and urban settings.ò (EUROPEAN COMMISSION - Green 
Infrastructure (GI) ð Enhancing Europeôs Natural Capital, 6.5.2013) 

(Definition of connectivity see also Deliverable 1.1.1, chapter 6) 

ñEcological corridorò 

Landscape component ñA linear strip of vegetation that provides a continuous (or near 
continuous) pathway between two habitatsò (Bennett, 2003) 

ñLandscape fragmentationò  

Landscape fragmentation is the result of transforming large habitat patches into smaller, 
more isolated fragments of habitaté Despite many improvements in legislation to better 
protect biodiversity, reduce pollution, and improve water quality, urban sprawl is still 
increasing and the construction of new transport infrastructure is continuing at a rapid pace. 
As a consequence, fragmentation of landscapes is rising and the remaining ecological 
network provides less and less connectivity. (European Environment Agency, 2019) 

ñEcological Conservation Areas (SACA1)ò 

According to the ALPBIONET2030 project definition the SACA1 are areas, where ecological 
connectivity works quite well, that still have considerable space for connectivity with non-
fragmented surfaces and where connectivity should be conservedò. 
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ñEcological intervention areas (SACA2)ò  

The ALPBIONET2030 project defines the SACA2 as areas that represent important links 
between SACA1 areas (ecological conservation areas). Connectivity is currently working to 
some extent but would benefit from enhancements. 

Connectivity restoration areas (SACA3)  

The ALPBIONET2030 project defines the SACA3 as areas that represent important barriers 
between SACA1 areas (ecological conservation areas). 

Potential Planning Areas for Biodiversity Protection  

According to the Alpine Parks 2030 project, these areas are a spatial planning proposal of 
protected areas, distributed in nine categories combining the criteria of low fragmentation, 
low spatial development, and a high level of ecologically favourable areas creating the 
framework, along with the identification of already existing areas with strong protection. This 
facilitates the determination of further potentials of protected areas within the Alpine space 
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Executive summary  

This report examines ecological connectivity in the Alpine space case study area. It outlines 
the main pressures affecting connectivity, proposes measures to address them, and reviews 
the governance structures needed for implementation. The analysis also assesses the 
current state of connectivity and provides recommendations based on challenges and 
opportunities identified during the previous stages of analysis of the case study. 

The report is distributed in four chapters, the first chapter describes the case study area, the 
main objectives pursued with the analysis. The second chapter then identifies key pressures 
and threats to ecological connectivity, including urban expansion, infrastructure 
development and agricultural changes. These threats are illustrated through maps of 
fragmentation and main barriers to the development of ecological connectivity identification 
process. 

The report discusses connectivity measures to address these challenges. An overview of 
the current governance structure in charge on GBI implementation is illustrated, and some 
recommendations with a focus on cooperation between stakeholders at local, national, and 
transboundary levels to ensure implementation are described. 

Finally, the report reviews the current state of ecological connectivity in the case study area, 
examining the role of protected areas and cooperation efforts. The report ends with 
recommendations addressed to improve the integration of ecological connectivity in spatial 
planning across the Alpine space. 

 



PlanToConnect  

 

 

 

D.2.5.1 - Technical proposal for implementing GBI connectivity networks in spatial 

plans of pilot sites ï Alpine space  

Dr. Guido Plassmann, Oriana Coronado, June 2025 8 

 

REPORT 

  



PlanToConnect  

 

 

 

D.2.5.1 - Technical proposal for implementing GBI connectivity networks in spatial 

plans of pilot sites ï Alpine space  

Dr. Guido Plassmann, Oriana Coronado, June 2025 9 

 

1 GBI network project 

1.1 Alpine space  

The Alpine Convention perimeter and the interface with the EUSALP area, constitute an 
area where multiple land uses are coexisting and sometimes colliding, the progression of 
different developments is affecting ecological connectivity, and the goal of our analysis is to 
identify the major barriers and threats to ecological connectivity by focussing on areas with 
a key value for biodiversity conservation within the Alps. 

The selection of the areas is based on different criteria selected by ALPARC in order to 
elaborate a spatial planning proposal that allows to enhance ecological connectivity among 
landscapes with high relevance for biodiversity conservation considering the 30% goal. The 
geographical scope of the case study of ALPARC includes then the potential planning areas, 
these are described as effectively conserved, ecologically representative, and well-
connected areas.  

The priority areas integrate both protected and not protected areas, as the biodiversity 
protection goals wan not be fulfilled depending only on the current network of protected 
areas and further efforts should be made to connect and remove obstacles impeding the 
species movement within the Alps. 

The analysis focuses on spatial planning areas for biodiversity protection, these are 
described as effectively conserved, ecologically representative, and well-connected areas. 
These areas cover around 3.828 municipalities and a surface of 72.048 km2 inside the Alpine 
Convention perimeter.  
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Map 1 Potential Planning Areas for Biodiversity Protection - Alpine space case study 
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2 Pressures and Threats to connectivity conservation and 

restoration areas  

2.1 Main pressures  

Alpine biodiversity is threatened by different factors, urban sprawl, land-use changes, 
infrastructure development, agricultural intensification and other anthropogenic driven 
factors having major implications on landscape fragmentation and creating obstacles for 
species movement.  

Urbanisation in the Alpine space is mainly characterised by the development of human 
settlements and major infrastructure in the valleys which complexifies and intensifies the 
land use conflicts in areas that connect the Alps with the surrounding areas and also 
increases fragmentation inside the region. (Perrin, Bertrand, & Kohler, 2019) 

This fragmentation is evidenced trough different indicators, the degree of fragmentation 
showed on the following map has three categories of urbanisation, it ñcombines the 
population size and the population density thresholdsò. (EUROSTAT, 2018) This indicator 
allows to have a quick overview of the development of urban infrastructures inside the Alpine 
space, the map only includes municipalities that overlay with the Spatial Areas for Spatial 
Development. 

The first signs of fragmentation can be seen mainly around the Alpine Convention perimeter 
where most of the large cities are located. Another particularity that can be observed on the 
map is the link between the degree of urbanisation and transboundary areas; this aspect is 
quite important as most of the areas identified on the case study are also transboundary 
which explains the importance of international cooperation for the preservation of the Alpine 
ecological network. 
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Map 2 Degree of urbanisation Alpine space 

Human settlements are often associated with habitat fragmentation, one of the main threats 
for biodiversity preservation. The negative effects such as reduction of habitat area and 
quality, species isolation and other disturbances associated with artificialisation, can be 
addressed by implementing measures to maintain and restore connectivity. (Tabor, et al., 
2019) 

The following map allows us to visualize both urban infrastructures and population density, 
the more densely populated municipalities are, the wider will be the buffer zone built around 
the selection of infrastructure, this procedure is made in order to illustrate the pressure of 
urban sprawl and how this increases with the variations on population growth. 
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Map 3 Urban pressure Alpine Convention perimeter 

The urban infrastructures selected for the analysis include settlements, zones of economic 
development and the road infrastructure available on the Landcover dataset, further analysis 
regarding road and railway infrastructure will be included on the next section. 

Buffers with different sizes are built around the infrastructure selection, this allows to identify 
in an early stage, the areas that may be threatened by the presence of these infrastructures. 
As evidenced on the map, there are areas with a biodiversity value that are more concerned 
by this phenomenon.  

Landscape fragmentation within the Alps is closely linked to the development of road 
infrastructures connecting built-up areas. The indicator of landscape fragmentation 
developed by the European environment agency in 2009 includes different variables 
representing barriers, the aim of this analysis is to identify the remaining non disturbed 
patches in the landscape and their extent.  

The approach includes both natural and man-made barriers: the roads and built-up areas 
as sources of anthropogenic fragmentation, while lakes and major rivers were considered 
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as barriers. The result is a rough overview of the situation of landscape fragmentation in the 
Alps.  

 

Source: European Environment Agency ï Landscape fragmentation indicator 2009 

Map 4 Landscape fragmentation Effective Mesh Density 2009 
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Source: European Environment Agency ï Landscape fragmentation indicator 2018 

Map 5 Landscape fragmentation Effective Mesh Density 2018 

The map of Landscape fragmentation from 2018 shows a slight variation in fragmentation 
levels. Some already consolidated large urban areas, presenting higher fragmentation in the 
2009 map, have expanded to cover a larger surface area. Additionally, the major road 
barriers identified in parts of the inner Alpine arc remain consistent across both timeframes, 
this category represent significant obstacles to ecological connectivity and fit with the 
barriers identified between the Spatial planning areas for biodiversity protection. 

2.2 Threats to connectivity conservation and restoration areas  

In addition to the pressures reviewed previously, the development of renewable energy 
sources (particularly solar and wind power) is expanding within the Alpine space. 
Historically, hydropower has been a dominant renewable energy source across the Alps. 
The mapping analyses show the existing efforts to accelerate renewable energy production. 
Although these developments are concentrated in specific locations, and some of them 
depend on participatory processes, it is essential to establish continuous monitoring 
systems to track their evolution and assess their impacts on the landscape and ecological 
connectivity. 

The European countries have set different goals for 2030 and 2050 for the development of 
renewable energy, decarbonization and energy independence. As illustrated in the table 

Landscape fragmentation 
(2018) 
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below, each Alpine country starts from a different baseline and have also different potentials 
for renewable energy development. 

Table 1 Share of energy from renewable sources in gross final energy consumption 

 20151 2020 Target 2030 2 

Austria 33,49% 36,5% 57% 

France 14,8% 19,1% 33%3 

Germany 14.9% 19,1% 38,1% 

Italy 17,5% 20,3% 39,4% 

Slovenia 22,79% 25% 33% 

Switzerland4 
2 830,5 GWh (without 
hydropower) 

4 710,2 GWh (without 
hydropower) 

17 000 GWh (Without 
hydropower - 2035) 5 

 

The energy and climate strategies proposed by each country include measures to improve 
efficiency and accelerate the development of renewable energy. These efforts are translated 
into economic incentives, identification of areas for new developments and the exploration 
of potential alternatives to deploy renewable energy infrastructure on a larger scale across 
different landscapes, including mountain areas and, consequently, the Alps. 

Currently, hydropower and windpower are the main renewable energy power sources in 
Europe. For some Alpine countries, hydropower has nearly reached its main potential and 
windpower presents some major technical challenges for a large-scale implementation.  

 

 

1 Data from 2015 obtained from the progress report ñTowards renewable Alpsò (Permanent Secretariat of the Alpine 

Convention, 2017) 

2 National Energy and Climate plans 2021-2030 - (National energy and climate plans 2021 - 2030 - Austria, Germany, 

France, Italy and Slovenia) 

3 Renewable energies 2030 target France (Ministère de la Transition écologique, de la Biodiversité, de la Forêt, de la Mer 

et de la Pêche, 2025) 

4 Swiss Renewable Energy Statistic ï 1990 ï 2023 (Office fédéral de l'énergie OFEN, 2023) 

5 Swiss Renewable Energy Statistic - (Office fédéral de l'énergie OFEN, 2023) 
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Map 6 Hydropower installations within the Alps 
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Map 7 Wind power installations within the Alps 

Solar power, however, has one of the biggest increases among the renewable sources in 
the different Alpine countries. 

The Alps are an attractive territory for the development of solar plants, as mountain areas 
benefit from a higher solar irradiance and the current technology developments allow to 
better capture the solar radiation reflected by snow. There are different types of landscapes 
that are being targeted and also different types of installations and extensions, for solar 
energy projects. 

About the possible land use conflicts following the development of solar energy projects. 
Some of the identified projects in the analysis are in proximity to ski and agricultural areas 
setting favourable conditions in terms of new development work. Solar energy projects 
located on already artificialised areas, allow to preserve untouched natural landscapes from 
new developments and to prevent land use conflicts. 

The type of solar installation can vary depending on the location and the projectôs production 
goals. Most of the current solar projects within the Alps are either ground-based or installed 
on dam walls. The first option corresponds to large-scale solar panel systems which involves 
the modification of a considerable amount of land but a larger production potential. The 
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second option, the wall-mounted projects, cover a smaller and already in use areas and 
offer a lower production potential. (ņukan, Gut, Gumber, & Steffen, 2024) 
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3 Connectivity measures and governance settings 

3.1 Connectivity measures / action plan  

 

Map 8 Ecological network Spatial Planning Areas for Biodiversity Protection 

The following general measures are recommended in order to fulfil the ecological 
connectivity objectives inside the Alpine space: 

¶ Protection of Spatial Planning Areas, finding mechanisms to ensure the protection of 
these landscapes should prioritise the areas integrating Zone 0 and Zone 1. 

¶ Implementation of restauration measures for areas located on Zone 2 and Zone 3. 

¶ Implementation of the potential links to integrate core zones and stepping stones into 
the ecological connectivity network.  
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The zonation system is a tool that allows to communicate possible actions to implement in 
areas that are important to achieve the 30x30 goal within the Alps, these surfaces have an 
important biodiversity value from a perspective of functional connectivity and the integration 
of land cover data helps to establish how importance for biodiversity is aligned with current 
developments.  

The zoning proposal in the current analysis, is presented by 4 categories of suitability for 
ecological connectivity. The suitability for the zone 0 will be higher than the category with 
more challenges to overcome in order to preserve or restore ecological connectivity, zone 
4. The distribution by zones allow to differentiate the territorial challenges for the 
implementation of a coherent network of key areas for nature conservation and 
environmental protection. 

Zones 0 and 1 cover around 95% of the Spatial planning areas for biodiversity protection, 
these are less modified landscapes, forests, open spaces, scrub and/or herbaceous 
vegetations associations. These areas have a considerable potential for ecological 
connectivity, as they represent continuous, large non-fragmented areas beyond the 
boundaries of the current protected areas. 

Zones 2 and 3 cover landscapes heavily influenced by anthropogenic transformations. Most 
of these areas are located in the southwestern part of the Alps, with the presence of 
intensive agricultural activities. The areas corresponding to these zones include also urban 
areas located near both natural and near-natural areas. This proximity highlights the 
importance of studying potential future changes and understanding how the landscape 
matrix may change over time, particularly if coherent and timely actions to tackle biodiversity 
loss are implemented. 

The zone 0 corresponds to areas more suitable for biodiversity preservation and 
improvements on connectivity, this category will gather the areas with a high result in 
ecological favourability, located mostly in forest and semi-natural areas, some categories of 
the agricultural land are also included. The zone 0 is oriented towards preservation activities. 
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Map 9 Suitability for ecological connectivity - Zone 0 

The zone 1 corresponds to areas suitable for biodiversity preservation and improvements 
on connectivity, this category will gather the areas with a high result in ecological 
favourability, located in semi-natural areas with low or no vegetation, agricultural land with 
a more important impact than the categories from the zone 0. The zone 1 is oriented towards 
preservation and restoration of spaces that might present an early stage of fragmentation. 

 
Map 10 Suitability for ecological connectivity - Zone 1 
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The zone 2 includes a selection of agricultural activities of a significant impact on landscape. 
Zone 2 is oriented towards adaptation/restoration and is the transition zone between the 
highly artificialised areas around the natural and semi-natural areas, implementation of 
actions towards improving ecological connectivity are more challenging as these landscapes 
are highly modified and are also under the pressure created by the proximity with Zone 3 
areas. 

 
Map 11 Suitability for ecological connectivity - Zone 2 

The zone 3 corresponds to more fragmented and artificialised areas, this category will 
mostly gather the areas with a result <75 in ecological favourability, located mostly in artificial 
land or with agricultural activities (eg. Rice fields, Complex cultivation patterns) not 
compatible with nature conservation.  

Zone 3 is oriented towards restoration measures, these areas allow to identify the evolution 
of the threats such as urban sprawl and other infrastructure developments representing a 
threat for the other 3 zones. 
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Map 12 Suitability for ecological connectivity - Zone 3 

 

Figure 1 Zone distribution - Alpine Convention perimeter 

 

 

The values in Figure 2 illustrate 
the proportion of Potential 
Planning Areas for Biodiversity 
Protection across different 
zones within the Alpine 
Convention's protection 
perimeter, which collectively 
cover 37.7% of the protection 
perimeter. 

Most of these areas enter into 
the criteria defined for the zone 
0, as illustrated in map 13 the 
large extension of the zone 0 
areas is at a first sight a 
positive sign for building large 
continuities. 
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86%
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However, the zonation allows also to follow the advancement of fragmentation within these 
areas in order to protect low modified landscapes (Zoom 1 ï France), prevent further 
landscape modifications in highly artificialised areas (Zoom 2 - Italy), monitor the current 
and future land uses on patches including protected, no protected landscapes and highly 
artificialised areas (Zoom 3 ï Austria/ Germany and Zoom 4 ï Austria/Slovenia).  

 

Restoring, protecting and preserving Spatial Planning Areas for Biodiversity Protection is 
one aspect of the strategy to guarantee ecological connectivity of natural areas of high 
ecological value in the Alps. Isolated patches are vulnerable to fragmentation, making it 
essential to analyse the possible synergies between the identified continuities. To create a 






































