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Challenges to Green Infrastructure Valorisation and Policies to overcome them
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In this chapter we explore the challenges and possible solutions emerging from the LUIGI project in developing a coherent network of green infrastructure across the Alps. Our focus is on how to valorise GI elements and networks through the practical lens of three aspects: mapping and quantifying, enabling and governing. We first outline five major challenges for policy makers and relevant stakeholders and then investigate a number of possible solutions across all three aspects to implement at the local, regional, or transnational level.

A snapshot of GI valorisation challenges

In the Alps, and at a European level, the establishment of a coherent network of Green Infrastructure (GI) is considered a key instrument for the long-term conservation of ecosystems and biodiversity. Besides the contribution of GI to biodiversity, it can also deliver a wide range of ecosystem services and so contribute to a regional green economy. Nevertheless, the implementation of the GI concept is struggling, as several aspects of the concept still remain unknown and unclear to policymakers, politicians, and relevant stakeholders. The goal of this chapter is to discuss how to establish the conditions for the creation and capture of value in GI, addressing three key aspects: mapping and quantifying GI and their benefits, enabling GI through knowledge transfer and improved economic viability, and governing GI sustainably. This chapter will therefore be divided into three sections to discuss the topic under each of these elements.

This short introduction outlines five major challenges for policymakers and relevant stakeholders in the effective implementation of GI. These challenges have been identified from practice by the team dealing with hedgerow development at Grenoble Alpes Metropole. This chapter is not meant to represent an exhaustive list of challenges nor potential solutions, rather a snapshot of some of the key issues and solutions emerging from the LUIGI project. The five challenges will be addressed through the lens of our three aspects.

Mapping and Quantifying challenges

1.1.a Achieving real ecological functionality In order to ensure a real ecological functionality of GI networks and guarantee that the proposed GI elements meet the requirements of the targeted biodiversity needs, sound ecological expertise is needed. The corresponding knowledge is usually available within an expert community -scientific research centres, consultancies and (nature protection) associations. The challenge consists in mobilising the necessary expertise and the corresponding knowledge transfer. Ecological interrelations are often not easily apprehended and usually the implementation of a one size fits all solution is not possible. The resource and time demanding process of identification of the main ecological interactions and principal target species is necessary. In the context of the development of a real functional green infrastructure the nature protection dimension is not one dimension among others (economy, social, cultural, etc) and requests the contribution and consideration of the corresponding expertise.

1.1.b Embedding socio-economic data in GI management

Sustainable GI management is directly linked with highlighting the social, cultural, and economic dimensions of the provided ecosystem services. Addressing challenges by applying the methods proposed by the TEEB (The Economics of Ecosystems and Biodiversity challenges) approach seems to be pertinent. First, in order to be considered as driving policy element, the value of functioning ecosystems and biodiversity needs to be recognized. The ecosystem services approach, analysed within the LUIGI WP1, offers a way to apprehend this issue. In a second step, the value needs to be demonstrated: using economic tools and methods to make nature services economically visible in order to support decision-makers wishing to assess the full costs and benefits of land-use change. Finally, the capacity of capturing the value by incorporating ecosystem and biodiversity benefits into decision-making through incentives and price signals.

Enabling challenges

1.2.a Economic viability So far, funding for GI network implementation is mainly based on public funds. Because GI is more effective when it is widely implemented -on public and private land -people's willingness to accept and contribute to GI funding is crucial. In order to reach this, viable economic models of GI creation and long-term management need to be developed and the willingness to pay for the multifunctionality of GI increased.

In the context of climate change consequences -in particular in the alpine context -the cost of not investing in resilience initiatives (or the cost of no action) will increase, and the implementation of GI is considered as a promising solution. This seems to be an interesting opportunity to fund GI development but a change in perception is required from stakeholders across the board to use GI in addressing climate change.

Governing challenges

1.3.a Regulatory pathways and innovation

The long-term legislative context will considerably impact the success of implementation for GI networks. Further mainstreaming of GI elements in the alpine context faces the challenge of finding a suitable regulatory environment. So far, jurisdictions have no clear processes for regulating GI and its assumed benefits. There are no legal arrangements that give authorities enough confidence in the longer-term benefits of resilience measures, including GI. Legal arrangements need to have clarity on the new distribution of responsibilities and on the sustained maintenance commitment in the long term.

Even in the case of a well-planned GI network the traditional sector-focused approach of different regulatory bodies may hinder a successful implementation and long-term management of the GI elements. Indeed, the relatively poor integration of regulatory bodies into a cooperation system that fully appreciates the multidimensional benefits of GI remains a key challenge. GI network development can form an integrated part of nature-based solutions to address strategic planning challenges including reconciling different agendas and priorities, such as public health, water management, biodiversity loss, climate change or even economic growth. Innovative approaches offering GI policies a prominent place within a larger and complex policy framework are required. This includes aspects of modern community participation, along with citizen-led knowledge consideration.

Mapping & Quantifying

When it comes to understanding GI elements and GI networks, data and expertise must be considered a crucial and strategic element. Decision-makers must be able to identify GI elements (whether existing or potential), how they connect with each other, and the benefits they provide to communities and to other GI elements and networks. Mapping and quantifying this information also enable better communication of the importance of such GI elements. In this short section we briefly develop the two challenges presented in the introduction (achieving real ecological functionality and embedding socio-economic data in GI management) and offer emerging recommendations from the LUIGI project.

2.1.a Achieving real ecological functionality

What do we mean by achieving real ecological functionality? For non-specialists, there might be a tendency to think that everything that is green is good for nature, but the reality is a lot more complex. For example, tree planting has come into fashion as a way to capture carbon from the atmosphere and fight climate change but randomly planting trees can also have negative impacts on the environment, notably if they are not maintained correctly or if forests come to replace other valuable ecosystems. This means that when developing GI elements or making plans to maintain and restore them, attention should be brought on the ecological functions and processes at play. They will notably depend on the type of ecosystems that are present. Of course, as has been highlighted in Section 1 of this book, ecological connectivity is also a key factor to take into consideration when developing GI networks.

The challenge around achieving real ecological functionality through GI networks therefore resides in the need for technical expertise: what ecosystems are there, in what state are they, what species are present and how do they interact, and how is that all relevant to human life?

In fact, this knowledge and accompanying data is not always easily accessible and field research is often required. Once available, it must also be used meaningfully. This means organisations seeking to develop powerful networks of GI elements must not only seek to access solid data and expertise to help inform decision-making, but they must also be trained to maximise the potential of this data.

Moreover, each local area will present a unique set of GI elements, inherited from many factors such as geography, geology, historical settlements, and land uses, as well as culture. For example, although we can find traditional orchards dotted across the Alps, they differ in size, species, altitude, and the environment they sit in. This means that we cannot advocate for one GI management solution across the entire Alps, but rather that GI management decisions must rely on sound, local expertise, and technical data, meaning one size does not fit all.

What are therefore the recommendations emerging from the LUIGI project to address this challenge?

At a local and / or regional level, a powerful approach is that of engaging with local experts and citizen science activities. In practice this can be working with universities and research centres as well as consulting organisations and groups of volunteers to help improve local understanding of ecosystems and ecological functions.

In parallel, developing technical skills amongst public servants (such as minimal ecological expertise and mapping / GIS use) could prove useful to help decode the information and make it more relevant to politicians to support GI projects. This would also enable public servants to identify and focus efforts on the assets that will bring most ecological value. Beyond these recommendations, there is a call for better consideration of GI data in territorial planning activities -this could be achieved through training / information sessions but also perhaps through legislation (e.g. to consider GI networks as an integrated part in every territorial planning activity).

At a more strategic level (national or transnational), this challenge represents an excellent opportunity to capitalise on the Interreg Alpine Space activities and further the work that has already been achieved through previous projects and LUIGI. An online platform dedicated to Alpine Green Infrastructure, gathering knowledge and experience from pilot regions and research, as well as useful data sets and methods could be a very powerful tool for GI practitioners across the Alpine Space.

1.1.b Embedding socio-economic data in GI management

The introduction to this chapter highlighted the need to consider the links between GI and the social, cultural, and economic benefits they provide. The ecosystem service approach has already been presented at length in Section 1 of this book. Besides its widely accepted use nowadays by the scientific and environmental community (despite some shortcomings), this concept allows stakeholders to share a common language and formalise the description of environmental processes and related benefits provided by GI.

But beyond environmental value, what do these benefits mean for local communities and local economies? Translating ecosystem services into more tangible benefits for local policymakers and their communities is paramount to ensuring the success of the GI concept. Importantly, this brings us to strongly recommend that the full spectrum of benefits must be considered when planning GI networks: ecological information and value is not enough to convey the full potential of GI and the positive impact they can generate for societies and for other GI elements and networks. The social and economic value of such networks must be highlighted and presented to decision-makers and politicians.

Identifying socio-economic and environmental benefits is not enough however and the LUIGI project has focused in large part on defining and better understanding suppliers and beneficiaries of such outputs. Bringing attention to the parties impacted by GI development and more importantly involving them in the process and the ongoing management of GI networks can be a very powerful way to generate engagement and consensus and further improve the valorisation of GI elements.

On this point, the recommendation emerging from the Interreg Alpine Space work is that of commissioning further research into improving the understanding of sectoral potential for GI, notably around agriculture and tourism, but also health and education. As such, link with previous and ongoing research such as BioCanteens (Urbact), E-Connect, greenAlps and others can easily be made. At a local and regional level, this can be translated into involving local practitioners from varied sectors to help develop GI networks and harness their full potential.

Enabling

Green infrastructure management is not natural per se for public policy actors nor for residents, associations, and other involved stakeholders. Having the knowledge on GI or needed funds are not the only condition for participation in their management -it also relies on key actors to enable this management at different geographical levels -local, regional, and transnational. Enabling is considered here as a set of practices to deploy resources to ensure cooperation, develop training for specific actors, enhance educational activities, willingness to pay but also trigger new business models for companies seeking to promote and manage GI. In this section, we will explore: 1. Who are the key actors who have to be enabled (i.e. who can manage GI)?; 2. How to enable those actors to better consider GI and to act at their level, showing best practices on knowledge sharing, capacity building, new business models or raising awareness?

Talking about enabling, we have to think about different geographical levels to manage GI. If GI is mainly a concept coming from a transnational level, maintenance of GI is both local and regional. For example, regional parks, containing forests, rivers, and orchards often have to be managed by multiple municipalities. Regulations, funds, also crucial, can come from the transnational level (Alpine Space or European).

Who are the key actors that can manage GI?

It is not mandatory to manage GI in a top-down approach. In fact, a diversity of actors can intervene, such as policy makers, at different geographical levels and with different responsibilities. Local policymakers have the knowledge of their territory, of local NGOs, but are also anchored in local and national regulations and can act as managers for GI.

Civil society is also a key actor for managing GI: residents have a specific knowledge of their territory and can support GI promotion through collective actions. For example, residents can organize events around GI, rooted in local traditions, such as village festivals. Within the Regional Nature Park Massif des Bauges, orchard apples are a local and former specialty the inhabitants are proud of (good exposure which gives them a particular taste), and which gives rise to village festivals celebrating the harvest or the transformation into juice such as the apple festival in Saint-Ferréol. Also, many orchards are located on plots of residents, who have recovered an old farm, for exampleCitizens are therefore a special public to be alerted and trained on the issue of GI.

It also evokes the question of socio-cultural knowledge: it is important to value, through this type of event, the local culture in terms of GI, that is to say all the past and ancestral practices of the territory aiming at developing and maintaining the nature around the man. People start to reunderstood the historical meaning of those practices that can preserve landscape and local communities: such as a proper irrigation system for example. This concerns civil society but also local entrepreneurs, that start to draw on these practices.

Finally, companies are also an important player in maintaining GI because they have the potential to invest -human resources, finances, regulatory improvements -in GI. A producer of apple or pear juice, for example, developing its label or affixing a territorial label to its products, will participate in the promotion of this green heritage -which is a good support forming part of the local cultural history.

How to enable those key actors and face challenges

GI has already been the subject of reports by research teams who have worked on the barriers or challenges to overcome to ensure their maintenance: understanding of the stakes, financing and perception of GI and tensions between different legislation, for example. The LUIGI project and the research already carried out on GI (e.g. AlpBionet 2030, AlpES and MagicLandscape) show that knowledge sharing is essential between stakeholders. Scientific research on the mapping of GI, or on their benefits, should be communicated also to elected officials and development stakeholders, as well as to local associations. This sharing is key to triggering actions. This can go through learning-bydoing workshops, for example on orchard pruning, or knowledge-sharing workshops on the benefits of GI. The online course developed by Grenoble Ecole de Management, available to all through the LUIGI website, can allow everyone to become aware of these issues and means of action. Also, territorial political actors must show the way and a clear vision of what green infrastructure should become, both at the transnational level (a clear European or transalpine vision for example) and at the local level. Actions already in place at the local level -such as the promotion of orchards in local village festivals -must also be encouraged and supervised by communities, even financially, to create a real local impetus in favor of GI protection, which thus forms part of the local heritage. They can also refer to socio-cultural elements and practices to inspire actions from civil society and local entrepreneurs. These actions can be replicated in other territories. To date, the maintenance of green infrastructure is in part reliant on the goodwill of collectives and public financing of projects aimed at enhancing these infrastructures. Legal obligations to preserve ecological connectivity exist but they are not always enough to generate action at scale.

It is necessary to create economic levers to make investment in green infrastructure attractive, to promote the emergence of profitable and sustainable business models that are not based solely on convictions: preferential taxation, insist on the cost of not investing in resilience initiatives, for example. The valuation of a forest for therapeutic purposes as is the case of the Development Agency of Idrija and Cerkno is an example of how the economic world can meet the valuation and protection of these infrastructures.

(Image: Forest Selfness) Finally, we must be aware that this GI promotion should be carried out at the local, regional but also transnational level. The means of action are therefore varied to concern different actors to maintain GI, it now remains to go down this path.

Governing

Governing is the implementing part of the policymaking cycle. It requires decision-making and monitoring of results and this can be done more effectively if the stakeholders are actively involved, meaning policymakers, civil society, SMEs, and academia.

A quadruple helix approach for a better GI governance

For long time, government was perceived as a provider and regulator in most countries. However, especially in Europe, public administration often plays a role of coordinator and facilitator [START_REF] Borrás | The choice of innovation policy instruments[END_REF].

While the conventional approach relied on the government to make decisions and take care of people and resources, the increasingly complex political and environmental issues to be addressed require a broader involvement of stakeholders such as businesses, research institutions, and the citizens. In several developing countries there are communities managing natural resources such as forests, though with varied level of success due to the fact that they do not work neither in isolation nor in an ideal world [START_REF] Baynes | Key factors which influence the success of community forestry in developing countries[END_REF]. Therefore, we advocate for a Quadruple Helix approach, where helices represent academia, business, civil society, and government [START_REF] Nordberg | Community-driven social innovation and quadruple helix coordination in rural development. Case study on LEADER group Aktion Österbotten[END_REF]. Indeed, economic activities have been often perceived as a barrier for GIs, and vice versa, while they should be reconciled. The role of research institutions and universities is to provide expertise and develop awareness and knowledge on the best way to maintain GI, moreover they provide credibility to the other parts of the policymaking process and somewhat legitimate it. Citizens should be involved also, individually or through associations and NGOs, with a number of methods that may include e-tools to ensure they understand and support GI schemes. An interesting framework proposed by introduces the Natural Environment as a Quintuple Helix. Though such an addition would be relevant to the management of Green Infrastructure, the Quintuple Helix theory is currently not developed enough to be applied to policy-making or even policy analysis [START_REF] Carayannis | Democracy of Climate and Climate for Democracy: the Evolution of Quadruple and Quintuple Helix Innovation Systems[END_REF].

The quadruple helix framework model (Schültz, Heidingsfelder & Schraudner, 2019) 

Existing challenges for effective GI governing

However, a strong barrier to effective policymaking was introduced in the first section of this chapter: an unfavorable, ambiguous and/or fragmented legislative context. The broad meaning of GI does not help, as too many different things can be defined as green infrastructure.

The Alpine space is characterized by heterogeneous institutional settings, where each country has a different approach to green infrastructure and often there are regional differences even inside the same country. Moreover, to the best of our knowledge, there is no place where a GI-dedicated legislation exists, and this should cover not only its establishment but also its maintenance, often forgotten by policy initiatives because less visible.

Another key dimension to consider is the fact that GI are relevant at a number of levels, going from the very local to the transnational. This multi-level governance implies different resources and responsibilities that are often difficult to identify clearly because they may overlap and vary from place to place.

A review of existing policy documents on the alpine space shows that GI governance poses two main challenges: 1. Conflicts of interest between land uses and between the public and landowners; 2.A lack of engagement and cooperation across stakeholders (at varying degrees depending on the local context).

Towards a better GI governance at a local, regional, and transnational level

To address these conflicts of interest, recommendations are different whether the area of interest is local, regional, or transnational. At the local and regional levels, proposed recommendations include the increase of direct engagement of public administrations with farmers and landowners, working with them from the onset of the policy making cycles, which implies the development of a vision for the local areas where a harmonious development is possible and desired. GI should be part of a clear vision and thus of the ambition shared by all stakeholders for a better territory.

The multifunctionality maps charted in the mapping and quantifying part of the policymaking process will provide key information to set priorities. Synergies and trade-offs between ESS provided by GI should be taken into account, though no policy can automatically be determined by a certain configuration of the territory, again one size does not fit all. Sustainable transport infrastructure planning is another key element of a harmonious management of GI, so that mobility is ensured without detriment of natural spaces.

To limit the frictions between cities and villages, urban-rural partnerships could be created with the aim to spread economic activities more effectively, while making easier the access to ecosystems and their services to inhabitants of cities. Good examples are the projects financed by the German program Stadt-Land-Plus where practitioners and researchers work together to develop innovative solutions for the joint sustainable development of cities, their surrounding areas and rural territories1 . At the European level, the METREX Expert Group 'Metropolitan Landscapes' explores the characteristics of rural areas and how to value them in the context of metropolitan regions. Moreover, the Expert Groups focuses on new ways to include rural territories in metropolitan governance. 2 A better balance between urban and rural areas should be part of a global vision to limit cities expansion and human activities that may have detrimental impacts on GI.

At the transnational level, it is important to foster political initiatives such as the Alpine Convention to make institutional settings and actions converge on the common good. Tourism policies should be more closely related to sustainability, where landscapes should be part of the offer. GI management can help make places more attractive for international tourists but also for local ones. Moreover, legislation with an impact on GI and ESS that does not take them explicitly into account is at the best missing at an opportunity and at the worse making damages that may be costly to repair. Policy integration of GI and ESS is not a policy recommendation per se, but it reminds of the systemic nature of these issues.

Lack of engagement and cooperation may be due to low awareness on the value of GIs and ESS, or to different interests, often political or economic. However, if correctly informed, all stakeholders would argue that GI and ESS are in the interest of everybody in the long term. Therefore, it is important to rely on a strong network of experts and policy makers (as for Mapping & Quantifying GI, but these competences are useful to the enabling of GIs and ESS too). Because GI have long cycles, engaging young people is crucial, landowners and entrepreneurs may come with innovative ideas. Here, storytelling and attachment to the place may be effective to raise awareness and engage people.

Inter-municipal cooperation in spatial planning, notably to support ecological connectivity improvements, is something to do at the local and regional levels. Cooperation is crucial also between public administrations and inside the departments of each administration. At the regional and transnational level, links between existing professional networks could be useful and must be mobilised to reinforce cooperation and integration and help local administrations to implement strategic decisions on biodiversity and GI connectivity. To enable these exchanges, virtual meetings and specific cooperation hubs may be necessary. These policy recommendations may be relevant to EU and Interreg programs decision-makers who with their project budgets are often the key driver of research and action. Moreover, they could ensure continuity of action and consistency between project cycles, by supporting technical assistance and certification initiatives of transboundary cooperation and by involving local communities on both sides of borders. The creation of an Alpine 'GI knowledge and networking hub' to support the three policy phases (mapping & quantifying, enabling and governing) could be a further recommendation to EU decisionmakers.

At all geographical levels, a starting point for policymakers could be to assess the current GI governance model and the stakeholders involved as well as the dynamics between them applying the methodology developed in the WP3 of the LUIGI project. This will ensure that relevant interlocutors and their interests are considered in order to minimize the risk of lack of engagement or overt hostility.

Conclusion

In this chapter we have conveyed key challenges on GI valorisation, from mapping and quantifying issues to enabling and governing problems. We have also proposed a series of emerging recommendations and solutions to address these challenges. At the heart of all our recommendations lies a common theme: we are not yet harnessing the full potential of the green infrastructure concept. GI represents an enormous opportunity to improve the management of our landscapes for sustainability, but we must continue to improve our understanding and our capacity to work together in order to enhance GI benefits for all. The LUIGI project has been a great step in the right direction.
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Box 1. The Quadruple Helix approach in the Regional Events of the Metropolitan City of Milan

The Metropolitan City of Milan (MCM), project leader of the LUIGI Project, oversaw three pilot areas: Valle del Ticino, Adda-Martesana, Sud Est Milano.

With the help of FLA (Lombardy Foundation for the Environment), MCM organized a local event in each of the three pilot areas, involving local business (from large companies to social cooperatives), association and activists, and public agencies. Relevant local initiatives and barriers to further foster GI were identified and presented at the final event by a representative of each pilot area. MCM policymakers in charge of economic development, parks, agriculture, and youth were there to listen and respond anticipating some of the initiatives of the next months. This has been a crucial process for all relevant stakeholders to meet, often for the first time, learn about successful local initiatives and identify the elements of a shared vision which will not hamper specificities of each pilot area. Moreover, all the stakeholders became more aware of the concept of Green Infrastucture and why everyone should care about it. Schütz, F., Heidingsfelder, M. L., & Schraudner, M. (2019)