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Abstract

:

In recent years, green infrastructure (GI) has increasingly become a strategic tool to integrate ecosystem services in spatial planning at different scales. GI has the potential to foster the achievement of environmental targets and landscape enhancement promoted by several planning instruments that act at different territorial scales. Despite this, the combination of the GI strategy with other ordinary plans is poorly investigated and developed due to the difficulty in making planning instruments dialoguing in a transversal approach. This paper presents a case study in an Italian alpine sub-region (Media and Alta Valtellina, Province of Sondrio) focused on a regional GI—defined by a landscape plan—used for testing a replicable methodology to downscale regional strategies by combining them with sub-regional environmental and landscape rules and recommendations derived from planning instruments. The aim is to create an organic connection between GI goals and other sub-regional planning instruments that would otherwise remain siloed within the hierarchical downscaling process of the top-down planning system. The result is the development of a comprehensive matrix that is useful for downscaling the strategies established by a regional landscape plan in sub-regional landscape units that relapse at the local scale; this is also achieved through GI deployment and the promotion of site-specific nature-based solutions.
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1. Introduction


Green infrastructures (GIs), as well as green and blue infrastructures (GBI), are increasingly becoming a common tool to provide ecosystem services (ESs) in spatial planning at different scales [1,2,3].



ESs may be described as “the benefits human populations derive, directly or indirectly, from ecosystem functions” [4]. According to the Millennium Ecosystem Assessment (MA), which was developed by the UN since the start of the XXI century, ESs include provisioning, regulating, supporting and cultural services, whereas the ability of ecosystems to deliver their services can be assessed using a variety of qualitative and quantitative methods [5].



The operational connection between ESs and GIs is clarified in the 2013 Green Infrastructure Strategy by the European Commission. There, GI is defined as “a strategically planned network of high quality natural and semi-natural areas with other environmental features, which is designed and managed to deliver a wide range of ecosystem services and protect biodiversity in both rural and urban settings” [6].



GIs are based on the following five main principles: (1) integration, considering the grey–green combination of GI; (2) multifunctionality, which includes the ecological, social and economic/abiotic, biotic and cultural functions of green spaces; (3) connectivity between green spaces; (4) a multi-scale approach taking in all parcels, from the individual to the community, regional and state scales; (5) a multi-object approach including diverse types of (urban) green and blue spaces [7,8,9].



From a governance process perspective, GIs (1) consider a strategic approach in planning as they aim for longer benefits but remain flexible for changes over time; (2) promote social inclusion, standing for communicative and socially inclusive planning and management; and (3) adopt a transdisciplinary approach based on knowledge from different disciplines, developed in partnership with local authorities and stakeholders [9,10,11].



In relation to both objectives and spatial structure, GIs are strongly related to ESs as one of their main goals is to deliver and enhance ESs at different scales [12,13,14,15]. Hence, mapping and assessing the spatial ES provision has become one of the first stages in designing and implementing a GI or improving existing GIs according to different planning scenarios [16,17].



Therefore, a GI may be considered an environmentally compatible project aiming to promote the integration of ESs into planning processes and instruments [18,19,20] with considerable potential to advance the adoption of environmental best practices [21]. Moreover, GIs are the backbone of policies that preserve Europe’s natural environment, including the EU Biodiversity Strategy for 2030 [22,23,24].



Despite that, Hansen and Pauleit [8] claimed that GI remains a broad and fuzzy concept when not incorporated in the design process. Studies carried out in recent years [25,26,27] show that albeit the gaps in operationalising GIs are still significant, there are promising examples and opportunities to transfer ES and GI research into good spatial planning practices [9,10,11,28,29].



Among the above-mentioned GI principles, the multi-scale approach seems particularly significant for GI spatial design and strategic contents or measures [30,31]. As stated by the European Commission, “Whilst elements of a GI network can operate at different scales, they must normally have a certain critical mass and connectivity potential to be able to contribute effectively to a GI. An individual tree may be an element of the system, but only if it forms part of a larger habitat or ecosystem that provides a wider function” [6], and connecting different planning scales is widely recognised as one of the common features of GIs [32,33]; thus, landscape is considered as “an overall system of ecosystems in which single components interact with each other through a multitude of ecosystems and landscape elements that contribute to create a Green Infrastructure” [34]. The multi-scale approach integrates individual analyses based on different scales in a combined synthesis [35]. An ES-based GI is composed of diverse physical features that are specific to each location and are scale dependent [23,36,37,38]; this allows for the assessment of ESs at multiple spatial scales and according to the most suitable size specificity of a phenomenon [39].



As defined by Hansen and Pauleit [8], “GI planning can be used for initiatives at different scales, from individual parcels to community, regional, and state. GI should function at multiple scales in concert”. Hence, the structure of a GI should be intended as an open framework that is suitable for supporting a multiplicity of implementations at different scales. In a large-scale design, a GI covers a wide range of territories, dealing with a high complexity and variability of landscapes, infrastructures and human settlements [30,40,41] and acting as a framework to guide and connect future implementation at the local scale. The connection between these two dimensions requires a common list of recommendations, prescriptions and planning suggestions [42,43,44].



In this frame, the GI downscaling process towards local implementation requires addressing the following two major issues, respectively: the scalability of GI strategies concerning their spatial dimension, and the coherence within the different planning levels involved. On the one hand, the translation of broad principles and objectives into site-specific actions and strategies requires detailing and adapting the GI spatial design [45,46,47] as well as acquiring data required for local spatial knowledge and assessing the coherence between a large-scale spatial design and smaller-scale implementations. A further critical step is choosing proper and suitable solutions (including nature-based solutions—NBSs) to guarantee ecological, environmental, social and mobility benefits to people through ES improvement [21,48]. On the other hand, the operability of the GI at the local scale necessarily requires contextualizing the downscaling process within the regulatory and planning framework in force. This involves both verifying the respondence of the proposed local strategies to supra-local planning objectives and guidelines, and promoting the cooperation among different levels of governance as an application of the subsidiarity principle between the various planning scales [49,50]. In response to such issues, the multi-scale design of a GI combines objectives, spatial design, regulations and tangible solutions that should intertwine and find mutual correspondences to build environmental strategies [51,52,53]. In turn, strategies should help translate ES-based GIs into feasible land use planning tools and regulations [25,54].



This paper presents a pioneering example of downscaling a regional GI for future possible local implementation, developed within a regional landscape plan framework that identifies different landscape units to facilitate the scaling processes.



The aims of the study are the following: (i) setting a pilot methodology for downscaling the regional GI to a sub-regional scale; (ii) integrating GI principles and spatial design into the complex and fragmented framework of different supra-local planning strategies; (iii) showing how to reach a more detailed implementation of a multi-scale GI by adopting a set of local interventions (including NBSs) to specific landscape typology.



The materials and methods are illustrated in Section 2, with a preamble presenting the Italian planning framework. In Section 3, the main findings are illustrated, and in Section 4, they are discussed, providing possible future applications and defining some limits and critical aspects. Lastly, Section 5 hosts the conclusions.




2. Materials and Methods


2.1. Research Framework


2.1.1. The Italian Planning System and Lombardy Regional Framework


The Italian planning system is organised in four tiers, corresponding to the levels of administrative divisions as follows: (1) national; (2) regional; (3) provincial; (4) local [23].



At the national level, a planning law is in force; furthermore, the government provides guidelines for territorial development, with jurisdiction in the infrastructural system, heritage sites and landscape. The planning law in force was approved in 1942 and, in the following decades, underwent several reforms, shifting spatial planning topics to the local level and assuming the municipal development plan as the central planning instrument.



As for the regional level, Italian regions have the authority to approve regional planning laws. Furthermore, regional administrations are committed to approving the Regional Territorial Plan (RTP) and the Regional Landscape Plan (RLP), in cooperation with the National Ministry of Culture. Actually, regions can choose whether to have two separated plans or a single RTP with landscape value. In the Lombardy region, the RLP is included in the RTP, and it sets out guidelines for the preservation of landscape features and the restoration of historic and natural areas.



Moreover, the Lombardy RTP provides an additional in-depth planning tool, named the Regional Territorial Area Plan (RTAP), that could be applied to selected supra-local contexts involved in major development processes or interventions. It is a medium- to long-term strategic tool that promotes a multi-level governance approach to enhance territorial competitiveness and environmental quality.



At the provincial or metropolitan level, administrations prepare the Provincial Territorial Coordination Plan (PTCP)—or Metropolitan Territorial Plan for the metropolitan cities—which is often focused on environmental and infrastructural topics. Finally, land use decisions at the local level depend on the municipal Territorial Development Plan (TDP). In the Lombardy region, the regional law on urban planning establishes a regional framework for integrated planning and programming at different administrative scales to be implemented through inter-institutional collaboration.



In the recent process for the re-edition of the new RLP of Lombardy, the following two main innovations were introduced: (i) an ES-based approach was used for designing a GI that constitutes the strategic regional landscape spatial structure aimed at promoting and preserving the natural capital while delivering strategic guidelines for landscape enhancement and regeneration; (ii) sub-regional territorial units were introduced to allow for the definition of more site-specific landscape quality objectives [55] within the RLP’s general framework.



The goals of the regional GI (RGI) are aligned with the guidelines provided by the European Commission [6]. Specifically, the ES mapping assessment used for RGI deployment included the following: (i) habitat quality, which is considered an overall indicator of environmental health; (ii) rural landscape value, which is based on agricultural productivity and biodiversity in rural land; and (iii) historical, cultural and anthropic heritage value, as a cultural ES, which includes the spatial distribution of protected and historical/identity elements in Lombardy [56]. By integrating the ES assessment, it was possible to determine and identify the areas to be included in the RGI strategic spatial design, which consists of the following three thematic components derived from the ES mapping: natural RGI, rural RGI and historical and cultural RGI. Based on ES values, further sub-articulations of each component were identified to improve the effectiveness of the large-scale GI structure, also considering the huge variety of landscapes in Lombardy, together with the diversity of risk and slow-burn factors affecting the region [57,58]. This operation enables the definition of RGI strategic guidelines that are useful for identifying common priority interventions at the regional scale.



The strategic design of the RGI also includes design proposals to set new landscape connections, to increase existing ones along linear elements (such as rivers or trails) and to improve the landscape integration of infrastructures (highways and railways).



At the same time, the need to target landscape quality objectives, thus fostering the connection between regional and local and supra-local scales, led to the definition of 57 sub-units called geographic landscape units (GLUs). GLUs are based on homogeneous geographical, hydrological, geomorphological, environmental, ecological, anthropic, historical and cultural features; they are located within or between Lombardy’s various landscapes, as defined by elements like mountains, hills, lakes, rivers, lowlands and metropolitan conurbations.



GLUs represent both analytical tools for identifying territorial qualities and dynamics and operational tools to define quality objectives and strategic priorities to activate multi-scale landscape planning and regeneration processes [16].



The most relevant features, the landscape structural elements and the pressure or degradation factors characterising each GLU are identified in descriptive/orientating reports, which detail the list of landscape quality objectives to support local planning. The structural elements of the landscape, with their quality objectives, are organised according to the following four thematic macro-systems: (i) hydrological/geological/morphological systems; (ii) natural ecosystems; (iii) agricultural and rural systems; (iv) urbanised areas and historical and cultural systems.




2.1.2. Case Study Area


To test the validation of our methodological proposal in a highly complex spatial unit, the Media and Alta Valtellina were chosen as a pilot study area. They form a geographical and historical sub-region of the Central Alps, spanning along the river Adda in the north-eastern sector of Lombardy, bordering on the north with the Grisons in Switzerland and on the east with South Tyrol in Italy. The area covers an extent of approximately 1348 km2; it includes GLU 2.1 (Alta Valtellina) and GLU 2.2 (Valtellina di Tirano), characterised by different landscape values but, at the same time, are strictly connected and subject to common dynamics, as they are both involved in the landscape and regional transformations occurring in the Alpine territories [59,60,61]. In particular, the RTP for Lombardy recognises the need for a joint territorial and landscape development in the area, as testified by the RTAP Media and Alta Valtellina in force since 2013. An overall strategic vision for the area is becoming even more interesting because of the Milan–Cortina Winter Olympic Games scheduled for 2026 [62]. As competition venues, the event will involve alpine towns like Bormio and Livigno in Alta Valtellina. Besides, Media Valtellina and Valtellina di Tirano will be relevant infrastructural hubs, thus undergoing significant transformations. Studies on past events show that the Winter Olympics partly integrated concepts of sustainable development in their organisation but may still raise concerns about their overall environmental impact [63,64,65]. Therefore, the choice of the study area was determined by the will to operate a stress test of the research methodology considering a critical context for the reasons set out above.



The national, regional and sub-regional geographical frameworks (i.e., GLU) for the pilot area are displayed in Figure 1.





2.2. Research Methodology


The working process was articulated into the following two main stages:




	(i)

	
Cross-reading and systematization of the extensive set of objectives, prescriptions and strategic guidelines provided by current planning tools (RLP, RTP, RTAP, PTCP) for the study area. Stage one moves from the spatial representation of the structural landscape elements identified by the GLU reports, integrated with the RGI spatial design components. As a result, a structural landscape map for the pilot area was outlined, combining GLU and RGI contents. Then, a cross-reading process of GLU landscape quality objectives, RGI guidelines and strategic orientations or prescriptions deriving from other supra-local planning tools were implemented to organise a Matrix of Planning Objectives. The aim of the matrix is to point out the correlations between each structural landscape element represented in the structural map and the several strategic objectives, guidelines or prescriptions directly affecting it, to allow for a synergic view of the different planning contents referred to spatialised elements.




	(ii)

	
Downscaling the RGI spatial design components, from regional scale to GLU scale, as a result of a further cross-reading process applied to the Matrix of Planning Objectives contents. While in the first research stage, the cross-reading process was carried out to point out an exhaustive list of strategic contents selected from different planning tools, the aim of this further step is to provide a synthetic overview of the whole strategic contents listed in the matrix, identifying the main priorities of intervention for the study area, and spatializing them according to the RGI spatial design components. In stage two, cross-reading allows us to identify cross-cutting issues in order to combine the several “Planning Objectives” listed in the matrix into more synthetic “Thematic Objectives”. The so-called thematic objectives represent the strategic goals for the study area that can be applied to downscale the RGI, detailing both its spatial structure and the related guidelines, according to site-specific priorities and landscape features. Thematic objectives can be further ascribed to the following three key topics (KTs) identified as crucial issues for the entire Lombardy regional landscape: identity, natural capital, sustainable recreation. As a result of the RGI downscaling process, a pilot strategic operational map, articulated according to the three KTs, was created.









The methodological workflow presented in our study is graphically summarised in the following diagrams (Figure 2 and Figure 3):



2.2.1. Assessment of Landscape Structure and Planning Objectives


The pilot structural landscape map was produced by representing all the significant landscape structural elements of the pilot area for each GLU’s system (see Section 2.1.1). The hydrogeomorphological system represented, among others, glaciers, lakes, artificial basins, the hydrological network and environmental impact elements like ski resorts and quarries. Elements related to natural ecosystems included woodlands and ecological corridors belonging to the regional ecological network (REN) included in the RTP. Elements represented within the agricultural and rural system encompassed both the main agricultural features of the local rural landscape, e.g., terraced vineyards, chestnut groves, orchards and the higher mountain pastures. Finally, the anthropic and historical–cultural system included urbanised areas, historical settlements, heritage sites scattered along the area of interest and mobility infrastructures like roads and railways.



Then, the map was integrated with the RGI elements included in the pilot area including the three ecosystem-based spatial components—natural, rural and historical and cultural—also named “Enforcement and enhancement areas”, and the proposals for new or improved connections and for landscape integration of new infrastructures, jointly named “Priority reinforcement projects”; thus, a close spatial relationship between RGI strategies and site-specific landscape context was created. Moreover, the structural landscape map is strictly related to the Matrix of Planning Objectives, which is an operational tool that aims to provide an overview of planning strategies and guidelines for the pilot area considering regional and supra-local levels of territorial governance. The matrix combines the GLU landscape quality objectives that refer to the landscape structural elements, the strategic guidelines related to the several components of the RGI, and the strategic contents of some of the most relevant supra-local planning tools including the RTP, the RTAP for Media and Alta Valtellina and the PTCP for the Province of Sondrio, to which the study area belongs (see Figure 1).



Each of these plans is provided with one or more sets of planning objectives or addresses, aimed at guiding their implementation strategies. Each set of objectives was collected and classified by an alphanumeric code allowing us to identify which plan every objective belongs to.



Using the adopted alphanumeric codes, the whole range of planning objectives was classified in the matrix according to their relevance to one or more structural elements of the landscape included in the structural landscape map. Each row of the matrix corresponds to a landscape element, while the columns correspond to the considered supra-local plans. Therefore, an objective belonging to one of the considered plans may have one or more occurrences in the matrix, corresponding to the landscape elements to which it refers. The complete list of objectives used in the matrix, with the correspondence between their extended version and the alphanumeric tracking codes, constitutes an essential consultation tool that integrates the matrix.



The matrix follows the structure of the structural landscape map legend to allow for cross-reading between the map, the synthetic matrix and the comprehensive list of planning objectives.



As the result of an integration of different data, the knowledge and prescriptions that are declined at the GLU scale and are tightly related to the structural landscape map; the Matrix of Planning Objectives enables planners and policymakers to cross-read the objectives related to the local landscape’s structural elements to find common themes and synergies to be handled.



The cross-reading and systematisation process also represented a crucial step in providing a synthetic framework for the pilot area to be implemented in the following stage of the research. Some strategic issues emerged during cross-cutting, bringing out possible common fields of action (or KT) to reorganise and merge the several objectives that are separately listed in the matrix.




2.2.2. Definition of Planning Strategies and Scaling GI: Data Sources and Spatialisation Process


Based on the common issues displayed in the Matrix of Planning Objectives, a set of thematic objectives was implemented for the study area. The thematic objectives were articulated into three main KTs to emphasise the strategy’s character. KTs are a way to classify landscape planning objectives and strategies into more general and comprehensive issues to facilitate replicability of their implementation. The topics are defined by a short title and condensed into a single keyword to facilitate map reading; they promote a conceptual synthesis of the contents of the matrix, which is articulated and detailed, making it difficult to consult by a non-expert public. The topics are the following:




	
Protection and enhancement of the structural elements that provide a substantial contribution in defining the landscape identity of the study area, classified as “identity” (KT1);



	
Protection and reinforcement of natural capital and biodiversity, classified as “natural capital” (KT2);



	
Promotion of leisure and recreational landscape activities compatible with the preservation of local identity and environmental values, simplified as “sustainable recreation” (KT3).








The topics were set to ideally encompass every possible strategy to be adopted in landscape planning. They can be matched with the fields in which, according to the preamble of the European Landscape Convention, the landscape has a significant public interest role [55]; specifically, “identity” corresponds to cultural values of landscape, “natural capital” represents ecological and environmental values and “sustainable recreation” embodies social values, as well as the definition of landscape as “a resource favourable to economic activity”.



Among the three KTs, “identity” refers to what has been defined as “the perceived uniqueness of a place” [66], which means the combined result of multiple elements like physical features, spatial morphology, presence of cultural heritage and socio-economic image of a landscape [67].



“Natural capital” is a term that was introduced based on a definition of capital as “a stock that yields a flow of valuable goods or services into the future”; considering natural assets, their sustainable flow is “natural income”, and the stock that yields the sustainable flow is “natural capital” [68]. For our purposes, it concerns ecological and environmental perspectives on landscape and strategies to integrate the preservation and enhancement of natural values in landscape management to create sustainable landscapes [69,70].



“Sustainable recreation” covers issues related to leisure activities in which visitors enjoy an experience involving morphological, ecological and cultural landscape features, and sets strategies both for promoting recreational uses of landscape and for tackling potential environmental or social threats linked to heavy tourist flows [71,72].



The definition of thematic objectives is the fruit of a cross-reading of the objectives classified in the Matrix of Planning Objectives; starting from the detection of thematic contents of each planning objective, a conceptual abstraction was performed to identify their thematic cores, to cluster them as subsets of the main strategic framework and express them in a synthetic formulation, to identify priorities of intervention in the study area and to promote the integration between the several planning levels. In this stage, GLU-scale landscape quality objectives from RLP were chosen as a baseline and looked for thematic correspondences in objectives derived from other planning tools. This allows for inner coherence, considering that the whole research process was framed into the RLP tools. Therefore, for example, thematic objective KT2a, which is “Promoting maintenance, reinforcement or reinstatement of ecological connectivity and high habitat quality” (see Supplementary File S1, KT2), is defined based on indications from GLU quality objectives for ecosystems, environment and nature, connectivity objectives from RGI and REN, territorial resilience objectives for the mountain territorial system from RTP and objectives for well-being and environment from RTAP.



Then, to achieve the RGI downscaling process, thematic objectives were spatially translated into one or more strategic priority areas, identified by specific mapping criteria and provided with a set of design solutions.



Priority areas coincide with those spatial extents, landscape elements or spatial landscape strategies that require a special focus based on scrutinised planning objectives. They allow us to detail or to integrate the RGI spatial design at the local scale. The whole list of priority areas and their correspondence to thematic objectives and key topics are illustrated in Figure 4.



Locating and mapping each priority area was a complex and challenging phase of the research, requiring a wide array of spatial data sources and different GIS processing. Different data were combined with RGI spatial components to accomplish the RGI downscaling process, i.e., (i) data from regional and supra-local plans (RTP, RTAP, PTCP) identifying core areas or elements involved in spatialised strategies or projects (e.g., natural protected areas and protected cultural heritage; regional ecological network corridors or core areas; planned mobility infrastructures; planned soft mobility networks; main viewpoints and scenic routes; other elements or areas specifically addressed by surveyed territorial planning tools); (ii) spatial data from land use/land cover maps; (iii) data from sector plans spatializing specific phenomena (e.g., forestry management data; quarries management data); (iv) data from ministerial or recognised scientific databases spatializing risk phenomena or occurred damages affecting landscape (e.g., landslide danger or hydrogeological instability maps; data on damaged or degraded natural areas); (v) socio-economic datasets provided by recognised national or regional research institutes or organizations (e.g., production sites of agricultural and food products protected by geographical indications; tourism data).



Selection and representation criteria adopted for strategic priority areas and the related data sources are reported in a table of strategies and criteria connected to the operational maps (see Supplementary File S2). Criteria can be subdivided into the following four main categories:




	
Representation of landscape elements in their spatial conformation: Natural, rural or anthropic landscape elements recognised as deserving specific strategies (e.g., glaciers, historical and cultural heritage, quarries, hydroelectric power plants, etc.) were represented, with geometric simplifications in some cases. They could be already included in the RGI spatial components, or they could interact with them. (Spatial data sources: regional and provincial geographic datasets, local socio-economic maps.)



	
Representation of planned spatial strategies: Strategies set by supra-local plans (e.g., corridors or passages from regional ecological network, RGI buffer zones mitigating planned infrastructures, focus areas to implement landscape or environmental strategies, etc.), provided with inherent values and allocated to proper KTs, were represented without modifications. They could allow us to better detail the RGI spatial components or to integrate RGI design at local scale. (Spatial data sources: strategic datasets derived from planning tools in force, such as RLP; RTP; RTAP.)



	
Elaborations by the authors combining RGI spatial components with datasets or elements involved in spatialised strategies: Starting from a group of territorial elements or spatial representations set by supra-local plans, the location of strategic areas descends from aggregation, filter and, in some cases, classification procedures (e.g., clip via RGI extent or risk areas, selection via contact with RGI, classification via landscape subtypes). They could allow us to better detail the RGI spatial components and the related strategic guidelines, or to integrate RGI design at local scale. (Spatial data sources: regional and provincial geographic datasets, national maps of hydrological instability areas, strategic datasets derived from the following plans: provincial forestry management plan; RGI; regional wildfire prevention plan; provincial quarries management plan.)



	
Elaboration by authors combining several datasets to spatialise and prioritise strategic actions facing ongoing territorial phenomena: With various degrees of complexity, strategic areas are identified by authors’ elaborations consisting of, e.g., spatial analysis based on transformations in land use/land cover; selection of high visibility areas derived from GIS-based analysis; classification and interpretation of local socio-economic data. (Spatial data sources: regional and provincial geographic datasets, socio-economic data from the national institute for statistics, strategic datasets derived from RGI.)








The latter category includes complex elaborations aimed at identifying site-specific strategic solutions to the following four priority issues identified as crucial for a mountain context: the prevention of hydrogeological risk; the protection of the mountain landscape features; the limitation of agricultural soil sealing in the valley floor; the management of winter tourism impacts and criticalities. Therefore, the corresponding procedures require a broader methodological explanation than the synthetic one provided in the table of strategies and criteria available in Supplementary File S2. The following are extended descriptions of the articulated procedure to locate strategic areas:




	-

	
Priority areas to tackle structural modifications and prevent risks on the hydrographic network (KT1a): The regional land use/land cover (LULC) of Lombardy was resized on high hydrological instability areas provided at a national scale by ISPRA (Italian Institute for Environmental Protection and Research acting under the vigilance and policy guidance of the Italian Ministry for the environment and energy security), locating areas next to rivers and streams that are at risk of flooding. Then, the selection was classified by predominant LULC types to diversify strategic actions. Selected areas that were primarily permeable (rural or natural LULC) were classified as “areas of safeguard of the river morphology and increase of the naturalistic values”, linking actions of increasing vegetation cover, supervised flooding or restoration of the natural river course. When waterways penetrated urban areas, priority areas were classified as “areas of hydrological risk prevention and increase of naturalistic values in urbanised context”, with actions of desealing or creation of retention basins. Priority areas along minor hydrographic networks were classified regardless of LULC type; for those areas, strategic actions include maintaining riparian vegetation and increasing morphological diversity of riverbeds.




	-

	
High mountain landscapes visibility to be preserved (KT1a): With the aim of considering the perceptual characters of landscapes for preservation and enhancement purposes, a procedure to select high visibility reliefs in the pilot area was implemented, starting from a GIS-based visibility analysis. Using a digital terrain model (DTM) with a spatial resolution of 5 m, viewsheds from the main panoramic viewpoints, paths and routes were separately calculated. The procedure was integrated by calculating viewsheds from a selection of the most photographed points in the pilot area based on the visitation, recreation and tourism model of the free open-source suite of software models InVEST (Integrated Valuation of Ecosystem Services and Tradeoffs) [73], developed through a collaboration between different universities and international research and conservation centres for ES mapping and assessment. In particular, the visitation, recreation and tourism model aims to display the rate of visitation across landscapes using geotagged photos posted on the website Flickr as a proxy for the presence of visitors [74]. Raster viewsheds calculated from each layer of observation points were clipped to exclude valley floors and focus on mountains and slopes and then classified by visibility values adopting the natural breaks (Jenks) classification method to provide a consistent classification among the different viewsheds [75]. Finally, cells belonging to higher visibility classes were selected and aggregated, thus generating an overall map of high visibility areas in mountain landscapes, subject to specific preservation and enhancement actions.




	-

	
Peri-urban rural areas to be preserved (KT2b): Chosen with the aim of detecting rural areas along urban fringes, which can be considered at risk of being enclosed by anthropic elements. A GIS-based selection by share of contact was performed. Rural plots from the regional LULC map were selected as priority areas if more than 50% of their perimeter was in contact with urban fabric or infrastructures. Then, to diversify strategic actions, RGI values were used as a filter to classify rural plots. Most of the selected areas, in fact, were included in the rural component of RGI and provided significant environmental and/or historical and cultural values. This led to a three-sided classification where RGI values’ co-presences are considered as vocations to guide strategic actions. In areas with high environmental values, local actions included the creation of allotments to be managed according to agroecology principles and increasing vegetation equipment for ecological restoration; in areas with high historical and cultural values, actions may also involve their reuse as public gardens or the refurbishment of abandoned rural buildings to support recreational uses. Areas with high values for both environmental and historical and cultural components are suitable to host actions related to both vocations.




	-

	
Priority areas to tackle linear conurbation trends (KT2b): Firstly, LULC transitions from rural or natural land uses to urbanised areas that occurred in the past two decades were detected by clipping urbanised areas from current regional LULC maps on areas that were rural or natural in 1999, according to a former regional LULC map; then, a visual analysis was performed to identify conurbation trends, considering the spatial distribution of new urbanised areas, their linear aggregation along mobility infrastructures and the presence of neighbouring urban settlements subject to conjoining trends at the expense of rural or natural open spaces. Linear conurbation trends were represented as two collinear lines with converging arrows, indicating the direction of urban expansion. Strategic actions to tackle such trends include green buffer zones, hedgerows or tree rows along peri-urban rural areas and incentives to reuse abandoned buildings or complexes to avoid land take.




	-

	
Attention and mitigation areas linked to possible functionality loss of low altitude ski resorts (KT3d): Present and future impacts of decreasing snowfalls on mountain activities are a risk factor for ski resorts, with increasing use of artificial snowmaking [76,77]. Ski resorts that can be more affected by the snowfall reduction were identified, suggesting alternative recreation strategies. Because climate in mountain areas may substantially vary depending on local factors, a recognised and potentially replicable criterion was chosen, known as the line of snow reliability (LSR), defined as the altitude that allows for a snow cover that is sufficient for at least 100 skiing days per season in a ski resort. OECD [78] estimates an LSR rise of 150 m per 1 °C of warming, starting from an LSR of 1500 m in alpine areas. Based on a supposed future scenario where LSR is set at 1650 m, percentages of each ski resort in the pilot area located below this altitude were calculated. Looking at the results, resorts whose future functionality may be considered at risk were selected by adopting a threshold corresponding to 40% or more of ski resort area below 1650 m. Priority areas descending from this procedure include a ski resort next to the town of Aprica (GLU 2.1) and some cross-country tracks generally located at lower altitudes than alpine skiing tracks.




	-

	
Attention and mitigation areas linked to over-tourism impacts (KT3d): Since Media and Alta Valtellina territory relies considerably on tourism, issues related to tourist flows in fragile mountain contexts were highlighted, suggesting possible tackling strategies. In this case, tourism intensity—defined as the ratio of total overnight stays to total resident population [79]—was mapped at a municipality scale using data from Istat (the Italian National Institute of Statistics). The towns of Bormio and Livigno (GLU 2.1) show values remarkably higher than the other municipalities in the pilot area. They are, therefore, identified as attention and mitigation areas, where planning decisions that are able to combine the positive economic effects of tourism with environmental and landscape preservation must be adopted.




	-

	
Areas substantially depending on winter tourism (KT3d): These priority areas represent municipalities where the local economy is tied to winter tourism activities—a condition that, combined with vulnerability to decreasing snowfalls, shall be considered a risk factor for the economy. To select such areas, municipal Istat data were analysed, including variance between tourist flows in the high season (winter and summer) and in the low season; the variance between winter and summer tourist flows; share of tourist facilities on overall local businesses. As a result of this combination of factors, Aprica municipality stands out as the most dependent on winter tourism and may take future advantage of diversifying recreation strategies.












3. Results


3.1. Strategic Operational Maps for the Pilot Area


The outcomes of the described procedure are the strategic operational maps for the pilot area. During the design phase, the downscaling process of the RGI contents from the regional scale to the context of the study area was pivotal. In fact, several priority areas were identified by intersecting the RGI extent with the local landscape elements mentioned by the objectives in the matrix. In other cases, the RGI connection projects were classified according to their recreational or environmental primary purpose and added to the corresponding KT.



Three operational maps related to the major KT for the pilot area were produced. Their content frameworks are traceable by reading the Matrix of Planning Objectives.



Below, a combined representation of the operational maps is presented (Figure 5). A high resolution version of each map, including excerpts of a significant sub-area (municipality of Bormio in Alta Valtellina and its surroundings) and the legend of thematic objectives and priority areas, is available as Supplementary File S1.



The layout and contents of each KT are described hereinafter.



3.1.1. KT1: Identity


The first strategic operational map (Figure 5b) is designed to set and locate strategies for preserving and enhancing the elements of the landscape that assume relevance in defining the identity of the pilot areas. Since this KT mostly recalls landscape preservation and protection actions, referring to the maintenance of both the physical and perceptive features of landscape structural elements, the thematic objectives included in KT1 are the following:




	
KT1a. To preserve unity and perceptions of hydrogeomorphological elements;



	
KT1b. To preserve landscape values of natural elements;



	
KT1c. To preserve constitutive features of the rural landscape;



	
KT1d. To preserve the features representing the identity of the anthropic landscape.








Within this KT, the RGI—particularly its rural component with a co-presence of high historical and cultural values—defines the priority areas for preserving and enhancing the historically valuable agricultural landscape.



Moreover, the features representing the identity of the anthropic landscape coincide with the historical and cultural components of the RGI. At the same time, the panoramic paths identified as primary connective elements of the RGI are selected as strategic viewpoint sources to determine the high-visibility mountain landscapes to be preserved.




3.1.2. KT2: Natural Capital


The second strategic operational map (Figure 5c) promotes environmental preservation and reinforcement of biodiversity, including strategies to cope with anthropic impacts.



The priority areas belonging to this KT can be synthesised into the following three main thematic units: the first one is the preservation of natural or rural areas provided with relevant ecological/environmental values; the second one includes hybrid peri-urban landscapes distinguished by suitable biodiversity hotspots and/or corridors; the last one focuses on detecting anthropic elements and activities producing high impacts and threats on nature and biodiversity. In that case, the actions aim at tackling, limiting and mitigating potential impacts for natural capital conservation. Hence, the thematic objectives defined for KT2 are the following:



	
KT2a. Promoting maintenance, reinforcement or reinstatement of ecological connectivity and high habitat quality;



	
KT2b. Promoting reorganisation and defragmentation of peri-urban landscapes tackling loss of biodiversity;



	
KT2c. Limiting, containing and mitigating impacts of anthropic activities.






The RGI is widely used to define priority areas related to these strategies; RGI reinforcement connections and new connection projects that are primarily meant to increase ecological values are represented as a component of the KT2a objectives. In KT2b, fragmented rural areas scattered along urban fringes are selected based on their inclusion in the RGI rural component and then classified via vocation according to the co-presence of natural and/or historical–cultural values. In KT2c, the priority areas to contain the impact of quarries are identified by selecting those that are surrounded by the RGI; likewise, industrial, commercial and accommodation facilities are identified as priority elements to activate mitigation strategies when their area is larger than 50,000 m2 and they are next to the RGI. Lastly, buffer zones for the mitigation and landscape integration of projected new mobility infrastructures become a further priority area for containing anthropic impacts.




3.1.3. KT3: Sustainable Recreation


This operational map (Figure 5d) collects strategies to harmonise the promotion of leisure and recreational values of local landscapes with the preservation of ecological and social values, fostering soft mobility connections and enhancing the quality of food and agricultural supply chains. Since Media and Alta Valtellina highly rely on winter tourism, which has multiple effects on landscape and risks related to temperature and precipitation patterns, strategies for alternative tourism solutions were added. The thematic objectives for KT3 are the following:



	
KT3a. Promoting sustainable recreation in natural heritage through soft mobility networks and landscape connections;



	
KT3b. Supporting traditional and quality supply chains in farming, forestry and dairy products as multi-functional activities;



	
KT3c. Promoting and enhancing recreation in historical and cultural heritage;



	
KT3d. Exploring and promoting alternative tourism and recreation.






Within this KT, as in KT2, a selection of RGI reinforcement connections and new connection projects is represented; here, the RGI connections that are mainly related to recreation and soft mobility are a component of KT3a. Moreover, mountain pastures with a high recreation potential are identified by selecting pastures within the RGI extent, according to the sustainable recreation purposes of the RGI of Lombardy.



As stated in Section 2, in addition to the strategic operational maps, a table of strategies and criteria was implemented, including KTs and thematic objectives, strategic priority areas, spatial data sources, descriptions of spatial selection and representation criteria adopted, and local NBSs or other design solutions related to each priority area. The table is available as Supplementary File S2.





3.2. From GI to NBS: A Set of Actions for Local Implementation


As already introduced, one of the most significant challenges in downscaling GI is transitioning from general/specific objectives to site-specific planning recommendations. This process has the following two main obstacles: selecting the contents represented in the tables, whose edits are traceable in the Matrix of Planning Objectives, and the cartographic representation for implementing planning strategies through local spatial design actions.



Since GIs are planning tools that aim to deliver and increase ESs, one of the most effective strategies to fulfil their goals at a local scale and to operationalise that strategy is to adopt design solutions based on the use of natural elements and/or principles, i.e., NBSs. NBSs “are designed to address various environmental challenges in an efficient and adaptable manner, while simultaneously providing economic, social, and environmental benefits” [80,81]. So, NBSs are greening design actions that can contribute to developing GIs in urban areas [21].



In the pilot area, design solutions, including NBSs, were selected to implement the thematic objectives and the related actions and strategies identified by the three strategic operational maps. By considering each priority area, a selection of possible alternative design solutions were identified to specifically respond to its objective, defining a framework for future projects. The design process at the local level is therefore not rigorously defined in advance but will be developed, for instance, based on available financial resources and by considering local peculiarities. The set of actions is structured as an implementable tool that can support local planning and design processes in identifying possible operational solutions.



NBSs and other solutions are strictly related to the purposes of the thematic objectives on which they are based (e.g., risk management, natural/cultural heritage conservation, ecological/landscape reconnection) and to the landscape elements involved. Examples of suggested solutions include creating tree rows along the border of rural areas, increasing riparian vegetation to prevent runoff, preserving or defragmenting ecological passages threatened by land take process through natural buffer zones, enhancing peri-urban rural plots by creating allotments or public green spaces and improving the energy efficiency of industrial or commercial sites and accommodation facilities.



The complete list of actions linked to each priority area is available in the table of strategies and criteria (Supplementary File S2).





4. Discussion


4.1. Main Findings of the RGI Downscaling Process


As stated in the introduction, the methodological approach developed for the Media and Alta Valtellina pilot area aims to enhance the GI’s role as a multi-scale and multi-functional strategic planning tool. In this frame, the RGI downscaling process meets different purposes.



Firstly, it promotes a more integrated approach to territorial planning by implementing cross-reading procedures within different plans or components of the same plan. Specifically referring to the case study, the RGI guidelines and GLU landscape quality objectives were intended to be used as a framework to guide the systematisation of the contents provided by several supra-local plans that were analysed. As a result, the structural landscape map combined with the Matrix of Planning Objectives represents an operational tool that is able to emphasise the correlations and possible integrations between the different levels of the planning system that affect the pilot area. At the same time, the structural landscape map provides a connection between the physical landscape elements to which the planning objectives relate and the spatial dimension of the RGI. Identifying possible correlations and synergies at different scales could contribute to implementing the RGI guidelines at the local scale, both from an operational and an institutional point of view.



Secondly, the RGI downscaling process allows us to spatialise the several planning objectives within the priority intervention areas identified at the local scale through a selective and site-specific approach. The methodology aims to overcome some critical issues of the downscaling approach by proposing a step-by-step workflow. The spatial and multi-functional dimensions of the RGI played a crucial role in the process, combined with the elaborations of the datasets related to the KT that inform the three strategic operational maps. On the one hand, the spatial structure of the RGI was considered a strategic tool aimed to localise and select the priority areas of intervention within homogeneous territorial contexts deriving from the analysis of the dataset. On the other hand, several combinations of RGI values were considered to determine site-specific actions and strategies within the priority areas. Furthermore, while each strategic operational map is selective in the representation according to the priorities of its respective key issue, some priority areas are included in multiple strategies because of their multi-functional value.



Finally, the proposed methodology allows for regional spatial and landscape strategies to be operationalised, integrating NBSs and other design solutions in the planning process, and providing an effective cross-scale approach. The RGI downscaling process moves from a regional strategic overview to defining local priorities and actions. The three KTs and the respective thematic objectives define a common framework that allows for the achievement of both a site-specific approach to identify possible actions to implement at the local scale and a replicable approach that can even be adopted for other GLUs. In general, the research outcomes introduce some innovative elements that can be applied even to other planning processes.



The relevance of our findings for policy makers and practitioners may be highlighted from at least three points of view.



Firstly, the Matrix of Planning Objectives sets a punctual correspondence between landscape systems and elements, and supra-local planning objectives. Thus, at a local scale, it can be used as a consultation tool to verify the coherence between the objectives set by supra-local plans and the objectives defined during the local planning process.



Secondly, the strategic operational maps and RGI downscaling process aim to set specific intervention areas and planning priorities, whose extent and related strategies may be confirmed, detailed or modified according to further analysis in support of local planning. In particular, downscaling the RGI to provide more site-specific indications and to intersect local land uses or strategic areas may support the local design of GIs to be implemented in local plans and, at the same time, preserve a broader spatial design continuity given by the supra-local scale.



Lastly, the variety of design solutions linked to each priority area is an important catalogue that allows for policy makers and practitioners to choose the most suitable solutions based on local spatial contexts and issues.




4.2. Replicability and Further Implementation


The described workflow is conceived to be replicable in each GLU of the Lombardy region and, in a more general way, in each planning tool that requires a synthesis of different strategies for their implementation by local authorities.



Within the Lombardy region, the three KTs identified for the pilot area can deal with issues and planning needs coming from remarkably different spatial units. In particular, comparisons with GLUs provided with different landscape structures and features show that most of the thematic objectives identified for Media and Alta Valtellina are also suitable for driving strategic interventions while maintaining their structure. More significant differences may be expected when it comes to the criteria for selecting and identifying strategic priority areas, which are more dependent on geographic context, land use change dynamics and socio-economical characteristics.



Within the Italian national context, the most recent regional landscape plans [82] show several elements that are in common with the LRP and some differences in the approach. For instance, the landscape plans drawn up by the Tuscany, Apulia, Piedmont and Friuli Venezia Giulia regions identified quality objectives related to strategic guidelines that can be referred to homogeneous landscape contexts through descriptive/guiding reports. Except for the Piedmont plan, the reports present thematic maps that are representative of specific issues that detail the analysis carried out by the plan for the regional territory at the scale of the landscape unit, generally proposing some synthetic maps of landscape criticalities and structural elements. On the other hand, only the Piedmont plan has developed a proper regional “Landscape Connection Network”, comparable to the multifunctional Lombardy RGI, to identify the relationships between ecological, historical and cultural or recreational territorial components [83]. In contrast, the other plans mentioned above mainly consider them separately. Finally, the plans are composed of several regulative and strategic tools or guidelines with different purposes and objectives that need to be related.



In this framework, the methodological approach developed for the Media and Alta Valtellina pilot area appears to be replicable to enhance the contents of the mentioned landscape plans, to achieve the following different goals: (i) to promote a more integrated approach to territorial planning, implementing cross-reading and systematisation processes within different plans or different components of the same plan (e.g., the Friuli Venezia Giulia plan); (ii) to spatialise the quality objectives according to the main regional strategic priorities (e.g., the Piedmont plan); (iii) to prioritise areas of intervention at the local scale, detailing the quality objectives identified for the whole landscape unit (e.g., the Tuscany plan); (iv) to operationalise regional landscape strategies integrating NBSs and other design solutions in the planning process, providing an effective cross-scale approach (all the mentioned plans).



In addition, it may be noticed that the proposed approach is applicable both in Italian regions with the RTP and RLP as different plans, and in regions with a single regional territorial and landscape plan, since both frameworks are supposed to have one or more sets of planning-related objectives to survey and classify in the Matrix of Planning Objectives.



At the same time, possible implementations of the proposed methodology are not limited to regional landscape planning and can be extended both to other forms of spatial planning in the Italian context and to other European planning systems that adopt GI strategies.



With regard to contextualisation and comparisons at the European scale, firstly, we focus on the European national planning frameworks, reporting data from the ESPON Compass project [84]. The project set the goal of conducting an integrated study of planning frameworks in Europe and their changes since the year 2000. According to the final report, in 21 of the considered countries, there are three administrative levels responsible for planning; in nine states, there are two competence levels; in three states, including Italy, there are four levels, while only Portugal reaches five levels. The relationships between the types of planning tools and the administrative levels show a mainly strategic or framework-setting character at the national level, a mainly regulatory character at the local level and a substantial variability at the sub-national, supra-local level. Except for some small-sized countries, where national-level plans can interact directly with the local level, all countries have one or more intermediate-scale instruments, which relate to the local scale. Despite the diversity of the planning principles and practices, it can therefore be assumed in the first instance that our methodological approach can be replicated in other European states. The same report also highlights how the EU legislation and guidelines have had a growing influence in guiding the planning activities of member states in recent decades.



As for the GI policies, Slätmo et al. [42] state that as of 2017, 11 of the 32 European states considered in their study (EU members plus Iceland, Liechtenstein, Norway and Switzerland) had adopted or were adopting national policies for GI and, moreover, that the perceived scope of GI covers, in particular, the sectors of land use and spatial development planning, water management, agriculture, forestry and fisheries, climate change mitigation and adaptation, environmental protection and rural development.



Within this framework, the ES approach adopted to develop the Lombardy RGI appears to be widely integrated in spatial and landscape planning [28,85].



With respect to the integration of GIs at different scales in planning, especially landscape-oriented planning, the study conducted by Hersperger et al. [86] shows how landscape-related contents of strategic plans are frequently linked to the concept of a GI as an operational tool to enhance the landscape setting, to support the creation of “landscape corridors”, to increase landscape structural functions and to facilitate recreational activities. This widespread orientation of supra-local planning tends to confirm the opportunities for a GI downscaling towards the local level, within a broader strategic framework.



Finally, we report two European case studies dealing with the relationship between ES mapping, supra-local planning levels and GI implementation.



The first one [30] concerns the Barcelona Metropolitan Region in Catalonia, Spain. The area is regulated by the General Territorial Plan of Catalonia, under whose guidelines the Territorial Metropolitan Plan of Barcelona was developed. The authors map the supply and demand of two ESs (outdoor recreation and air purification) at the metropolitan scale and compare their results with the preservation and enhancement strategies envisaged by the metropolitan plan; they highlight the mismatches between the analysis and current planning strategies suggesting, among other things, how the Barcelona Green Infrastructure and Biodiversity Plan approved by the City Council in 2020 may offer a relevant opportunity to improve outdoor recreation.



The second study [87] describes the uneven development process of the French Green and Blue Network policy, a GI project with mainly environmental purposes. The policy was developed by national regulations and guidelines but shall be applied through the interaction with regional and sub-regional administrative levels, up to the transposition of supra-local strategic guidelines into local requirements and regulations (the authors show, as a good practice, the case of the Local Urban Plan of the Le Cheylas municipality, Grenoble urban area, Auvergne-Rhône-Alpes).



The cited analyses and examples show how, although planning frameworks in the European context may display remarkable diversities, testing the backbone of our methodological approach appears to be feasible in most European countries.




4.3. Methodological Limitations


In this frame, the methodology developed for the Media and Alta Valtellina pilot area shows some possible limitations in replicability, partly depending on the availability of data and information. One issue is related to performing analogous spatial processing to identify akin priority areas because of differences in spatial data sources for selection. For example, identifying woodlands with high landscape values is the output of the classification adopted by the forestry management plan for Alta Valtellina. In other areas of Lombardy, forestry management plans may have different classification layouts, leading to the adoption of different selection parameters. Furthermore, strategic plans like an RTAP do not always cover all the regional extent; therefore, in GLUs that are not provided with an RTAP, its contribution in identifying objectives and priority areas should be replaced with other sources.



Another critical issue is the need to set an operational threshold in comparing and matching objectives derived from involved tools to create a common Matrix of Planning Objectives. In other words, not all the hierarchical subsets of the objectives of each plan can be considered to avoid their excessive proliferation when composing the matrix. However, when the objectives matrix is properly used as a guide to manage a further consultation of planning tools, their in-depth contents can be recovered and employed in the strategy definition stage.



Considering other national or international territorial contexts, the above-mentioned issues related to data sources and spatialisation processes may be even more relevant. It is important to notice that such a process is inevitably partly based on a combination of data sources and analysis related to specific landscapes or spatial units; nevertheless, the general framework of the procedure—which consists of the recognition of structural landscape elements, the synthesis of relevant supra-local planning tools, the identification of common objectives and the spatialisation of planning strategies—may be tested and possibly adopted in remarkably different spatial contexts, using adequate planning contents and proper local data sources for spatial processing.



Regarding the systematisation of planning objectives and their transposition into strategies and design solutions, it may be useful to note that a common path to guide similar processes in a European context may be, once again, the European Landscape Convention [55]; in fact, its Article 6 urges the parties to undertake the definition of landscape quality objectives for landscapes that are identified and assessed. Multi-scale landscape-oriented planning procedures are therefore able to consider such objectives, recognised within national planning frameworks, as a cornerstone upon which to build strategies.




4.4. Future Development and Perspectives


The workflow integrates tools designed at different scales within an intermediate supra-local geographic unit to support local administrators and planners in operationalising large-scale goals and objectives.



Once GLU-based strategic priority areas and design solutions are defined at the pilot area scale, surveys and checks should be conducted to test the aptness of the outcomes and, if needed, they should be modified. Given the extent of the pilot area, it was impossible to fulfil this further task during the research stages conducted so far; however, in a long-lasting perspective, this may be considered a future workflow development.



Then, to implement the research outcomes and integrate them into local planning strategies, they should be discussed and further developed through round tables involving local authorities and public participation forums open to citizens and stakeholders. Thus, strategies and actions defined during the research stage will be validated, modified or integrated considering local knowledge and requests. This fine-tuning phase should be incorporated into the overall downscaling procedure for each GLU, or other territorial units where the described workflow should be adopted.



In this context, regional administration would have a coordinating role, with the task of managing and balancing local requirements within a large-scale planning framework, thus fulfilling an actual multi-scale approach.



Regarding NBSs and other local design solutions, it would be useful to classify them from a replication perspective, concerning their suitability in different landscapes. For this purpose, a development of the pilot research should include a targeted replication in GLUs representing diverse landscapes; for Lombardy, in addition to alpine landscapes addressed in the pilot area, hilly landscapes, plain landscapes, river landscapes and highly urbanised landscapes should be considered. In this way, NBSs and local actions defined in the different pilot areas can be assembled and linked to landscape types to create a global catalogue of landscape-specific design solutions to be used as a source to choose the proper local actions for each geographic unit.





5. Conclusions


Starting from raising the awareness of existing gaps in operationalising a landscape-oriented GI within actual planning tools, our research aims at setting a pilot, replicable methodology to downscale a regional GI into a sub-regional landscape unit; to integrate GI principles and designs into a complex framework of supra-local planning strategies, thus obtaining a spatialised set of common strategies; and to further detail their implementation by adopting site-specific design solutions, including NBSs. Media and Alta Valtellina, a mountainous sub-region in Lombardy, Italy, was chosen as a test area because of its geographical and environmental relevance and was also stress tested for the use of the methodological framework in a multi-layered fragile spatial unit.



Our methodological approach consisted in identifying and mapping the main territorial and landscape elements of the pilot area; assessing existing supra-local planning tools to match their objectives with landscape structural elements; and in combining them into strategic operational maps, in which the regional GI serves as the main spatial filter, together with other spatial data sources, to identify strategic priority areas.



The results show that the pursued methodology can provide effective operative outcomes; moreover, unlike other experimentations where a GI is integrated into a single planning tool, the novelty of the approach lies in the downscaling process of a regional GI as a strategic key to simultaneously implement multiple wider planning strategies towards a local size.



The whole process is designed to be replicable in other comparable landscape units, but its methodological principles may also be adopted at wider or smaller scales. The main critical issues and limitations affecting replicability are the potential dissimilarities in the planning and territorial data sources to be employed in the spatialising strategies, due to differences in the sub-regional planning frameworks or in the spatial data organisation, and the need to summarise the contents of each planning tool involved in the process by extracting comparable sets of planning objectives to be combined into common strategies, thus reducing their complexity.



As for comparisons with the international context, replicability is partly dependent on national planning frameworks and involves the overall methodology rather than specific strategic outcomes; the planning approaches and case studies comparable to our effort can be found in the literature. Moreover, the growing influence of EU regulations and guidelines could help with the integration and standardization of planning frameworks and practices.



Future development perspectives include the use of local surveys to test the aptness of the identified strategic priority areas and to properly select specific design solutions as the final operational level of the process, and discussing the research outcomes through round tables and participation processes involving local authorities, citizens and stakeholders.



Finally, the inherent and more general value of the adopted methodology lies in the opportunity to organise the implementation of supra-local planning tools from an ES-based planning standpoint, ensuring ES provision by integrating multiple plans with a GI acting as a strategic spatial key.
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Figure 1. Study area. (a) The Lombardy region in Italy; (b) location of the province of Sondrio in the Lombardy region; (c) GLU subdivision and location of Alta Valtellina and Media Valtellina in the Lombardy region; (d) Alta Valtellina and Media Valtellina. (Source: authors’ elaboration. World imagery sources: Earthstar Geographics). 
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Figure 2. Stage 1 of the proposed methodology. Representation of the workflow performed to create a pilot structural landscape map and a Matrix of Planning Objectives derived by cross-reading of supra-local plans involving structural landscape elements (source: authors’ elaboration). 
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Figure 3. Stage 2 of the proposed methodology. Representation of the workflow performed to create three pilot strategic operational maps as a result of cross-reading, synthesis and thematization of the planning objectives into key topics and thematic objectives, and their spatialization and prioritization to accomplish the RGI downscaling process (source: authors’ elaboration). 
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Figure 4. Key topics, thematic objectives and priority areas (source: authors’ elaboration). 
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Figure 5. Combined representation of the strategic operational maps, with the location of strategic priority areas identified to achieve the RGI downscaling process: (a) Identification of involved GLU (2.1 Alta Valtellina; 2.2 Media Valtellina); (b) KT1: identity; (c) KT2: natural capital; (d) KT3: sustainable recreation. High resolution versions of each strategic operational map, with related legends, are available as Supplementary File S1. (Source: authors’ elaboration.) 
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