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Abstract

:

The task of combining objectives, spatial planning instruments, and climate change adaptation targets is a complex endeavour that varies across countries. There is a call for a universal discussion on how spatial planning should respond to climate change challenges. To address this issue, this article delves into the approaches taken by Greece, Spain, Portugal, and Poland, aiming to explore how spatial planning instruments support climate change adaptation goals. The authors, based on a jointly extracted questionnaire, identified what they consider to be the most relevant examples of instruments to use to ensure the integration of spatial planning objectives and the response to climate challenges. The identified solutions are compared in detail. Three key spatial planning themes emerged in this study: investment in renewable energy, the development and preservation of green infrastructure, and the protection of coastal zones. This article examines the systemic solutions found in these countries, discusses the role of both classical and sectoral spatial planning instruments, and identifies the level of public authority responsible for key interventions. It shows that instruments developed at the supra-local level should support local authorities by providing them with legal and substantive arguments for developing solutions relevant to climate challenges.
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1. Introduction


Climate protection challenges should be widely addressed in the context of different public policies. This also applies in the context of spatial planning [1,2]. Obviously, national spatial planning systems are highly different from one another [3]. However, this diversity should not prevent a universal, transnational discussion on how spatial planning (from an institutional point of view) should respond to the challenges of climate change. The above can be considered at different levels. It needs to be verified whether spatial planning, or other actions that determine land zoning/land use and land use rules (i.e., spatial planning instruments), can be adapted to the climate challenge [4]. This requires answering the questions on whether there is a need to do so and whether there is a need for separate sectoral planning that directly addresses selected climate change issues (the relationship between spatial planning and climate challenges relates primarily to the topic of climate change adaptation). It should be stressed that developing a link (in any national system) between spatial planning instruments and climate challenges is a significant challenge not only in practice but also in science. This is because it connects to the literature on the strengths and weaknesses of different types of spatial planning instruments and the scientific literature on climate change. At the same time, it has to be pointed out that it is a complex, multifaceted issue.



The literature notes that there are links between spatial planning and climate change adaptation. Besides that, the observations include numerous barriers in terms of aligning spatial planning with climate change adaptation. These barriers include the mismatch between climate change risk assessment and the scale of spatial planning, the lack of a mechanism to coordinate adaptation and mitigation strategies, and the imperfection of laws and regulations [5,6]. Among them, institutional barriers are particularly important [7]. The issues that are identified must be specifically tailored to each system. However, the appropriate task is to select the optimal planning scale for each country. Tasks tailored to too high or too low a level of public authority may prove difficult to implement. Much also depends on regulations; if they are too detailed or too vague, they can block the implementation of specific objectives (including addressing the climate challenge). The relationship between spatial planning and the response to climate change can be understood much more broadly. This includes the context of linking different issues together [8]. An example is the linking of spatial planning directions (and solutions) with the need to resettle localities threatened by climate change [1]. In this way, specific thematic areas can be distinguished from the perspective of each continent [9,10,11,12]. Therefore, in the literature addressing the interface between spatial planning and climate challenges, we can find calls for the integration of development planning [13,14,15], as well as suggestions for implementing vertical and horizontal cooperation among public authorities at different levels [16,17]. Development planning integration is seen as a process that enables the substantive linking of perspectives that often differ in individual systems. It is fostered by deeper interactions among public authorities at different levels. The example of Austria is particularly relevant and illustrative in this respect [13].



From the perspective of specific land use measures, the call for green, flexible, circular, and environmentally friendly spaces [18], which applies to urban areas, stands out. In some approaches, this calls for a decisive change in architecture toward space-saving housing and reduced density [19]. This type of planning needs (at least in some systems) a redefinition of the approach to property rights [20] and a strengthening of the role of strategic spatial planning [21,22]. Clearly, the scope of linkages between spatial planning and climate challenges is very broad. At the same time, it must be emphasized that the importance of individual issues relevant to climate challenges varies from country to country. Norman [1] identified key climate challenges that are noticeable from a global perspective. The identified challenges (e.g., the need for resettlement) are applicable to some regions in the world [23]. In the context of European spatial planning systems, these challenges are not always relevant [24]. While not denying the need for broader spatial planning reforms and deeper adaptation to climate challenges, it is worth focusing on those issues that are currently being more widely addressed in national spatial policies [25]. The delimitation of issues relevant to climate challenges in spatial planning largely depends on the specific characteristics of individual countries, their planning practices, and their specific legal conditions [26]. Taking these considerations into account, it is possible to identify those issues that are perceived in European spatial planning systems to be linked to climate challenges and that are simultaneously translated into institutional and legal solutions.



In contrast, from the perspective of the numerous themes that the authors associate with the spatial planning response to climate challenges, we can distinguish the following approaches: (1) implementing renewable energy sources [26,27]; (2) implementing green infrastructure [28,29,30,31]; (3) securing the land against floods and sea storms on the coastline [32,33,34,35,36,37,38]. Spatial planning instruments can be classified and framed in various ways [39]. For the purposes of this article, it is assumed that they are acts (both regulatory and strategic) of public authorities at different levels that have the direct purpose of defining land use rules. Spatial plans should be considered the most common spatial planning instrument. The way in which spatial plans are framed in the literature also needs to be highlighted. It should be categorically stated at the outset that different terms are used in different countries (e.g., zoning plan, land use plan, master plan). These terms are understood in various and often different ways. For the purposes of this article, it is useful to refer to the term “spatial plan” and point out that such a plan should regulate permitted activities at a specific location [40]. Without offering a universal definition of the term, it can, nevertheless, be pointed out that acts that meet at least one of the following criteria can be considered to be part of such plans: (1) determination of the zoning/land use and (2) definition of development and land use parameters [41]. Once again, the multifaceted nature of the response to the climate challenge should be emphasised. The authors emphasise that the attempt to analyse them from the perspective of spatial planning criteria can (and should) be developed in diverse aspects.



In Europe, the approval of the European Spatial Development Perspective (ESDP) in 1999 [42] established a notable change in the objectives and procedures of territorial planning. First, sustainability became the guiding principle of spatial planning actions. On the other hand, the treatment of spaces to be protected due to their environmental, patrimonial, or cultural value came to occupy a prominent place in the procedure for assigning new land uses, especially at the local urban scale. The application of ESDP principles in different territorial agendas [43,44] makes it possible to have a roadmap in terms of the spatial planning that European countries must strive to achieve. However, the drive to meet these objectives and actions differs depending on the country or region that develops such planning. One last step in the commitment to sustainability as the main objective of spatial planning has been the establishment, with various instruments, of compliance with the Paris Agreement in the territory of the Union (European Climate Law [45], European Green Deal [46], 2030 Climate and energy framework [47], and 2050 Long-term strategy [48]) that has important territorial effects (energy, mobility, territorial planning). In addition, the regulations and adaptation plans for climate change in different countries contain determinations for including the climate change perspective in the territorial planning process. In individual countries, the content of spatial plans can be considerably broader. There are usually different types of spatial plans, and the elements mentioned above may be included in different types of plans. However, in the literature, the role of spatial plans is sometimes viewed much more broadly. Plans can contain provisions related to diverse spatial aspects and influences, such as the equitable distribution of benefits in cities, the protection of the environment, the shaping of ecosystem services, and even the reduction in social inequalities [39]. It is, therefore, clear that spatial plans should also provide answers to the challenges of climate change adaptation [49]. An important issue (which also has a significant practical dimension) is the identification of optimal spatial planning approaches to the challenges of climate change adaptation, considering good practices and the risks involved.



From the above overview, it is clear that the literature recognizes the link between spatial planning and climate challenges. This provides a key reference point for further consideration. However, it should be pointed out that this is not often translated into considerations of spatial planning instruments. It is even rarer to put the issue in a comparative context in order to describe the role of spatial planning instruments. This article attempts to fill this research gap. According to the authors, the indicated comparisons are very much needed from the perspective of a universal discussion around adapting the objectives and instruments of spatial planning (in different countries) to new challenges.



The aim of this study was to identify how spatial planning instruments support selected objectives related to climate change adaptation. To do so, the following research questions were formulated:




	-

	
How can objectives related to climate change adaptation be supported by the typical spatial planning solution of zoning/imposing restrictions on land use?




	-

	
What are the sectoral instruments, in individual cases, that can better link spatial planning to specific climate change adaptation objectives?









The article is structured as follows: Section 2 explains the research activities and their sequence. This is followed by a characterization of the salient features of national spatial planning systems and the specifics of spatial planning concerning the thematic areas selected (within the case studies). In this way, Section 3 attempts to answer the research questions. First, it is crucial to isolate the key features of the overall spatial planning system. Then, the analysis of the extracted sectoral instruments is related to these extracted features. In this way, both the role of the basic spatial planning instruments and the role of the specific, special spatial planning instruments were verified. The information presented is collated and analysed in detail in Section 4. Finally, key conclusions from the comparisons are identified.




2. Methods


There are diverse national spatial planning systems throughout Europe (particularly within the countries of the European Union), and a universal discussion on the ways in which spatial planning instruments can support the response to climate change is possible. Such discussion requires knowledge of the limitations arising from the difficulty in comparing different systems. Geographically, it is important to point out that Greece, Spain, and Portugal are classified in the same Napoleonic planning family [50]. Poland, on the other hand, represents a group of Central and Eastern European countries with a common cultural and historical heritage [41]. Nonetheless, it should be regarded as a country that can be contrasted with those mentioned above but is also unique in many aspects. The specificity boils down to the weakness of the Polish spatial planning system, as repeatedly diagnosed in the literature [51]. In addition, from the perspective of responding to climate challenges, there is a lack of fit-for-purpose solutions in the Polish spatial planning system. In this respect, the development of solutions regarding this topic in the Napoleonic family countries is much more evident. It seems that the noted difference provides another basis for making comparisons. However, from the perspective of other criteria, the characteristics of all four countries are similar: there are legally binding spatial planning instruments everywhere. At the same time, all four countries have a similar understanding of what land zoning is and what land use principles are. The key level of spatial planning (which varies from country to country) has proved to be a differentiating factor among countries. However, this does not prevent a comparative analysis (Figure 1).



Based on the literature review, key issues were identified (in the different systems) that link spatial planning to responses to climate change. The issues of renewable energy sources, green infrastructure, and flood risk response have been the subject of numerous studies. In this article, however, we attempt to analyse them together from a specific shared perspective. We relate them to the institutional challenges of spatial planning instruments. The sequence of the work was as follows:




	
Analysing the literature on the subject and identifying key issues in each country concerning the relationship between spatial planning and responses to climate challenges;



	
Extracting key issues that could be collated from the perspective of the studied countries;



	
Preparing questionnaires with specific questions (concerning the individual countries studied);



	
Each author prepared answers concerning the case study of their country;



	
Compiling answers and conducting a clarifying consultation;



	
Compiling the results and presenting a discussion.








The authors, who specialize in the issues indicated above, identified specific case studies in their countries. The case studies were intended to address the relationship between a specific climate challenge and the spatial planning system. The authors identified the following as key thematic areas, observable from a country perspective, illustrating the link between spatial planning and climate challenges:




	
Renewable energy investment projects (Greece and Poland);



	
Implementation of green infrastructure (Spain and Portugal);



	
Coastal zone protection (Spain).








The classification does not, of course, mean that other climate challenges are not noted in a particular country. However, according to the authors, these are the challenges that are particularly relevant in terms of their countries’ spatial planning systems. Within a given case study, the response of a specific spatial planning instrument (or the need to respond) to a given climate challenge should be presented. Depending on the situation, this could involve either legal changes (broadening the content of a particular instrument or introducing a new instrument) or changes in planning practice (e.g., local authorities applying a particular instrument in a new way).



In constructing the survey, the authors addressed the following issues:




	
Examining the characteristics of local/regional/national spatial plans in their country, i.e., whether they are legally binding, whether they are mandatorily enacted, and what their content is.



	
Characterizing other instruments relevant to the specific climate challenge (e.g., climate change adaptation plans, sectoral strategies, etc.). The instruments of concern were those related to spatial planning.



	
Characterizing how the spatial plan in the case study was adapted to the climate challenge in question (legally/practically).



	
Describing the consequences of this change, i.e., whether it is having an effect.








The case studies were presented in such a way as to most adequately cover the specific issue and the problems involved. The focus is on the national scale in Greece, a regional case study in Spain, and case studies of municipalities in Portugal and Poland.



The case studies were presented primarily from an issue-based perspective (relating to the topic of the article). Thus, the following sections were distinguished in the results:




	
Characterization of the key features of the spatial planning systems of the countries studied and justification of the way in which a particular case study is presented (the associated planning scale and types of spatial planning instruments).



	
Characterization of the specifics of spatial planning concerning the selected themes.








The questions contained in the first, basic questionnaire (Appendix A) allowed detailed topics of comparison to be identified. It should be pointed out that a very similar way of making comparisons was adopted in other publications [41]. Comparing solutions across countries requires a multi-stage approach. This method of comparison was also used by Alterman [52], whose approach was to identify key issues for the co-authors, followed by detailed verification of the answers and their consistency. Regardless of the methods of comparison used in other publications, we believe that for any publication comparing certain aspects of spatial planning, the authors need to adapt the specifics of the comparisons on their own. This is because the need to adjust particular issues in different countries may vary. In our opinion, the methods of comparison used in this article are sufficient for the purpose. In presenting the case studies of their countries, the authors relied on (1) knowledge of the national literature and legal conditions, (2) detailed analysis of legal acts, and (3) detailed analysis of the identified spatial planning instruments. Combining these three aspects, the authors answered the questionnaire.



An analysis of the literature on the subject leads to the conclusion that it is possible (and legitimate) to compare diverse and often disparate national spatial planning systems [53]. It seems crucial to precisely define what we expect from a particular comparison. Against this background, the possibility of comparing national spatial planning systems in Europe is not in doubt [39,54]. Thus, the possibility also exists when we juxtapose countries from different planning families. The above principle, therefore, applies to the possibility of comparing Poland with countries in the Napoleonic planning family. In fact, it can be shown that most of the features of the Napoleonic and Central European planning families are similar. This concerns the role of spatial plans as legal acts, the perception of the tasks of local government units, the regulatory sphere in planning, and even the defined objectives of spatial planning systems [55,56]. Ultimately, the differences lie in the degree of implementation of the defined goals and objectives. Countries in the Central European family have more barriers and difficulties [57,58,59]. All of this does not make comparisons impossible; on the contrary, it makes these comparisons more necessary and relevant.



The selection of specific issues from the country perspective should also be justified. This was the first stage of the analysis. In the course of the work on the literature review, it was established that on one hand, it is possible to discuss the response of spatial planning (including spatial planning instruments) to the challenges of climate change. On the other hand, it has to be stressed that climate challenges are identified somewhat differently from country to country. It should also be borne in mind that the focus of the article is on translating some general guidelines into concrete national institutional solutions. Collectively, therefore, a distinction was made between those issues that are recognized in the academic discussion of spatial planning systems in each country and those that are translated into institutional solutions. In each case, the identified and country-specific issue is the result of in-depth reflection by each author [59,60,61,62]. The authors do not exclude discussions on the importance of particular climate issues in their national systems. However, they express their conviction that the selected issues in each case meet these criteria to the highest degree.




3. Results


3.1. Basic Characteristics of the Spatial Planning Systems of the Studied Countries


This section presents the features of the spatial planning system of the studied countries that are particularly relevant to the purpose of the work. Of course, this is not an exhaustive characterization of those systems. The authors primarily focused on identifying, for each country, the levels of spatial planning, the real importance, and the key spatial planning instruments. The purpose of the study and the research questions posed first require a characterisation of the basic features of each of the national spatial planning systems studied. Only by isolating such characteristics will it be possible to answer the first research question and create answers to the next research questions.



In Greece, Law 2742/1999 (Spatial Planning and Sustainable Development) [63] initially fostered the principles of sustainable development at all spatial planning levels and defined two levels of spatial planning. The first level, the national planning level, includes the General Framework for Spatial Planning and Sustainable Development (GFSPSD) and the Special Frameworks for Spatial Planning and Sustainable Development (SFSPSD), which includes directions for land use planning that are binding. The second level includes the Regional Frameworks for Spatial Planning and Sustainable Development (RFSPSD), which are in line with the direction of the frameworks at the national level, while complementing and specifying the directions at the regional level. The RFSPSD was instituted in 2003–2004 [35], and all of these frameworks have since been revised.



The spatial and urban planning reform was initiated with Law 4269/2014 (Spatial and Urban Reform—Sustainable Development) [64], which was further amended with Law 4447/2016 (Spatial Planning—Sustainable Development and Other Provisions) [65] and Law 4759/2020 (Modernization of Spatial and Urban Planning and Other Provisions) [66]. These laws refer to the overall restructuring and simplification of the spatial planning system and the hierarchy of spatial plans. The existing structure of the Greek spatial planning system includes three levels [67] based on Law 4447/2016 as amended by Laws 4685/2020 and 4759/2020: (i) the national level, with a nonbinding visionary strategic plan consisting of the National Strategy for Spatial Planning and the Special Spatial Planning Frameworks; (ii) the regional level, with spatial and regional plans consisting of the Regional Spatial Planning Frameworks and the Maritime Spatial Planning Frameworks; and (iii) the local level, with regulatory urban plans consisting of local spatial plans, special urban plans, and implementation urban plans.



In Spain, the regional level is the key level in the spatial planning system [68,69]. The Autonomous Communities approve the territorial planning laws and oversee approval of territorial plans, which can be integrated (i.e., regional or subregional strategies or master plans) or sectoral (planning for a sector, such as energy, coastline, risks, and landscapes, with territorial incidence). For the purposes of territorial planning, the state administration is limited to the approval of land laws, which the Autonomous Communities then adapt to their territories. The regional administration is joined by the local (municipal) administration, which has the power to prepare and execute municipal urban plans for territorial planning within its administrative scope [70]. Administrations at other scales (subregional and supra-local) also have a role in those Autonomous Communities. Thus, it is normal for Autonomous Communities to approve territorial plans (strategies, plans, guidelines) at a regional scale and subsequently draw up plans at a lower scale, generally regional, to elaborate on territorial planning proposals at that scale. In this way, administrations at the local scale (municipality) find close references to better delimit and specify their land needs in municipal urban plans.



In Spain, there is a rich tradition in urban planning that dates back, in the modern sense, to the 19th century, with “Ensanche” plans in many cities. On the contrary, actions regarding spatial planning are recent, limited to the last four decades. The Urban Law of 1956 inaugurated the modern period of land use planning. Until the 1980s, land use planning was understood as involving sectoral policy at the service of urban planning. From then on, with the transfer of power in matters of urban and territorial planning to the Autonomous Communities, it began to be conceived as an interconnected, integrated policy for regional spaces [68]. Therefore, the Autonomous Communities are assigned all power in matters of spatial planning. They are obliged to draw up laws and spatial plans. In addition, they are in charge of ratifying the approval of municipal urban plans. It is necessary to point out the change that occurred in the guiding principle of spatial planning in Spain, from “economic growth” and the allocation of land for housing, equipment, and infrastructure without any criteria regarding environmental impact (1980s and 1990s) to “territorial sustainability” with the approval of the European Spatial Development Perspective [42] and the landscape agreement.



In Portugal, the spatial planning system is composed of two primary territorial tools, known as plans and programs. Among them, only plans are legally binding for private entities, whereas programs hold authority over public administration [70,71,72]. The system is divided into four levels of intervention and action: national, regional, intermunicipal, and municipal [71,73,74]. Civil parishes are not included in this system because of their small size and limited authority [75]. The National Spatial Planning Policy Program (PNPOT) [76] is the sectoral program at the national level that governs the spatial distribution of government strategies for socioeconomic development, including the allocation of significant national public investment projects [77]. At the regional level, regional programs are established for NUTS II areas addressing issues such as the urban system structure, regional infrastructure, environmental protection, and cultural heritage preservation [78,79]. The intermunicipal and local levels constitute the last two levels of the Portuguese framework of territorial planning and management. The former involves collaboration between two or more municipalities on a voluntary basis, whereas the latter involves the creation of a comprehensive municipal master plan, which is mandatory for all municipalities [71]. This legally binding document sets out the spatial development strategy, spatial planning policies, urban policies, and spatial organization model of the municipality [74,75]. The municipal master plan, along with other plans developed by municipalities, must be consistent with the regional program and programs established by the central administration [71,73].



The Polish spatial planning system has three levels: national, regional, and local. The latter is key, i.e., municipalities are recognized as key actors in spatial planning. This is related to the legal framing. At the national level, there is no strategic act linked to spatial planning. The Concept for the Spatial Management of the Country, which went into force several years ago, was cancelled. Work on another document is under way, but it is causing much controversy [51]. At the regional level, the spatial planning instrument is currently still represented by voivodeship spatial development plans. However, they have no binding force and do not set out detailed zoning and land use guidelines. They basically duplicate some of the findings of other acts (e.g., on forms of nature protection). Their only important element is the identification of supra-local investments for public purposes (which must be included in municipal documents). At the local level, there are two spatial planning instruments. The first is the study of spatial development conditions and directions. As the name suggests, they define the municipality’s spatial development concept, but they are not generally binding acts (instead, they must be compulsorily enacted). Local spatial development plans are generally legally binding. They specify the use of land and the rules for its development. However, municipalities are not obliged to adopt these plans, and as a consequence, plans are not in force in most parts of the country [51]. Their equivalent then becomes administrative decisions issued at the request of the investor, that is, decisions on development conditions. This situation exacerbates spatial chaos, leading to uncontrolled development and numerous abuses [54,55].



Table 1 shows the key features of the spatial planning systems studied, relevant to the purpose of the thesis and the research questions.



The systems studied are similar to each other in many respects. First of all, there is a very similar perception of the role of spatial plans at the local level (legally binding acts that zone the land and define the rules for its development). There are also different levels of planning in each country. However, the results in Table 1 show that supra-local planning levels play a more serious role in Greece and Spain. In each of the cases studied, the basic spatial planning instruments do not contain a specific response to the climate challenge (which answers the first research question).



The next stage of the analysis was to answer two further research questions. This required the identification of sectoral instruments for spatial planning, adapted to the climate challenge, in each of the countries studied. However, it must be stressed that due to the specificities of each of the countries studied, in each case, the description of the instrument in question is adapted to the realities of the country in question.




3.2. Spatial Planning Responses to the Challenges of Climate Change Adaptation


3.2.1. Renewable Energy Sources and Spatial Planning at the National Level: A Case Study of Greece


In Greece, there is a separate legislative framework called the Special Framework for Spatial Planning and Sustainable Development for Renewable Energy Sources (SFSPSD-RES) (MEECC, 2008) [80,81], which is based on Law 2742/1999. A revised version is expected by the end of 2023, which will be in the form of a special spatial planning framework based on Law 4447/2016 [65]. The SFSPSD-RES is a sector-specific national spatial plan that includes technical rules and siting criteria for the deployment of renewable energy projects (windfarms, small hydroelectric, photovoltaic, biomass/biogas, and geothermal projects).



The analysis below concerns wind farm projects. Regarding the deployment of wind farms, the Greek territory is divided into three wind priority areas (WPAs) with high wind potential and wind suitability areas (WSAs) that include the rest of the country. The WPAs are located in Northern Greece (regions of Eastern Macedonia and Thrace), in the prefectures of Evros and Rodopi; in Central Greece (regions of Central Greece, Western Greece, and Thessaly), in the prefectures of Viotia, Fthiotida, Fokida, Evritania, Evia, Aitoloakarnania, and Karditsa; and in Peloponnesus, in the prefectures of Arcadia and Laconia. In addition, based on its unique spatial and environmental qualities, and exploitable wind potential, the national territory is divided into the following broad categories: (i) mainland, including Evia; (ii) Attica, which stands alone as a special category of mainland due to its metropolitan character; (iii) the inhabited islands of the Ionian and Aegean Seas, including Crete; and (iv) the offshore marine area and uninhabited islets.



The SFSPSD-RES suggests a maximum land coverage for wind farms that ranges from 4% (in municipalities with high tourist development) to 8% (in WPAs of primary local authorities and in the region of Attica).



The deployment of wind farms should be excluded from the following [81]:




	
Areas with monuments declared to be World Heritage sites and other monuments of major importance, as well as archaeological protection zones;



	
Areas with absolute nature protection;



	
Cores of national parks, monuments of nature, and aesthetic forests;



	
Wetlands of international importance (Ramsar Wetlands);



	
Natura 2000 protected areas;



	
Urban areas and settlements established before 1923 and areas with fewer than 2000 residents;



	
Tourist areas, areas with establishments of organized development of productive activities in the tertiary sector, theme parks, and tourism ports;



	
Sandy beaches and coastal swimming areas;



	
Marble quarries and mining areas;



	
Other areas or zones that fall under a special land use regime where the siting of wind farms is not permitted.








Annex II of the SFSPSD-RES specifies the distance of wind farm installations from neighbouring land, activities, and technical infrastructure networks. There are cases where an absolute minimum or maximum value exists and others where the distance is defined either by a special study, such as an environmental impact assessment, or by a relevant authority. In addition, the SFSPSD-RES includes two criteria for integrating wind farms in the landscape: (i) the overall density of the wind turbines and (ii) the visible horizon covered by the turbines of a rotating 360-degree observer who is standing at the location of interest [81,82].



There is also the National Energy and Climate Plan (NECP) [83], the Greek government’s strategic approach to energy and climate challenges, which lays out a thorough roadmap for achieving particular energy and climate goals by 2030. The NECP establishes specific targets for Greece’s greenhouse-gas emissions in 2030 and determines the country’s energy mix to that point by boosting the use of renewable energy sources and natural gas [83], as well as energy efficiency. The NECP also analyses the investment requirements and the many implications for society, the economy, and the environment, analyses the evolution of the Greek energy system up to 2030, and identifies the policies and measures required to achieve these goals [84]. Apart from the NECP, there are also Regional Plans on Climate Change Adaptation (RPCCAs). Each RPCCA is a comprehensive plan that identifies and prioritizes the necessary measures and actions for the region under study to adapt to climate change. As such, it analyses in depth the necessary sectoral policies and determines the feasibility of individual measures and adaptation actions at the local/regional level. The plan identifies and prioritizes the necessary adaptation measures and actions for a period of seven years.



Wind farms and photovoltaic arrays, which are regarded as the most developed and competitive applications in terms of their impact, are the predominant RES power production applications that will help in achieving the targets in the next decades. The SFSPSD-RES is the legislative tool that sets the restrictions regarding RES siting. In addition, the Regional Spatial Planning Frameworks can propose either a wider RES development zone or actions for mitigation of and adaptation to climate change. Notably, the Regional Spatial Planning Framework of Central Macedonia proposes additional WPAs and enhances the strength of applying the best available practices and technologies to increase energy efficiency, the on-site integration of RESs, and the co-generation of energy in all sectors (public administration, housing, industry, transport) in accordance with the national commitments arising from relevant international and European climate change policies.



The implementation of the SFSPSD-RES has had positive effects on the spatial planning of RESs. Specifically, regarding wind energy, at the end of 2021, a total of 374 wind farms with a minimum of 1 and a maximum of 41 wind turbines were identified, distributed among the 13 administrative regions (ARs) of the country (Hellenic Wind Energy Association). It should be noted that the majority of wind farms (81.4%) that have been deployed since 2008, when the SFSPSD-RES was implemented, are sited in areas compatible with the SFSPSD, showing the effective application of the legal framework. The deployment of wind farms within the boundaries of Natura 2000 protected areas is the main reason for improper siting. However, RES projects can be deployed in protected areas if an environmental impact assessment (EIA) and a specific ecological assessment (SpEA) are performed.



It should also be noted that there are numerous studies in the literature that use the aforementioned legal instrument to propose either suitable or sustainable sites for onshore wind farms in Greece at various spatial planning scales [85,86]. Tegou et al. [87] developed an integrated framework for selecting the most appropriate sites for wind farm deployment on an autonomous independent island in Greece (Lesvos Island, Aegean Sea), considering the limitations imposed by the SFSPSD-RES. In order to support strategic spatial planning for a Greek island (Crete), the SSFSPSD-RES was employed as a fundamental instrument to conduct a thorough evaluation and prioritize regions for site selection of sustainable wind farms at a regional level. This involved the use of a number of exclusion criteria for ensuring minimum distances from neighbouring uses or activities, and technological infrastructure networks. Considering several planning and environmental criteria, Latinopoulos and Kechagia [88] provided a methodology for the systematic assessment of site suitability for wind farm development at the regional level (Regional Unit of Kozani, Prefecture of Western Macedonia). Panagiotidou et al. [89] used the Greek legislation and the international literature to identify potential sites for wind farm deployment in the Dodecanese Islands. The SSFSPSD-RES has also been used to exclude inappropriate sites. The process followed by Bili and Vagiona [85] for wind farm siting on the island of Andros, Greece, was initially based on an exclusion approach based on the SFSPSD-RES regulatory framework. Bertsiou et al. [86] used the SFSPSD-RES to highlight eligible sites for wind turbines in Fournoi Korseon (a cluster of islands in the eastern Aegean Sea). Feloni and Karandinaki [90] presented a GIS-based multicriteria decision-making technique to determine the suitability of wind farms in Chania Regional Unit.




3.2.2. Climate Protection with a Special Focus on Coastal Zones: A Case Study of Spain


The Valencian Community, located on the Mediterranean coast of the Iberian Peninsula in the Spanish state, occupies a prominent position among the Autonomous Communities with regard to the development of territorial planning policies [68,91,92]. It has promoted some successful plans that can be presented as examples of good practice, such as the Valencian Spatial Planning Strategy [92] and the Territorial Plan for Coastal Planning [93]. In four decades of autonomy, territorial planning actions have gone through successive phases of interest on the part of governments, with stages of promotion and of manifest abandonment when considering the spatial planning policy as an obstacle to the promotion of real estate. However, only since the approval of the Territorial Strategy of the Valencian Community in 2001 has it been possible to speak of a determined impulse on the part of the regional administration with regard to spatial planning. The last step was the approval of the new Territorial Planning Law in 2015, by which the protection of the landscape and the use of green infrastructure became the main tools of territorial planning [69]. The scalar hierarchy of planning in the Valencian Community includes the Valencian Spatial Planning Strategy at the top, as the main document at the regional scale for the planning of the territory. In the second position are Territorial Action Plans, which can be of two types: integrated (subregional) or sectoral (coastal, natural risks). This scalar hierarchy is completed by strategic territorial actions and municipal urban plans, with their two categories of management, structural and detailed.



The greatest achievement has been the approval and development of the Valencian Spatial Planning Strategy [92], a basic reference framework on a regional scale for regulating the process of assigning new land uses [94]. This regional spatial strategy raised the quality of the principles of sustainability in territorial planning after a few years of enormous territorial transformation during the decade of the real estate bubble (1998–2008). To this end, 25 main objectives and 147 guidelines were developed [95]. Two fundamental contributions to the future management of the Valencian territory stand out among the voluminous content of this document (30 thematic notebooks): (1) determining green infrastructure and the landscape as the main elements of territorial structuring and the allocation of new land uses and (2) establishing a set of criteria for the growth of residential land, which has become the basis for the control of real estate expansion in the Valencian territory. In this regard, the strategy includes land occupation indices for economic activities and specific criteria for residential land occupation and economic activities in rural municipalities.



In addition, the Valencian Spatial Planning Strategy includes guidelines for incorporating aspects related to mobility, natural risks, climate change, water, housing, energy, logistics, and innovation in territorial and urban planning. A prominent role is given to the public participation process, which must become a core element of planning. The spatial strategy currently in force continues to be the main reference document for the regulation of territorial planning processes at the regional scale, with effects seen at lower scales (subregional and local). Since its approval in 2011, changes have not been warranted, although in the intervening years, the Department of Territory (regional administrative government) has been under strong pressure to modify the maximum rate of land occupation for residential use on the Valencian coastline by the economic sectors related to real estate development (Figure 2).



The Valencian littoral is a geographic space with great tension due to the demand for land to transform it for urban–tourist uses and infrastructure [68]. For this, the regional administration has developed a sectorial territorial plan to protect the few free spaces that remain on the Valencian coast from urbanization. It is called Territorial Action Plan of Green Infrastructure of the Valencian Littoral (PATIVEL). The PATIVEL, approved in 2018, is a typical example of an instrument used for the protection of a fragile and rare space, where diverse and often conflicting uses and interests converge. Hence, there is a need to address its management based on the principles of conservation and sustainable management and within the framework of new criteria for land use planning, since it is based on the concept of a green infrastructure plan, a basic work tool in territorial planning in different countries and regions of the world [96]. The PATIVEL is based on recommendations by the European Parliament and the council on the integrated management of coastal zones to guarantee the control of urbanization while respecting the natural characteristics of the coastal environment. It is also included in the Climate Change Adaptation Strategy of the Spanish coast (Government of Spain), whose proposals include the necessary regulation of coastal land use and adaptation to climate change [97].



The PATIVEL protects a total of 7500 ha of the region’s coastline and integrates 12% of the land that has not yet been urbanized in a 500-m strip from the inner limit of the seashore (Figure 3). The land that remains protected includes, in addition to environmentally catalogued spaces, a few stretches of the coastline that remain unoccupied for urban purposes, do not have an approved urban plan, or are in the process of development [96].



The PATIVEL establishes two types of urban land in the littoral area: (a) land not suitable for coastal protection development (0–500 m inland) and (b) land not suitable for coastal reinforcement development (500–1000 m inland). In the first one, new buildings are not allowed, but the rehabilitation and adaptation of existing ones for residential and tertiary uses related to tourism is allowed. In the second one, tourism camps, space for open sports that do not involve the construction of homes, fuel supply stations linked to communication routes, and hotel and care establishments with low occupancy of the land and rural environment may be authorized.



The PATIVEL even proposes the declassification of developable land without an approved program, the plan’s most innovative and controversial aspect (Appendix B). The protection of these protected areas [98] should incorporate landscape plans, as well as joint management measures between regional and local administrations, and even agreements with landowners for the conservation and management of unique areas that have become part of the coastal green infrastructure. Another option for the future would be for the regional administration to carry out purchase plans for protected land, following the model of other countries.




3.2.3. Implementation of Green Infrastructure for a Resilient and Sustainable Territory: The Case of Setúbal, Portugal


Setúbal is a municipality situated in Lisbon Metropolitan Area, located 25 km south of the city of Lisbon and covering an area of 23,033 km2. According to the 2021 Census, the population of Setúbal was approximately 123,496 inhabitants [99]. It is surrounded by the municipalities of Palmela to the north–northeast, Sesimbra to the west, and Barreiro to the northwest. Setúbal is a significant urban centre in the greater metropolitan area due to its population and excellent transportation connections to Lisbon and other main cities and regions of Portugal. It is considered an essential economic centre of the country, with numerous infrastructures and facilities located along its coastline [100]. Setúbal’s complex territory combines urban and rural features, making it extremely vulnerable to climate risks such as floods, overtopping, tsunamis, coastal cliff erosion, and urban heat islands [101]. Bearing this in mind, the municipality of Setúbal has developed a green infrastructure plan in order to protect the ecological system and promote risk management of the municipality, increasing its resilience and sustainability (Appendix C).



As stated by numerous authors, the definition of green infrastructure in the literature is complicated, resulting in various approaches and planning strategies. The literature employs various terms, such as greenways, ecological networks, and green corridors, to describe the same concept, green infrastructure, and in Portugal, this is also the case. In 1987, the term “continuum natural” was introduced and legally defined as green infrastructure in the Portuguese Environmental Policy Act, which focused on sustainable development, natural resource optimization, and preservation. This act established a mechanism to safeguard the “public right to a human and ecologically balanced environment” and the state’s obligation to promote the act through individual and collective efforts. However, the concept of green infrastructure was only officially introduced in Portuguese legislation in 1999 through Decree-Law 380/99, the legal framework for territorial management instruments that established land classification and qualification criteria, as well as technical concepts for territorial management and urban domains. With the approval of Decree-Law 380/99 [102], all municipalities were required to delimit green infrastructure at the municipal level. Nevertheless, it was only in Regulatory Decree 9/2009 that the technical concept and the areas that should be part of green infrastructure were defined. According to this decree, green infrastructure, referred to as municipal ecological structure, is “a collection of areas that, due to their biophysical, cultural, and landscape characteristics, ecological continuity and structure, contribute primarily to the ecological balance, protection, conservation, environmental assessment, landscape, and natural heritage of rural and urban areas” (Decreto Regulamentar No. 9/2009|DRE; no date) [103].



In the Portuguese spatial planning framework, green infrastructure is integrated within the master plan, a legally binding document, at the municipal level. Green infrastructure also consists of other legally binding components, such as the national agriculture reserve, national ecological reserve, and public water domain (RAN, REN, and DPH, respectively), according to Portuguese law. Public green spaces and other areas necessary for maintaining environmental balance and protecting natural heritage, such as those supporting hydrologic cycle regulation, bioclimatic regulation, air quality improvement, and biodiversity preservation, are part of green infrastructure within urban boundaries.



The green infrastructure plan of Setúbal was developed in accordance with the Portuguese legal framework in force and acts as a management tool for ecological systems within the municipality, promoting sustainable development and ensuring the conservation of natural resources. This infrastructure consists of different areas that contribute to the ecological balance of the territory, including rural and urban spaces; spans over 91% of the municipality; and comprises two structures, fundamental green infrastructure and urban green infrastructure (Figure 4) [104]. The former covers 81.7% of the territory and protects areas essential for natural system functioning, while the latter covers 9.5% and was designed to improve ecological processes in built-up areas [101].



Setúbal’s green infrastructure plan covers spatial systems with recreational, production, and protection functions. As a tool for environmental planning, the GI plan of Setúbal is aimed at protecting natural resources, regenerating environmental systems, and integrating with higher-level spatial planning instruments, such as regional and national plans. In addition, this instrument is intended to promote the sustainable development of the territory through the compatibility of urban and rural uses with the integration and enhancement of the natural, cultural, and landscape heritage, as well as the requalification and regeneration of spaces of high environmental value. This objective also unfolds into concrete objectives that are divided into three large groups: the guarantee of ecological functions, the preservation and enjoyment of cultural and natural heritage, and the development of national and sectoral strategies at the local level.



The green infrastructure of Setúbal does not constitute an easement or restriction of public utility. As a planning instrument, the GI plan has a regulatory and propositional aspect, aimed at protection and concession among systems, and a multi-scalar aspect, aimed at integrating the different scopes of the instruments of territorial management. In addition to safeguarding the existing ecological systems, it also allows the creation of new ecological units that can give continuity to the structure, either through networks of municipal green corridors and large inter-municipal ecological corridors or, at a more local level, with the creation of green areas for recreation and leisure, and protected and framed green areas.



Due to Setúbal’s unique coastal location, it is highly vulnerable to various climate change risks, such as earthquakes, floods, tsunamis, overtopping events, wildfires, overheating, droughts, and storms [104]. However, not all areas are covered by land management instruments and restrictions, leaving urban areas, which are the most vulnerable to risk, unprotected. The green infrastructure plan is the only municipal planning instrument that considers the preservation of ecological functions and the promotion of local strategies to reduce risks in urban areas.




3.2.4. Lack of Consideration of Climate Objectives in Spatial Planning (with Particular Reference to Renewable Energy Sources): A Case Study of Poland


In Poland, there is a distinct lack of spatial planning solutions directly aimed at achieving climate goals. From this perspective, planning issues for coastal zone protection are not significantly addressed. The concept of green infrastructure is discussed in practice but in isolation from the legal framework [29]. In the institutional sphere, only the relationship between spatial planning and the thematic areas concerning the implementation of renewable energy sources is noticeable. In addition, sectoral solutions are also lacking here. The description of the case study can, therefore, be reduced to the following:




	
An analysis of the legal solutions (at the central level) concerning the spatial aspects of renewable energy implementation;



	
An analysis of the content of the exemplary spatial plan.








National Level


As mentioned above, there are no spatial plans in Poland other than at the local level. It should be added that the Polish case study is a decidedly negative example. Despite the extensive content of spatial plans, their provisions on renewable energy sources are not extensive. There is only an indication in the Spatial Planning and Development Act that a local plan providing the possibility of locating buildings also allows the location of micro-installations in the case of land use other than production, unless the provisions prohibit the location of such installations [105,106]. This is tantamount to saying that it is not necessary to include micro-installations (of renewable energy sources) in spatial plans. Micro-installations can be realized regardless of the content of the spatial plan.



The situation is different for wind power plants. According to the special law on investments in wind power plants, such an investment can only be developed on the basis of a spatial plan. Recall that municipalities do not have to adopt spatial plans. Therefore, if a municipality decides not to adopt a spatial plan providing for a wind power plant, such an investment will not be developed. In addition, the enactment of a spatial plan for a wind power plant is subject to strict reservations. It is only possible to adopt such a plan if the wind power plant is situated more than 700 m from a residential development (until recently, the distance was even greater, amounting to 10 times the height of the wind turbines). The guidelines for a plan providing for the siting of wind turbines are as follows:




	
It should specify the maximum overall height of wind turbines.



	
It should at least be drawn up for an area where no new residential buildings or buildings with mixed functions may be located.








The explanatory memorandum accompanying the draft resolution on the preparation of a local plan providing for the location of a wind power plant should contain, in particular, the maximum overall height of the wind power plant to be determined in that plan [107,108]. Guidelines formulated in this way have prompted reluctance on the part of municipalities to adopt plans for renewable energy sources for many years. The consequence is a very poor level of implementation of these investments in Poland [107].




Local Level


Specific examples of municipalities and their approaches to spatial plans should be used as a basis for assessing individual practices. For example, the municipality of Międzyzdroje (in the northwest of Poland) takes a varied approach to the issue of renewable energy sources in spatial plans. The scope of planning prohibitions may be associated with prohibiting the location of any wind energy facilities. This type of prohibition is correct from a formal and legal perspective; however, it may provoke a discussion on the legitimacy of such general planning decisions. It should be emphasized that it also covers appropriate micro-installations (all the more so, as other conditions are required for wind power plants specified in the act on the execution of investments in wind power plants). The scope in which the possibility of realizing diverse renewable energy sources is allowed is much broader.



Another part of the provisions is concerned with the parts of the plans that define the rules for expanding/upgrading heat supply systems. In these cases, heating systems that “use renewable sources” are permitted. This is a very broad inclusion. Sometimes, in order to eliminate possible doubts, key types (heat pumps and solar collectors) are specified. This framing can sometimes provoke a divergent approach to the interpretation concerning other (not explicitly mentioned) devices. The authorization of photovoltaic cells on the roofs of buildings can also be singled out. In the international discussion on the role of renewable energy sources in spatial planning, the appropriateness of such detailed regulations (from a systemic perspective in terms of national legislation) is considered. The prevailing voices are inclined to support eliminating the obligation to introduce such guidelines. There is currently no such obligation in the Polish system. One more direction should be noted, related to determining the possibility of siting structures/facilities in a given area, concerning the extraction and use of geothermal energy. It is important to emphasize the preservation of other functions of the area in question (e.g., those related to green areas).







4. Discussion


The aim of this work is to identify how spatial planning instruments support selected objectives related to climate change adaptation. The analysis shows that such support from spatial planning instruments exists in three of the countries studied. However, such support is lacking in the Polish system. At the same time, in all systems, the basic (classical) spatial planning instruments do not contain an adequate response to the climate challenge. Therefore, in three of the countries studied, sectoral instruments were drawn up (in different, distinct ways). The key is that spatial planning complies with a scalar hierarchy, so that the higher scales (state or regional) have priority over the local scale, when developing the actions established in the plans. Thus, state or regional scale plans must contain the main determinations and measures for adaptation to climate change, which must be developed in detail in local (or supra-local) scale urban plans.



In principle, therefore, it is not sufficient to use solutions linked to spatial plans at the local level to effectively integrate climate change adaptation objectives into spatial planning [49]. Land zoning at the local level or simple restrictions on land use introduced in spatial plans are obviously an important dimension. However, this will not be sufficient without the support of other solutions. Indeed, municipalities can and do impose spatial restrictions on selected climate change adaptation targets to varying degrees. Very often, they may succumb to pressure from communities or individual investors who are reluctant to do so [20]. Therefore, support from higher planning levels and sectoral instruments is indeed important. It should also be stressed that the climate challenges in the studied countries (except Poland) significantly limit the autonomy of municipalities in spatial planning. In many national spatial planning systems, this principle is considered very important. However, it cannot be treated absolutely. The presented case studies lead to the conclusion that climate change adaptation objectives provide a justification for more serious interference by supra-local authorities in spatial planning. However, this demand cannot be understood as being directed at deepening centralization. Nevertheless, in most countries, there are thematic aspects that are shaped to a directional extent at higher levels of public authorities (e.g., directional solutions for environmental impact assessments, delimitations of forms of nature protection, delimitation and protection of historical monuments, etc.). Undoubtedly, key objectives related to climate change adaptation belong to this group [16].



Intervention from the perspective of national authorities can vary in practice. One example is a sectoral plan on renewable energy planning in Greece adopted at the national level. An important solution included in such a plan is to delimit areas with specific opportunities for the realization of renewable energy sources nationally. Such a plan would take various steps to define the rules for locating renewable energy sources: defining investment exclusion zones and indicating (in other areas) the maximum land coverage by investments, defining the distance from wind farms to other investments, and defining criteria for integrating wind farms into the landscape.



From a national perspective, green infrastructure solutions in Portugal are also relevant. The implementation of green infrastructure is different from the implementation of renewable energy sources. Nevertheless, both issues are significantly linked to climate change adaptation objectives. The implementation of green infrastructure in Portugal is also based on national-level solutions that explicitly bring this institution into the legal sphere. This includes defining green infrastructure and relating it to specific areas on a national scale. However, in Portugal, green infrastructure is effectively developed and implemented in the spatial plans at the local level, as illustrated by the case study presented above. The planning approach is to link green infrastructure to the designation of individual sites. Evidently, however, the support of national and regional instruments is crucial in this context, since they are the spatial plans that provide guidelines about which areas should be preserved and protected and enable green infrastructure to be effectively integrated into planning at the local level.



The Spanish case study is different; there, the regional level is key. Identifying key (evolving) spatial planning objectives should be considered an appropriate solution. From a regional perspective, identifying the extent to which specific (climate-important) land is allocated for housing and economic development should be considered important. Again, this provides a serious point of reference for the spatial planning framework at the local level. The sectoral instrument on the coastal zone deserves a separate mention. This special plan explicitly classifies land from the perspective of buildability (introducing two categories of land) and even proposes, for certain cases, the declassification of land that was previously considered suitable for development.



The different nature of the introduction of development restrictions or specific types of zoning between sectoral instruments and traditional spatial plans is noteworthy [41,109]. In these cases, specific restrictions and guidelines result from in-depth sectoral analysis (this is not always the case in traditional spatial plans). At the same time, it is important to link the indicated solutions with those of the second group identified, i.e., non-standard solutions. In Greece, Spain, and Portugal, the solutions presented are different in detail but have important features in common: (1) interference by supra-local authorities in spatial planning and (2) the introduction of sectoral instruments in which land use restrictions, based on in-depth analysis, are combined with other, less standard solutions for spatial planning. In each analysed case, this has a positive effect spatially. It involves the smooth implementation of renewable energy investments (Greece), the effective protection and shaping of green infrastructure (Portugal), or the effective protection and development of coastal zones (Spain). Figure 5 provides a summary of climate protection considerations in the spatial planning of the studied countries.



The article’s contribution to the discussion on spatial planning is an analysis of different sectoral spatial planning instruments in different countries that respond to climate challenges. It is shown that traditional spatial planning instruments generally do not contain solutions that are particularly relevant to climate challenges. The role of supra-local spatial planning instruments was also demonstrated. This should be considered a novelty of our research. Norman indicated that local perceptions of climate challenges are not enough [1]; however, she did not relate this reflection to specific spatial planning instruments. A similar approach is lacking in studies on methodologies for comparing spatial planning systems [3]. Such studies lack an in-depth analysis of the role of spatial planning instruments from the perspective of climatic challenges [39,41]. Where the link between climate challenges and specific instruments was analysed, this was performed primarily with reference to a single country example [4,12,27,36]. At the same time, the studies did not provide a broader account of the different climate challenges and their translation into the transitional planning instruments of different countries. On the contrary, the focus has been on individual challenges [28]. There is also a lack of emphasis on the role of strategic spatial planning in addressing climate challenges [28]. It should also be added that from a more topic-specific perspective, the article fills in the research gaps. The topic of green infrastructure has been analysed at great length [62,97]. What is lacking, however, are analyses that, on one hand, treat green infrastructure explicitly as a response to the climate challenge and, on the other hand, include an in-depth reflection on the optimal institutional response of spatial planning to this challenge. More often than not, such an approach can be distinguished from renewable energy sources [105]. For this topic, a certain barrier is the comparison of the indicated climate challenge and other challenges.



Due to the importance of the effects of climate change on the European territory, the European Union should approve a directive on spatial planning that prioritizes these processes during the development of mitigation and adaptation actions and makes it possible to coordinate processes and work scales effectively in each member country. Likewise, this directive should oblige the EU countries, as the European Flood Directive (60/2007) [109] has done, to prepare a map of the effects of climate change on the territory (such as heat islands, main climatic risks, and sea level rise on the coast), which should be mandatory in the spatial planning processes carried out in all countries of the European Union. In any case, such a directive should force countries to make sustainability and climate change the main guiding principles of spatial planning in the European territory.



It should be stressed that the process of preparing sectoral instruments was somewhat different in Greece, Spain, and Portugal. In Greece, the key sectoral plan was introduced at the national level. This required a prior analysis of the feasibility of renewable energy investment in specific areas of Greece and the optimal ways in which it could be ensured with the spatial plan. The resulting sectoral plan contains the results of both types of analysis, directly tailored to the document. In Portugal, the key analysis covered how the concept of green infrastructure was formulated in the law. Thus, it was not a spatial analysis but a legal analysis (including the choice of specific wording). In Spain, the importance of the regional scale must be emphasized. The analysed strategy covers diverse issues, not only those related to the topic indicated above. In this case, therefore, it can be pointed out that the analysis related to the preparation of the regional strategy was based on the integration of development policies. The PATIVEL can be viewed differently. The plan contains both the results of sectoral analysis and regulatory provisions. It thus brings together the two aspects indicated above. In conclusion, it can be indicated that in the studied cases, the link between spatial planning and climate challenges relies on at least one of the above-mentioned activities:




	-

	
Conducting in-depth sectoral analyses of the spatial challenges to implementing a particular issue and optimal institutional solutions.




	-

	
Framing the issue in relation to other development objectives, i.e., integrating development policies.




	-

	
Reflecting on how to frame specific issues in such a way that they are effectively translated into spatial planning.









This research adds to the body of knowledge concerning comparisons of spatial planning systems and the response of spatial planning instruments to climate challenges. In the literature, two ways of comparing planning systems can be distinguished: more synthetic (and consequently simplified) comparisons, covering more countries, and in-depth studies, covering fewer countries.



This research provides important insights into directions for adapting spatial planning instruments and addressing climate challenges. A key conclusion is that the involvement of supra-local authorities is necessary to properly support approaches to climate challenges in the spatial sphere. Supra-local instruments can ensure effective alignment of the spatial and climate challenge spheres. Of course, this thesis applies differently in different spatial planning systems. However, the experiences of the countries analysed in this paper lead to the conclusion that being limited to local solutions in the analysed scope is not enough. The authors consider this conclusion to be an important contribution resulting from this article.




5. Conclusions


In Greece, Spain, and Portugal, it was found that the traditional approach to spatial planning was not sufficient. Therefore, supra-local and sectoral instruments were developed to combine selected climate change adaptation objectives with spatial planning objectives. This contributed to significant support for the implementation of individual objectives. A different example is Poland, where no similar significant institutional arrangements were found. Consequently, the implementation of climate change adaptation objectives is moderately noticeable in the Polish spatial planning system.



The paper achieves the research objective by explaining how the spatial planning systems of the four countries studied address climate challenges. Barriers were identified: the weakness of “traditional” spatial planning instruments in this regard and the limitations of the local level of spatial planning (first research question). A possible way forward was identified, including sectoral spatial planning instruments (second research question). The integration of climate change adaptation objectives into spatial planning is an important and necessary task. At the same time, the study shows that effective integration of spatial planning and climate change adaptation goals is possible. An in-depth analysis of system options in each country seems necessary. On one hand, it must be borne in mind that there is always a risk of over-regulating a given system and incorporating solutions that are excessive in relation to the needs. On the other hand, adapting to climate change is one of the key priorities for all countries in the world. In addition, at least in most cases, the alignment of climate change adaptation objectives with spatial planning is very important and necessary. This justifies both the development of sectoral solutions and the more-than-standard intervention by supra-local authorities in spatial planning at the local level.



This article obviously has important research limitations. The main limitation is the diversity of national spatial planning systems. Therefore, the detailed description of each case study, as well as the way in which the selected spatial planning instruments are characterized, is different. The solutions look slightly different in each national spatial planning system. This applies not only to legal solutions but also to planning practice. Thus, the authors were able to collate comparable problems that exist in each of the studied countries. However, this article does not, of course, include all details of the functioning of the studied national spatial planning systems. This must be taken into account when trying to apply the conclusions to other national systems (which are also, in many respects, internally complex). Despite these obvious differences, it was possible to identify common, universal thematic elements.



The issues taken up in the article should be followed up. An important challenge is to analyse the approaches of spatial planning systems to climate change adaptation in other countries. However, this requires a very detailed analysis of both the systemic and constitutional conditions of each country and the features of its spatial planning system, as well as sectoral solutions. It may be particularly important to identify those countries in which climate change adaptation goals are primarily implemented within the framework of spatial planning at the municipal level and positive effects have been observed. In addition, climate change adaptation objectives other than those identified in the article require similar analysis.
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Appendix A


Questionnaire:




	
Please characterise the local/regional/national spatial plans in your country. Please specify whether they are legally binding acts, whether they are enacted for the whole area (whether there is an obligation to do so), and please briefly describe the content of the spatial plans.



	
Please indicate how the spatial plan (or other spatial planning instrument) in your case study was adapted to the climate challenge you describe. Please indicate whether this adaptation had to significantly change the framework of the spatial planning system.



	
Analogously characterise other spatial planning acts related to the climate challenge you describe. Perhaps the characterisation of the spatial plan needs to be complemented by an analysis of another act/document with which the spatial plan has a significant relationship, in your view.



	
Please describe the consequences of the introduction/modification of the spatial planning instrument. Did it have the expected effects? If so, what do they consist of?
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Figure A1. Regulated urban land for tourist uses on the littoral of Valencian Community. (A) Legally protected areas; (B) example area on coast of Castellón province (to the north). Source: PATIVEL. 1—Strict protection soil (urban uses are prohibited). 2—Conditional protection soil (some sustainable urban uses are allowed). 
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Figure A2. Geographic location of municipality of Setúbal (data source: Carta Administrativa Oficial de Portugal). 
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Figure 1. Separation of issues and case studies for research purposes. 
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Figure 2. Green infrastructure map of Valencian Community. Source: Valencian Spatial Planning Strategy [68]. 
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Figure 3. Protection areas on Valencian coast included in PATIVEL. Source: PATIVEL. 
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Figure 4. Green infrastructure of Setúbal (fundamental and urban) (source: Ferreira et al. [80]). 
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Figure 5. Key determinants of climate protection in spatial planning from the perspective of the studied countries [42]. 
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Table 1. Key features of the national spatial planning systems studied.
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	Greece
	Spain
	Portugal
	Poland





	The national scale still appears to be crucial. This is especially true for sectoral renewable energy issues (from a spatial planning perspective).
	The regional spatial planning scale is key.
	The local scale is key.
	The local scale is key. However, in the case of Poland, the broader institutional weaknesses of the system must be taken into account.
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