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Abstract

:

Contemporary spatial planning struggles with many difficulties resulting from, inter alia, ongoing climate change. Ongoing environmental transformations pose many challenges for spatial policy across the entire globe. The aim of this paper is to analyse the effects of climate change on urban spaces in Poland and to answer the question of whether planning practice promotes adaptation to climate change and, if so, to what extent. This paper uses a descriptive and comparative research methodology to interpret planning provisions used in selected local spatial development plans in terms of the arrangements that aim to prevent the negative consequences of climate change. The subject of the analysis is the content of general and detailed plans defined in the texts of the examined resolutions of applicable local plans in the Lower Silesia and Greater Poland voivodeships. This study assessed the validity of applying specific planning provisions. This interpretation was determined on the basis of a review of the current provisions in the Polish law, literature on the subject, as well as the author’s own professional experience in the field of spatial planning. The quantitative and qualitative research results are summarized in a table and also examined and described in detail. Examples of planning records that were used in the analysis of local plans are cited and compared. Finally, the adaptation challenges posed to spatial planning in Poland at the local level (communal) based on the obtained quantitative data on the issues were studied.
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1. Introduction


Scientific studies carried out over many years indicate that both the social and economic development of many countries is threatened by the effects of climate change. Taking into account the scientific data provided by the Intergovernmental Panel on Climate Change (IPCC), which has already published five reports since 1990, it should be pointed out that the consequences of not heeding to environmental changes are increasingly destabilizing the spaces in which people live. The awareness of these consequences is crucial for making decisions on certain adaptation activities that could possibly apply on a large scale. The urbanization process undoubtedly proves that intensive development, mainly urban areas, has occurred. The term “development” has a decidedly meliorative overtone if we consider the gradual and complex process aimed at generating increasingly elaborate forms and, in some respects, also more perfect.



Among the significant sources of pro-ecological knowledge in Europe, two organizations act as important information exchange panels, both among decision-making bodies and society: the European Climate Adaptation Platform (ECAP) and the European Environment Agency (EEA). They represent the development and agreement adaptation policies on climate change at the European Union level. At the international level, two reports by the United Nations Environmental Programme (UNEP) and International Panel on Climate Change (IPCC) should be identified.



The results of many years of observations carried out in Europe and across the entire globe show that excessive emissions of greenhouse gases, mainly carbon dioxide, contribute to global warming.



Global warming disrupts the Earth’s energy balance on the basis of the so-called radiation forcing. The disruption in the climate system occurs as a result of the unlimited production of pollution as well as massive deforestation. This phenomenon has significantly progressed since the beginning of the industrial era (after 1850). Undoubtedly, anthropopressure affects the state of the spatial order and also creates irreversible environmental consequences [1].



Reports by the International Panel on Climate Change (IPCC) point to further widespread changes that have led to warming not only in the atmosphere, but the ocean as well. The result of ocean warming is a rise in the sea level as well as a reduction in Greenland’s and the Antarctic’s ice sheets (i.e., loss of mass and shrinkage). Progressive changes in the average annual temperature and precipitation have had an impact on many factors affecting the climate.



Based on the 1992 United Nations Framework Convention on Climate Change (UNFCCC or FCCC), rules for international cooperation regarding the reduction in greenhouse gas emissions into the air were defined. However, it was not until 1997 that the Kyoto Protocol introduced specific limits on these emissions [2]. Ultimately, all measures should aim to achieve environmental improvements first and foremost. Attempts to implement measures to adapt to the current extremely dynamic climate situation generate enormous costs, up to USD 100 billion annually in developing countries. It is important that all activities are undertaken at multiple levels by both the public-sector and private-sector, including within the framework of international agreements.



In fact, only since 2010 have strategic government documents referred to issues of climate change in a global context. Earlier studies of this type (even those from the beginning of the 21st century) were not concerned with climate issues. After the publication in 2013 of the European Commission’s guidelines on the development of an adaptation strategy [3], strategic and sectoral documents began to take into account measures for adapting to climate change. Based on an analysis of the strategies of European cities, the need to include aspects of adaptation to climate change was clearly needed, as well as planning documents in the field of spatial development, i.e., at the municipal level [4].



The implementation of the spatial policy in Poland has been conducted on the basis of a statutory planning system in accordance with the provisions of the Urban Planning and Development Act of 27.03.2003 [5]. Proper spatial management determines the proper adjustment of the planned directions of development to the existing conditions. This is essential in creating a human living environment.



Article 2, Section 2 of the Urban Planning and Development Act of 27.03.2003 [5] refers to the definition of sustainable development, which is contained in the Environmental Protection Law Act of 27.04.2001 [6]. This concept defines the principles according to which the spatial policy should be implemented. Actions aimed at respecting the environment have a special place in this process. Barbara Szulczewska points out that, especially when planning the directions of urban development, as well as its transformations, landscape ecology in practical terms is of fundamental importance [7]. The definition “landscape ecology” has been used in Polish literature since the 1990s thanks to two researchers—Richling and Solon. The third—the last level of landscape ecology—deals with the implementation of possible actions based on environmental research [8]. Therefore, thoughtful planning activities are particularly important, especially in the context of the ongoing climate changes.



As indicated in the review “A Review of Urban Planning Research for Climate Change” published in 2017, the awareness of progressing climate change increased significantly, especially in 2005–2008. Climate issues began to be considered, taking into account the multidimensional approach to research on their effects and the possibilities of preventing a negative impact on the environment. From 2010, extensive activities in spatial management began on the basis of a strategic and adaptive approach to climate policy issues [9].



Currently, many scientific conferences (national and international) address climate issues, also in the context of the challenges posed to spatial planning to prevent the negative effects of climate change. It is worth mentioning the concept of the relatively new scientific field of “urban climatology”, which focuses on the study of contemporary phenomena occurring in cities and, then, using appropriate urban planning tools, attempts are undertaken to implement certain solutions to improve the climate of these cities [10].



Thermal conditions in cities were written about in 1818 by Luke Howard, who pioneered the study of the city’s climate [11]. Krzysztof Fortuniak points out that as early as the beginning of the 19th century, Polish researchers (Antoni Magier and Wojciech Jastrzębowski) noted that buildings, especially their character, undoubtedly have an impact on the local climate of cities and settlements, as evidenced for example by the temperature differences between those in the city centre and those in the suburbs [12]. This phenomenon has been called the “urban heat island” (UHI) and affects not only cities, but also every urbanized area outside of cities. At present, it is indicated that the UHI negatively affects both the inhabitants of urban environments and people and ecosystems located far from cities [13].



In turn, in 2019, Anita Bokwa carried out research work for the city of Krakow [14], where sodar data and satellite images were also used. Research conducted today, taking into account the changes having taken place over several decades, is of particular importance.



A team of Chinese scientists studied the variability of the UHI phenomenon in Shanghai from 1961 to 2017. It turned out that over these 56 years, the intensity of the UHI was 0.4 °C higher at night than during the day. Moreover, with regard to the designated stages of the differentiated temperature increase in the city area and taking into account the accelerating process of urbanization, it was indicated that the phenomenon of the “urban heat island” also spread to the suburbs and rural areas (especially after 2000) [15].



In turn, a team of Polish researchers performed an analysis of the intensity of the urban heat island in Warsaw that took place over the past ten years (2008–2017). The purpose of the analyses was to develop a statistical model. The research was based on the relationship between the air temperature observed in a ground station and the temperature of the city surface, which was detected remotely. The results were carried out for various locations in the city with a different type of land cover and taking into account the different degree of urbanization [16].



Additionally, today, the relationship between climate change and urbanized spaces has been indicated. The table (Table 1) below shows how climate change has progressed until now and what the predictions are for the scale of climate change over the next few decades within Poland’s borders (from 1971–2090). This comparison shows the undoubted dependence of climate warming on the functioning of the environment on many levels.



The monographic study “Contemporary problems of Polish climate” edited by Longina Chojnacka-Ożga and Halina Lorenc is an interesting series of scientific and research publications, showed how many physical factors affect the Polish climate (i.e., temperature, insolation, radiation, hydrological conditions and rainfall) and what are the adaptation needs of urbanized areas [18]. The cited studies indicate the need for a reasonable use of the results of existing urban planning practices to improve the living conditions in the city. It is also extremely important to reduce the negative impact of developing cities on the environment.



This article focuses on the analysis of the provisions of selected local spatial development plans, based on literature sources and the author’s several years of professional experience in the field of urban planning. This new research approach aims to identify the challenges for spatial planning in Poland in the context of the threats posed by ongoing climate change. In the course of the research, indications are sought which could further define the types of land use which could contribute to the improvement of the climate situation in Poland. Finally, the applied planning provisions are assessed in the context of adaptation possibilities to climate change. The subject of the research included planning studies for the area of Lower Silesian and Greater Poland voivodships. Out of over one hundred planning studies, about half are selected and subjected to further analyses. The selection method used is described later in the article.




2. The Effects of Climate Change Important for Urban Spaces


Systematically conducted scientific models (based on measurement data from satellites, so-called space probes, here, in the concept of the research, scientific ones) simulate the processes of climate change. On the basis of scientific models, it is assumed that further emissions of greenhouse gases will significantly contribute to the successive warming of the climate, the increase in average precipitation, the acidification and warming of the ocean as a result of the continuing rise in carbon dioxide concentrations, or the shrinking of the global ice cap and the spring snow cover in the Northern Hemisphere [19].



It is, therefore, necessary to indicate what effects current climate change is having on the functioning of urban spaces. On the other hand, spatial management also influences the aforementioned climate changes. This statement makes it clear that spatial planning is specifically challenged to prevent the possible consequences of climate change through well thought-out spatial policies. The concept of adaptation was, therefore, introduced as an activity, which should also refer to the adaptation of specific planning systems to an ever-changing reality, including the environment.



Therefore, planning policies should be conducted on the basis of an integrated environmental and climate policy. Developing a strategy at the local level is of fundamental importance and is extremely difficult, not only in Poland. Management at the commune level encounters numerous limitations, which result mainly from unadapted legal regulations as well as from the complexity of various issues—spatial, social, economic—that need to be reconciled [20].



A national policy of adaptation to climate change is being carried out in the territory of Poland. The KLIMADA project identifies 12 sectors for which specific “Urban Adaptation Plans” are undertaken in individual regions (voivodships) (the following sectors: construction, energy, water management, mining, forestry, urban areas, agriculture, biodiversity, coastal zones, transport, tourism and health) [21]. From the local planning point of view, the “urban areas” sector is essential, as it relies on activities that have a direct impact on spatial management at the local level. The local stage of the urban planning system in Poland includes activities aimed at developing local spatial development plans. It should be noted that the provisions of these plans should be consistent with overriding (master) documents—also in the field of environmental protection, as well as those relating to climate issues. Planning studies at the commune level constitutes a kind of practical interpretation of national and international regulations and management policies [20].



In the Polish legislation, the scope of the local spatial development plan is defined in the Ordinance of the Minister of Infrastructure on the required scope of a draft local spatial development plan of 26 August 2003 [22]. Issues related to the broadly understood environmental protection are one of the required provisions of the local draft plan, which are dictated by the above-mentioned regulation.



Katarzyna Szmigiel-Rawska notes that, from a legal point of view, actions under the adaptation policy to climate change in Poland are not the responsibility of local governments. However, they are responsible for all activities aimed at protecting the environment and the health of the population, which in fact indicates that, indirectly, local governments, nevertheless, have the competence to uphold the climate policy [23]. Urban expansion is one of the main factors having a negative influence on the environment. The scale of the expanding city of Shanghai over the last 32 years is presented below (the city’s population has doubled since the 1980s from 12 million to 24 million, and the city’s surface area has more than quadrupled from 119 square miles—around 308 km2—to 503 square miles—1302 km2; this is how insightful data provided by the Landsat 5 and 8 satellites are as part of NASA’s Earth Observatory program).



Based on the intensity of transformations in this Chinese city, as well as in other developing cities, there has also been an increase in surface areas characterized by higher temperatures. These temperature differences occur during the day, but are most noticeable late in the evening, especially in winter. These differences were estimated as high as 10 degrees Celsius (°C).



As indicated by Krzysztof Billewicz, issues related to the “urban heat island” also relate, to a large extent, to the issues of energy efficiency of buildings [24]. Assuming that some of the heat that is inside the buildings escapes to the outside through imperfections and leaks in the insulation, a rising ambient temperature would be noticed.



In analysing the effects of climate change in urban areas, it is also important to point out the problem of flooding, which, especially in recent decades, has caused a great deal of damage and, hence, losses, both public and private. The policy of counteracting floods is one of the most difficult and complex in the area of spatial management. Despite the fact that floodplains are areas of particular conflicts, they are often intended for development in local plans without any restrictions, which results in tragic consequences caused by floods [25]. Planning arrangements, based on the available flood hazard maps for the area of Poland [26], should introduce specific indications for possible restrictions on investments in flood risk areas.



Urban spaces are currently undergoing many changes also in terms of adapting certain spatial solutions to changing climatic conditions in order to prevent their negative effects. The method of investing has had a dramatic impact on the climate, as it causes its irreversible change. On the other side, the progressing climate change has had a destabilizing effect on spatial management, and, thus, on safety, health, and sometimes also human life.




3. Research Method—Analysis of Planning Provisions in the Context of the Possibility of Preventing the Effects of Climate Changes


3.1. Justification for Undertaking Research Based on Legal Regulations in Poland


It is not easy to analyse the planning provisions, which are applied in local spatial development plans, for their ability to care for environmental protection with emphasis on the prevention of possible effects of climate change for at least two reasons. First, progressing climate change has continuous, significant and often unpredictable effects. The second reason is the insufficient and unclear provisions of the Polish law regarding specific options of a local plan to encompass climate policy.



The task of local planning in Poland is primarily to determine the functions of the areas (the type of their destination), as well as the principles of their management and development. Ordinance of the Minister of Infrastructure on the required scope of a draft local spatial development plan of 26 August 2003 clearly indicates the obligation to also include in the local plan the requirements for the protection of spatial order, environment, nature and landscape, as well as cultural heritage. Therefore, while developing a local plan, there is space for addressing climate issues by defining arrangements aimed at respecting the natural environment.



As part of the prevention of the impact of the progressing climate change, planning at local level in Poland makes it possible to introduce guidelines which take into account the rational use, also with respect to agricultural land and forest areas. Determining the appropriate functions of an area based on the existing conditions, while taking into account the directions for its development, is both the most important and the most difficult task in spatial planning. An issue is also the arrangements for the development and management of investment areas. Buildings themselves are also of particular importance. Within their adaptation it is recommended to improve housing standards while taking into account climate change mitigation, in particular by reducing demand for electricity. Changing climatic conditions requires looking for alternative sources. Hydro, wind and photovoltaic energy present unlimited possibilities for the development of renewable energy, which can reduce the combustion of fossil fuels.




3.2. The Area of Research


Forty-two valid local spatial development plans located in the area of Lower Silesia and Greater Poland regions were selected for this study, out of more than one hundred plans. The approach consisted of selecting such studies which were characterized above all by a diversified functional and spatial programme. The target use of selected areas was built-up and undeveloped areas. Furthermore, they included areas where complex planning and development issues could be expected to occur. Such areas undoubtedly included those located along river valleys, located in a special neighbourhood of economic, production and industrial zones, within the reach of city centres, as well as agricultural and forest areas with a dense network of drainage ditches. Thus, planning provisions for areas with different functions were analysed in order to indicate whether the way in which the given area was developed, as well as the type of development and its nature, would cause various environmental effects that influence climate change.



The nature and intensity of development was also relevant to the study. Local plans located in both urban and rural areas were, therefore, selected. The scope of the study also considered the date of adoption of the analysed plans to include those introduced over the span of less than fifteen years (in the range of 2006–2021), that is, on the basis of the amended Urban Planning and Development Act of 27 March 2003 [5], and Ordinance of the Minister of Infrastructure on the required scope of a draft Local Spatial Development Plan [22].




3.3. Research Course and Results


According to the research, the first part of the planning arrangements—the general one—most often indicated the need for appropriate treatment of paved surfaces, i.e., parking lots, manoeuvring yards, or single parking spaces, as well as all access roads within the local plan. It recommended securing these pavements to prevent any oil or other chemical substances from seeping into the ground. It was also proposed that appropriate gradients be used to allow water to run off and, thus, also drain in a controlled manner. Action based on preventing oil derivatives from reaching the ground was identified as key. Another provision commonly included in local plans concerned the absolute protection of existing squares, roadside greenery around buildings and communication routes, as well as the obligation to minimize actions aimed at cutting down the existing trees (Figure 1).



In addition, it was pointed out that all undeveloped and unpaved areas should be used for various forms of greenery. These provisions are essential to prevent/protect against the possible fragmentation of green spaces and allow for the formation of an appropriate climate in built-up areas. It is noted that compensation for biologically active areas should be sought to the greatest extent possible.



From the point of view of climate issues, the regulations applied in the detailed arrangements concerned the determination of values of particular urban planning coefficients for built-up areas. These concerned the size of the development area as well as the minimum ratio of biologically active surfaces. Depending on the type of site, as well as the location of the analysed site, these values varied the most—from the level of 10 to 90%. For the process of adaptation to climate change, the values of the above-mentioned indicators are of less importance in themselves. It is essential to use appropriate proportions of these coefficients in relation to each other, while also determining the appropriate development intensity index.



Sometimes, the planning provisions of the analysed plans indicated the need of a share of a specific type of greenery in the adopted biologically active area, e.g., assuming that at least 70% of building plot surface of the area was to constitute a biologically active area, a minimum of 50% of this area was recommended to be designated for high greenery.



For functional areas (e.g., MW, MN, U, or P), but also for public roads of specific classes (e.g., KDZ, KDL, KDD), where a small minimum proportion of biologically active area (e.g., at a level of at least 10% of building plot surface) was indicated, the so-called green zones were sometimes additionally delimited, where detailed arrangements on the manner of their development were specified for each of them (Figure 2).



The most frequently used provisions include the prohibition of building development on at least 90% of the area of a given zone and the prohibition of parking spaces. Such indications make it possible to introduce additional guidelines, so that the ground surface, which is arranged in such a way as to ensure natural vegetation, constitutes, e.g., at least 75% of the area of each green zone, of which at least 40% should be covered with high greenery, assuming that, in addition, the protection of all trees applies.



Skilfully planned green infrastructure helps to eliminate the effects of advancing climate change on many levels. It increases the cooling effect of the surface and reduces the effects of the UHI phenomenon [29], cleans the air of pollutants, creates a specific microclimate or protects biodiversity. The possibility of modelling green and blue infrastructure networks, especially in urban areas, may contribute to noticeable changes in the perception of contemporary urbanized spaces [29].



Further provisions required of the regulation, which concern the principles of modernization, expansion and construction of communication systems and technical infrastructure, in most cases indicate the need to use the existing ones, and, in their absence, absolute implementation of new ones or expansion of the current technical infrastructure systems (i.e., water supply networks, sanitary sewage system, etc.). In contemporary cities, changes are clearly noticeable, especially in the communication infrastructure, which causes wide-ranging spatial changes [30]. In the context of the provisions for the discharge of rainwater and snowmelt, it was recommended to first remove oil-derived substances, as well as suspended solids, if present, from rainwater, before discharging it into the stormwater drainage system. Protection of land as well as groundwater is essential in the era of urbanization in times of climate change. An important provision found especially in urban areas is the one concerning the management of rainwater. The analysed local plans allowed for appropriate technical solutions to retain rainwater and snowmelt (e.g., from roofs and hardened areas) on the plot or within the property. Storage of rainwater contributes to the prevention of the effects of climate change, but is also an important element of the policy of minimizing the costs of sewage infrastructure. In 2005, the US city of Philadelphia saved USD7 billion as a result of raising fees for stormwater drainage from properties. The effect of the increase in costs had been to change the attitude of residents to small-scale retention. They even started covering their roofs with vegetation and planting trees by the pavements [31]. There had, therefore, been a significant increase in permeable surface area across the city.



Among the planning provisions in the analysed selected plans, there were also such that referred to the limited possibilities of draining naturally occurring ditches. The permission only applied to intersections with streets, internal roads, footpaths, pedestrian and bicycle paths and also in other places that justified the development of the area for a public purpose.



For the purpose of stormwater drainage, some of the analysed plans included the obligation to use solutions consisting in the management of all or part of these waters at the place of precipitation, through economic use, evaporation, infiltration into the ground or direct retention. It should be noted that this provision is not just one of the possibilities for the described water management, but an obligation to be fulfilled, from the point of view of the planning provision relating to the specific areas identified in the local plan in question.



Within the framework of pro-ecological and pro-climate arrangements defined in development plans, it is worth pointing out that they are often based on all kinds of resolutions adopted on behalf of a given voivodship, commune or town council. One of the most important are the so-called anti-smog resolutions adopted by the provincial assemblies based on the legal basis of Article 96, the Environmental Protection Law Act of 27.04.2001 [6]. Their goal is to significantly improve air quality in urban areas. In the context of smog prevention, recommendations on the type of heating equipment allowed and the types of prohibited fuels are also included in local plans. The analysed local plans included methods of heat supply. The supply of heat should be based on the use of district heating networks, if available. In the absence of these, it should be possible to supply heat from local heat sources that operate, for example, using gaseous or liquid fuels. In turn, the use of electricity or unconventional heat sources for heating purposes is a kind of proverbial milestone towards improving the climate. It is important that the heating of buildings does not cause excessive gas or dust emissions to the atmosphere. To sum up, local spatial development plans recommend the use of heating equipment with high efficiency and a low pollution generation.



When analysing the so-called agricultural and forestry plans, where plan areas were designated as undeveloped areas of agricultural and forestry character, the main provision used in the general arrangements of the plan included the obligation to maximally preserve the agricultural and forestry production space. The areas in the form of existing mid-field watercourses and drainage ditches are protected. For many agricultural areas, a complete ban on the location of buildings, sometimes even including buildings related to agricultural production, is foreseen. The same applies to woodlands and afforestation. Moreover, in a situation where it is possible to construct buildings and carry out development connected with agricultural industry (in particular in terms of collecting and storing plant protection agents, mineral and organic fertilizers), it is required to apply solutions preventing penetration of pollutants into water, soil and ground, in accordance with separate provisions.



A special place in the local plans is occupied by the arrangements for the areas intended for water facilities in the form of flood embankments. They are located in the vicinity of river beds as part of flood prevention. In the case of such functions, in the first place, there is a ban on any buildings, cultivation of land, as well as planting trees and bushes on the dikes themselves and within a distance of less than 3 m from the foot of the dyke on landside. It is also prohibited to dig wells, ponds, pits and ditches within 50 m of the foot of the dike, also on the landside (Figure 3).



When it comes to planning new buildings in areas of high flood risk, the planning arrangements used in the analysed local plans were somewhat differentiated.



At times, provisions made it compulsory to prohibit newly designed development altogether. In other cases, on the other hand, they allowed new development, e.g., single-family housing, but only in an area where the flood depth was less than or equal to 0.5 m (Figure 4).



For areas at particular risk of flooding, according to some local plans, other strict conditions must also be met in the form of specific restrictions, e.g., allowing only buildings without basements, or the need to raise the floor level of the building by at least 0.5 m above the floodwater level, etc.



With regard to electricity supply using renewable energy sources, local plans in areas of intensive settlement usually allow for equipment with a capacity of up to 100 kW (photovoltaics) (Figure 5a). Special protection zone boundaries, within which a number of bans and orders were in force, were set for the location of renewable energy generation facilities with a capacity exceeding 100 kW (wind farms) (Figure 5b).





4. Research Results


Table 2 below summarises quantitative and qualitative data illustrating the provisions, indications and restrictions applied in the examined local spatial development plans, which may be important in preventing the negative effects of climate change. In the course of the analysis of the planning provisions of selected studies, the applied provisions relating to climatic issues were classified into the following groups: 1—urban indicators (min. biologically active area and max. built-up area (in %)); 2—specific determinations of the area functions; 3—regulating heating issues; 4—rainwater management; 5—technical infrastructure systems; 6—protection of green areas; 7— ban on building development (e.g., in agricultural and forest areas). Finally, 17 plans covering urban areas and 25 plans in rural areas were examined. All analysed local plans were valid studies (as of May 2021), and the date of enacting the local laws was in the range of 2006–2021.



Based on the summary table presented above, the conducted analyses showed that all the plans subject to the study contained arrangements that determined the urban coefficients in the form of the minimum share of biologically active areas (Pbcz), as well as the maximum built-up area factor (Pz)—column no. 1. In two cases out of the forty-two, the biologically active factor was set at 0% (local plans no. 11 and 16), but only in one case this was due to the situation where the built-up area equaled the plot area, a provision justified in the specific example.



Column no. 2 notes the application of certain specific provisions for the functions of the area applied in several local plans, as well as specific provisions that specified these defined functions (in 17 out of 42 cases). Among the most popular examples, there were the permits for photovoltaics to be located in designated zones on agricultural land, but also on functional areas indicated (EF) in the plan (local plans no. 10 and 29). In one case (local plan no. 9), specific locations of renewable energy sources with a capacity exceeding 100 kW (wind farms—EW) were determined, together with the designation of their protection zones.



Another specific arrangement of some of the plans was that investment areas were supplemented with separate green zones, which were given specific development rules (e.g., a line of trees, an acreage of tall greenery, plantings of insulating greenery high in terms of burdensome functions). One of the local plans (local plan no. 18) prohibited backfilling ponds and drainless depressions of the land, and at the same time required the preservation of the existing watercourses and ditches, as well as the continuity of the existing drainage system. Local plans with special conditions, characterized by flood risk zones, recommended the construction of embankments on agricultural land to protect residential development from flooding. Where there were existing dykes in the planning areas, it was agreed that these dykes, but also any watercourses and drainage ditches, should be absolutely protected.



Heating (column no. 3) was provided for in the analysed plans in most cases by a regulation requiring the use of highly efficient heating devices with low pollutant emissions, less often, however, with a specific reference, e.g., to the use of ecological fuels as in the local development plan no. 8.



With a few exceptions, most of the examined plans established the principles of rainwater management mainly on the basis of the so-called small-scale retention principle (column No. 4). Small-scale retention is essential because, when combined with large-scale retention investments, it can counter droughts and floods, which are among the most dangerous effects of current climate change.



All analysed local plans provided arrangements for technical infrastructure systems in the form of underground utilities (column no. 5).



Plan areas that designated some areas as green spaces, overwhelmingly mentioned the requirement to protect these areas (column no. 6).



As almost half of the analysed plans to some extent included agricultural, forest or broadly understood green areas (managed and unmanaged) within their boundaries, provisions limiting the possibility of development were applied in order to maintain or extend their non-investment character, which certainly prevented the uncontrolled spread of construction (column no. 7).




5. Conclusions


Spatial planning faces an exceptionally difficult scenario for the future in the present reality. Industrialization, technological progression and unrestricted urbanization have led indirectly to dramatic climate change on a global scale. Heads of State and Governments decided in 2007 to reduce greenhouse gas emissions by 50% by 2050, compared to 1990 levels [33]. This enormous challenge was posed to states as part of comprehensive international agreements.



Adaptation activities to the occurring climate change include various planning interventions in Poland, which are implemented at the national, regional and local level. An unquestionable challenge for spatial planning in general is the possibility of defining such planning provisions that would guarantee the application of pro-ecological spatial solutions. Moreover, one of the most important recommendations for legislative changes is the transformation of planning systems from passive to proactive [34].



This article focused on the opportunities offered by local spatial planning arrangements to prevent the possible consequences of climate change. An increase in the average annual air temperature, as well as changes in the average annual precipitation, strong winds with weather anomalies in the form of tornados, floods, sudden and heavy snowfall, or long-lasting droughts leading to dangerous fires, threaten humanity, generating enormous losses and costs.



Following analyses of the planning provisions applied in selected local spatial development plans for areas located in the Lower Silesia and Greater Poland regions, certain practices of applying varied arrangements were noticed, which were aimed to minimize the occurrence of negative effects of the extensive urbanisation process on the environment. In the context of the negative consequences that the progressing climate change was causing, the research showed that instructions tended to be both general and site-specific. The most important message resulting from the analysed planning studies was the absolute requirement to manage space in accordance with the principles of sustainable development. Restricting the location of projects that may have a significant impact on the environment is required especially in the reach of residential zones. Subsequent recommendations include the use of such urban indicators that allow for differentiating the height of buildings adequately to the location and adjacent space (high buildings in the city centre, low buildings on the outskirts of the cities, while maintaining an appropriate distance between buildings in both cases). Ensuring a high ratio of biologically active areas in relation to the area of the development plot (also with the use of technical treatments in the form of, e.g., green roofs or facades), as well as planting greenery in open spaces to loosen up the development are essential for the urban climate.



As part of pro-environmental measures that contribute to counteracting the effects of climate change, the findings from the reviewed local plans included the need to save energy and obtain it from alternative sources. It was recommended to develop sustainable transport, the use of highly efficient and low-emission heating equipment, all in the context of reducing the effect of the so-called ‘urban heat island’. The shaping of space with the use of appropriate urban planning tools took into account the local air circulation, for example, by moving the building lines away from the borders of watercourses, rivers or ecological courses, and by recommending low greenery in such areas and contrasting the adjacent surface coverage.



In the context of urban sensitivity studies, adaptation abilities should be taken into account, including the characteristics of the progressive changes for the present and for the future [35]. This principle indicates that the decisions that are taken now will undoubtedly have an impact on the near, but also distant future.



Adaptation plans alone cannot change the course of events, especially since scientific theories also mention the human-made causes of climate change. The Milankovitch theory states that, due to the shape of the Earth’s orbit, including the position of the Earth’s axis relative to this orbit and relative to the Sun, the Earth has had different cycles in its history. This changing position affects the different levels of energy reaching our planet. In extreme moments, this level may deviate from the norm by up to 20–30 percent. It should be borne in mind that the observed climate change is an extremely long-term process and, ultimately, difficult to predict, despite current extensive climate research. Moreover, many variables influence the effects of climate change.



On the basis of the conducted research and keeping in mind the progressing climate change, a fundamental question arises: are the planning provisions proposed in Poland’s local spatial development plans sufficient to counteract the effects of the progressing climate change? To fully answer this question, additional research would need to be conducted. Undoubtedly, however, the arrangements used in the local plans under review were in themselves potentially of great value to the developed spaces. The planning provisions cited in this article indicated an undoubtedly interdisciplinary approach of these plans to the shaping of space in Poland and the fact that they take into account the protection of such spaces, as well as natural and environmental elements which function independently and accompany it, and whose degradation has an impact on climate change. It is important to be aware that the opportunity for contemporary spaces lies primarily in developing harmony between man-made and natural systems, directing both towards a development that has the potential to build both social and environmental capital [31].



In fact, the research conducted so far has undoubtedly highlighted a significant problem in the planning system in Poland at the commune level. The planning provisions used in local spatial development plans are only able to prevent progressing climate change to a small extent. The limitations are largely the result of the completely unclear position of the Polish law regarding the necessity and possibility of applying specific binding planning provisions that could regulate a climate policy at the level of local planning. In addition, there are no appropriate tools to verify whether, in the course of the implementation of the local plan, arrangements aimed at preventing the effects of climate change have been taken into account, and then implemented. Many of them are only so-called recommendations, not requirements. Moreover, the pro-climatic arrangements in the development of local spatial development plans are definitely immeasurable. Spatial planning focused on the needs of contemporary spaces that struggle with climate change should be carried out in an integrated manner, without systemic and hierarchical divisions. Only multi-sectoral action can prevent or mitigate the effects of climate change [36].
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Figure 1. Arrangements of the local plan: (a,b) leaving the squares areas without the possibility of building development, maintaining the ring system of greenery in the city centre. The arrangements of the neighbouring areas include the function of greenery arranged for basic purpose, on par with the areas of multi-family housing and service buildings. Source: [27]. 
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Figure 2. Green zones (marked with an openwork gradient) designated in the areas of functions: service (U), economic activity (AG) and public roads (KDL), except for strictly functionally defined green areas (Z). Source: [28]. 
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Figure 3. A fragment of the planning study supporting agricultural and forest functions, with the prohibition of building the presented areas, taking into account the natural routes of drainage ditches and flood embankments from the river bed. Source: [27]. 
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Figure 4. Image of the local plan in some areas of particular flood risk. Source: [32]. 
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Figure 5. Personnel from the approved local development plan in the Lower Silesia Province, in rural areas, indicating the location of the areas of energy production from renewable sources: (a) whose power does not exceed 100 kW—photovoltaics (EF1); (b) with a capacity exceeding 100 kW—wind farms (EW1) with a protection zone. Source: [27]. 
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Table 1. Changes in climatic factors which have occurred in the area of Poland and which are likely to occur by 2090, on the basis of climate research data 1.
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	Climatic Factors
	1971–1980
	1981–1990
	1991–2000
	2001–2010
	2011–2020
	2021–2030
	2041–2050
	2061–2070
	2071–2090





	Annual average temperature (°C)
	7.4
	7.8
	8.0
	8.2
	8.6
	8.7
	9.3
	10.1
	10.6



	Number of days with T min <0 °C
	114
	107
	101
	102
	97
	97
	82
	72
	65



	Number of days with T max >25 °C
	27
	27
	30
	29
	36
	35
	37
	46
	52



	Number of degree days, T < 17 °C
	3616
	3488
	3374
	3234
	3237
	3236
	3005
	2803
	2664



	Length of the growing season T > 5 °C (in days)
	199
	205
	210
	217
	223
	224
	237
	247
	253



	Max. daily rainfall (mm)
	25.4
	25.6
	25.6
	31.5
	30.3
	31.9
	32.2
	32.9
	33.7



	Longest dry period (precipitation < 1 mm) (in days)
	20
	21
	21
	20
	22
	22
	22
	24
	24



	Longest wet period (precipitation > 1 mm) (days)
	9
	9
	9
	9
	9
	9
	9
	9
	9



	Number of days with snow cover
	100
	87
	84
	82
	71
	71
	58
	49
	42







1 Source: Own elaboration based on project expertise KLIMADA [17].
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Table 2. Summary of results from the analysis of planning provisions used in selected local spatial development plans in the context of possible prevention of the effects of climate change 2.
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Lp.

Local

Plan

	
Thematic Groups of Issues Included in the Analysed Local Plans

	
Other Data on the Local

Development Plan (Urban Area—U; Rural Area—R; Date of Adoption of the

Local Plan)




	
1

	
2

	
3

	
4

	
5

	
6

	
7




	
Urban Indicators

	
Specific

Determinations of the Area

Functions

	
Regulating Heating

Issues

	
Rainwater Management

	
Technical

Infrastructure

Systems

	
Protection

of Green

Areas

	
Ban on Building

Development (e.g., in Agricultural and Forest Areas)




	
Min.

Biologically

Active

Area (%)

	
Max.

Built-Up

Area (%)






	
1

	
x

	
x

	
-

	
-

	
x

	
x

	
x

	
x

	
R; 2017




	
2

	
x

	
x

	
-

	
-

	
x

	
x

	
-

	
x

	
R; 2015




	
3

	
x

	
x

	
-

	
-

	
x

	
x

	
x

	
x

	
R; 2016




	
4

	
x

	
x

	
-

	
-

	
x

	
x

	
x

	
-

	
R; 2015




	
5

	
x

	
x

	
-

	
-

	
x

	
x

	
x

	
x

	
R; 2017




	
6

	
x

	
x

	
-

	
x

	
x

	
x

	
-

	
-

	
U; 2020




	
7

	
x

	
x

	
x

	
-

	
x

	
x

	

	
x

	
R; 2020




	
8

	
x

	
x

	
-

	
x

	
x

	
x

	
-

	
x

	
R; 2020




	
9

	
x

	
x

	
x

	
x

	
x

	
x

	
x

	
x

	
R; 2016




	
10

	
x

	
x

	
x

	
-

	
x

	
x

	
x

	
x

	
R; 2016




	
11

	
x

	
x

	
x

	
-

	
x

	
x

	
-

	
-

	
U; 2013




	
12

	
x

	
x

	
x

	
-

	
x

	
x

	
x

	
-

	
U; 2018




	
13

	
x

	
x

	
x

	
-

	
x

	
x

	
x

	
-

	
U; 2020




	
14

	
x

	
x

	
x

	
x

	
x

	
x

	
-

	
-

	
U; 2020




	
15

	
x

	
x

	
x

	
-

	
x

	
x

	
x

	
-

	
U; 2017




	
16

	
x

	
x

	
x

	
-

	
x

	
x

	
-

	
-

	
U; 2014




	
17

	
x

	
x

	
x

	
-

	
-

	
-

	
x

	
x

	
U; 2012




	
18

	
x

	
x

	
x

	
x

	
x

	
x

	
x

	
x

	
R; 2015




	
19

	
x

	
x

	
x

	
x

	
-

	
x

	
x

	
x

	
R; 2006




	
20

	
x

	
x

	
x

	
x

	
x

	
x

	
x

	

	
R; 2011




	
21

	
x

	
x

	
-

	
x

	
x

	
x

	
x

	
x

	
U; 2021




	
22

	
x

	
x

	
-

	
x

	
x

	
x

	
x

	
x

	
U; 2020




	
23

	
x

	
x

	
x

	
x

	
x

	
x

	
x

	
-

	
U; 2021




	
24

	
x

	
x

	
x

	
x

	
x

	
x

	
x

	
-

	
U; 2021




	
25

	
x

	
x

	
x

	
x

	
x

	
x

	
x

	
-

	
U; 2012




	
26

	
x

	
x

	
-

	
x

	
-

	
x

	
-

	
x

	
R; 2006




	
27

	
x

	
x

	
-

	
-

	
x

	
x

	
x

	
x

	
R; 2006




	
28

	
x

	
x

	
-

	
x

	
x

	
x

	
-

	
-

	
R; 2006




	
29

	
x

	
x

	
-

	
x

	
x

	
x

	
x

	
-

	
R; 2018




	
30

	
x

	
x

	
-

	
-

	
-

	
x

	
x

	
-

	
R; 2006




	
31

	
x

	
x

	
-

	
-

	
x

	
x

	
x

	
x

	
R; 2006




	
32

	
x

	
x

	
-

	
x

	
x

	
x

	
x

	
x

	
R; 2006




	
33

	
x

	
x

	
-

	
x

	
x

	
x

	
x

	
-

	
R; 2006




	
34

	
x

	
x

	
-

	
x

	
x

	
x

	
-

	
x

	
R; 2015




	
35

	
x

	
x

	
-

	
x

	
x

	
x

	
-

	
-

	
R; 2015




	
36

	
x

	
x

	
-

	
x

	
x

	
x

	
-

	
-

	
R; 2015




	
37

	
x

	
x

	
x

	
x

	
x

	
x

	
x

	
-

	
R; 2021




	
38

	
x

	
x

	
-

	
x

	
x

	
x

	
x

	
-

	
R; 2020




	
39

	
x

	
x

	
x

	
-

	
-

	
x

	
x

	
-

	
U; 2010




	
40

	
x

	
x

	
-

	
-

	
-

	
x

	
x

	
-

	
U; 2013




	
41

	
x

	
x

	
-

	
-

	
x

	
x

	
x

	
-

	
U; 2017




	
42

	
x

	
x

	
-

	
-

	
-

	
x

	
x

	
-

	
U; 2011








2 Source: author’s study.
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