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Abstract

:

Cities—being places where both growth at large and human activity concentrate to the maximum extent, as well as being places of creation, innovation, and development—have been facing the challenge of adaptation to changing climate conditions. Successive greening of urban spaces is becoming an indicator of civilisational progress and one of the most important aspects of sustainable urban development and quality of life of city dwellers. It also represents a part of the sustainable management of natural resources and energy in the urban environment. This article addresses the subject of urban space greening, perceived as one of the ways of mitigating the effects of climate change. The study focuses on a comparative analysis of various planning and implementing activities related to green areas, as well as on available quantitative data on the greening and climate change adaptation of 44 Polish cities with urban adaptation plans (UAPs) in place. The research, covering the years 2017–2023, identifies the variety of urban greening methods, initiatives, and tools used in the process of urban planning and urban design. The results of the study showed that measures planned by local authorities lacked detailed tools as well as a long-term and systemic approach to greenery, energy, and space management. On the other hand, what was observed in the implementation was an apparent prevalence of urban acupuncture spots and a failure to make the most of all the benefits of the adaptive, social, and ecosystem-forming role of urban greening. The authors imply that their research can be used to formulate conclusions and guidelines for urban development policies which highlight the role and raise the importance of the greening of Polish cities under all urban investments, particularly in the process of adaptation of urban areas to climate change.
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1. Introduction


1.1. Context of the Problem and Purpose of the Research


Cities are natural habitats of humans. This seems obvious, and yet, on the one hand, the duality of human nature leads to people’s tendencies to juxtapose dwelling places with nature, while on the other hand, people seek to live close to nature [1]. The search for a balance between the natural and built environment manifests itself in both the spatial and functional structure as well as urban composition, but also in the urban natural systems and lifestyle of inhabitants. As socio-economic, cultural, and natural conditions have changed, the ways in which cities, nature, and humans relate to one another have also evolved. The predominant consumerist attitude towards nature and its resources in the past, has undergone transformation. Ecological awareness has emerged, emphasising the need to establish a partnership between human beings and nature, and making the trend towards growth-balancing significantly more discernible [2]. Greenery has become a factor in overcoming the challenges associated with the pace of life in highly urbanised societies [3,4]. Attention has shifted towards the potential of green areas to provide ecosystem services—basic, provisioning, regulatory, and cultural—that yield measurable economic, social, and environmental benefits for cities [5]. The current challenges facing civilisation have necessitated a continuous search for optimal solutions to achieve compact, green, resilient, and sustainable cities. Green areas have become a crucial element in the urban strategies of adaptation to climate change, and the role of greenery in adaptive and mitigative activities has been emphasised. Since large urban centres are particularly vulnerable to climate change, maintaining adequate proportions between urban natural and built features, preserving the continuity of natural systems, as well as protecting, creating, and appropriately managing urban green areas have become essential to both sustainable urban development and the struggle against the adverse consequences of climate change. Cities in transition have been striving to create new urban systems based on natural structures. The development of blue–green infrastructure, the implementation of nature-based solutions (NbSs), urban greening, biodiversity conservation, and the sustainable management of greenery and water bodies make cities more resilient, influencing their social and economic well-being, and providing a healthier and more attractive living environment. Functioning within a well-designed green urban environment has become a determinant of the quality of city life, encompassing aspects such as a sense of security, health, social relationships, freedom of choice and action, and the foundation for a dignified life [5]. Architects and urban planners are crucial to this process as they utilise both the constraints and the opportunities posed by climate change while shaping resilient and appealing urban spaces serving residents in the most effective fashion. The planning and implementation of innovative solutions determine the success of this approach.



This article delves into the topic of the importance of increasing urban greening in cities to tackle climate change impacts. The implementation of strategies and programmes by cities for the renewal, development, and adaptation of urban spaces to climate change through successive greening contributes, by definition, to solving environmental, spatial, and social problems. This, in turn, leads to improving the quality of life of residents and promotes sustainable development at the local level. The aim of this article is to analyse planned and implemented activities related to greening and adaptation to climate change in 44 large Polish cities with urban adaptation plans (UAPs). These cities differ in structure, degree of socio-economic development, degradation levels of individual elements of the natural environment, density of development, land use, and sensitivity of individual zones to climate change. However, a commonality among them is a systemic approach to climate change adaptation and awareness of the role of greening in increasing the resilience of urban spaces, their attractiveness, and the well-being of residents. The research, covering the period 2017–2023, serves as the basis for identifying the connection between urban greening and climate change adaptation, as well as the relationship between planning, theory, and urban practice.




1.2. State of Research


Urban greening analysed against the context of climate change adaptation is a subject which has been continuously explored over recent years [6]. Depending on terrain characteristics, spatial assumptions, technical possibilities, and residents’ needs, urban greenery serves various functions: biological, educational, economic, aesthetic, recreational, and leisure-related. Considering the relevant natural, functional, and locational factors, urban greenery can vary in terms of size, the species composition of vegetation, as well as its arrangement and development. Urban nature comprises parks, squares, lawns, urban forests, areas used for agriculture, allotment and backyard gardens, private gardens, surface greenery along transportation routes; roadside trees, tree clusters, individual trees, shrubs, and small clumps of greenery; vegetation on banks of watercourses and reservoirs, as well as areas of spontaneous succession [1]. If adequately utilised, an understanding of urban greenery becomes a significant factor of urban development [7,8,9]. The European Biodiversity Strategy for 2030 emphasises the importance of creating green areas. It also highlights the need for tree planting and the development of green infrastructure in cities to mitigate and reduce the negative effects of climate change [10,11]. In recent years, concepts related to urban nature, such as green infrastructure, NbSs, and urban ecosystem services, have grown in importance. The European Commission defines green infrastructure, regardless of its location in urban or rural areas, as a network of natural and semi-natural areas that provide ecosystem services and support biodiversity [12]. NbSs are a broad concept used in urban planning policies, encompassing various approaches to urban greening [13]. NbSs include ecosystem-based adaptation (EbA), blue and green infrastructure, ecological engineering, and many more solutions [14].



What proves particularly important within the thematic scope addressed in this paper are the studies pertaining to the role of urban greening against climate change adaptation [15]. Greenery improves microclimates [16], increases air quality, and reduces noise pollution [17]. Some studies encompass mitigation of urban heat islands and floods, as well as the potential benefits behind hydrological and thermal efficiency [18]. The variety of strategies proposed comprise increasing the presence of urban greenery using green roofs, green walls, or vegetated urban spaces [19,20]. A significant focus in research is on supporting local ecosystem services. Many studies imply that urban nature, green infrastructure, NbSs, and the processes taking place in nature should be utilised to manage and create healthier urban environments [21]. Research clearly demonstrates the abundance of health, climate, environment, and economy-related benefits of greening. These benefits can be expressed in measurable, quantitative, and financial terms [22], and can be measured by the decline of urban pollution (carbon sequestration and solid particle filtration), water regime regulation, biomass production, reduction of greenhouse gas emissions, increase in property value (impact of green neighbourhoods), improvement in productivity (greenery viewed from workplaces), reduction of cooling demand, optimisation of daylight entry, shading by greenery, temperature reduction by greenery, and decrease of energy costs (providing insulation and shading, making buildings cooler in summer and warmer in winter) [23].



Numerous studies confirm the positive impact of green areas on the quality and attractiveness of urban spaces, the health of city dwellers, as well as their activity levels and capacity for regeneration [24,25]. Research spans various spatial scales, including regional and local perspectives [26,27]. Many of these studies were carried out within the framework of a sustainable approach to strategic and implementation activities [19]. Some identify the needs and preferences of different social groups, such as residents, experts, planners, and urban space managers [28].



The benefits of greening can also be assessed in an immeasurable way by studying human–environment interactions, combining natural structures and ecological functions with services useful to urban residents [29,30]. The use of adequate tree and plant species, and the availability of parks and open spaces are associated with physical activity [31], leisure, and diverse forms of recreation [32], creating a sense of place and cultural identity [33]. Additionally, studies show that contact with greenery improves mental health, which consequently reduces mortality and incidence of chronic diseases [34], and strengthens social relationships, including those between neighbours [35]. Man-made urban green areas, properly designed in terms of species diversity, can effectively increase biodiversity [36,37]. The latter can be both preserved and enhanced by linking in-city natural areas, enabling wildlife migration [12].



While it appears that urban greening is perceived as the ultimate solution to urban issues, other studies highlight its problematic aspects, such as the spread of allergens, the emission of volatile organic compounds, the diseases transmitted by urban animals, the damage to infrastructure and facilities, or the decreased sense of security [38,39,40,41,42]. Furthermore, various aspects of urban greenery have not been sufficiently studied, including the environmental impact of greenery, the costs behind the implementation of green solutions, and outdoor thermal comfort [6].



In this article, the problem of urban greening has been addressed in the context of adaptation to climate change and the relationship between theory, planning, and the implementation of solutions in the urban space of multiple Polish cities. Such an approach to the matter in question is a rarity across the literature on the subject, and to the best of the authors’ knowledge, Polish cities have not yet been compared with one another from this perspective of green planning and implementation.




1.3. Development Policy of Polish Cities in the Context of Greening and Adaptation to Climate Change


The local development policies of Polish cities leading to urban greening in the context of adaptation to climate change require cohesion with the EU guidelines as well as the relevant national and regional policies, to be ensured. Polish national and local planning and strategic documents are inextricably linked with the greening policy envisaged in the documents adopted by the European Commission. The European Union’s policy encourages member states to undertake specific measures, including to increase biodiversity in urban areas. One of the key provisions of the Biodiversity Strategy for 2030 urges European cities with a population of inhabitants greater than 20,000 to develop urban greening plans [10].



With reference to the provisions of the Biodiversity Strategy for 2030, the Polish National Urban Policy 2030 [43], adopted in 2022, proposes a range of solutions that position the activities related to urban greenery towards the adaptation of cities to climate change. Among its variety of solutions, it envisages the introduction of blue–green infrastructure management plans as a step towards systematic resource management of blue–green infrastructure in cities. Furthermore, the document recommends that cities introduce standards for the protection and shaping of greenery in investment processes, including limitations on tree felling. It also advocates legal subjectification of blue–green infrastructure. These activities are not referred to as greening per se, since in Poland this process is associated with vegetation planting, especially of trees, which is not a broad enough notion in the context of all the possible measures undertaken in the process of urban space greening. Blue–green infrastructure management plans for cities do not have to be separate and elaborate documents of urban policy. They can be part of larger documents or plans, especially those considering the organisational and financial capabilities of individual cities [43]. Such plans may be included, for example, in UAPs.



UAPs have become widespread in Poland thanks to the initiative taken by the Ministry of Climate and Environment aimed at developing 44 adaptation plans for cities with a population exceeding 100,000 inhabitants. The project was implemented between 2017 and 2019, and on account of its sheer scale, it represented the largest initiative of such nature in Europe. All 44 UAPs followed a uniform methodology described in the Adaptation Handbook for Cities [44].



In 2021, work commenced in Poland on the Draft Law on the Amendments to the Environmental Protection Law and Certain Other Laws. The purpose of the Draft was to introduce provisions strengthening the climate dimension of urban policy and supporting environmentally friendly initiatives in cities by taking the measures related to climate change adaptation into account. The rationale behind the provisions outlined in the Draft was to obligate cities with a population of inhabitants equal to or greater than 20,000 to develop UAPs and to incorporate the conclusions and recommendations arising from these plans into their local strategic and planning documents. The Draft was planned to be adopted by the Council of Ministers in the second half of 2023 [45].



An important part of the policy for the greening of Polish cities has been initiatives conducted under a facility referred to as a participatory budget, implemented since 2011. These initiatives are performed on an annual basis, taking the form of open calls for projects, with all inhabitants entitled to vote and decide on the measures to be undertaken in their immediate surroundings. Municipal authorities are obliged to implement the winning projects [46]. The proposals being submitted can relate to the greening of public urban spaces, and for this purpose, some cities have already established schemes referred to as green budgets, specifically designed to complete public tasks related to ecology and environmental protection. What the aforementioned Draft Law on the Amendments to the Environmental Protection Law and Certain Other Laws envisages, within the framework of the participatory budget, is an obligation for all cities to allocate a pool of funds dedicated to implementing projects related to the protection of the natural urban environment as well as to greening [47].



Another important aspect to the implementation of development policies by Polish cities is educating local authorities on the subject of urban greening. To this end, the Ministry of Climate and Environment has released a guide for cities entitled Nature and Climate Indicators of Sustainable Urban Development (Przyrodniczo-klimatyczne wskaźniki zrównoważonego rozwoju miast). Since urban indicators are generally complex, this document has been rendered available with an appendix providing a technical guide describing the successive stages of spatial data acquisition from and processing in geographic information systems (GIS) as well as calculation of the relevant indicators [48].



Urban greening policy is inextricably linked with the use of financial facilities. In Poland, numerous support programmes are created for this purpose, targeting not only large cities, but all municipalities. In October 2023, the National Fund for Environmental Protection and Water Management in Poland announced the launch of a programme aimed at de-concreting and greening of cities with a population of inhabitants below 50,000. The available financial support, granted upon request of municipal authorities, can cover up to 85% of the costs of such investments. The programme finances activities related to the replacement of hardened surfaces with permeable ones as well as the purchase and planting of diverse vegetation (trees, shrubs, perennials, flowers). The goal is to create spaces which make the most of the natural capital in urban areas: pocket parks, rain gardens, areas featuring water retention and purification systems, but also to enable renaturation of riverbanks and water reservoirs [49]. Financial aid for urban greening and urban energy is also provided under the Green Transformation of Cities instrument, established in Poland as part of the National Recovery Plan. This scheme offers funding for urban projects aimed at increasing energy efficiency in public utility buildings, introducing RES, preserving nature, public space greening, water resource management, noise reduction, and air pollution combatting. In the application submission phase, the programme puts an emphasis on a sustainable approach to urban space shaping. It exclusively supports projects which do not entail reduction of the biologically active area, tree felling, or unjustified demolition of built features [50].





2. Materials and Methods


The method used in our research involved selecting cities representative of the urban greening and climate change adaptation process, identifying the measures planned and implemented in relation to urban greening in spatial planning and urban design, and collecting statistical data presenting quantitative and surface area changes with respect to green areas in the cities subject to the studies. The research partly comprised a comparative analysis of the data obtained with regard to all the Polish cities surveyed.



In order to illustrate the relationships between theory, planning, and the implementation of the urban greening process in the context of climate change adaptation of cities, we surveyed 44 large Polish cities, mostly with populations exceeding 100,000. In three cases, the population ranged from 90,000 to 100,000 residents, and in four cities, it was less than 90,000 residents. The criterion for the selection of cities was their adoption of UAPs in 2019. All the cities included in the survey participated in a project launched by the Polish Ministry of Environment, entitled Developing Climate Change Adaptation Plans in Cities with a Population Exceeding 100,000, implemented between 2017 and 2019. Using a consistent methodology to attain the assumed outcome, the project made it possible to identify the main climate threats and the most vulnerable urban areas, and delivered proposed solutions to the identified threats [51].



Our research covered two time intervals, the first spanning the years 2014–2022. In this period, we identified the measures relating to the sustainable management of green areas, as planned and implemented by the studied cities, both before and after the adoption of the respective UAPs. The second time interval, from 2017 to 2023, was closely linked with the implementation of the cities’ adaptation policies; from 2017, the year that work on the 44 UAPs commenced in Poland, to 2023, being the current year of the available source data. In the case of the data obtained from Statistics Poland (Polski Urząd Statystyczny), the timeframe was limited by the last year of the available statistical data, 2022.



The criteria we adopted for the source selection were largely driven by the availability of the data acquired. Research input data were collected following a review of the information contained in the UAPs and other local strategic, planning and operational programme documents, data from participatory budgets, information posted on the websites of municipal offices, environmental institutes and foundations, urban green management boards, information portals, etc. Additionally, data were gathered through a review of information released by Statistics Poland, being the central government’s administration office responsible for the collection and distribution of statistical information [52]. The data sources also included selected articles published in magazines, articles featured in digital editions of local newspapers, project publications, and educational articles which contained information on specific planned and implemented adaptation measures related to the greening of individual cities [53,54,55,56,57]. The data for the research were collected by both the authors and students of the Faculty of Architecture of the Silesian University of Technology [58].



The chosen research methods enabled the following:




	▪

	
A compilation of the most frequent and significant climate change related threats to the 44 cities studied. We managed to identify these threats by analysing the strategic, directive, or detailed goals specified in the relevant UAPs. Where none of the goals envisaged in the UAPs provided detailed definitions of the threats, we analysed the diagnostic part of the documents, translating it into the programmatic part, comprising the measures that strengthen urban resilience to specific types of threats. In the next step, we evaluated each threat in terms of the direct impact of urban greenery on the mitigation of the threat, and analysed all the 44 cities quantitatively and proportionally against the most significant threats that urban greenery could mitigate (Figures S1–S3);




	▪

	
An analysis of the 44 UAPs in terms of whether or not they envisaged renewable energy sources (RES) under the three types of adaptive measures planned: educational, organisational, and technical, as included in the programmatic part of the plans [59]. We compiled the results of these analyses with the city policy sectors diagnosed, in the respective UAPs, as most vulnerable and susceptible to the negative effects of climate change (Figure S5). These sectors included public health, transportation, water management, energy, biodiversity, tourism, cultural heritage, spatial planning, high-intensity residential areas, other infrastructure and non-built areas;




	▪

	
A comparative analysis of the climate change adaptation measures, planned and implemented in the 44 cities, against the sustainable management of green areas, spanning the years 2014–2022 (Figure S6). In this respect, we analysed the most representative groups of the adaptation measures, such as revitalisation of existing green areas, establishing or developing new green areas and recreational spaces, revitalisation of environmentally degraded areas, and protection of environmentally valuable areas/floodplains. Additionally, within this timeframe, we also analysed the number of micro-interventions related to urban space adaptation to climate change. These included such facilities as pocket parks, rain gardens, community gardens, green walls, green roofs, green streets/woonerfs, and green courtyards [60].




	▪

	
A comparative analysis of urban greening measures, including selected NbSs, planned and implemented in the 44 subject cities between 2017 and 2023. Following the assumptions of the URBAN Green UP project, implemented in 2017–2023 [61], the identified types of NbSs included planting and renewing urban trees, pocket parks and parklets, green resting areas, and cycle and pedestrian green routes. Additionally, in this timeframe, we conducted a comparative analysis of singular green infrastructure measures, planned and implemented in the 44 cities between 2017 and 2023. Following the assumptions of the URBAN Green UP project, the identified types of NbSs included green walls, green shady structures, green roofs, vertical gardens, floating gardens, urban farming, urban wildlife habitats, and intelligent natural solutions [62];




	▪

	
A numerical and area analysis of changes involving various types of urban greenery, as well as tree cuttings and plantings in the 44 cities in 2017–2022, using data from Statistics Poland [52]. For the specific purposes of the article, we analysed the following aspects:




	(a)

	
The numerical difference in the areas of green squares, street greenery, neighbourhood greenery, and recreational parks in the timespan 2017–2022 [ha] (Figures S7–S10). The analysis of the numerical difference in the neighbourhood greenery areas covered the years 2017–2021 because the 2022 data were missing in the Local Data Bank of Statistics Poland (as of 10 November 2023);




	(b)

	
The sum of the numerical differences in the areas of all types of greenery in the timespan 2017–2022 [ha];




	(c)

	
The difference between the number of green squares and the number of recreational parks in the timespan 2017–2022 (pcs);




	(d)

	
The number of tree cuttings and plantings in the timespan 2017–2022 (pcs) (Figures S11 and S12);




	(e)

	
The sum of the differences in tree cuttings and plantings in the timespan 2017–2022 (pcs).















The results of the quantitative research were compared and presented on graphs illustrating the numerical values and percentage ratios of the ranges or the areas of the measures undertaken by the 44 Polish cities.




3. Results


Owing to the unified development methodology, UAPs have become a crucial source of knowledge regarding climate-induced threats to urban space. Our study of the 44 UAPs adopted in major Polish cities allowed the identification of the 25 most significant climate-related threats (Figure 1).



All the UAPs examined highlighted the necessity of improving urban resilience to torrential rainfalls. Other threats commonly identified in the UAPs included higher maximum temperatures (43 cities), flash floods/urban floods (40 cities), heat waves (38 cities), and storms, including hailstorms (38 cities).



Among these 25 threats, 13 can be mitigated by means of urban greenery. Having assessed individual threats in terms of their potential mitigation using urban greenery, we note that in the case of threats such as exceedance of air pollutant concentration standards and smog, greenery mitigates these phenomena only to a limited extent. The primary mitigating factors involve actions related to neutralising urban sources of air pollution, such as inadequate and obsolete heating sources in buildings or high volumes of traffic of combustion engine vehicles [63]. Equally significant are the technical measures which focus on energy use, including installation of photovoltaic panels or deploying other RES-based solutions on municipal property, phasing out solid fuel boilers in favour of urban district heating networks, gas heating, or renewable energy sources, as well as other investment measures intended to reduce the emission of pollutants.



In the quantitative analysis, the city of Rybnik (10 threats) clearly stood out among those municipalities whose threats could be mitigated using greenery, followed by Mysłowice, Toruń, Tychy, and Zabrze (nine threats mitigated by urban greenery). The percentage analysis (Figure 2) yielded different results: Legnica stood out, having only four defined major threats, yet all could be mitigated by means of urban greenery (100%); followed by the cities of Częstochowa and Gliwice (80%), Rybnik (~77%), as well as Białystok, Czeladź, Płock, and Wrocław (75%).



A comparison of the results of the threat analyses and the statistical data showing the differences in the amount of urban greenery between 2017 and 2022, resulted in no correlation between them.



An analysis of urban greening activities relating to the use of RES (Figure 3) revealed that, for most of the cities surveyed (~64%), RES were planned activities scheduled for implementation by 2030 or 2050 (Figure S4). These cities included Białystok, Bielsko-Biała, Chorzów, Czeladź, Częstochowa, Dąbrowa Górnicza, Elbląg, Gdynia, Gorzów Wielkopolski, Grudziądz, Katowice, Kraków, Legnica, Lublin, Mysłowice, Olsztyn, Opole, Poznań, Radom, Ruda Śląska, Rybnik, Sosnowiec, Tarnów, Toruń, Tychy, Wałbrzych, Wrocław, and Zielona Góra. Significantly, ~36% of the municipalities had not planned any RES-related measures.



The threatened urban sectors most frequently addressed in the UAPs were Public Health (in 41 cities) and Water Management (in 40 cities). The Energy sector was diagnosed as threatened in 17 cities (Figure S5).



A comparison of the data showing whether or not RES were to be covered by the measures outlined in UAPs and if the Energy sector was at risk in the 44 cities surveyed revealed that 12 cities met both criteria (Figure 4). Among them were the cities of Bielsko-Biała, Częstochowa, Dąbrowa Górnicza, Elbląg, Gdynia, Olsztyn, Ruda Śląska, Rybnik, Sosnowiec, Tarnów, Tychy and Wrocław. All these 12 cities have included specific technical measures in their adaptation plans. Organisational measures can be found in seven adaptation plans—invariably coinciding with the technical ones. This means that the organisational activities undertaken in these cities allow the relevant technical investments to be supported through their adequate organisation, for instance by subsidising technical investments in the installation of renewable energy-producing devices by inhabitants.



The UAPs were not the exclusive source of data on the process of urban greening examined in the context of climate change adaptation. Research on the 44 Polish cities revealed that, since 2014, sustainable management of green areas has been a significant component of the development actions conducted under local policies. On analysing data from the years 2014–2022, sourced from planning and strategic documents as well as from operational programmes, participatory budgets, governmental and local administration websites, organisations, institutes, environmental foundations, urban green management boards, informational portals, scientific articles, as well as cartographic and photographic materials, the following correlations were revealed [58,60]:




	▪

	
In the 44 Polish cities, authorities planned a total of 209 measures concerning broadly defined sustainable management of green areas and implemented 249 measures. These initiatives involved adapting existing, often degraded urban spaces, protecting environmentally valuable areas, and creating new green areas;




	▪

	
The most numerous of the activities planned by the municipalities in relation to the management of green areas were those which entailed introducing or developing new green areas and recreational spaces (40.2%). The measures aimed at protecting environmentally valuable areas and floodplains constituted a minority (14.8%). Those categorised as other were of marginal relevance (4.8%);




	▪

	
The implementation sphere was dominated by measures related to revitalisation processes (44.2%). The largest share of these projects (as much as 37.8%) were implemented under the scheme of revitalisation of organised green areas, including parks and urban squares. Revitalisation efforts were implemented in degraded natural areas to a negligible extent (6.4%). Plans associated with revitalisation measures were as significant as their implementation (40.2%). This sphere was dominated by revitalisation plans for landscaped green areas (28.7%) and was complemented by brownfield renaturation plans (11.5%). The municipalities implemented these measures predominantly in city centres, near water reservoirs, rivers, forested areas, and parks;




	▪

	
The study showed that another major group of measures implemented in the sphere of greenery management were activities based on the introduction or development of new green areas or recreation and leisure sites (27.3%). A smaller portion of the activities actually implemented pertained to establishing legal protection measures for environmentally valuable areas and floodplains (17.3%). The environmentally friendly activities carried out by the municipalities classified as other represented 11.2%;




	▪

	
Out of the 44 Polish cities examined, between 2014 and 2022, only 5 implemented more than 10 different measures indicative of the sustainable management of green areas (Figure 5). The cities which stood out in terms of the sheer number of the measures deployed were Sopot (15), Sosnowiec (15), and Poznań (14). An analysis of the activities planned by the cities revealed that, similarly, five cities also planned more than 10 measures. Those with the highest number of planned activities were Szczecin (13), Włocławek (13), and Rzeszów (12).









In a quantitative analysis of the climate change adaptation measures undertaken by the 44 studied Polish cities between 2014 and 2022, we also paid attention to the significant role of urban acupuncture spots in space, associated with the process of city greening. These included activities related to in-city planning and development of pocket parks, rain gardens, community gardens, green walls, green roofs, green streets, woonerfs, or courtyards (288 measures planned and 137 implemented). Many were planned or implemented long before the adoption of UAPs. The analysis indicated that, from 2014 onwards, the measures most frequently implemented in cities were individual pocket parks (20.1%). It was in the same manner that municipalities developed community gardens (17.7%), green streets and woonerfs (18.1%), green courtyards (14.6%), green walls and green roofs (11.1%), and rain gardens (10.1%). The format which dominated the prospects documented in the cities’ planning and strategic papers was pocket parks (27.7%). They were complemented by rain gardens (18.2%), green streets and woonerfs (16.8%), green roofs and walls (11.7%), community gardens (11%), and green courtyards (6.6%). Non-categorised measures represented 8.3% among those completed and 8% among those planned. The cities which stood out in terms of the number of implemented micro-intervention measures (Figure 6) were Łódź (43), Tychy (21), and Gdańsk (19). With respect to the planning of such activities, Toruń (13) and Słupsk (12) were also noteworthy [58,60].



Our study of the development initiatives undertaken by Polish cities, aimed at increasing their greening level, revealed that one of their integral components is the implementation of natural capital-based solutions in the urban space. Such solutions can be planned and implemented in different scopes and typologies. We analysed activities related to planting and maintaining urban trees, developing pocket parks, parklets, urban recreation and leisure areas, as well as green pedestrian and cycling paths. Equally significant were point-based green infrastructure actions: green walls, green shading structures, green roofs, vertical gardens, floating gardens, urban agriculture, habitats for urban wildlife, and intelligent nature solutions.



Based on the study of the chosen 44 Polish cities spanning the years 2017–2023, identifying the NbSs applied with climate change adaptation of Polish cities in mind, we drew the following conclusions pertaining to urban greening [58,62]:




	▪

	
The authorities of the 44 Polish cities planned a total of 418 measures and implemented 851. The prevalence of the measures implemented can be partially attributed to the fact that non-formal planning tools were excluded from the count of the measures planned;




	▪

	
They strategically allocated the measures planned and completed in various urban zones, depending on the NbSs category and type as well as the unique local conditions of individual cities. Most frequently, they covered central in-city areas (56.4% of measures completed, 28.2% of measures planned);




	▪

	
The measures planned by the municipalities were predominantly those focused on increasing the tree cover of urban spaces (38%) and increasing the rank of urban recreation and leisure areas (28.5%). Municipal plans to establish pocket parks and parklets and to green pedestrian and cycle paths were nearly half as frequent, accounting for 14.6% and 14.2%, respectively;




	▪

	
In terms of the activities actually completed in the cities, similarly to their plans, the dominant measures were urban greening (34.4%) as well as establishment, maintenance, and revitalisation of recreational and leisure areas (32%). Pocket parks and parklets, one the one hand, as well as green footpaths and cycle paths, on the other hand, accounted for 15.2% and 14.2%, respectively;




	▪

	
A total of 32 of the 44 Polish cities surveyed implemented more than 10 different types of NbSs relating to urban greening between 2017 and 2023 (Figure 7). The cities which clearly stood out in terms of the number of measures successfully implemented were Kraków (101), Szczecin (42), and Słupsk (37). Having analysed the cities for the measures planned, only 12 cities planned more than 10. The cities with the highest number of planned measures were, similarly to those implemented, Kraków (88), Szczecin (31), and Słupsk (23).









In the planning of singular green infrastructure initiatives, between 2017 and 2023, cities focused on horizontal forms, including green roofs, shading structures, and canopies (44.8%). Vertical solutions, such as green walls, vertical gardens, barrier structures, etc., were planned far less frequently (17.1%). The municipal plans of designating habitats for pollinating animals (13.3%) as well as areas for urban agriculture and pollution filtration (7.6% each) were rather scarce. The category of other comprised 11.2% of planned measures, including various urban programmes, promotional campaigns, or eco-friendly initiatives [58,62].



The cities implementing singular green infrastructure measures (Figure 8) focused on arranging habitats for pollinating animals in the urban space (22.8%) as well as on green roofs, canopies, and shading structures (21.6%). Vertical solutions (15.8%), initiatives related to pollution filtration (10.9%), urban agriculture (6.7%), and the use of smart soils (5.8%) were implemented to a lesser extent. A significant percentage of the activities (16.4%), such as environmentally friendly programmes or initiatives, fell under the other category [58,62].



The above results may be encumbered with some errors due to lack of access to all local data and differences resulting from variations in the data provision by individual cities. Therefore, for research purposes, it became important to use quantifiable data related to the process of urban greening, obtained from Statistics Poland, and presented in a standardised manner and using unified indicators. These indicators encompassed the changes which occurred in the 44 cities examined, involving various types of urban greenery as well as tree cutting and planting. The comparative analysis of both numerical and surface area changes pertaining to different types of urban greenery as well as tree cutting and planting in the 44 cities in the years 2017–2022 revealed certain variations between these cities. Some cities were found to report significant outliers as compared with others, e.g., Bydgoszcz and Rzeszów. Differential analysis revealed that Bydgoszcz lost 458 hectares of park area. The most substantial change occurred between 2019 and 2020, with a difference of −490.55 hectares of park area. In the following intervals (2020–2021 and 2021–2022), an increase of 1.05 and 31.99 hectares, respectively, was observed. According to the analysis of the difference in the number of parks in Bydgoszcz, a total of 12 parks were added between 2019 and 2022. In Rzeszów, according to the analysis of the differences in the area of green squares, there was an overall increase of 1246 hectares between 2017 and 2022. The most significant change was observed between 2018 and 2019, with an increase of 1304.63 hectares. In 2020–2022, a decrease in the area in question was reported (a total of −68.67 hectares). Over the analysed period, there was an increase in the number of green squares in Rzeszów. The most considerable increase (by 648) occurred in 2019. In subsequent years, the relevant figures increased by 14 pieces in 2020 and 3 pieces in 2022. These analyses imply that, despite the decrease in the park area hectare count in Bydgoszcz and a significant increase in the number of green square area in hectares in Rzeszów, the overall numbers of park units and green squares increased in both these cities. The said outlier values result from a change in the planning category assigned to specific areas in both cities.



Except the aforementioned cities, the most significant increase in the number of hectares of urban green space (of all types) was successively observed between 2017 and 2022 (Figure 9) in Tarnów (213 ha), Kraków (195 ha), and Mysłowice (115 ha). Additionally, 26 cities recorded an increase in hectarage at various levels, ranging from several to more than 100 hectares, while these figures declined in 15 cities. The highest negative values were reported by Rybnik (−99 ha) and Wrocław (−233 ha). Both cities recorded the highest decrease under the category of green squares.



The largest increase in the area of green squares was observed in Kraków (135 ha). There was also a significant hectarage growth under the same category in Mysłowice (69 ha), Katowice (51 ha), Łódź (50 ha), and Bytom (40 ha). The remaining cities recorded a minimal growth or even a decrease in the area of green squares, ranging from a few to several hectares, either positively or negatively. The greatest negative values were reported in Wrocław (−286 ha) and Rybnik (−128 ha).



In terms of the difference in area of street greenery analysed between 2017 and 2022, 24 cities had an increase in the number of hectares, 6 recorded a decrease, and in 14 cities the final balance did not change, remaining at zero. Tarnów (172 ha) and Szczecin (109 ha) recorded the largest increases. The cities of Białystok, Bydgoszcz, Elbląg, Gliwice, Legnica, Olsztyn, Rybnik, and Tychy recorded similar increases, ranging between 45 and 72 ha. The city of Łódź witnessed the largest decline in this respect (−22 ha).



The results of the analysis of the difference in the area of neighbourhood greenery were diversified: 20 cities recorded an increase and 20 cities a decrease. The cities with the largest increase in this score were Bytom (111 ha), Gdańsk (76 ha), and Kraków (61 ha).



An analysis of the difference in walking and recreational parks area showed that half the cities in question (22) recorded an increase in the hectarage between 2017 and 2022, while seven cities recorded a decrease. Jaworzno (77 ha), Szczecin (53 ha), and Łódź (45 ha) enjoyed the highest results. The scores of the remaining cities with positive values oscillated mostly between 10 and 40 hectares.



In the category of the number of tree plantings and cuttings conducted between 2017 and 2022, the results were diversified (Figure 10). A total of 20 cities achieved a positive balance and 24 cities a negative one. The highest results were achieved by Wrocław (7550 units), Kraków (7095 units), and Rzeszów (6937 units). Wrocław was the city with the second highest number of trees removed (−22,546 units). At the same time, it was precisely in Wrocław that the largest number of trees were planted compared against all surveyed cities (30,096 trees). The next city with the highest score was Kraków, where 11,673 trees were removed and 18,768 were planted. Another notable case was that of Rzeszów, where 2908 trees were removed and 9845 planted. Such results may indicate that the development and investment policy pursued by the respective municipalities, often linked with nature compensation, translates directly into the state of city greening.



Such a comparison of large Polish cities has made it possible to draw conclusions concerning the process of urban greening in Poland over the past few years. Despite the variety of data sources and indicator categories in use, the research has provided convergent results for the cities which clearly stand out having achieved either the highest or the lowest scores under the categories analysed.




4. Discussion


Our research of large Polish cities has revealed that the approaches to the planning and implementation of the urban space greening process are representative of the selected research group. From the perspective of studies that analysed this process against the context of climate change adaptation planning, the key documents proved to be the UAPs [59]. However, despite the methodological consistency underlying the development of UAPs, research has shown that, only to a limited extent, do cities with climate policies in place include in their plans solutions which, using greenery, can not only mitigate the effects of climate change, but also enhance ecosystem services as well as provide social and economic benefits. These benefits have been confirmed by Cuthbert et al., who demonstrated the links between hydrological retention and the cooling potential of urban greening [18]. Similarly, research by Chatzimentor et al. focused on the key role of green infrastructure elements for the built environment [21]. Recognising discrepancies between planning and development of green spaces that contribute to the resilience of urban areas to climate change, as demonstrated by Graca et al. [15], we have primarily highlighted the advantages attributable to greenery being included in the process aimed at urban resilience enhancing. Of the 25 risks identified, only half can be mitigated by measures which make the most of the advantages brought by introducing various forms of urban greenery, such as parks, recreational areas, or green roofs. This implies that cities have not yet fully realised the potential behind green areas to adapt urban spaces to climate change.



The variation found between the cities surveyed in terms of the measures in question is largely due to how the cities themselves differ. Although displaying a number of common characteristics, such as inhabitant population count, concentration of urban functions, or intensity of development and infrastructure, these cities are characterised by different conditions, location, and non-uniform quality of the urban natural environment—features which often determine the manner in which the measures they have envisaged are implemented. Urban space greening requires adaptive planning activities tailored to the specific characteristics of each city and appropriate in scale. This approach should draw on global trends and experiences of cities worldwide. Such a conclusion aligns with the research of Broto and Bulkeley, who analysed representative cities for their experimental approaches to climate change. They observed clear differences between cities based on factors such as location, planning culture, and affiliation with urban networks [64]. Interestingly, their work indicates that individual characteristics of cities do not necessarily increase the likelihood of undertaking climate change experiments. The findings presented in this article are representative of large Polish cities, primarily depending on whether or not they have local climate-related documents in place. However, in light of the studies conducted by Heidrich et al. [65], Reckien et al. [27], and Grafakos et al. [66], which highlight the role of climate change mitigation and adaptation in the development policies of small and medium-sized cities, it becomes evident that a multi-scale approach to climate policy is necessary. Regardless of city size, increased commitment to the pursuit of local climate policies can lead to enhanced planning and implementation of urban greening initiatives.



What proves to be of particular significance to the results of our study is the approach of large cities towards both existing and newly designed green spaces. Many cities do not intend to plan new green area systems, while they do aim to complement or extend the existing ones. The need to introduce new landscaped and recreational green areas is evident in the assumed development vectors. However, implementation projects are dominated by activities related to the revitalisation of existing green areas. Research has shown that, regardless of the type of greening measures, their effect is an increase in the number and surface area of the green space in the surveyed cities. This study has recognised a growing significance of urban parks and recreational areas. Considering the findings derived from the study by Van Dinter et al. [16], emphasising the impact of parks on enhancing city dwellers’ quality of life, it is evident that an increase in both the number and size of green spaces will lead to greater life satisfaction in cities. We can also conclude that the higher the values of the indicators in these ranges, the potentially better the situation of cities in terms of the progress of urban greening. A modification of Statistics Poland’s indicators using current data from the Central Office of Geodesy and Cartography and the Database of Topographic Objects may provide further information on the stock (% share) of green areas in urban spaces. Their mapping will also provide information on the distribution of green areas and their positioning relative to urban zones. This approach was applied by the Polish Ministry of Climate and Environment as nature- and climate-specific indicators were established to describe the adaptation of urban areas to climate change [48]. Under the category of greenery and urban retention, four indicators were selected as adequate to provide information on the stock of green areas or the retention potential of cities: stock of green spaces within the city territory, surface area of forests and tree cover above 1 ha per inhabitant, share of green space in the anthropogenic area of the city, and the city’s retention potential. When presented in quantitative terms, such data can provide grounds for further comparative analyses of the changes to and trends in urban indicators over the years. Banaszak et al. emphasise that an appropriate selection of indicators can serve cities in planning and analysing the increase in the share of green areas, the improvement of the quality of existing green areas, and the formation of new green areas, using the available tools and opportunities, differentiated for each city [48].



What is apparent in the measures undertaken by the cities is that they seek to harness the potential of different types of greenery to make urban spaces more attractive and to improve their quality. Following the analysis of the different categories and types of the measures envisaged, our attention was drawn to the large number of urban acupuncture spots, blue–green infrastructure micro-interventions and solutions based on natural capital. All such activities, although significant in number, are only complementary to the systemic approach to the urban greening process. However, as suggested by Stangel [67], there is an additional dimension to their relevance: their frequency and location-specific variation demonstrate the benefits of including greenery in the climate change adaptation of urban spaces to those who use these spaces. Following the insights of Sullivan et al. [35], it becomes evident that the mere presence of trees and grass can be a key element to the shaping of neighbourhood space. Consequently, we conclude that the social and educational aspects of the measures implemented are just as crucial as the economic and environmental benefits they yield. However, the valuation of these benefits is context-, space-, and time-dependent, as acknowledged by De Groot et al. [29]. This dimension is relevant to the design of climate policies or interventions. Furthermore, this perspective aligns with the research by Sandifer et al. [30], emphasising the importance of incorporating health benefits and well-being promotion for urban residents in local planning. This is based on human interaction with urban nature and biodiversity.



The research also revealed links between the urban greening process and the use of RES. However, this relationship is marginal, underscoring the imperative to enhance the involvement of green technologies and clean energy in the planning and application of solutions in pursuit of carbon neutrality in cities. This can be achieved through dissemination of existing solutions, exploration of innovative measures, and, most importantly, implementation of comprehensive local climate policies that bolster environmental sustainability through promotion of green technology innovation and renewable energy. The necessity for the development and implementation of such policies has been affirmed by the research conducted by Shan et al. [68]. They highlight the strategic need to control the carbon-related benefits and impacts of technological innovations.



An important conclusion summarising our research is that cities, using various tools and methods to plan and implement climate change adaptation measures, make the most of the opportunities to introduce and use greenery to mitigate climate risks. However, to assess how successfully the measures planned have actually been implemented, is a distinctive challenge [69]. The quantitative research method employed in the study addressed in this article enabled a preliminary evaluation of the vectors assumed by Polish municipalities in implementing development policies geared towards urban greening and climate change adaptation. In line with the insights formulated by Ford and Banaszak, an optimal approach would require considering time criteria, socioeconomic factors, environmental considerations, and the selection of adequate evaluation indicators, with a particular focus on natural and climatic indicators. Additionally, systematic monitoring of results is crucial [48,69]. Due to the absence of formal reports on the implementation of UAPs at the time of the study, the measures identified as successfully implemented, reflecting the urban greening process, serve as indicators of the effectiveness with which the goals defined by cities are pursued. Future reports, gradually published by cities, will include data based on ongoing monitoring and periodic evaluation of the progress in implementing UAPs. These monitored indicators will form the basis for assessing the increase in urban green space. The effects of the relevant adaptation measures will be evaluated by assuming various perspectives and using different indicators, such as mitigating the impacts of climate change on urban heat islands, enhancing biodiversity, and expanding recreational areas [44]. The data measured and published, along with the indicators of output, result, and impact, will not only facilitate adjustments and updates to records or recommendations for further document implementation, but also make it possible to compare the impact of specific measures on a multi-city scale.



All the 44 UAPs in Poland feature a uniform methodology and consistent records to monitor and evaluate the implementation of plans. As part of the evaluation, they set out the types of indicators to be measured by local government units, including indicators for urban energy management, introduction of RES, and urban greenery. However, these plans contain no provisions that actually force cities to carry out monitoring and evaluation. A different approach is envisaged in the Climate Action Plans created by the international C40 network [70]. These documents assign precise values to the indicators that cities should achieve in order to meet the objectives of the Paris Agreement. This approach places greater emphasis on cities to meet their targets. Researchers point to the widespread inclusion of environmental quality in these plans, while at the same time, the health of urban populations attributable to climate change is not sufficiently addressed in the indicators [71].



European cities use various tools to plan and implement climate change adaptation solutions. Examples of such tools include green infrastructure plans or biodiversity plans. Documents of this type aim to expand and strengthen the network of urban green areas and to increase its resilience to various threats, including those related to climate. Such plans, like UAPs, also comprise a diagnosis and a strategic part, but their main objective is to integrate people with nature, restore ecosystems in the city, prevent the disappearance of flora and fauna species, and take care of the connectivity of green areas. Biodiversity plans identify exactly which habitats or species are unique to cities and whether they should be subject to special protection and monitoring [72,73,74,75]. The plans or strategies emerging separately, concerning specific types of greenery, for example, green corridors, parks, trees, or others, can be part of biodiversity plans. These documents contain specific recommendations and guidelines for the shaping of green areas and their systemic implementation in the city. Some of them precisely delineate areas to be redesigned according to guidelines [76,77]. In some cities, greening rules are being enacted to be followed under pain of a fine [78].



Compared with UAPs, these documents are characterised by greater precision and detail in terms of the measures set out. It is important to underscore that, in all the analysed cities, along with these documents, general climate change adaptation plans or strategies have also been adopted. We may discuss both the matter of integrity of all the plans deployed in cities relative to each other [79] and the question of the level of generality in cases where only one plan is in force, as in many Polish cities. The provisions of the adopted Draft Law on the Amendments to the Environmental Protection Law and Certain Other Laws strengthen the climate policy dimension in Poland by imposing an obligation on all cities in the country with a population of over 20,000 inhabitants to create UAPs [45]. At the same time, the National Urban Policy 2030 defines the need for blue–green infrastructure management plans, which can be included in UAPs [43]. This constitutes grounds on which municipal authorities can make a choice on whether to introduce only one document, i.e., the UAP, which would provide guidance on the management of blue–green infrastructure, or if they should introduce separate specific documents on the management of individual types of urban greenery. The National Urban Policy 2030 further stipulates that the foregoing should depend on the organisational, human resource-related, and financial capabilities of cities, especially the smaller ones [43]. We are concerned that the above provision could be misused to achieve some savings in municipal budgets.




5. Conclusions


The aim of the study addressed in this paper was to conduct a comparative analysis of various activities related to the planning and development of green areas and quantitative data on greening and adaptation to climate change in 44 Polish cities with UAPs in place. The research results show that large Polish cities are gradually focussing on adaptive solutions leading to increased urban greening. Although sustainable green management had been included in the cities’ development policies long before the activities related to adapting urban areas to climate change and mitigating commenced, the study revealed not only a certain continuity in the process of urban greening, but also a growing trend observed over recent years. This was associated with the implementation of adaptive policies, a more effective use of urban space, and increased awareness of the benefits that greenery and ecosystem services yield. This awareness is related to efficient planning of specific measures as well as to using various forms and methods to introduce greenery into urban spaces. In this process, both strategic and planning tools and methods for implementing individual solutions are considered equally important. The research has also shown that cities must undertake spatial interventions at various spatial scales, ranging from small projects and micro-interventions to major urban planning projects and citywide strategies. The foregoing implies that the development policies pursued by cities should be interdisciplinary, coherent, and flexible in nature, based on systemic and individual measures, supported by adequate legal, planning, financial, and organisational instruments.



Seeking to establish a connection between the planning and implementation of nature- and climate-related projects which affect the attractiveness of urban spaces and the well-being of city dwellers, it would be intriguing to analyse the benefits of city greening in terms of climate change adaptation under future research. Such an analysis should take both small and medium-sized cities into consideration. This would provide a better link between urban greening and the possibilities arising from the use of various planning, financial, and organisational tools, along with an assessment of the effectiveness of the adaptive policies implemented by all cities. And since urban greening strategies are related to improving urban resilience to climate change and to raising the importance of ecosystem services, further studies aimed at quantifying the benefits of urban greening would definitely be worthwhile. It is essential to investigate the impact of urban greening on health—a category of fundamental significance to quality of life—as well as spatial planning, transport, social capital, and city image building [80]. In follow-up, it would be equally important to explore the economic benefits associated with the increased value of areas surrounded by greenery, the energy savings resulting from efficient use of renewable resources, and the selection of appropriate vegetation species along with their placement in the vicinity of built features.



The conclusions arising from the research addressed in the paper can provide sufficient grounds for updating the UAPs already adopted as well as for formulating new provisions of strategic, planning, and investment nature. They can also serve as a starting point for city authorities to make decisions of relevance toward the effective implementation of their visions, intentions, plans, concepts, and initiatives for urban greening, ensuring adequate comfort of life for those who dwell in and use the city space.
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Figure 1. The major climate threats identified in 44 UAPs in Poland (pcs), own study based on [59]. 
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Figure 2. Percentage of major threats to cities, as identified in the UAPs, that can be mitigated with greenery (%), own study based on [59]. 
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Figure 3. Types of RES activities in relation to which compilations of types are in planned activities under UAPs, own study based on [59]. 
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Figure 4. Types of RES activities in UAPs of cities with a susceptible energy sector, own study based on [59]. 
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Figure 5. Adaptation activities in the category of sustainable management of green areas completed and planned in cities, 2014–2022 (pcs), own study based on [58]. 
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Figure 6. Adaptation activities in the category of micro-interventions/urban acupuncture completed and planned in cities 2014–2022 (pcs), own study based on [58]. 
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Figure 7. Number of completed and planned NbSs in the category of re-naturing urbanisation 2017–2023 (pcs), own study based on [58]. 
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Figure 8. Number of completed and planned NbSs in the category of singular green infrastructure 2017–2023 (pcs), own study based on [58]. 
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Figure 9. Sum of differences in all types of green areas 2017–2022 (ha), own study based on [52]. 
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Figure 10. Sum of tree cuttings and plantings in the city 2017–2022 (pcs), own study based on [52]. 
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