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Abstract

:

The article presents the course of the evolution of the concept of urban renewal’s emergence into its current, mature, integrated form of sustainable regeneration (sustainable urban regeneration—SUR). We present how the determination of renewal areas and its goals began to be based on particular indicators, and how the importance of these analyses gradually increased in managing the implementation of urban regeneration programs. Analytical techniques using GIS were used in the analyses of the differentiation of crisis phenomena inside cities before they became popular in smart city tools. Despite the wide use of GIS to analyze the diversity of crisis phenomena within the city, the availability of data means that different spheres are characterized with different accuracy. Starting from the significance of individual spheres, the focus has primarily been on the environment, which is underappreciated in Poland. Municipalities (urban, rural, urban–rural) with regeneration programs do not perceive negative environmental phenomena as significant in assessing a crisis in a degraded area. Nevertheless, municipalities that do analyze environmental issues in regeneration programs also see the need for action and implementation of projects in the environmental sphere. In order to verify the hypothesis, the Statistics Poland (formerly known in English as the Central Statistical Office; Polish: Główny Urząd Statystyczny, abbreviated and known as GUS) data on the regeneration process was analyzed, with reference to the relationships between renewal areas and the natural environment. In order to check these dependencies (or the lack thereof), the Yule φ coefficient and Spearman’s rank correlation coefficient were used. As a result, this study showed that analysis of the level and degree of degradation of the environmental sphere is not carried out frequently enough in municipalities. Secondly, the difficulties of municipalities, especially small ones (urban-rural and rural), in their analysis of the environmental sphere are the result of poor data availability. Thirdly, it is noted that there is a relationship between the designation of environmental zones and the type of municipality. This is of particular importance for the enhancement of smart city tools for the regeneration of existing cities, esp. small ones.
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1. Introduction


The evolution of the concept of urban regeneration has been taking place for about a hundred years [1] and has been proceeding differently in different countries [2,3,4,5]. The way of defining and the scope of regeneration is largely a derivative of local challenges, but also of the model of urban policy in a given country [6,7,8]. The shape of regeneration policy in Europe has developed during over an almost seventy-year evolution, during which experience was shared and local conditions changed [9,10,11]. The rules for carrying out such policy with respectto the involvement of various actors have also changed [12,13]. The final impact of the evolution of the aim and scope of regeneration is the development of integrated area approaches in the countries of the “old Union” [14], and the striving for integration of the activities of all stakeholders in a regeneration area [15].



Regardless of how this evolution meandered, with respect to contemporary approaches to regeneration, the starting point for this public debate on the need for renewal in each country was poor housing conditions and poor quality of housing [3,5,8,15,16]. A phenomenon that severely affected densely populated cities, especially in Europe and North America in the first half of the 20th century, was the state of degradation (blight). Initially, in the 1920s, the term blight was used to describe public health threats due to poor sanitary conditions in a specific area of the city. Literally, the term blight meant the plague spreading among crops. Due to poor housing conditions in densely populated districts of industrial cities, the plague of civilization’s diseases (mainly tuberculosis) was growing. [17]. The solution was to be demolition programs, both in the United States [18,19] and in Europe [20,21]. The reform of buildings was to be a response to all the problems of technically degraded areas, without infrastructure, and suffering from high unemployment and economic stagnation [22]. Research conducted in the areas affected by these activities showed that they did not change the circumstances of their inhabitants, who were still politically and economically weaker and prone to marginalization in social life [23]. The phenomenon of gentrification became common; the word was first used in the 1960s [24] and has been invariably studied in areas where regeneration activities are carried out as a side effect [25,26,27,28]. Gradually, along side the spread of regeneration activities in developing countries, other unwanted side effects also appeared, such as poverty and homelessness caused by the demolition of slums [29,30] or massive logging and disturbance of existing ecosystems due to the redevelopment of large areas [31,32]. Regardless of the side effects of regeneration processes, it is nonetheless considered integrally related to improving of the quality of the environmental sphere, while at the same time being a decisive argument in selecting areas for regeneration [33,34]. This obtains because the protection of the natural environment is a universal element of the revitalization process [35], and activities aimed at the renewal of an area, and often re-recovery of areas (e.g., post-industrial ones), contribute to the improvement of the environmental parameters [36,37].



Due to the growing importance of challenges related to changing natural environments, the aim of the article is to analyze the relationship between the way environmental degradation is treated in regeneration programs and the number of projects included in regeneration programs that affect this sphere.



It should be remembered that regeneration is extremely complex and idiosyncratic, consequence of the individual characteristics of an area and many different factors affecting it [38,39]. Academic research to date shows that the emergence and maturation of new concepts in urban policy is most often accompanied by initially limited access to data, which has hindered monitoring the effects of such undertaken action. [39,40,41]. Practitioners, on the other hand, need guidelines on how to plan activities in order to achieve the desired effects as quickly as possible [42]. Therefore, models or sets of indicators have begun to appear in the literature, enabling the assessment of the successfulness of urban development activities, including regenerative ones [43].



In Polish literature, as in other countries, an evolving set of spheres and indicators reflects a maturing approach to regeneration, and it’s approach of the environmental sphere is relatively new to Polish practice [34,44]. Meanwhile, environmental challenges are becoming more and more important. Cities are perceived, both internationally and locally, as places where modern solutions in the field of environmental protection are created, and there is socio-economic pressure to limit climate change through focused investment. Therefore, there is a need to analyze the relationship between the importance of this sphere in regeneration programs and the scale of undertakings implemented on their basis. To which end, our main research question is: are the municipalities that use tools within the framework of the smart city for the analysis of environmental data better prepared for the implementation of environmental projects? The authors note that it has been difficult for Polish municipalities to take into account environmental factors [45]. Authors in other countries point to similar problems, emphasizing how big a challenge is ensuring the measurability of environmental phenomena [39,46]. Diversification of approaches in different countries, and verification of the what extent to which smart city tools are useful in this type of analysis, is a gap for further research to close. Taking into consideration the above issues, the current study may provide new insights on the management of regeneration programs in Poland, but also inspire similar analyses in other countries.



On the basis of foreign literature, a thesis was proposed that views the resultant environmental sphere of sustainable urban regeneration as the result of the evolution of the specific approach of the country examining it. Most often, the inclusion of the environmental sphere in revitalization programs results directly from the availability of data, and not from the awareness of environmental challenges and sustainable development goals in the municipality [47,48,49,50]. National policies do not help in this respect, because, in their case, an “evidence-based approach” is also limited by the availability of data [51]. Therefore, it can be hypothesized that municipalities do not describe the problems that actually occur, but those that they can describe using available data. These data are often available only for the entire municipality, without the possibility of presenting the intra-municipal differentiation. As a result, municipalities do not have the tools to propose, on this basis, measures that respond to the challenges of specific districts, especially degraded ones, where environmental problems are often of a complex nature (e.g., contamination after industrial use, empty buildings constructed with obsolete technologies using asbestos). Smart city tools can be helpful because they allow the collection of data from the environmental sphere, and with the granularity of individual addresses [52,53]. In order to assess their usefulness from the Polish perspective, it was necessary to analyze the extent to which Polish municipalities use data relating to the environment in urban regeneration. Regeneration programs are the only documents in Poland that must take into account the intra-municipal diversity of their analyzed phenomena. Therefore, they were selected as the subject of the analysis [32,39,54,55,56]




2. Literature Review


By definition, regeneration is a holistic renewal process that takes into account various aspects, including ones social, economic, environmental, technical and spatial [1,6,7,39,41]. Roberts [10] is of the opinion that regeneration includes detailed and comprehensive actions that lead to solving the problems of a given area and improving its conditions. For this reason, it is considered to be the most effective way of solving a wide range of problems (urban, rural, urban–rural) [57]. The literature on the subject emphasizes that regeneration is an integral part of global sustainable development and it is widely recognized that sustainable development should promote regeneration strategies and activities [58]. In view of the above, the term sustainable urban regeneration appeared, the use of which was to emphasize the comprehensive and integrated nature of the process [48,57]. However, the research invariably noticed that, despite the declared integrated nature of the projects, which aimed to solve the socio-economic problems of the inhabitants of regeneration areas, they focused primarily on improving the technical indicators characterizing those areas [59]. Difficulties in defining sustainable urban regeneration were pointed out [60] and a set of indicators was sought that would allow for a comprehensive approach to this process and the assessment of the progress of its implementation [39,61]. British research shows that, in the UK’s implemented regeneration projects, the greatest emphasis was placed on improving housing conditions, however, the guidelines for carrying out revitalization activities also referred to social, economic and environmental issues [62]. This approach to sustainable urban regeneration is deeply rooted in the findings of the Brundtland Commission of 1987. A necessary condition for the application of the principle of sustainable development is an integrated view combining economic, social and environmental issues.



According to La Rosa et al. [58], sustainable regeneration is oriented towards the sustainable development of cities, in particular the improvement of living conditions, increasing energy efficiency, modernizing the existing infrastructure or rebuilding public spaces, but also improving the delivery of public services and related ecosystem services.



The integrated approach is also the foundation of the Polish model of urban regeneration [1,5,7,63]. Regeneration is defined as the process of recovering degraded areas from a crisis state, conducted in a comprehensive manner through integrated activities for the local community, space and economy, territorially focused, and carried out by regeneration stakeholders on the basis of the municipal regeneration program [63]. The first stage of the renewal process in Poland, in accordance with the regeneration act currently in place, is to designate the areas of concentration of negative phenomena in a municipality, i.e., the degraded areas [64]. The act defines an area in crisis as being due to the concentration of negative social phenomena, in particular, unemployment, poverty, crime, and low levels of education or social capital, as well as insufficient levels of participation in public and cultural life. Analysis of the distribution of negative phenomena is carried out for the entire municipality, using objective, measurable and verifiable indicators. The reference level for each indicator is the average value for the city in question. The basis for demarcating a degraded area is the occurrence of crisis phenomena in the social sphere. In order to designate degraded land (i.e., brownfield), economic, environmental, technical or spatial problems that are more severe than in other parts of the city must also be identified. In the next step of such analysis, the area for regeneration is determined. According to the law, it should be characterized by a particular concentration of negative phenomena mentioned above and be of significant importance for local development.



A similar approach has become widespread in urban policy in Europe and has been supported by scientific analyses [65,66,67]. There have been attempts to select indicators that illustrate crisis phenomena and can be used to improve degraded areas. Synthetic indicators and sets of key performance indicators have also been created to monitor success [42,43,68]. A breakthrough, in this respect, was the work of Hemphill et al. [68], which presented the relationship between indicators illustrating the SUR process. Their groups of indicators included: involvement of local communities, use of public transport to stimulate the real estate market, improving the energy efficiency of buildings and stimulating private investment. Changes demanded of the environmental sphere concerned thermal modernization and rehabilitation of buildings, and this topic is gaining more and more importance in the literature. Both European Union documents [69] and scientific studies [70] emphasize that residential buildings are responsible for the majority of final energy consumption and greenhouse gas emissions. In this context, regeneration activities are becoming more and more important, as scientific analyses show that it is possible to reduce up to 75% of final energy consumption and greenhouse gas emissions as a result of improving the parameters of buildings and their impact on their surroundings [71,72].



The scope of environmental analyses undertaken in SUR models is broad and covers a varety of issues. Concerning energy, and beyond housing efficiency, there are greenhouse gas emissions related to transport [73,74] and the availability of green spaces [46,47,75]. More and more attention is being paid to the issue of accessibility of green areas in the scientific literature; the factors (governance tools, organizational leadership, culture and political leadership) that influence the satisfaction of the residents’ needs in this area are increasingly being analyzed. The authors point to the discrepancies between planning green areas in theory and practice [76]; in the context of findings on the availability of green areas and the decisions of authorities shaping this [76,77], the analysis of data used in the assessment of environmental problems in a municipality in terms of intra-municipal diversity takes on a special importance and can be a valuable voice in international discussions. Even more so, as the availability of green spaces is becoming one of the most important needs of urban communities, in not only large but also smaller cities, in connection with the challenges that have emerged as a result of the COVID-19 pandemic [78].



Most of the aforementioned analyses would not be possible without the use of smart cities’ tools. Initially, the concept referred only to the use of technology, but it soon became clear that, thanks to such use, city authorities can better manage development by virtue of access to data [79,80]. The challenge is for these data to meet a number of criteria, including those detailed in research by A. Sharifi: comprehensiveness, context sensitivity, strategic alignment, uncertainty management, interlinkages and interoperability, temporal dynamism, flexibility and feasibility [81]. They also point out that without constant presentation of these results to the local community, in a legible form and with the involvement of stakeholders to co-decide on prospective changes, smart city tools are worthless gadgets [82]. Data helps to better illustrate challenges, including the ones related to the energy efficiency of buildings in regeneration areas [83]; however, in order to use them, it is necessary to provide an information infrastructure and an appropriate number of data points, which is a particular difficulty in Central and Eastern European cities [37]. This is an important context for the analysis in this article. We analyzed whether Polish local governments used environmental data for the purposes of developing regeneration programs and project implementation, but we also assessed whether it was possible to talk about the use of smart city tools to diagnose environmental crisis phenomena in Poland.




3. Materials and Methods


The scale of programs for regeneration activities in Poland, since the adoption of the Revitalization Act in 2015, is huge. According to the data of Statistics Poland, at the end of 2018, the total number of regeneration programs in Poland was 1494. Most cities received government grants to develop programs, which made it possible to carry out complex analyses taking into account intra-municipal diversity, something that had not previously been done in cities on this scale. Crisis phenomena in the social, economic, environmental, technical and spatial-functional spheres were assessed with the use of various indicators. It was also possible to disseminate participatory document development. In most cities, the communities of a regeneration area and its other stakeholders were involved at every stage of the renewal program’s development (from diagnosis and designation of the regeneration area to consultation on the final version of the program). Given such a scale, the Polish regeneration model provides an impetus to assess to the extent to which planned activities adhere to sustainable urban regeneration, combining all the above-mentioned spheres in such assessment.



A survey by Statistics Poland, conducted at the end of the regeneration programming process, allowed the collecting of a number of data, including information about the extent to which crisis phenomena in particular spheres (social, economic, environmental, technical and spatial-functional) influenced the designation of degraded areas [60]. The results of the Statistics Poland survey were the basis for the formulation of the detailed research hypotheses in this article. The whole number of regeneration programs (1494) was divided into two types of programs (Table 1); 1167 regeneration programs, developed on the basis of the Act on Municipal Self-Government (PR/LPR; in Poland, these abbreviations refer to: revitalization program and local revitalization program, respectively), and 327 municipal regeneration programs (in Poland abbreviated as GPR and sometimes referred to as ‘gmina revitalization programme’), developed on the basis of the Revitalization Act, were distinguished. Less than 22% of municipalities conducted regeneration activities according to the specifications documented in the act; the remaining municipal councils decided that, during the transitional period (until 31 December 2023), they would carry out regeneration activities based on a simpler doctrine.



The key determinant of designating degraded areas (and, consequently, areas of regeneration) were negative phenomena in the social sphere (Table 2).



As many as 81.7% of municipalities with adopted regeneration programs showed that it was the main factor determining the demarcation of brownfields, while 96.9% of municipalities indicated that it was a significant one. Thus, it clearly can be stated that the intention of the legislation, to make negative phenomena in the social sphere foundational for the evaluation of degradation in a municipality, was internalized by municipalities.



Negative economic phenomena had a decisive impact on the demarcation of degraded lands in 34.9% of municipalities, and 79.6% of municipalities indicated that they were significant in this process. It is worth paying attention to the balanced distribution of indications—for many municipalities, degradation in the economic sphere was of secondary importance (665 municipalities), however, this group is slightly smaller than the group of municipalities for whom the significance of this sphere was key (520 municipalities). Degradation in the spatial and functional sphere was of similar importance in demarcating degraded areas in municipalities to the same in the economic sphere, with a slightly greater share in the distribution of indications of municipalities for which this sphere had a decisive influence (39.7% of municipalities) or significant impact (81.1% of municipalities). Negative phenomena in the technical sphere were even less important when demarcating brownfields or other degraded areas; 28.7% of municipalities indicated that they were decisive, while 69.6% of municipalities regarded them as significant. The share in the structure of municipalities for which the technical sphere was of marginal or no importance in designating these areaa is clearly higher than in the case of the above-analyzed spheres—30.4%. This contradicts a stereotypical opinion about such demarcation from the perspective of renovation need. Where modernization was a reason for demarcating these areas, projects concerned with, in particular, urban structures (streets, squares, etc.), were motivated, among other things, by investments improving the condition of technical and/or social infrastructure. The environmental sphere had by far the least influence on the selection of degraded areas. Its decisive influence on the demarcation of a degraded area was indicated by 22.6% of municipalities, and 62.6% of municipalities indicated that they were important in this process. At the same time, for 37.4% of municipalities, negative phenomena in this area were of marginal or no importance [64].



At the same time, in the environmental sphere, approximately one quarter of the planned projects were implemented at the end of 2018. The level of implementation for these projects was much higher than in other spheres. It is a consequence of two factors—a relatively low number of projects from this sphere, and their having been implemented mainly with external funding from competitions that were largely resolved from the outset, from the financial perspective. These conclusions lead us to investigate whether crises in the environmental sphere or other non-substantive factors best explained the implementation of these projects.



The first step in searching for an answer to the main objective of the research proposed in the introduction was to develop a set of research questions based on a literature review. Only the environmental sphere was selected for detailed analysis, other spheres were excluded the. There were several reasons for this choice. Firstly, there was a discrepancy between the low importance of the environmental sphere in designating degraded areas and the high number of these projects Poland completed. Secondly, the Polish literature on the subject clearly indicates that there is already good quality data in other spheres [44,45,61,63,64]. Thirdly, with regard to the environmental sphere, the most difficult thing for Polish municipalities is obtaining data illustrating intra-city diversity [61,63,64]. Most often, these data are presented on the basis of single measurements for the entire municipality [84], which may be a significant obstacle in the use of smart city tools. Individual factors in the environmental sphere (e.g., energy efficiency, energy poverty) were not distinguished, because data sets in public statistics did not allow for this. These issues were left for further research, emphasizing, at the same time, that the importance of this type of analysis in the context of environmental activities of the European Union towards the housing stock is growing [85].



In the next step, data from Polish official statistics corresponding to the research objectives was prepared for analysis. And so, for the purposes of the study, using the data of Statistics Poland, the authors analyzed the impact of the following factors on the maturity of environmental analyses in regeneration programs:




	
the type of regeneration program (GPR/PR) and the importance of the environmental sphere in demarcating the degraded area;



	
the type of the municipality (urban municipalities, rural municipalities and urban–rural municipalities) and the importance of the environmental sphere in demarcating the degraded area;



	
the type of the municipality and the surface area of green spaces in regeneration areas;



	
the importance of the environmental sphere in demarcating the degraded area and the number of planned environmental projects, and where found important, whether there was such a relationship with the particular type of municipalities (urban, rural and urban–rural municipalities);



	
the number of projects planned for implementation in the environmental sphere and those at least begun.








Based on the literature on the subject and preliminary statistical data analysis, the following detailed hypotheses were formulated:




	
Municipalities (urban, rural, urban–rural) with regeneration programs do not perceive negative environmental phenomena as significant in assessing crisis in a degraded area.



	
In municipalities (urban, rural, urban–rural) with a larger surface area of green spaces, no negative environmental phenomena are experienced in degraded areas.



	
The extent of assessment of the environmental threat experienced in the degraded area is closely related to greater numbers of planned projects in the area.



	
The growing strength of negative phenomena in the environmental sphere contributes to an increase in the number of projects in an area.








In the correlation study, Spearman’s correlation coefficient was used, taking into account the occurrence of many related pairs for data using an ordinal scale. The value of this coefficient is in the closed range [–1, 1]. The closer it is to the ends of this range, the stronger the correlation between the features. For strictly qualitative data, the φ-Yule correlation coefficient was used, based on the χ2 statistic. For the number of lines not greater than two, the value of φ-Yule does not exceed one, for the number of lines greater than two, it may be greater than one. The values of the correlation coefficients were tested each time, taking into account the significance level α = 0.05. Additionally, in the case of four-field association tables for qualitative data, the possible impact of too low values in individual cells was minimized thanks to the application of the Yates correction [86].



By tracing these relationships, it was possible to accurately characterize environmental aspects of regeneration programs in Poland.



The discussion of the results traced the evolution of the Polish approach to measuring crisis phenomena with the use of indicators, primarily in the environmental sphere. The authors characterized this approach with difficulty in obtaining data on the environmental sphere—difficulty faced by Polish municipalities wanting to use smart city tools to diagnose the needs characterizing this sphere in regeneration programs.




4. Results


Taking into account the type of regeneration program (GPR/PR) and the importance of the environmental sphere in demarcating the degraded area, the analysis covered three types of municipalities: urban, rural, and urban–rural (Table 3).



The conducted analysis (Table 3) showed that there is a statistically significant correlation between the type of regeneration program and the strong importance of the environmental sphere in the demarcation of a degraded area in urban municipalities (φ = −0.133; χ2 = 3.899; p = 0.048). It proves that, in municipalities having a municipal regeneration program compliant with Article 14 of the Revitalization Act (GPR), the strong impact of negative environmental phenomena on an area of regeneration is perceived significantly less frequently. The relationship between the strength of the impact of negative environmental phenomena and the type of regeneration program in rural municipalities is slightly different.



As can be seen, there is a statistically significant correlation (φ = −0.083; χ2 = 4.776; p = 0.029) between the type of revitalization program and the lack of importance of the environmental sphere in determining the degraded area in rural municipalities. It proves that in municipalities having a municipal regeneration program compliant with Article 14 of the Revitalization Act (GPR), the lack of impact of negative environmental phenomena is felt significantly less frequently. This may indicate a certain lack of awareness, in this regard, in the examined group of rural municipalities for neglecting the activities specified in the act.



With respect to urban–rural municipalities, no statistically significant relationships were confirmed between the type of regeneration program and the assessment of the significance of the environmental sphere when designating a degraded area.



The described relationships were also examined in aggregate terms (Table 4). No statistically significant relationships were confirmed between the type of municipality and the assessment of the importance of the environmental sphere in demarcating brownfields in urban–rural municipalities (Rs = 0.025; p = 0.038).



In the course of further analyses, no statistically significant relationships were confirmed between the surface area of green spaces and the assessment of the importance of the environmental sphere in demarcating the degraded area in urban and rural municipalities (Table 5).



There is a statistically significant correlation between the surface area of green spaces and the lack of importance of the environmental sphere in determining the degraded area in urban–rural municipalities (φ = −0.087; χ2 = 3.867; p = 0.049). It proves that in municipalities with a larger surface area of green spaces, the lack of influence of negative environmental phenomena is felt significantly less frequently; in turn, we also note a statistically significant correlation between the surface area of green spaces and a moderate (2) assessment of the importance of the environmental sphere when demarcating a degraded area (φ = 0.110; χ2 = 6.166; p = 0.013). Therefore, in further analysis of this field, the Spearman correlation coefficient was used (Table 6).



There is a statistically significant correlation between the type of municipality and the surface area of green spaces in urban–rural municipalities (Rs = −0.154; p < 0.001). In rural municipalities, there are significantly more green spaces in regeneration areas. However, the existence of a correlation between the size of green areas and the impact of negative environmental phenomena was not confirmed.



In each of the studied approaches, a statistically significant positive correlation was observed between the impact of negative environmental phenomena and the number of planned environmental projects (Table 7). A higher assessment of threat is associated with a greater number of planned projects.



The research also confirmed a statistically significant, strong, positive relationship between the number of projects planned for implementation in the environmental sphere and those at least started (Rs = 0.523; p < 0.001).




5. Discussion


The difficulties of small municipalities (urban-rural and rural) in the analysis of the environmental sphere are the result of poor data availability. Analytical requirements in Poland have increased significantly in the last 20 years, especially with regard to the delimitation of regeneration areas.



Poland’s accession to the European Union was associated with access to EU funds, including those for the implementation of projects that were to result from urban, post-industrial and post-military regeneration programs. The principles of project eligibility were derived from the requirements specified in the URBAN program. The project had to result from a regeneration program developed for an area in the city of over 20,000 residents who meet at least one of the defined scarcity criteria:




	
unemployment rate higher than the national average,



	
high level of poverty and difficult living conditions,



	
high crime rate,



	
low level of education of the inhabitants,



	
particularly polluted environment [87].








Regeneration programs could present a diagnosis for the entire municipality, without differentiation in its basic components (districts, housing estates, urban units).



The situation changed in the financial perspective between 2007–2013, when the managing authorities of regional operational programs were given the opportunity to create a regeneration policy by formulating separate guidelines for renewal programs. The criteria for designating brownfield sites (i.e., degraded areas) were derived from Article 47 (1) of Regulation (EC) No 1828/2006:




	(a)

	
high levels of poverty and exclusion;




	(b)

	
high rate of long-term unemployment;




	(c)

	
unfavorable demographic trends;




	(d)

	
low level of education, a clear deficit of qualifications and a high dropout rate;




	(e)

	
high levels of delinquency and offenses;




	(f)

	
a particularly high degree of environmental degradation;




	(g)

	
low business activity rate;




	(h)

	
high numbers of immigrants, ethnic and minority groups or refugees;




	(i)

	
comparatively low value of the housing stock;




	(j)

	
low level of energy efficiency of buildings [88].









For area action to be co-financed, an area had to meet at least three of the criteria mentioned, including at least two of the points in a–h. The above-mentioned indicators were to be collected at the national level by member states, and the reference values were agreed with by the European Commission. In Poland, the above-mentioned criteria have been limited to five in the Guidelines of the Ministry of Regional Development on the programming of housing related activities (the original title in Polish: Wytyczne Ministra Rozwoju Regionalnego w zakresie programowania działań dotyczących mieszkalnictwa):




	(a)

	
high levels of poverty and exclusion,




	(b)

	
high rate of long-term unemployment,




	(c)

	
high levels of delinquency and offenses,




	(d)

	
low business activity rate,




	(e)

	
comparatively low value of the housing stock [89].









Reference indicators have been defined for them at the regional level. Individual regions in Poland used different approaches to demarcating degraded areas, selecting which indicators should be used in relation to particular criteria. Reference values were also often specified.



Currently, after the adoption of the Act on Revitalization, regeneration areas are demarcated on the basis of individually selected indicators [62,90]. The Act specifies the spheres of crisis phenomena analysis and the main scopes of analysis. Municipalities most often analyzed a crisis occurring in the environmental sphere with the use of three indicators:




	
percentage of low-emission buildings in the total number of buildings,



	
percentage share of buildings connected to the heating network,



	
number of buildings per capita containing asbestos that have not been dismantled [91].








Indicator analysis of the level and degree of degradation of the environmental sphere has been rarely undertaken, especially with so many aspects and at the municipal level. The indicators enabling the analysis of the crisis in this sphere were mostly included in the analysis of the crisis of the functional-spatial or technical sphere, and these spheres are intertwined in municipalities.



To analyze crises of the environmental sphere, in the delimitation of both degraded areas and regeneration areas in municipalities, the most frequently used indicators were: the percentage of low-emission buildings in the total number of buildings, water consumption, low-emission heating systems and the surface area of green spaces [91]. As in the case of transport accessibility and spatial order, theoretically there is a lot of data on the quality of the environment at the municipal level, however, it cannot be obtained from the level of public statistics. An example is the number of days in a year when air quality standards are met. Due to the number of measurements, it is possible to obtain these data only at the level of the entire municipality, although it would be desirable to study it with greater diversity. Data in the environmental sphere is poorly available. For example, the data on air pollutant emissions in rural and urban–rural municipalities are often based on only one measuring point. Therefore, it is not possible to conduct an analysis with division into smaller units (basic fields) of air pollutants [45]. On the other hand, the data on energy performance cannot be shown, because only the data for municipal buildings, i.e., only part of the buildings in municipalities, is available. The availability of data is the most important challenge hindering in-depth analysis in Polish regeneration programs [61,64,92]; however, the literature provides detailed formulas on how to conduct analyses with the use of smart city tools in the environmental sphere [70,71,72,73,74,75,76,77,78,79,80,83,85,93]. To make this possible, Poland needs a better information infrastructure. Analytical difficulties mean that the assessment of the impact of environmental projects is based on intuition and general analyses rather than on indicator values. The phenomenon of environmental degradation should be considered, inter alia, as a result of human economic activity constantly exploiting the environment. This complexity of the phenomenon and such interdependencies were taken into account in the theoretical concept of the Environmental Kuznets Curve, in short EKC [94] According to this approach, the level of pollution increases as income increases, until the latter reaches a certain level, above which the increase in income causes the level of pollution to fall [95]. It is also assumed that the environmental Kuznets curve most often takes the shape of an inverted U letter, which means that at a low level of income, the intensity and degree of environmental degradation are low [96].



In Poland before 1989, environmental issues were of secondary importance. This was related to the development of heavy industry, located in areas exploiting mineral deposits, mainly in the vicinity of large cities [97]. The high degree of industrial concentration and urbanization caused permanent transformations in many areas of Poland at the time. The pro-ecological impact of economic growth in Poland has only been noticeable since 1989. As far back as in 1988, Poland was classified as one of the most polluted countries in Europe; this was related to the emission of sulfur dioxide into the atmosphere (4 million tons in 1988). Currently, there is significant improvement in SO2 concentrations; only in 2017 was there a deterioration in results from the Silesian zone [98]. Environmental regulations in Poland place particular emphasis on reducing carbon dioxide (CO2) emission from the combustion of fossil fuels (mainly hard coal and lignite) [95,99]. A longer perspective (Figure 1) on Poland’s economic growth and CO2 emissions are indicated by the shape of the letter U; therefore the EKC hypothesis is not correct [100].



This implies a further area of research in relation to the environmental sphere, because the issues related to the anthropogenic impact of humans on the environment, expressed by the Kuznets curve, are completely unanalyzed with reference to degraded areas. As it has been shown, anthropopression does not decrease, but intensifies; so it is worth examining what data are missing from the intra-city picture, in order to make detailed analyses possible. This, in turn, opens another field for the use of smart city tools.




6. Conclusions


On the basis of this study, a number of emerging difficulties concerning the environmental zone, faced by Polish municipalities (urban, rural, urban–rural), were identified. This is of particular diagnostic importance to the environmental sphere of regeneration programs, as well as for the advancement of the smart city. The authors of this study note that the key determinant of demarcating degraded areas (and, consequently, regeneration areas) was negative phenomena in the social sphere. Secondly, the environmental sphere, despite its increasing importance, is often overlooked, especially in degraded areas. At the same time, it was noticed that a city can be treated as “smart” when it undertakes investments not only in social capital and infrastructure, but also in the environmental sphere, especially in degraded areas. Thirdly, thanks to the analysis of the relationships between environmental assessment when designating a degraded area and the type of renewal program, as well as the type of municipality, the importance of the environmental sphere when designating a degraded area and the number of planned environmental projects in individual municipalities, a characterization of the environmental aspects in regeneration programs in Poland was made. The conducted research confirmed that analysis of the level and degree of degradation of the environmental sphere is not undertaken frequently in municipalities, which is related to the poor availability of data. For the same reason, it is still rare in Polish conditions to use smart city tools in order to analyze environmental phenomena. This often results in the randomness or wishfulness of undertaken investment projects in the environmental sphere. Small municipalities, especially, face difficulties in accessing environmental data in terms of intra-city diversity. The current laws in Poland stimulate proper consideration of environmental issues in these analyses; the problem is data availability. Therefore, we recommend the creation of as many measurement points as possible. Due to the need to expand them, it would be worth analyzing, in separate research, what forms of anthropopressure on the environment should be studied (air pollution, greenhouse gas emissions, etc.).
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Figure 1. EKC hypothesis for Poland, Own study based on [100]. 
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Table 1. Two types of urban regeneration programs in Poland (PR/LPR and GPR).
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	The Type of Urban Regeneration Program





	PR/LPR
	1.167 (78%)



	GPR
	327 (22%)



	Total
	1.494 (100%)







Source: Own study based on [63].
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Table 2. The impact of individual spheres on the designation of degraded areas.
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The Impact of Negative Phenomena






	
Sphere

	
Decisive

	
Significant




	
social

	
81.7%

	
96.9%




	
economic

	
34.9%

	
79.6%




	
spatial and functional

	
39.7%

	
81.1%




	
technical

	
28.7%

	
69.6%




	
environmental

	
22.6%

	
62.6%








Source: Own study based on [63].
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Table 3. Values of φ–Yule correlation coefficients between the impact of negative environmental phenomena and the type of regeneration program in urban, rural and urban–rural municipalities.
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The Impact of Negative Environmental Phenomena






	
Measure

	
0

	
0

	
0

	
0




	
Urban municipalities




	
φ

	
0.096

	
−0.002

	
0.059

	
−0.133 *




	
χ2

	
2.015

	
0.001

	
0.760

	
3.899




	
p

	
0.156

	
0.976

	
0.383

	
0.048




	
Rural municipalities




	
φ

	
−0.083 *

	
−0.083 *

	
−0.083 *

	
−0.083 *




	
χ2

	
4.776

	
4.776

	
4.776

	
4.776




	
p

	
0.029

	
0.029

	
0.029

	
0.029




	
Urban-rural municipalities




	
φ

	
−0.034

	
−0.034

	
−0.034

	
−0.034




	
χ2

	
1.671

	
1.671

	
1.671

	
1.671




	
p

	
0.196

	
0.196

	
0.196

	
0.196








*—significant value at the significance level α = 0.05.
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Table 4. Values of the R–Spearman correlation coefficients between the type of a municipality and the assessment of the importance of the environmental sphere in demarcating a brownfield in urban–rural municipalities.
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Measure






	
Variable

	
Rs

	
t(N-2)

	
p




	
marking the environmental zone in Polish municipalities

	
0.025

	
0.959

	
0.338

	
0.025








*—significant value at the significance level α = 0.05.













[image: Table] 





Table 5. Values of φ-Yule correlation coefficients between the impact of negative environmental phenomena and the surface area of green spaces in urban, rural and urban–rural municipalities.
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The Impact of Negative Environmental Phenomena






	
Measure

	
0

	
1

	
2

	
3




	
urban municipalities




	
φ

	
0.074

	
0.075

	
−0.068

	
−0.047




	
χ2

	
1.188

	
1.229

	
1.010

	
0.477




	
p

	
0.276

	
0.268

	
0.315

	
0.490




	
rural municipalities




	
φ

	
−0.042

	
−0.008

	
0.059

	
−0.032




	
χ2

	
1.205

	
0.042

	
2.406

	
0.719




	
p

	
0.272

	
0.839

	
0.121

	
0.396




	
urban-rural municipalities




	
φ

	
−0.087 *

	
−0.047

	
0.110 *

	
−0.002




	
χ2

	
3.867

	
1.141

	
6.166

	
0.002




	
p

	
0.049

	
0.285

	
0.013

	
0.968








*—significant value at the significance level α = 0.05.
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Table 6. Values of R–Spearman correlation coefficients between the impact of negative environmental phenomena and the type of municipality and the surface area of green spaces in urban–rural municipalities.
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Measure






	
Variable

	
Rs

	
t(N-2)

	
p




	
type of municipality

	
−0.154 *

	
−5.900

	
0.000




	
assessment of the importance of the environmental sphere

	
0.012

	
0.459

	
0.646








*—significant value at the significance level α = 0.05.
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Table 7. Values of R–Spearman correlation coefficients between the impact of negative environmental phenomena and the surface area of green spaces in urban, rural and urban–rural municipalities.
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The Impact of Negative Environmental Phenomena






	
Approach

	
Rs

	
t(N-2)

	
p




	
urban

	
0.230 *

	
3.488

	
0.001




	
rural

	
0.213 *

	
4.924

	
0.000




	
urban-rural

	
0.158 *

	
4.217

	
0.000




	
Total

	
0.187 *

	
7.212

	
0.000








*—significant value at the significance level α = 0.05.
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