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Abstract

:

This article analyzes the correlation between the city size, population density and character of three Polish cities and the following aspects: (1) inhabitants’ subjective stress level and its change during the COVID-19 pandemic, (2) sources and effects of their stress during the pandemic, (3) ways of reducing stress by residents and the role of greenery in this respect and (4) directions of changes in the structure of post-pandemic cities desired by their residents. The main research method was geo-surveys, the results of which were developed using statistical analysis and GIS methods. On the basis of the constructed scale, respondents subjectively assessed the level of experienced stress and its change during the COVID-19 pandemic. The research shows that none of the considered features of cities (including size measured by the number of inhabitants) are related to the level of pandemic stress of their inhabitants. All of them, on the other hand, are correlated with the directions of urban spatial development desired by the residents, conducive to stress reduction. Furthermore, the size of the city and its character affect the subjectively perceived change in stress levels during the pandemic (compared to the stress level before pandemic). Some of the effects of pandemic stress and ways of reducing it depend on the character of the city. The stress experienced by the inhabitants is the lowest in cities with the largest share of green areas in the spatial structure (especially with forest complexes and naturally shaped areas of river valleys), where an effective system of greenery has been adopted (the Howard’s garden city model), and at the same time with dominant single-family housing. The research results were used to indicate new directions for shaping post-pandemic cities that are more resistant to stress and thus healthier for their residents.
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1. Introduction


The observed global trend towards the intensification of urbanization processes and living an urban lifestyle has positive but also negative consequences. On one hand, it has contributed to an improvement in urban sanitation and infrastructure over the last several decades, which have resulted in a better quality of life, particularly in comparison to the 19th-century cities of the industrial age that offered poor sanitary conditions and therefore bred numerous epidemics (the plague, tuberculosis, influenza, etc.) [1,2]. As a result, being at the same time environments full of informative and situational stimulants, cities began to be perceived as fields of professional and personal opportunities. On the other hand, however, cities are dynamic, unpredictable and stress inducing places, full of inequalities, exacerbating the health condition of residents [3,4,5].



The literature on stress in cities, its causes, effects, and ways of relieving it, is not very extensive [6,7,8,9]. Furthermore, cities vary to a significant degree. Their different features, mainly their size measured by the number of inhabitants, decide about both development potential and the problems and challenges they face. Studies reflecting on the correlation between residents’ stress and the size of an inhabited center are scarce. The issue is tackled in the research by Adli [7] and—in relation to pandemic stress—in the article by Zahangir and Rokonuzzaman [10]. Unexplored problems that need to be examined more thoroughly are those of whether the size of a city during the pandemic had an effect on: (1) the stress level of residents, (2) causes of this stress, (3) its effects, (4) ways of reducing it and (5) the role of the spatial structure, including greenery, in its reduction. These are the issues addressed in this publication. Filling the identified research gaps will make it possible to acquire new knowledge that is needed for developing the concept of a healthy, stress-resilient, livable city.



It has been assumed, in line with Lalonde’s report of 1974 prepared for WHO, that health is not only the lack of an objectively identified disease or infirmity but the entirety of physical, mental and social wellbeing [11,12]. Therefore, health is understood as freedom from distress and degradation, freedom to act and maintain autonomy in time, and stress resilience [11,13]. In this context, health is not only a biological concept but also a psychological and social one, dependent on four determinants: (1) lifestyle, that is the total of personal pro-health choices (53%), (2) the impact of physical and social environments (21%), (3) biology and genetics (16%) and, only 10% is dependent on, (4) the quality and access to formal healthcare, including pharmacology [14].



It is worth emphasizing that compliance with “healthy lifestyle” recommendations does not automatically guarantee mental health, since psychological wellbeing relies heavily on many different factors, an important role being played by a living environment and conditions of social functioning of an individual. This, in turn, depends on a properly planned and developed spatiofunctional structure of a city [15].



The primary objective of the study is to indicate new directions for developing healthy, stress-resilient, post-pandemic cities. Consequently, the research examined the correlation between the city size, population density, its character (resulting from, e.g., the spatiofunctional structure and access to greenery) and the pandemic stress experienced by residents.



The main aim of the study is accomplished by answering the question of whether the following aspects depended on the city size, its population density and the city character during the COVID-19 pandemic:




	(1)

	
Inhabitants’ stress level and its change;




	(2)

	
Sources and effects of this stress;




	(3)

	
Ways of reducing stress by inhabitants and the role of greenery in this respect;




	(4)

	
Directions of changes in the structure of post-pandemic cities desired by residents.









The focus is also on increasing and decreasing the impacts of spatial structure elements of cities of different sizes on the stress of urban dwellers during the pandemic. We assume that the larger the city, the more densely populated and more densely developed and therefore the higher the pandemic stress level; the same is true for the role of greenery in stress reduction. The answers to the posed research questions rest on the results of the geo-survey conducted. In-depth research was carried out in two Polish cities and one town that were different in size and situated in the Poznań agglomeration area—Poznań, Swarzędz and Puszczykowo.



The results achieved during the research may serve to prepare conceptions of healthy, stress-resilient cities, referring to their size, population density and character. Detection of these dependencies will allow indicating directions for desirable changes that are universal for cities and specific for a given group of urban centers.



The research, the results of which are shown in this publication, relates to the need pronounced in the literature concerning the institution of a new scientific discipline combining the issues of city planning and public health [16,17], allowing for neurology. The discipline is identified as neuroarchitecture, neurourbanism or neurogeography. Its research field should embrace the influence of urban structure elements on the state of the human nervous system (the correlation between urban living and mental disorders), allowing for the conception of the stressed urban brain, which is significant in the face of a still growing urban population [18]. It also fills the gap in the subject of better understanding the interactions between the mental health of residents and the availability and quality of green areas [19].




2. Theoretical Background


The search for the characteristics of healthy, stress-resilient, post-pandemic cities requires prior identification of sources of stress in cities, what shapes the level of this stress, as well as the role played by the COVID-19 pandemic and its accompanying countermeasures (restrictions, lockdowns) in this regard. Due to the harmfulness of stress for residents and its negative impact on public health, it is also important to point out the elements of urban development that help residents reduce their stress, which are urban green areas (UGI).



2.1. Stress in the City


The residents’ stress may have different origins. Among them, one can distinguish the following sources: (1) economic, such as lack of a sense of financial stability, fear of shortages of resources in case of crisis, fear of losing a job, (2) social, consisting of social deprivation/discrimination, lack of a sense of security, helplessness, aggression, social threats, unpredictable environments, social isolation, chaos, communication stress, etc., and (3) environmental, such as noise, congestion, housing type and quality, insufficient personal space, disruption to chronobiological rhythm or a low air quality [9,18].



Stress, in the face of civilizational changes and violent occurrences with unpredictable results, may significantly affect the wellbeing of urban residents, including affecting their health [11,20,21]. The long-term deprivation of wellbeing elements that are essential to the proper biological, economic and social functioning of human beings may lead to psychosomatic diseases resulting from prolonged stress. Long-term social stress seems to be particularly disadvantageous and, to a much greater extent than environmental stressors, may contribute to epigenetic disorders, a greater risk of neurodegenerative diseases, accelerated aging, schizophrenia (the risk is twice as high as in rural areas), anxiety, fear and depression [7,9].




2.2. The Stress Level and the Size of the City


Health disorders caused by stress are observed in urban environments rather than in rural ones [6,22]. Moreover, unfavorable stress effects correlate with the demographic or socioeconomic features of urban dwellers to a small degree, yet they intensify with the size of the inhabited city [6,7,23,24]. Furthermore, the urban environment is characterized by a reduced neural ability to cope with stress [7,25] accompanied by the shortage of a restorative environment conducive to a quick post-stress regeneration [19].



Since the urban population is expected to double over the next 30 years, there is a legitimate concern that urban stress will intensify [19]. Therefore, what is needed are further, in-depth studies on urban stress factors and their effects, as well as mental stress factors (anxiety, depression and substance use), in relation to city sizes [26], and building resilience to them. Stress-caused mental diseases, next to obesity and a decline in physical activity, are recognized as one of the main challenges for 21st-century cities [27]. It is also not without significance that stress results in the deterioration of urban dwellers’ health, which contributes to increasing healthcare costs.




2.3. Stress in the City during the COVID-19 Pandemic


Cities as environments for numerous social contacts were particularly vulnerable to the quick transmission of the virus, which in the initial phase of the pandemic spread much faster in larger centers [5]. The research conducted in the United Kingdom shows that the pandemic was perceived at its onset as a strong stressor by 75% of those surveyed, 49% of them suffered aggravated symptoms of adaptation disorders, including 26% of those with depression symptoms [28]. Comparative studies in Bangladesh and Chittagong revealed that a significant proportion of the infected respondents experienced depression, anxiety and stress symptoms, with their greatest intensification in larger cities [10].



According to WHO [29], in the first year of the pandemic there was an increase in anxiety and depression by 25%, and the reasons behind this deterioration turned out to be social isolation, loneliness, fear of losing economic safety and also concerns about one’s health and personal life and those close to them [29]. The research carried out in Portugal [30] confirmed these results, indicating that women and persons with previously diagnosed mental illnesses were more exposed to an increase in psychopathological symptoms. Moreover, pandemic stress effects may also include a significant rise in restlessness, lack of motivation, too little exercise, irritability, sadness and depression, social withdrawal and also an increase in medication and alcohol abuse [31]. The health deterioration of urban dwellers caused by pandemic stress necessitates searching for ways to improve their health situation and building stress resilience.




2.4. The Role of Greenery in Relieving Stress during COVID-19


In the history of civilization, the natural environment has been recognized many times as an important factor in relieving stress [27,32]. It has been proven that access to high-quality parks and open public spaces positively affects health, including mental health, and is related to pro-health behavior; it is conducive to heightened physical activity and social contacts [33]. The greater number of hours spent by urban residents among greenery correlates with a higher degree of declared mental health [34].



A special role for urban greenery in relieving stress was also identified during the COVID-19 pandemic, although natural areas were also subject to restrictions as potential places of virus spread [35]. The research conducted during the pandemic among the residents of Madrid, revealed that most of them advocated for open access to urban greenery for reasons of health, mental health in particular [31]. A greater number of visits to urban green areas was recorded in numerous cities [35,36], which made it possible for residents to maintain an active lifestyle (despite the requirements of social distancing), reduce addiction to electronic devices, reduce the stress of those confined to the indoor environment [37] and mitigate exposure to tension at home and allowed social cohesion [38]. Overall, it improved physical, mental and emotional health [39]. Greenery was also frequently used by parents to organize time for their children when schools were closed [35]. What was especially recognized during the pandemic was the significance of large urban parks [38].



The research results provided indicate the need to verify and update post-pandemic urban policies on developing public health in cities towards preventive solutions (strengthening stress resilience) that are next to intervention (institutional) measures [40,41]. There is an ever-greater need for rethinking the approach to the design, construction and exploitation of cities to make them healthier for inhabitants, which will require reorganization of their spatial structure [42,43]. The transformations should be oriented to an improvement in the availability of green areas to residents and, in consequence, increase their stress resilience. The application of biophilic design is one of the ways to achieve the vision of such a city.



Biophilic design is based, among other things, on environmental psychology theories—stress recovery theory [44] and attention restoration theory [45]. These theories show the need for modification and redesigning of the urban environment to enhance residents’ wellbeing through improving their contact with nature. On a planning scale, the biophilic city [46] is both biodiverse and involves the process of learning and evolving towards better access to a psychophysically restorative environment. Thus, it fulfils the requirements of a self-healing city to some extent [47]. Also, in the conception of a biophilic city, the function of the psychophysical restoration of city dwellers is attributed to urban greenery areas, which are treated as restorative environments [48,49].





3. Research Area


The geo-survey was conducted in three urban areas (two cities and one town) located in the Poznań agglomeration, namely in Poznań, Swarzędz and Puszczykowo (Figure 1). The most important criteria for the choice of the areas of study included: (1) the size of the unit, measured by the number of inhabitants, (2) population density and (3) the character of the city. The term “character of the city” is understood primarily as its functional and spatial structure, which has a most significant impact on the uniqueness of settlement units, as well as the dominant (economic) function of the center. In the context of the conducted research, within the functional and spatial structure, the most important elements include: residential development areas—their distribution, size, density (intensive—multi-family, extensive—single-family), type (single- and multi-family) and green areas—their system/layout in the city plan, location, size and type (including arranged and undeveloped areas). An additional selection criterion was also the location of the city in the agglomeration, as well as its administrative rank.



Poznań is one of the largest cities in the country in terms of population number—545.07 thousand (fifth in Poland)—and area—262 km2/26,191 ha (ninth in Poland) [50]. As a regional metropolis, it performs a role at the center of the Poznań agglomeration as the scientific, trade, industrial and cultural hub of the region and is home to voivodeship and county authorities. Poznań is diversified with respect to housing estates; its spatiofunctional structure rests on the ring and radial system of greenery, following the conception of a “compact city” (Figure 6). The green areas overall occupy more than 30% of its total area [50].



Swarzędz is a medium-sized city with respect to its population number (28.98 thousand) [50], situated in the immediate neighborhood of the core metropolis (about 10 km east of the Poznań center). It performs the function of the administrative center of the urban–rural commune of Swarzędz (the largest and most densely populated commune of Poznań County). The city itself is also very densely populated, which places it in fifth position in the country—3521.4 persons/km2 in 2021 [50]. Swarzędz is a recognized center in the field of furniture manufacturing (predominant activity: services and production) and does not have any clear spatiofunctional structure, with a small proportion of green areas in a dispersed, pointed pattern.



Puszczykowo is a small town with a population of 9.41 thousand [50]. It is located near Poznań (about 12 km south) in its impact zone and mainly performs the function of a so-called dormitory (residential) district for the central city. The town also fulfils a tourist function because of its situation in the immediate vicinity of Wielkopolski National Park, which surrounds the city. Puszczykowo is designed according to Howard’s idea of “garden cities”, and almost half of its area is covered by forest land, which is mostly protected by law. The most important features of all three centers are compared in Table 1.



The distribution of green areas in the investigated cities and their “embedding” in greenery is shown in Figure 6.




4. Research Methodology


4.1. Geo-Survey


This work is based on research that has drawn mainly on primary data from Internet surveys using computer-assisted web interviewing. Use was made of a geo-survey, a tool that is based on geoinformation systems [51,52]. As a research instrument, a geo-survey is the combination of an Internet survey and a map, making it possible for respondents to plot vector geographic structures on the interactive digital map and answer questions related to that [53]. Owing to this fact, it is possible to recognize the characteristics of a local space based on the knowledge, experience and opinions of the residents or users of the analyzed area [54,55,56]. The geo-survey was widely distributed among the residents of the three centers. The link to the tool was shared by the official websites and social media (Facebook, Twitter (X), Instagram) of the municipal offices of the surveyed cities, the Faculty of Human Geography and Spatial Planning of the Adam Mickiewicz University and through the project website.



The geo-survey research consisted of 25 questions, 3 of them being interactive maps. The remaining questions were closed-ended in character (e.g., questions on a scale of 0–10, multiple choice and yes/no questions). The results presented in the article refer to nine geo-survey questions, two of which took the form of an interactive map on which respondents marked stressful and stress-reducing places. In addition to the possibility of marking specific places on maps, the questionnaire questions concerned the level of stress during COVID-19, the change in stress levels as a result of the COVID-19 pandemic, the perceived effects of stress, stressful and stress-reducing elements and desired changes in the structure of post-pandemic cities conducive to stress reduction. The perceived, subjective level of stress was assessed by the respondents using a scale of 0–10 (0—no stress; 10—very high level of stress). The perceived subjective change in stress level as a result of the pandemic compared to the pre-pandemic time was determined by the answers “increased”, “did not change” or “decreased”. The obtained results were subjected to statistical analysis. The aim was to determine what percentage of respondents indicated an increase, decrease or maintenance of the level of stress experienced during the pandemic compared to the period preceding the pandemic.



The detailed content/text of the questionnaire questions and answer choices is set out in Supplementary Materials. The geo-survey was carried out between July 2022 and March 2023 (the geo-survey was available for completion for a total of 9 months). It should be noted that during the 9-month study period, the pandemic situation in Poland began to stabilize (vaccinations were available and restrictions were gradually lifted). Therefore, the duration of the study had no impact on the results obtained. This is unequivocally confirmed by the results of statistical analyses indicating that there is no relationship between the time of completing the survey and the level of stress of the residents (augmented Dickey–Fuller test: Dickey-Fuller = −10,139, Lag order = 10, p-value = 0.01, Phillips–Perron unit root test: Dickey–Fuller Z(alpha) = −1115.3, Truncation lag parameter = 7, p-value = 0.01, Mann–Kendall test: bump = −0.00183, 2-sided p-value = 0.92811)



A deliberate selection of a sample was used, including the inhabitants of Poznań, Swarzędz and Puszczykowo. Only adults could complete the survey. The research included 1558 respondents overall (933 from Poznań—59.88% of the total; 454 from Swarzędz—29.14%; and 171 from Puszczykowo—10.98%). All participants who completed the geo-survey were qualified for the survey and their answers were included in the data analysis process. In total, the research in all the analyzed centers comprised 68.49% women, 29.46% men and 2.05% individuals who identified as neither. The largest number of participants was between 36 and 60 years of age (38.83%), followed by those 18–25 years old (32.41%) and those between the ages of 26 and 35 (24.52%). Respondents between 61 and 70 years of age accounted for 3.4% of the total and those over 70 years of age only 0.83% of the people interviewed. The majority of the respondents (57.96%) had university education; their detailed feature structure can be found in Table 2.



In order to present the results of the research on the spatial distribution of places relieving and increasing COVID-19 pandemic-related stress on maps, use was made of the point signature method. Each point corresponds to one answer given by the respondents in the geo-survey. The points were retrieved from geographic coordinates in the WGS84 pattern. The persons participating in the geo-survey research were asked to identify sites that reduce or exacerbate their stress level (up to a maximum of five places each) by marking those places on the OpenStreetMap. To present the results in this article, use was made of data on the administrative borders of the investigated cities/town: Poznań, Swarzędz and Puszczykowo and data on the distribution of greenery, waters and development retrieved from open spatial database (OpenStreetMap).




4.2. Statistical Methods


In the statistical analyses conducted, the city was expressed as an ordinal variable, determining the city size by the population number (thus the cities were ranked: 1—Puszczykowo, 2—Swarzędz, 3—Poznań), an interval variable (population density) and also as a nominal variable (name of the city), allowing for a city’s unique character (Table 1). To establish correlations between the size, population density, character of a city and the variables studied such as the pandemic-induced stress level, its changes, ways of reducing urban dwellers’ stress during the pandemic and resident-desired directions for the city development conducive to the alleviation of their stress level, use was made of such statistical measures as the Pearson contingency coefficient C, Cramer coefficient V, a chi-squared test for pairs of nominal or nominal and ordinal variables, Spearman’s correlation coefficient and Pearson correlation coefficient r for pairs of variables in ordinal or interval scales. The analysis allows for significance levels with the following values: 0.1 (*), 0.05 (**) and 0.01 (***). It needs to be emphasized that the values of the Pearson coefficient r should be treated with caution as they are extremely sensitive to outliers, that is, unusual, infrequent observations, and it concerns only a linear correlation. Moreover, correlation coefficients do not take into account a dependent and an independent variable. They only show the consistency in the direction of change of the expected value of the variables under study. On the other hand, contingency coefficients are measures of curvilinear correlation and do not indicate the direction of the correlation.





5. Results


5.1. Stress Level during the Pandemic


The results of the geo-survey conducted in three Polish cities: Poznań, Puszczykowo and Swarzędz confirm that the cities’ inhabitants are highly exposed to stress. During the COVID-19 pandemic, the residents assessed their stress on a scale from 0 to 10 (0—no stress, 10—the highest level) on average at the level of 5.51. While 5.50% of the respondents did not feel stress at all, 7.30% of them experienced it at the highest level (Table 3).



The highest mean stress level during the pandemic was experienced by the residents of Poznań and Swarzędz (5.5), whereas a slightly lower mean level was recorded among Puszczykowo town dwellers (5.3). Consequently, the primary data analysis might suggest that there is some correlation between the size of a city and the level of the pandemic stress experienced. However, in the course of the statistical analyses conducted, no linear correlation was found between the size of the city, its population density and its character and the pandemic-induced stress level.




5.2. Changes in the Stress Level Resulting from the COVID-19 Pandemic


As a result of the pandemic, 39.1% of the residents experienced an increase in stress, 29.3% did not notice any changes in the stress level and 31.6% of the respondents stated that stress in the pandemic period decreased (Figure 2). Mostly, Poznań and Swarzędz residents suffered from an increase in stress levels (40.7% and 37.9%, respectively). In Puszczykowo, the lowest increase in pandemic-induced stress level and the related restrictions was observed. Such a distribution of responses may suggest a certain relationship between a stress level change and the city size, yet this was not statistically proven (Table 4). What was recorded, however, was a statistically significant correlation between a stress level change and the unique character of a city (Table 1). Poznań, the most populated city, saw the highest increase in stress levels during the pandemic (Figure 2).




5.3. Stress Sources during the COVID-19 Pandemic


It should be noticed that the most stressful factor for residents during the COVID-19 pandemic turned out to be not the virus itself but the series of restrictions introduced as a consequence of it in the city space. The presence of the virus caused residents stress at the level of 5.23 on average (on the scale from 0—no stress to 10—the highest level), while it was experienced much more strongly in relation to a fear of rising prices (7.84), difficulties with access to healthcare facilities (7.43), introduced limitations to mobility and leaving places of residence (6.97), a fear of losing income (6.56), uncertainty as to changes within the pandemic restrictions (6.29) and travel difficulties (6.17) (Table 5).



On the other hand, the least stress during the pandemic was felt in relation to the provision of childcare in the event of the closure of kindergartens and nurseries (mean 2.88) and the probability of remote work (mean 3.11).



The influence of individual stressors on the residents of the investigated cities was diverse; however, most of the stressors under analysis were felt by the Swarzędz respondents. The residents of this city, compared to those from the remaining examined centers, were especially vulnerable to stress related to the fear of rising prices, losing jobs and income, difficulties with access to healthcare facilities and limitations to leaving places of residence. By contrast, the closure of cultural and entertainment facilities was significantly more stressful to the inhabitants of Poznań than those of Swarzędz or Puszczykowo. The limitations to travel, on the other hand, were found to be most stressful by the residents of Puszczykowo. What seems to be interesting is the fact that the presence of the COVID-19 virus was distressing at the lowest mean level for the residents of Swarzędz (5.17)—a city with the highest population density—whereas it was at the highest level for the respondents from the smallest of the investigated centers, Puszczykowo (5.44). The residents of Poznań felt virus-presence-related stress on average at the level of 5.21.



For some urban stressors, statistically significant correlations with the city population density level were detected (Table 6). The residents’ concerns grow with an increase in population density and are related to the fear of losing one’s job or that of other close persons, losing part of their income, rising prices, no possibility of taking care of children in the event of closing nurseries/schools/preschools, ensuring remote working/learning conditions for all members of a household (computer devices, space), fear of closing catering facilities and the need to wear protective masks.




5.4. Effects of Stress


The residents of the analyzed cities indicated primarily the psychophysical aspects of their health deterioration as consequences of the experienced pandemic-related stress. Those were: impairment and a general reluctance to act (69.4%), problems with concentration and remembering (63.1%), sleeping disorders (51.3%), escalating family conflicts (40.5%), anxiety attacks (36.3%) and compulsive eating (31.8%) (Figure 3). They also included, but to a lesser extent, conflicts at work (23.2%), conflicts between neighbors (11.4%) and a lack of appetite (20.7%). Among the other consequences of long-term, chronic stress, the residents of the investigated cities mentioned most often: headaches, depression states, apathy and a general deterioration of their mental state.



What should be noted is a significant difference regarding the stress effects experienced by the residents of the individual cities. The most negative results of stress by far were felt by the inhabitants of Poznań (the largest of the analyzed cities), as opposed to Puszczykowo (the smallest of the investigated centers, created on the basis of Howard’s garden city urban concept), which had the least adverse effects. Residents of Poznań indicated more frequently than the residents of the other cities a general impairment and reluctance to act (73.4% of the respondents) and problems with concentration and remembering (67.4%). Moreover, they experienced anxiety attacks and the need to eat compulsively much more often.



The prevalence of pandemic-related stress effects, such as conflicts at work and lack of appetite, does not vary greatly depending on the size of the city. Therefore, it can be observed that there is a certain relationship between the size of the city and some effects of pandemic stress, though this has not been statistically proven. In other words, certain stress effects occur more frequently in larger cities. (Figure 4).



When analyzing the effects of stress on the characteristics of a city, the strongest correlation was observed between the character of the city and feelings of weakness and general reluctance to act, as well as problems with concentration and memory. Additionally, a clear relationship exists between the character of the city and stress-related effects such as increased conflicts at work, anxiety attacks and compulsive eating. The weakest correlation is observed with loss of appetite (Table 7).




5.5. Ways of Reducing Stress


What especially helped to relieve the stress level during the pandemic was contact with nature, i.e., spending time surrounded by greenery (92.4% of indications), the view of greenery/nature itself (90.8%), outdoor physical activity (87.2%) or gardening work and plant care (65.7%). In addition, direct contact with close ones (83.9%) and with pets (70.6%) was a strong support. A significant proportion of the respondents coped also with stress by devoting themselves to their hobby (77%) and watching movies (76.9%) (cf. Figure 5).



The significant importance of greenery was indicated mainly by the residents of Poznań. Over 94% of the respondents coped with stress better while out in nature or looking at greenery (92.1%). Furthermore, for the majority of the participants from Poznań that were interviewed, compared to those from Puszczykowo or Swarzędz, the important stress relieving factors were contact with the close ones (85.3%), hobbies (80.8%) and watching movies (78.8%). In comparison to the other investigated places, the respondents from Puszczykowo paid much more attention to outdoor activity (88.4%) and plant care (71.2%). On the other hand, the Swarzędz respondents coped with stress better through contact with pets (71.6%).



It has been observed that some methods of reducing inhabitants’ stress in the investigated cities during the pandemic depended on the character of a city and were related to their different spatiofunctional structures. They included spending time surrounded by greenery (in parks, gardens and green squares), in public places (among people) and shopping in malls or shopping centers (Table 8). The last two were most often indicated by Swarzędz residents and the least often by the inhabitants of Puszczykowo. Poznań dwellers most preferred spending time in the green to relieve stress, as opposed to Swarzędz inhabitants who chose this type of stress reduction the least frequently.



The surveyed residents clearly indicated that green and recreational areas had an impact on reducing their stress levels. In Swarzędz, these types of places played a diminished role in alleviating stress during the pandemic because of their scarcity, whereas in Poznań, a city with landscaped green spaces, their role was the largest.



With regard to the role of greenery in managing stress levels, some statistically significant correlations were observed. They relate to the character of the city and its population density and not its size or population number (Table 7). With an increase in population density, the influence of greenery (as one of the city structure elements) on reducing the level of stress experienced by the inhabitants rises.




5.6. Desirable Directions for Transforming Urban Spatial Structure


What especially helped to relieve stress levels during the pandemic was contact with nature. Among the necessary changes in urban spatial structure towards creating a resident-friendly living environment that would improve the health condition and relieve stress, the respondents mainly indicated the need to increase the share of greenery at the expense of built-up areas. As was previously mentioned, this is the very contact with nature that was perceived as the most important element for relieving stress during the pandemic by the residents. On a scale from 0 to 10 (0—development of built-up areas to 10—development of greenery) the mean indication of the residents was 8.78. The respondents from Poznań and Swarzędz were those who attached much significance to such a trend in urban spatial structure. However, a large proportion of the residents emphasized the creation of unmanaged green areas—biodiverse complexes as close to natural ones as possible (on a scale from 0—unmanaged greenery to 10—managed green areas, the mean indication in the analyzed cities was 4.27). It was particularly important to the inhabitants of Puszczykowo (mean 3.91), probably in relation to the conscious choice of the place of residence in the immediate vicinity of Wielkopolski National Park, and for the residents of Poznań (mean 4.13). The creation of unmanaged greenery was less important for the inhabitants of Swarzędz (the mean 4.81), for whom it is somewhat less significant whether managed or unmanaged greenery should be created in the city.



The statistical analyses indicate the correlation between the proportion of the responses related to the directions for urban development conducive to stress reduction and the character of the city, its size and population density (Table 9). Poznań dwellers perceive the need for development of greenery in the city as most important, in contrast to the inhabitants of Puszczykowo. The more densely populated the city, the greater the need of the residents for the development of green areas.



Given the type of greenery needed to reduce the pandemic-induced stress level in cities (landscaped or unmanaged green), the residents’ opinions differ and depend statistically on the city character and its population density (Table 8). There is no connection here with the size of the city. In Puszczykowo, one may notice a greater need for planning unmanaged greenery in the form of forests, meadows and walking routes than for landscaped greenery arranged into parks or green squares. This was true in Poznań as well, yet the proportion of the responses was lower. In Swarzędz, however, the residents see the role of both landscaped and unmanaged greenery in stress-level regulation. The distribution of the responses here is relatively equal. If the city is more densely populated, landscaped greenery is a more desirable direction than natural greenery in terms of urban development.




5.7. Stress-Exacerbating and Stress-Reducing Impact of Urban Spatial Structure Elements on City Dwellers


The results of the research clearly indicate the existence of a close relationship between particular types of urban areas and stress levels. In all three investigated cities, the residents’ stress was intensified in closed spaces (regardless of the type and function of the building) and reduced in open spaces. In spatial terms, the distribution of stress-inducing places indicated by the respondents is clearly visible in urbanized spaces. While in Poznań and Puszczykowo they concentrate in specific sites (stations, shopping malls, main squares), they are widely dispersed in Swarzędz, which is related to a chaotic form and structure of the city.



On the other hand, the spatial analysis of the distribution of stress-reducing sites evidently reflects the structure and greenery patterns in the investigated cities. What is noticeable is the correlation of the investigated places not only with green spaces but also with water. The wedges of greenery are especially important for the inhabitants of Poznań: north–south related to the Warta River and east–west associated with the valley of the Bogdanka and Cybina rivers and the lakes formed in those valleys. Urban parks were also indicated as important places for helping to reduce stress. Puszczykowo dwellers pointed mainly to the national park areas surrounding and cutting into urban development and the recreation and sports areas designated in the central part of the town. The residents of Swarzędz, because of a low share of green areas both within the city and the whole commune, indicated mainly places around Lake Swarzędzkie (Figure 6).



To sum up, the research conducted shows that the character of the city (the result of its spatiofunctional structure, including its share of greenery) and its population density were more important for regulating the residents’ stress levels during the pandemic and for ways of stress reduction (including the role of greenery) than the city size itself expressed by the population number (Table 10).



The character of the city is also related to the particular ways of reducing urban dwellers’ stress during the pandemic.



In the resident-desired directions for the development of a stress-resilient city, one can observe the greatest relationship with a specific character of a city, resulting from, e.g., its different spatiofunctional structure. The city size is also significant, but to a lesser extent. The population density of a center plays the smallest role in this respect.





6. Discussion of the Results


We all live in a world full of stress. The literature analysis shows that stress concerns primarily urban residents [6,22] and its level increased during the COVID-19 pandemic, which is indicated in the results of the research conducted in the initial period of this health crisis [29,30]. Such a conclusion has been confirmed by the research results demonstrated in this article. Although our study was carried out in the final phase of the pandemic, it shows that the stress level declared by the respondents was above average, and almost 40% of the surveyed were still experiencing a marked increase in pandemic-related stress. It may mean that urban residents are subject to long-term, harmful stress, adversely affecting their wellbeing and, consequently, also their health [11,20,21], particularly their mental health [10,27,28,29,31].



There is a common view in the literature that residents’ stress levels grow with the size of a city [6,7,23], also during the pandemic [10,24]. The statistical analyses carried out in this research do not confirm such a thesis. A linear correlation between the city size, its population density and character and the pandemic-induced stress level has not been identified. The analysis of the primary data distribution shows, however, some correlation with the size of a city regarding stress level change, especially its increase. The greater the city, the larger the increase in the pandemic-induced stress level.



The research results presented in this publication confirm that the restrictions introduced during the pandemic were more stressful for urban residents than the virus itself [9,30]. The fear of isolation/quarantine, however, did not rank as high as in the work of Sebastião et al. [30]. The sources of pandemic-related stress in the investigated cities generally include those recognized by WHO [29]. However, the residents of Swarzędz, more than the inhabitants of the remaining cities, experienced economic stress (fear of rising prices, losing jobs and income), which referred to the sources of stress mentioned in the works by Pykett et al. [18] and Mierzejewska et al. [9], and also stress related to more difficult access to healthcare and restrictions to leaving their places of residence. For Poznań, it was the closure of cultural and entertainment facilities, and for Puszczykowo, stress related to travel limitations. Thus, the sources are of different character in cities of different sizes.



The consequences of pandemic-related stress for the health of the residents living in the investigated cities are similar to those presented in the literature [29,31] and concern primarily a lack of motivation to act, sleeping disorders, anxiety attacks and also, but to a smaller degree, depression. We confirm the unfavorable effects of pandemic-related stress, mainly in terms of mental health. Owing to the fact that the respondents felt the need to eat compulsively more often than they had an appetite, it may result in the problem of obesity in the future, which has already been recognized by Ward Thompson, albeit not in the context of the pandemic [27]. Our research indicates that the impact of stress is influenced by the nature of the city.



In terms of health, a vital role during the pandemic was played by the stress reduction methods adopted by the inhabitants. The results obtained confirm the observations made in the literature [31,35,38], that greenery was an important factor contributing to relieving stress (spending time in green areas, looking at greenery, plant care, gardening work, etc.). Not without significance was also contact with the close ones or even with strangers in public places, which may prove that isolation is an important stress-inducing factor [9,29].



The stress-relieving role of greenery points to the legitimacy of the transformations of urban spatial structures towards expanding a restorative environment conducive to quick post-stress regeneration [19], thus increasing the natural ability of those structures to cope with stress, which is indicated by Kondo et al. [15], Lederbogen et al. [25] and Adli [7]. The basic trends preferred by the inhabitants of the cities in question regarding changes in this structure concern increasing the share of greenery in the city and, in this respect, the results obtained show the correlation with the size (the greatest need was expressed by Poznanians as opposed to the residents of Puszczykowo). There is no such correlation with regard to the preference between unmanaged and managed greenery (unmanaged green areas are valued most by the residents of Puszczykowo and then by Poznanians).



The obtained research results indicate that it is justified to use the experience of the COVID-19 pandemic in shaping healthy, stress-resilient, post-pandemic cities. At the same time, they point to the need to develop new models of city management during pandemic crises that will be conducive to reducing residents’ stress and improving public health. The COVID-19 pandemic has demonstrated the ineffectiveness of conventional, generally used models and methods of urban governance and urban policy in dealing with the consequences of the pandemic [57,58,59,60]. It has led to a resurgence of state and state authority intervention in infection control, public health and social and economic support [61]. Decisions concerning cities were usually made at a higher level than the local level, which meant that they were not adapted to local conditions. The decisions were taken mainly after consultation with experts in the field of epidemiology and did not take into account feedback from residents regarding the scope and effects of restrictions and lockdowns. This often led to excessive actions, intensifying the stress of city residents with all its negative consequences. The new model of urban governance should combine the principles of good urban governance with the advantages of participatory, expert, smart and multi-level management models, including adaptive management [62,63]. Such a model should, above all, take greater account of feedback from city dwellers on the scope and effects of the measures taken, as well as the expansion of the group of experts, including mental health specialists. One of the most important objectives of such management should be to improve the health of city residents, including their mental health, and to create conditions that support the resilience of cities and their inhabitants to stress.




7. Conclusions


The research conducted negatively verifies the hypothesis whereby urban dwellers’ stress increases with the city size. What was observed, however, was the correlation between the size of a city and the directions for its development conducive to stress reduction. The strongest need for the development of greenery was demonstrated by Poznań residents. On the other hand, the responses of the inhabitants of Puszczykowo, a town with the largest share of green areas in its total area, indicate the most modest need in this regard of all the analyzed urban units.



The obtained results have proved that the character of a city affects a number of issues related to pandemic stress and the methods for its reduction. First, a statistically significant correlation with a change in the stress level was noted. The smallest increase in the pandemic-induced stress level was observed in Puszczykowo, whereas the largest was in Poznań. Second, the relationship between the character of a city and the ways of stress reduction was noted. It concerns, in particular, the stress-reducing effect of greenery. Third, the statistical analyses showed a correlation between the character of a city and certain effects of stress, such as weakness, reluctance to act, problems with concentration and memory, increased conflicts at work, anxiety attacks and compulsive eating. Additionally, there was a correlation between urban development that promotes stress and the character of a city. The respondents from Puszczykowo pointed to a greater need for planning unmanaged green areas, while in Swarzędz, the relevant responses concerned both landscaped and unmanaged greenery.



What is also worth paying attention to is the relationship between the population density and (1) the sources of stress, (2) the stress-reducing role of greenery and (3) the urban development directions conducive to stress reduction. The respondents’ concerns related to losing one’s job or that of close persons, rising prices, no possibility of ensuring childcare provision or remote working/learning conditions for all members of a household, the need to wear protective masks and closure of catering facilities are stronger with an increase in the population density of the city that they live in. The influence of greenery on the reduction of stress experienced by the residents grows with an increase in urban population density as well. The latter is also related to the need for greenery development in the city the respondents live in.



While taking into account the key role of greenery strongly emphasized by the respondents in the reducing stress of urban dwellers, what is reasonable and even necessary is the reconstruction of the urban spatiofunctional structure not only of the cities themselves but also of the entire agglomeration towards: (1) increasing the area of greenery in cities, especially natural, unmanaged greenery, which would provide a high level of biodiversity, according to the new trends in urban development planning adopted in numerous strategic documents [64,65,66], (2) increasing access to green areas by striving for a polycentric network of publicly accessible local green areas, especially in compact multi-family housing developments (without home gardens), as well as workplaces, by creating both larger green areas and their smaller enclaves, etc. (so-called “pocket parks”), small squares, green roofs (buildings, bus shelters and other facilities, etc.) and walls (building facades) or floors (roundabouts, grassy tracks and others), (3) designs based on nature resources (nature-based solutions), in particular the preservation and use of potential areas related to the occurrence of natural river valleys, numerous surface waters, wetlands, forests and meadows, old-growth forests, agricultural areas or existing recreation areas near public facilities (especially schools or kindergartens), (4) planning public spaces in a way that ensures free movement of pedestrians, i.e., more land-intensive public spaces and (5) the use of a planning authority (strategies/master plans) to create local urban planning regulations increasing the urban green factor (minimum share of biologically active area, maximum share of impermeable area, share of tall greenery, minimum number of trees, etc.).



In order to maintain a high level of biodiversity in cities, it is necessary to maintain ecological corridors combining urban greenery with the larger green complexes (forests) occurring in suburban zones, ensuring the biodiversity of fauna and flora (plot-to-plot approach) through the use of green and blue corridors, including greenery accompanying railway lines, roads or riverbanks. Furthermore, it is important to consciously and purposefully select plants in cities, not merely adjusted to the existing climate conditions but also affecting nervous and immunological systems in the right way (by secreting biologically active substances). The introduction of such solutions into urban space has an unquestionable, medically documented influence on raising the level of city residents’ health by reducing stress, supporting post-stress regeneration and building resilience to the potential stressors encountered in urban space.



The research results indicate a possible wide application of biophilic design principles, which concern expanding local greenery networks and thus making it possible for inhabitants to have greater and more comfortable access to green areas. The application of biophilic design also involves proposals for new ways of using the already existing greenery and the improvement of local soundscaping, which may generally affect an increase in the perception of residents’ wellbeing [43,67,68,69,70]. The proposed direction for transforming the spatiofunctional structure of cities into more stress-resilient centers fits in with a biophilic design trend, which emphasizes the need to modify and redesign an urban environment towards enhancing the wellbeing of inhabitants by improving their contact with nature.



Owing to the fact that the studies were limited in terms of the spatial scope to three cities of different sizes situated within one agglomeration, the conclusions should be generalized cautiously. A similar investigation would be a valuable development, embracing residents of more cities, also in other countries, which could additionally show the influence of cultural differences or lifestyles on the issue in question. The future research may allow for cities more distant from the regional core and also compare the results obtained for urban units with those for rural areas. One should also consider the limitations of the method selected and the technique of collecting data. The research covers only a portion of the cities’ populations, which may affect the results achieved. The respondents’ structure reveals the shortage of those over sixty years of age, which may result from the limited possibilities of using electronic devices and the Internet.



However, the investigation provides valuable results pointing to the sources of urban residents’ stress, the consequences of pandemic stress for the inhabitants’ health and also methods of stress reduction, among which greenery plays a huge role. The results contribute significantly to a discussion on the social implications of the pandemic and make it possible to recognize trends towards building healthy, stress-resilient cities. They also have, next to a cognitive value, an applicable dimension and should be a statement inspiring further research and discourse on the subject.
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Figure 1. The situation of the investigated areas against the country, Greater Poland Voivodeship and Poznań County. 






Figure 1. The situation of the investigated areas against the country, Greater Poland Voivodeship and Poznań County.



[image: Sustainability 16 03644 g001]







[image: Sustainability 16 03644 g002] 





Figure 2. Change in the stress level in cities as a result of the COVID-19 pandemic. 
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Figure 3. Effects of stress experienced by the residents of the investigated cities during the COVID-19 pandemic. 
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Figure 4. Selected effects of stress correlating with the size of the city. 
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Figure 5. Factors relieving the stress level of the urban residents during the COVID-19 pandemic. 






Figure 5. Factors relieving the stress level of the urban residents during the COVID-19 pandemic.



[image: Sustainability 16 03644 g005]







[image: Sustainability 16 03644 g006] 





Figure 6. Spatial distribution of places reducing and increasing stress during the COVID-19 pandemic (total for Poznań, Puszczykowo and Swarzędz). 
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Table 1. The comparison of the cities under research [50].
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Typical Feature

	
Poznań

	
Puszczykowo

	
Swarzędz






	
area (ha)

	
26.191

	
1.639

	
823




	
population number (thou.)

	
545.07

	
9.41

	
28.98




	
population density (pers./km2)

	
2081.1

	
574.0

	
3521.4




	
housing resources




	
number of housing units

	
292.187

	
3.159

	
11.130




	
number of persons per housing unit

	
1.87

	
2.98

	
2.60




	
usable space of apartment (m2)

	
63.2

	
127.2

	
75.8




	
usable space per person (m2)

	
33.9

	
42.7

	
29.1




	
character of

buildings

	
high intensity of multi-family housing and service development in the center, single-family housing development on the peripheries

	
Dominance of single-family housing

	
high proportion of single-family housing development, multi-family housing on the peripheries in northern and southern parts of the city




	
green areas




	
area (ha)

	
5820.28

	
798.66

	
60.26




	
share % urban green areas * and forests

	
22.22

	
48.73

	
7.20




	
system/greenery pattern in urban structure

	
ring and radial system (five wedges and central ring—city parks: plants)

	
linear and ring system, Howard’s city garden idea

	
pointed, dispersed system, concentrated mainly in north part




	
green area per

resident (ha)

	
0.01

	
0.08

	
0.002








* urban greenery consists of parks (walking and leisure), inner green squares, housing estate green areas, street greenery, cemeteries and forests.













 





Table 2. Respondents’ structure in the survey.






Table 2. Respondents’ structure in the survey.





	
Variable

	
TOTAL

	
Poznań

(n = 933)

	
Puszczykowo

(n = 171)

	
Swarzędz

(n = 454)




	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%






	
Age of respondents




	
18–25

	
505

	
32.41

	
386

	
41.4

	
20

	
11.7

	
99

	
21.8




	
26–35

	
382

	
24.52

	
216

	
23.2

	
34

	
19.9

	
132

	
29.1




	
36–60

	
605

	
38.83

	
306

	
32.8

	
96

	
56.1

	
203

	
44.7




	
61–70

	
53

	
3.40

	
20

	
2.1

	
18

	
10.5

	
15

	
3.3




	
over 70

	
13

	
0.83

	
5

	
0.5

	
3

	
1.8

	
5

	
1.1




	
Gender




	
Other

	
32

	
2.05

	
27

	
2.9

	
1

	
0.6

	
4

	
0.9




	
Woman

	
1067

	
68.49

	
634

	
68

	
115

	
67.3

	
318

	
70




	
Men

	
459

	
29.46

	
272

	
29.2

	
55

	
32.2

	
132

	
29.1




	
Education




	
Elementary

	
41

	
2.63

	
10

	
1.1

	
12

	
7

	
19

	
4.2




	
Secondary

	
541

	
34.72

	
320

	
34.3

	
33

	
19.3

	
188

	
41.4




	
University

	
903

	
57.96

	
575

	
61.6

	
117

	
68.4

	
211

	
46.5




	
Vocational

	
73

	
4.69

	
28

	
3

	
9

	
5.3

	
36

	
7.9




	
Occupational activity




	
Pensioner

	
66

	
4.24

	
22

	
2.4

	
16

	
9.4

	
28

	
6.2




	
Unemployed

	
66

	
4.24

	
27

	
2.9

	
7

	
4.1

	
32

	
7




	
Private sector employee

	
472

	
30.30

	
250

	
26.8

	
45

	
26.3

	
177

	
39




	
Public sector employee

	
418

	
26.83

	
246

	
26.4

	
43

	
25.1

	
129

	
28.4




	
Entrepreneur

	
142

	
9.11

	
68

	
7.3

	
40

	
23.4

	
34

	
7.5




	
Student

	
394

	
25.29

	
320

	
34.3

	
20

	
11.7

	
54

	
11.9











 





Table 3. Stress level experienced by urban residents during the COVID-19 pandemic.
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City/Town

	
Total

	
Poznań

	
Puszczykowo

	
Swarzędz




	
Stress

Level Experienced

	






	
lack of stress

(% respondents)

	
5.5

	
5.3

	
5.5

	
5.8




	
highest stress level

(% respondents)

	
7.3

	
7.5

	
6.8

	
7.2




	
mean stress level

(on a scale 0–10)

	
5.51

	
5.53

	
5.30

	
5.56











 





Table 4. Correlation between the size of the city, its density and its character and the stress level, including its change.
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Stress

	
Unique Character of City

	
City Size

(Population Number)

	
Population Density




	
Pearson C

	
Cramer V

	
chi2

	
Spearman

	
Pearson r

	
Spearman

	
Pearson r






	
Stress level

	
0.09193

	
0.06528

	
10.21

	
0.01835

	
0.01871

	
0.01887

	
0.02347




	
Change in stress level

	
0.1027

	
0.07298

	
12.76 **

	
0.0007554

	
0.003482

	
0.02814

	
0.03005








Asterisks indicate appropriate significance levels: 0.05 (**).













 





Table 5. Mean level of experienced stress in the analyzed cities during the COVID-19 pandemic in relation to stressors.
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City/Town



	
Mean Level of Experienced Stress (on Scale from 0—No Stress to 10—Highest Level)




	
Stressor

	

	
Total

	
Poznań

	
Puszczykowo

	
Swarzędz






	
Presence of COVID-19 virus

	
5.23

	
5.21

	
5.44

	
5.17




	
Uncertainty as to changes in restrictions

	
6.29

	
6.26

	
6.35

	
6.30




	
Fear of losing jobs

	
5.94

	
5.84

	
5.61

	
6.29




	
Fear of losing part of income

	
6.56

	
6.40

	
6.35

	
6.94




	
Fear of rising prices

	
7.84

	
7.77

	
7.35

	
8.16




	
Fear of provision of childcare

	
2.88

	
2.30

	
3.23

	
3.86




	
Fear of quarantine

	
5.37

	
5.35

	
5.34

	
5.41




	
Fear of change to remote working

	
3.11

	
3.09

	
3.00

	
3.17




	
Fear of ensuring remote working/learning conditions for household members

	
3.49

	
3.18

	
3.03

	
4.28




	
Fear of using public transport

	
4.53

	
4.51

	
4.49

	
4.60




	
Closure of sports clubs

	
3.69

	
3.55

	
3.74

	
3.39




	
Closure of catering facilities

	
4.39

	
4.44

	
3.82

	
4.53




	
Closure of cultural and recreation facilities

	
4.45

	
4.55

	
4.29

	
4.34




	
Limitations to leaving places of residence and mobility

	
6.97

	
6.94

	
6.84

	
7.06




	
Difficulties with access to healthcare facilities

	
7.43

	
7.33

	
7.48

	
7.61




	
Need to wear masks

	
5.06

	
4.68

	
5.05

	
5.80




	
Fear of others’ not abiding by restrictions

	
5.67

	
5.86

	
5.25

	
5.50




	
Difficulties with travel

	
6.17

	
6.21

	
6.28

	
6.04











 





Table 6. Correlation between population density and selected urban stressors during the pandemic.
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Urban Stressors

	
Population Density




	
Spearman

	
Pearson r






	
Fear of losing one’s job or that of other close persons

	
0.07782 ***

	
0.07199 **




	
Fear of losing part of income

	
0.08699 ***

	
0.0758 ***




	
Fear of rising prices

	
0.1104 ***

	
0.1094 ***




	
Fear of ensuring childcare provision in event of closing nurseries/schools/preschools

	
0.1195 ***

	
0.1058 ***




	
Fear of ensuring remote working/learning conditions for household members

	
0.1335 ***

	
0.1354 ***




	
Closing catering facilities

	
0.0505 *

	
0.0571 **




	
Need to wear protective masks

	
0.111 ***

	
0.1025 ***








Asterisks indicate appropriate significance levels: 0.1 (*), 0.05 (**), 0.01 (***).













 





Table 7. The unique character of the city and the effects of stress on the inhabitants of the studied cities.
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	Effects of Stress
	Pearson C
	Cramer V
	chi2





	Weakness and general reluctance to act
	0.1064
	0.107
	13.71 ***



	Concentration/memory problems
	0.1038
	0.1044
	13.05 ***



	Anxiety attacks
	0.09979
	0.1003
	12.05 ***



	Lack of appetite
	0.0712
	0.07138
	6.104 **



	Compulsive eating
	0.09942
	0.09992
	11.96 ***



	Increasing conflicts at work
	0.1021
	0.1027
	12.63 ***







Asterisks indicate appropriate significance levels: 0.05 (**), 0.01 (***).













 





Table 8. Correlation between the character of the city and the ways of reducing the inhabitants’ stress.
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	Ways of Stress Reduction
	chi-Square Test





	Spending time in green spaces (parks, gardens, green squares)
	6.899 **



	Taking up/continuing hobby activities (manual works, etc.)
	13.37 ***



	Watching movies, TV series, programs, etc.
	9.253 ***



	Spending time in public places (among people)
	7.879 **



	Doing shopping
	17.02 ***







Asterisks indicate appropriate significance levels: 0.05 (**), 0.01 (***).













 





Table 9. Correlation between the character, size and population density of the city and resident-desired directions for urban development towards a stress-reducing city.
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Resident-Desired Directions for Urban Development during Pandemic

	
City Character

	
City Size (Population Number)

	
Population Density




	
Test chi2

	
Spearman

	
Pearson r

	
Spearman

	
Pearson r






	
Built-up areas vs. greenery (parks, boulevards)

	
46.39 ***

	
0.106 ***

	
0.139 ***

	
0.1348 ***

	
0.1112 ***




	
Unmanaged greenery (forests, meadows, boulevards) vs. landscaped greenery (parks, green squares)

	
59.78 ***

	
−0.02817

	
−0.01832

	
0.06939 *

	
0.08646 **








Asterisks indicate appropriate significance levels: 0.1 (*), 0.05 (**), 0.01 (***).













 





Table 10. Correlations between the variables studied.
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Variables

	
Stress Level

	
Change in Stress Level

	
Ways of Reducing Stress during the Pandemic

	
Desirable Directions for Stress-Resilient City Development in Residents’ Opinions




	
Total

	
Development of Greenery at Expense of Built-Up Areas

	
Types of Greenery Needed in a Stress-Resilient City (Landscaped/Unmanaged)






	
City size

	
−

	
−/+

	
ND

	
++

	
+

	
−




	
City character

	
−

	
+

	
+

	
+++

	
+

	
+




	
Population density

	
−

	
−

	
ND

	
+

	
+

	
+








Characters in the table: − no statistically significant correlation; + statistically significant correlation identified; −/+ no statistically significant correlation with a noticeable relation after primary data analysis; ND = no data. Gradation of statistically significant correlation: + occurs; ++ occurs to a greater degree; +++ occurs to the greatest degree.
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