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Abstract

:

The positive impacts of urban forests on residents’ health are widely acknowledged. However, the methods used to quantify and demonstrate this relation are still a focus of research. The aim of the paper is to examine the relationship between the size and quality of different urban green areas to residents’ health based on the face-to-face survey and remote sensing data at 12 locations in Belgrade. The socio-economic and self-perceived health characteristics were analyzed. Based on green areas’ size and pollution, municipalities were divided into “less green” and “green”. Vegetation quality was assessed by Sentinel-2 vegetation indexes (VI). Results show that residents in less green and green municipalities differ in physical, social, and emotional health. The quality of green areas was inversely proportional to the amount of money spent on medications and the number of doctor’s visits indicating potential mechanisms of the health benefits of green areas. The lack of facilities led to different appreciation among residents. Results suggest that the quality of green infrastructure is more important than the amount in promoting residents’ health. Relating the characteristics of green areas to visitors proved to improve the correlation between residents’ health and the quality of green areas.
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1. Introduction


Urban areas are expanding progressively and, by 2050, almost 85% of Europe’s population is expected to live in cities which will increase environmental pollution, heat island effects, and negative effects related to climate change [1]. Therefore, interdisciplinary actions must be taken to improve the well-being of citizens [2]. Human health is defined as “a state of physical, mental and social well-being, and not merely the absence of disease or infirmity. Health can be considered a dynamic state: it is not fixed or absolute but constantly responding to environmental, social, biological, emotional, and cognitive conditions” [1,2]. The definition of health varies widely among researchers and many have studied health based on a questionnaire on subjective or self-perceived health rather than the medical parameters [3,4,5,6,7,8,9]. Studies furthermore demonstrated a positive relationship between the amount of green areas in people’s surroundings and their perceived health [7,10,11,12]. Therefore, it proved to be important to look at the relationship between human health and the natural environment in cities. The role of nature is crucial for the health of the urban population (as the source of food, water, energy, and air) and it has a major role in providing overall well-being (spaces for socialization, inspiration, and relief from everyday life) [1,13]. A recent review study by Pinto et al. [14] showed that health (mental and physical) and good social relations were the most investigated well-being dimensions in scholarly literature focusing on ecosystem services and well-being dimensions. Such studies and official reports recognized that both the quality and quantity of urban green areas are beneficial to human health and well-being [1,2,13,15,16]. The availability of good quality green areas has been proven to encourage more physical activity, which further has mental health benefits, and benefits are greater in green areas as opposed to those in less natural environments [17,18]. The recent COVID-19 pandemic clearly showed how much green areas in cities are important for strengthening physical and mental well-being of the urban population [19,20].



These aforementioned issues have been addressed in various ways since by using high vs. low amount and quality of green space as a criterion [21,22,23,24,25,26]. Studies showed that people from greener areas live longer, and have better mental health [27,28] and better self-rated health [12,29,30]. Comparing the responses of people who live in different locations that each has a different level of greenery, it is possible to estimate how their life in these areas reflected their well-being [31]. Some studies assessed the level of greenness by taking into consideration buffer zones of greenery in the neighborhood: 300 m [32], 500 m [33], 10–15 min walking distance [34], etc. The results vary from study to study stating that smaller buffer sizes may be more important for health [35] while others found that ‘neighborhoods’ are often much larger than hypothesized [36], or simply that distance of urban green areas as a factor that influences users’ health did not prove to contribute much [22].



Other aspects of urban greenery’s relation to health were assessed, such as the degree of greenery, the quality of the content, the size, the function, and the design [37,38,39,40,41], and it was assessed through the size, openness, maintenance, and cleanliness [37,42]. In terms of environmental quality, the few studies available imply that psychological restoration is greater for environments known to be of good quality [43]. However, the quality of green areas is defined differently by various scientists, and its measures include biodiversity [44] which may be regarded as both species richness and the perceived abundance of species resulting in greater restoration for both [24,45,46,47]; pristineness and aesthetic value of the environment (e.g., absence of litter and degradation) which has also been linked to beneficial restorative effects [48,49,50]; perceived quality (assessed by users based on the facilities and other parameters) [51], and scientists further turned towards the land use and vegetation indexes [52], even developing indexes that cover several aspects of green areas [53].



Wellmann et al. [54] describe remote sensing data sets on environmental characterization as having a great potential for the creation of operational networks of greening monitoring. Labib et al. [55] cite vegetation indexes (normalized difference vegetation index—NDVI, soil-adjusted vegetation index—SAVI, and enhanced vegetation index—EVI) as the second-most commonly used approaches to measuring greenness within exposure areas following land use metrics. The combination of the aforementioned is also common. NDVI has been used for comparing parks on different scales and cited to have advantages over traditional methods [56]. The other vegetation indices were used as ecological indicators (SAVI, global vegetation index—GVI) suggesting SAVI is the best for the calculation of green area quantity [57]. Su et al. [58] linked the measurements of green areas’ health parameters and found that higher NDVI was related to better health even in the coarse spatial resolution. Even when taking various buffer zones and various sensors, greater values of vegetation index were linked to better-perceived health, better mental health, and greater physical activity. Wood et al. [59], on the other hand, contested that satellite imagery does not properly identify smaller pocket parks that have significant associations with mental health improvements, and Hooper et al. [60] cite access to such small green spaces within 400 m as the main reason for their contribution to residents’ health. Furthermore, the improvement of spatial resolution of satellite data will reduce the problem of mixed pixels, therefore, reducing one potential component of measurement error that could bias epidemiological inference. The use of open-access satellite images should be encouraged [61] as well as finer resolution sources of other data used to represent green space. Therefore, the contribution of Sentinel’s improvement in that regard is significant as stated previously by Labib et al. [62].



Despite the advancement in research and technology, mechanisms by which green space characteristics influence the overall health of residents are still to be determined; this is especially important for governmental agencies and management [21,63,64]. Zhang et al. [65] found that urban green areas have a positive effect on the health of residents even without their direct use but the relation is stronger with the intensive use of these spaces. This positive effect of urban greenery is generally known, but there is still a struggle to prove to what extent the quality of greenery frequented the most reflects on visitors’ health and how to measure this dependence [29,66].



Therefore, the aim of this research was to study the relationship between socioeconomic and self-reported health characteristics with the quality of urban green infrastructure using an innovative approach in remote sensing data analysis. Namely, the study relates particular park visitors to the vegetative activities of greenery they are exposed to, taking into consideration only the green areas they visit the most. To understand the structure of the users and the manner in which they use green areas, the analysis focused on the types of green space use, frequency of visits, preferences towards outdoor spaces, and their facilities. Our hypothesis is that analyzing the data from a particular park and its visitors would reveal a stronger correlation between greenery and health compared to the approach, considering the health of all inhabitants and all parks at the municipality level. To test this, we divided the municipalities into “green” and “less green” categories based on the degree of urbanization and pollution, and examined the impact of urban green areas on the well-being of residents. An individual-level analysis was focusing solely on the health of frequent visitors and the quality of the park they visit the most. Finally, we compared the results of this approach with the previous one.




2. Materials and Methods


This paper builds on the data collected via survey with citizens and remote sensing. A survey was conducted with the Belgrade inhabitants, who reported on their self-perceived health characteristics, as well as their attitude towards vising urban green areas in Belgrade. These survey data are contrasted with the data on green areas—clustered in “less green” and “green” and the quality of greenery. Comparing correlations from both analyses, we aimed at supporting the results gained from each method.



2.1. Location of the Study


The research was conducted in four Belgrade municipalities: Zvezdara, Voždovac, Stari Grad, and Savski venac (Figure 1). In each municipality, 3 urban green areas were selected, which was, in total, 12 study locations (Table 1). Selected areas vary in many aspects including size, function, design, facilities, and location. Some of them are parks that are used for daily recreation while the others are smaller green areas that are also tourist attractions. All of these different types of urban green areas are represented in each municipality (Table 1). Therefore, the study area covered small parks, neighborhood parks, city parks, central city parks, and urban forests. The central city park is a park that is centrally located within the city and has the capacity to serve and attract residents from all over the city, due to its location, size, uniqueness, and quality, or due to the attractive offers. The city park is a park that has the capacity to serve and attract residents of several city municipalities, it is larger in size, of high quality, and easily accessible. The neighborhood park is a park in the residential area that serves residents of blocks, can be of different sizes, equipped with basic equipment for passive and active recreation, visually appealing and easy to access. The small park is a small urban park (less than 1 hectare), accessible to the public, and provides the population with conditions for rest and children’s play. It often occupies the surface of a plot, and it can be formed around the monument, in the squares. Urban forests are green areas primarily intended for the low-level intensity of recreation and environmental protection. These areas should present barriers to the extension of the urban area [67].




2.2. Survey on Health-Related Issues


Face-to-face surveys with the visitors of these urban green areas were conducted on-site, during the autumn period, during October and November 2018. The respondents were asked to fill in a questionnaire during their leisure time in the green areas. The survey was conducted on weekdays and on the weekend, during daylight (between 10 a.m. and 7 p.m.). The weather was partly sunny to sunny with an average temperature that was usual for the autumn in Serbia. Each interview lasted approximately 15–20 min. The variety, in terms of days and periods of the day, helped us recruit diverse respondents, covering different social groups from various backgrounds and age groups. The survey respondents were selected via systematic sampling in which every second visitor was interviewed, respecting representatives of both genders equally [68]. In total, a survey was conducted with 405 respondents, with almost equal distribution among 4 municipalities (Table S1).



The questionnaire was designed based on a similar work that looked at subjective self-perceived health characteristics in regards to urban green areas [22,38]. It included three sets of questions: socio-demographic characteristics of the respondents, self-estimation of health parameters (open-ended and yes/no questions related to the respondents’ perceived chronic physical and mental health), and recreational aspects of the park (rating its elements by their use and the effects that they have on physical and mental well-being, recorded on a 5-step Likert scale) as well as the distance from home. We used the term “self-reported nervous disorders” to describe the perceived nervous health problems of the respondents and whether a doctor diagnosed them or not. Under the term “medication”, we considered the prescribed or non-prescribed use of tranquilizers, antidepressants, and other supplements. For the analysis of the self-estimated health, the questionnaire included questions about annual visits to the health center and monthly expenses for medications. The respondents retained their right not to specify whether a doctor prescribed the medication or if it was non-prescription medication use. For the estimation of the importance of urban green areas, we included questions about respondents’ impressions of the effects greenery has on physical, emotional, and social health, regularity of park visits, green spaces’ usage to walk, rest, run, as well as the performance of common activities, the importance of benches, lawns, paths, trees, water elements and landscapes for the mood, and preference for indoor or outdoor space. Different types of questions were employed to investigate the various dimensions of the views of the examinees and, particularly, to ensure that accurate information was obtained [69].



All the respondents were taken into account for the analysis of socio-economic variables and comparison on the municipality level (less and more green municipalities). A different approach was used for the statistical analysis of the relationship between the quality of the greenery and the health aspects. In the latter, we focused exclusively on the frequent users of city parks and urban forests. Frequent users are those spending 120 min or more per week in parks, as suggested by White et al. [70], and visiting that particular park at least 80% of the time.




2.3. Urban Greenery Data


2.3.1. Less Green and Green Municipalities—Secondary Data


Secondary environmental data on selected municipalities were collected from spatial plans and Plan of the general regulation system of green areas in Belgrade [71] as well as the reports from the City Institute for Public Health [72]. Two parameters were used for the segregation of less and more green municipalities. The first parameter was the total size of green areas and their percentual share in the total area of the municipality. The second parameter was the air quality data that is proved to be related to respiratory disorders [72,73,74] and soundscape data related to nervous disorders [75]. Belgrade municipalities that have the highest percentage of registered patients with respiratory disorders are also the municipalities that have the lowest air quality, combined with the highest concentrations of airborne pollutants registered at the measuring points [6,75].



After dividing municipalities into “less green municipalities” and “green municipalities”, we used socio-economic data to contrast with a survey on the characteristics of greenery in order to prove our hypothesis.




2.3.2. Remote Sensing Data


The shape and position of the analyzed urban green areas were marked on the orthophoto with Google Maps and then the vegetation indices were calculated according to their georeferenced position. For the calculation of biological parameters, we excluded paved surfaces and park furniture from the remote sensing images. Aligned with the survey on the socio-economic variables, during two successive years (2017 and 2018), we tracked the vegetative activity of greenery in selected urban parks in Belgrade in 4 different municipalities. A variety of broadband and hyperspectral vegetation indexes were tested (normalized difference vegetation index and enhanced vegetation index) to determine the differences in the quality of vegetation in different parks. To compare the same category of urban green areas, a survey covered the same size and type of parks in each municipality, comparing urban forests among each other, as well as central city parks and neighborhood parks.



Multi-year, high-resolution data acquisition from the Sentinel-2 platform was conducted in order to create a database of appropriate density for time series analysis. Due to the fact that the data were all acquired at the same time from the same satellite images, values were comparable and reflected differences in VI rather than optical differences. Images in which the cloud is directly above the observed area or creates a shadow on this surface were excluded. The frequency of satellite flight was around 5 days, but around 30% of images were cloud-free and used for calculation. Even with the exclusion of the cloud-contaminated images, 73 images were used for the calculation of both indexes. The spatial resolution of 10 m × 10 m allowed adequate calculation of the indexes. Surfaces other than vegetation were extracted and only vegetation was taken in the calculation. The NDVI index was chosen as it is the most commonly used index in ecological disciplines of remote sensing [76], but due to a large number of factors that affect its values (atmosphere, background, soil moisture, etc.) alternatives such as optimized vegetation index (EVI) and others were explored. EVI should better represent the physiological processes in the plant, excluding the influence of external factors. The red edge part of the spectrum is used to calculate the NDRE (normalized difference red-edge index), which Sentinel-2 registers exclusively in the resolution of 20 m × 20 m. For this study area, this resolution was too low.



The Sentinel-2 images have already been calibrated and atmospherically corrected, so the calculated values of the spectral responses were obtained. The values of vegetation indices NDVI and EVI for a given area were obtained by overlapping images of the red and NIR part of the spectrum, according to the standard formula, using the Qgis program. The calculation included mean values and median values of the indexes. The medians were calculated to exclude the possibility that low index values of individual pixels significantly affect the mean value of vegetation indices. The assumption is that each time series consists of systematic patterns (a set of identifiable components) and a random “noise” (error) that makes it difficult to identify the patterns. Most time series analyses involve some form of “noise” filtering to make a pattern visible [77]. Data smoothing methods are expected to maintain the integrity of vegetation dynamics while removing the noise component [78,79,80,81]. Our data were filtered using Fourier transformation and Savitzky–Golay filter. This reduces irregularities (random fluctuations) in the time series, which makes it easier to observe the behavior of the series.





2.4. Statistical Analysis


Numerical variables are shown in tables as mean values and their standard deviations while categorical variables are expressed through percentages and frequencies. For the analysis of data, t-test was used for independent samples and for testing health parameters, while multiple regression was used in relation to the way visitors use urban green areas. The threshold for the significance was a p-value less than 0.05.



For the collection and processing of remote sensing data, we used PyCharm 2018.1 EAP JetBrains, QGIS, and IBM SPSS Statistics for Windows 21.0. The data were analyzed in SPSS software (Statistical Package for Social Sciences version 18) (SPSS, Chicago, IL, USA). The Shapiro–Wilk test was used to test for normality. As the results have a normal distribution, differences in the values of vegetation indices among parks as well as their relation to health data were analyzed using the ANOVA test.





3. Results


3.1. Descriptive Statistics and Analysis of Socio-Economic Factors


For the representative results, the respondents (n = 405) were carefully selected to balance the female and male respondents, and the ratio was 51% (208) to 49% (197), respectively. The diversity of respondents was reflected in the level of education (54% of higher, secondary 40%, and 5% of elementary education) as well as in marital status (married 45%) (Table S1). The age of the participants varied from 18 to 82 (mean 40.8 years). The respondents spent not more than 15 min walking to the park and visited the park, on average, 3 to 5 times a week, spending, on average, over an hour in the park.



Respondents identified that they mostly use the green areas for common activities and walking. They sometimes visit parks for running and jogging and most visitors hardly ever come to green areas for sitting and relaxing. Visitors in general value greenery the most followed by paths they use for walking and running. Results show that water elements are more important than benches and lawns according to respondents’ preferences (Table S3).




3.2. Self-Perceived Health Data Analysis


To relate the importance of urban green areas for the physical and mental health of the users, the respondents were first asked about their general health condition, regarding the respiratory infections, nervous disorders, and then about the use of medications and frequency of visits to a doctor.



Results show that about 26% of respondents suffer from pollen allergies. While 22% of them reported suffering from acute respiratory infections, only about 14% suffer from chronic respiratory diseases and 10% use medications regularly. About 8% reported suffering from nervous disorders and 17% use tranquilizers (both regularly or at times) (Table S2).




3.3. Less Green and Green Municipalities


Based on the size and air pollution, municipalities were divided into two groups: “less green municipalities” and “green municipalities” (Table 2). These data illustrate the main environmental characteristics (air quality and soundscape) of analyzed municipalities as well as a number of respiratory and nervous disorders reported by the City Institute for Public Health in Belgrade. Taking these values into account, as well as the size of green areas, we made divisions into less green municipalities that are socio-ecologically vulnerable, and green municipalities that are socio-ecologically the healthiest municipalities.



The maximum concentrations proposed by the City Institute for Public Health differ from those proposed by the World Health Organization global air quality and noise guidelines. Unlike the values shown in Table 2, the maximum concentrations according to WHO of CO is 4 mg/m³, SO2 is 40 µg/m3, and NO2 is 25 µg/m3 [82]. Similarly, the limit for daily noise is 53 dBA, and for night noise is 40 dBA [83].




3.4. Visitors’ Perceptions towards Green Areas and Their Influence on Human Health in Green and Less Green Municipalities


For finding the relation between the green areas and health aspect, we first divided municipalities according to the amount of greenery (less green: Savski venac and Stari Grad and more green municipalities: Voždovac and Zvezdara), and correlated the data with different parameters from the questionnaire.



t-tests for independent samples showed differences between municipalities on some of the proposed variables that were tested. Those that significantly differed among green and less green municipalities are shown in Table 3 while the list of all the variables is listed in Table S3.



Table 3 shows that respondents living in and visiting less green municipalities evaluate better physical, emotional, and social health and, consequently, health in total. There are fewer joint activities in less green municipalities; people also estimate that bench, lawn, pathway, greenery, and water elements contribute more to the mood in less green municipalities, spend more time outdoors, and estimate that their landscape contributes less to mood than in municipalities with more greenery. No significant relation was found regarding the frequency of visits to health professionals or the amount of money they spent on medication.




3.5. Differences between All Municipalities Regarding Health Aspects


The relationship between health and the visits to urban green areas was evaluated by taking into account the usual frequency and the average duration of visits to green space weekly. On one hand, respondents estimated spending free time outdoors in the local parks, and on the other hand, the yearly frequencies of their visits to a doctor and monthly expenses on medications. Data were further filtered taking into account only the respondents spending more than 120 min weekly in parks and visiting a particular park more than 80% of the time. This individual approach allowed us to relate the quality of greenery in the park to the health of visitors who spent almost all of their leisure time in that park.



We compared several health aspects (number of a variety of diseases, number of visits to a doctor, amount of money spent on medications) and green space usage factors (how much they believe greenery affects their physical, emotional, and social health; how often they visit parks or use green spaces to walk, rest, run, perform common activities; how important for their mood are benches, lawns, paths, trees, water elements, and landscapes, and do they prefer an indoor or outdoor space) among four municipalities. These differences were tested using ANOVA variance analysis.



Further analysis of health data included the recognition of the exact parameters of self-reported total health that differed significantly among municipalities. Unlike the previously more general approach (less green and green municipalities to the categories of health aspects), this approach regards more specific aspects of self-reported health parameters. Each of the health aspects tested in “green” and “less green” municipalities (physical, emotional, social, and total) is calculated based on a series of parameters (e.g., number of doctor visits, money residents spend on medications, consumption of antidepressants, etc.). Thus we calculated the relation of each parameter with the quality of the greenery in each park.



The amount of money spent on medication reported in local currency and given in euros in brackets was the highest in Stari grad 1121.50 dinars (EUR 9.59) and lowest in Voždovac 706.50 dinars (EUR 6.04). Residents of Zvezdara and Savski venac are similar in this aspect and spent 893.50 dinars (EUR 7.64) and 841.50 (EUR 7.19), respectively (Table S4). The standard deviation was below 1.5% for all the municipalities.



Analysis of variance proved that there are differences among municipalities in terms of the monthly expenses users have for medications (Table 4). The differences were significant only between those from municipalities Voždovac and Stari Grad. Other users spent similar amounts of money on medications.



The number of doctor visits was the highest in Stari grad (3.26 times per year); residents of Savski venac frequented doctors the least (2.69 times per year), followed by Voždovac residents (2.89), and Zvezdara (3.21) (Table S5). Although there were differences between municipalities in the number of doctor visits, they were not statistically significant (p > 0.05).



The differences based on analysis of variance showed that the z score (Table 5) for parameters in the amount of money spent on medications monthly and doctor visits yearly are not significant among municipalities (p = 0.135). Analysis of variance shows that neither the number of doctor visits nor the collective z score differs significantly among park visitors in different municipalities.




3.6. Results of Remote Sensing Analysis of Quality of Green Areas


Vegetative indexes that can be calculated from Sentinel-2 satellite images are NDVI, EVI, and NDRE. As for the first two, the resolution is 10 × 10 m and allows the monitoring of smaller parks and the exclusion of non-greenery parts of the parks. NDRE has a resolution of 20 × 20 m and proved to be too coarse for the neighborhood parks and, therefore, was altogether excluded from the analysis.



During 2 successive years of vegetation monitoring (at the time of conduction of the questionnaire survey), NDVI values were consistent in the differences among municipalities and were the highest in Voždovac (0.7023, std 0.14) and the lowest in Stari grad municipality (0.55, std 0.08). Greenery in Zvezdara and Savski venac was somewhat similar (0.5809, std 0.12 and 0.6357, std 0.11, respectively) (Table S6). Analysis of variance showed that the differences were significant among all the municipalities except among Zvezdara and Stari grad (Table 6).



On the other hand, EVI values were consistently higher than NDVI and varied more (Table S7). Similarly to NDVI, EVI values were highest in Voždovac municipality (0.8025, std 0.61), the lowest in Zvezdara municipality (0.5895, std 0.34) and Stari grad (0.5963, std 0.29), while in Savski venac, EVI was 0.6378 with the standard deviation 0.30 (Table S7). EVI failed to detect the same differences as NDVI, and only between Voždovac and Zvedara and Stari grad and Voždovac municipalities were the differences statistically significant (Table 7).





4. Discussion


This study examined the self-reported health and mental well-being perceived from visiting four different green space types, which were selected based on the high vs. low amount and quality of green space, their main use, and location in the city. Such criteria were used previously [21,22,23,24,25,26]. In this study, the purposive selection was made so that the number of male and female respondents was as equal as possible. Some other studies in Belgrade showed that males visit green areas more, usually for active recreation, unlike females who mainly use them for passive types of recreation [10]. Another study by Vujcic et al. [6] had more female respondents, which indicates that this variable is subject to the study’s condition therefore, generalizations are hard to make. What was similar between these studies and ours is that number of respondents with higher education was dominant, as well as that the mean age was around 40 years. In terms of health characteristics, we saw that almost a quarter of respondents suffered from pollen allergies, and a bit less from acute respiratory infections, while only less than one-fifth reported chronic respiratory diseases. Just 8% of respondents reported suffering from nervous disorders and 17% used tranquilizers (both regularly or at times). As in other studies, it is quite hard to relate chronic respiratory diseases or pollen allergies based on green space usage factors [6], thus we just aimed for descriptive quantification of variables.



The municipalities in this study were separated based on both—the amount of green area (m2) and the percentage of greenery (%). Voždovac and Zvezdara municipalities have significantly more green areas than municipalities Savski venac and Stari Grad. It is important to stress the fact that the official data from the Secretariate for Environmental Protection [73] shows that not only do these municipalities have less greenery, but they also have higher levels of air and noise pollution. There are discrepancies between the standards of the Secretariate for Environmental Protection in Serbia and the maximum values proposed by WHO, but our municipalities fit both regarding the differences in “green” and “less green” criteria. Although values of air pollutants and noise are above the proposed limits, there is a significant difference between municipalities Voždovac and Zvezdara and those “less green”—Stari grad and Savski venac. The users of “less green” and “green” municipalities differ in common activities and preferences towards outdoor activities and rank the importance of the landscape elements and facilities differently. Residents of greener municipalities perceive landscapes and views as more important and conduct more common activities in green areas than residents of less green areas. With the bigger number of parks and surfaces under the greenery, there are more opportunities for activities (i.e., physical as previously proven by Jansen et al. [84]) and users realize the importance of greenery and put it high on their priority scale. On the other hand, residents of less green areas recognize the lack of greenery, lawns, water elements as well as facilities such as benches and paths, and evaluate them as very important; they spend less time outdoors, and do not perceive the contribution of green areas to their physical, emotional nor social health.



Comparing green to less green municipalities, we come to the conclusion that perceptions of total health, physical, emotional, and social health differ significantly. When we solely look at the amount of greenery and analyze the differences among municipalities, there are seemingly no significant differences in the quantitative variables such as the amount of money they spend on medications or the number of visits to a doctor. A study by Schmidt [85] might offer an explanation for this as it showed that the presence of only larger trees in green areas was associated with lower overall medication sales, suggesting these large trees “are more beneficial with respect to heart disease and mental health than smaller trees” and are also “more effective in reducing environmental stressors like urban heat, air pollution, and noise”. Our results suggest that even taking into consideration air and noise pollution apart from the quantity of greenery does not account for all the contributions of urban green areas to the health of its residents.



Therefore, we addressed another research question—the size and shape of the buffer zone were taken into account for the contribution to one’s health. We explored the contribution per municipality but took into account different categories of parks. With that, we covered different green areas including pocket parks (small parks) that were cited as the most important by Wood et al. [59], small green spaces (neighborhood parks) that are important due to their proximity [60], medium-size parks (city parks and central city parks) that induce physical activities [84], and even urban forests. Our study area covered all 4 categories of green areas in each municipality, and thus different buffer zones were covered within each study area. Access to natural environments in cities for recreation may be substantially constrained by distance and availability of resources and time to visit them [1]. Depending on the source, buffer zones vary from 300 m (European Commission’s recommendations that public open spaces should be within 300 m of residences) up to 800 m [55] or reflect the walking distances up to 10 min walk from home as in the research of Cutts et al., Kaczynski et al., Kim et al., and Stewart et al. [86,87,88,89]. Chaix et al. [90] even introduced “self-described neighborhoods” suggesting that they may be more informative than researcher-defined neighborhoods. Our results showed that most of the frequent users of parks in the survey were willing to walk up to 15 min from home. Thus, our finding is more in accordance with the results of Sugiyama et al.’s [34] study that defined a neighborhood as any area within a 10- to 15-min walk from home. They combined their result with the data on public health physical activity guidelines (≥150 min per week) in the RESIDE study where they proved that residents prioritize high-quality parks over short-distance walking. Similar studies, on the other hand, have noted that visitors of urban green spaces prefer short travel distances to green spaces, the presence of trees and open areas, and they connected these to their better health and well-being [91,92,93].



As the size and the distance of green area correlations with the residents’ health varied drastically depending on the methodology and the approach, the focus of research shifted towards the quality of greenery. The quality was, however, defined differently among researchers and was assessed through aesthetic values such as pristineness, absence of garbage, and degradation [48,49,50], and the size and the openness apart from maintenance and cleanliness [42], etc. Facilities proved to be important by Zhang et al. [51] as they were evaluated by the examinees as the perceived quality of parks. Another approach to validate the quality of urban green areas is to quantify biodiversity [44] either as the species richness or as the perceived abundance of species [24,45,46,47]. Therefore, the quantification of parks’ quality still proved to be a challenging task. Thus vegetative indexes were introduced for the objective and timely quantification of the quality of green areas. Almanza et al. [52] combined vegetation indexes with land use using NDVI as a measure of greenness exposure and Rugel et al. [53] developed an index that covered NDVI and EVI with different size buffer zones. However, Labib et al. [55] concluded that at the personal scale, the relationships remain largely unexplored. These authors indicated that different spatial approaches to assessing availability exposure (e.g., in terms of buffer distances, scales, and data) influence the strength and significance of associations with health indicators. Moreover, even using “self-described neighborhoods“ may not be representative as an individual’s perceived neighborhood may not represent where they spend their time [90,94].



For a clear analysis of the benefits of greenery for the residents’ well-being, we explored another approach which was more personal and at an individual level. We filtered the data and selected users based on the amount of time they spent in parks. White et al. [70] suggested that the visible relation between greenery and the users’ health is when they spend at least 120 min a week in parks. Thus, we selected the respondents based on the minimum time (120 min) spent in that particular park and visiting it at least 80% of the time. These visitors frequented parks, on average, 3–5 times a week, similar to a study by Tomićević et al. [10]. This setup is an improvement in regard to the personalization of the relationship between vegetative indexes and users’ health. Not only have we chosen various types of parks, and selected users that spend sufficient time in the surveyed areas, but we also measured the differences in vegetative activities only among the parks that users frequented most of the time. Previous attempts to use VI for the assessment of green areas have drawn attention to the limitations of the coarse resolution. Dadvand et al. [95] concluded that the low spatial resolution of satellite imagery misses the small green spaces and limits the research on the level of exposure to green areas. Su et al. [58] compared 3 sensors and 4 buffer zones and found that even though high values of vegetation indexes were consistently related to better-perceived health, better mental health, and greater physical activity, the green space characterized by finer spatial resolution had larger health associations. Markevych et al. [61] and Labib and Harris [62] suggested, in particular, the use of open-access Sentinel-2 satellite images. Our research is improved in regard to time and space resolution as we used Sentinel-2 images (10 × 10 m resolution) and, for representative differences among parks, we used two full vegetation seasons aligned with the survey conducted with the questionnaire. In this way, we avoided the possibility that current problems that might appear in certain green areas (disease outbreaks, heat waves, lack of water, etc.) show unrepresentative results. Personalization in using vegetative indexes for the assessment of their contribution to residents’ health improved the relations between the respondents’ self-reported well-being and the characteristics of the parks they were visiting. When relating health parameters with the NDVI values per municipality, relationships were stronger and significant even for individual parameters and quantitative variables. Even though the differences are not significant among each municipality and for all the parameters, they were still in line with the NDVI values having lower values in the municipalities where the amount of money spent on medications and the number of doctor visits is higher and vice versa. Therefore, residents of the municipality with the highest NDVI spent the least money on medications and visited doctors the least. This is in line with the previous research of Kardan et al. [96] who proved that more trees in the neighborhood are related to lower amounts of medications. Significant differences are also reflected in the number of total diseases that are the greatest in the municipality Stari grad where the NDVI values are the lowest. In the same municipality, residents value greenery and water elements the most as they are scarce.



NDRE with the resolution 20 × 20 m was excluded as the small green areas included a lot of mixed pixels, and were, therefore, not representative of the vegetative activity of greenery. To capture the differences among parks, we further explored the EVI index as it is, by definition, improved in the sense that the background variation does not reflect its values. However, EVI varies more than the NDVI and did not show significant differences between all the municipalities, but only between Zvezdara and Voždovac, and Stari Grad and Voždovac. On the other hand, both EVI and NDVI had the highest values in Voždovac municipality and the lowest in municipalities Stari Grad and Zvezdara. It aligned well with the amount of money residents spent on medication, the number of diseases, and the number of doctor visits. In Voždovac municipality, residents spent the least money on medications, have fewer diseases, and visited doctors less than the residents of Stari Grad and Zvezdara.



Greener neighborhoods show better self-estimated health in total but also all the segments of health—emotional, social, and physical, compared to less green municipalities. Municipalities covered with substantially more green areas in Belgrade do not have the best quality of greenery. Analysis based solely on the amount of greenery, air, and noise pollution showed weak relations to the health of residents. However, shifting to a more personal level and regarding only frequent users of parks as well as measuring only the vegetative activity of that particular park significantly improves the correlation between the health of trees and residents. This research proves the need for a more individual approach and confirms the good potential of using vegetative indexes for the quantification of parks’ quality. With the coverage of various categories of parks and the inclusion of the interviewees that spend significant time in urban green areas, the relationship between the quality of greenery and residents’ health becomes more clear and stronger. Our research further shows variations in preferences in terms of facilities in parks and the dominant use of the parks, therefore, providing clear information for policy-makers and urban park managers. Further research might focus on the exploration of the liaison between parks’ contents and users’ visits and determine whether the facilities are an important factor for deciding on the park which visitors frequent the most.



One of the main strengths of our methodology is the clear and measurable relationship between the greenery of a park and the health of its visitors. However, this approach has a limitation in not accounting for the indirect contribution of urban green areas to the health of residents who do not visit parks. Thus, future research could investigate the broader impacts of green spaces on the health of all residents, including those who may not visit urban green areas. Moreover, our study focused only on the city of Belgrade, and future studies could expand the scope to other cities and regions to explore how the relationship between urban green areas and health varies across different contexts. Finally, investigating the specific aspects of greenery, such as the quality and quantity of vegetation or the type of activities that can be conducted in green spaces, could shed light on the mechanisms that underlie the relationship between urban green areas and health.




5. Conclusions


By unpacking some of the main aspects related to the quality of green areas and self-perceived health benefits, this study contributes to improving the existing knowledge on these aspects in Belgrade, which are also relevant for other areas. The role of green infrastructure quality proved to be crucial for residents’ health in total. Some of the health aspects differed between residents in green and less green areas. However, a more personal approach reveals the direct codependency and the mechanisms by which greenery influences one’s health. This especially reflects to quantifiable variables of self-estimated health parameters. Users of parks with less vegetative activity and quality have significantly more diseases, spend more money on medication, and visit doctors more frequently. Likewise, residents of municipalities with the highest vegetative indexes perceive the important role of greenery for their health and all its aspects. Residents of municipalities that lack greenery value it more and recognize the need for parks and their facilities.



In terms of the practical relevance of this research, we recommend wide communication of these results to managers of urban green areas, and also other city authorities in Belgrade. Such information is crucial for informed decision-making and improved management of green areas. Increasing awareness of the importance of green areas in cities for the overall health of its citizens but also improvement of other environmental aspects is needed. Study results indicate prioritizing proper maintenance of the existing green areas for reaching the full potential over increasing the green coverage. Further studies should also take into account features of greenery, facilities, and accessibility in addition to the two-dimensional remote sensing, which depicts tree canopy cover. In this way, even more detailed analyses and correlations could be made.
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Figure 1. Study location and aerial photography of parks from 4 municipalities. 
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Table 1. Study areas with main characteristics.






Table 1. Study areas with main characteristics.





	
Municipality

	
No. of Respondents

	
Name of the Park

	
Type

	
Size (ha)






	
Savski venac

	
105

	
Manjež

	
Neighborhood park

	
2.6




	
Hajd park

	
City park

	
6.2




	
Topčider park

	
Central city park

	
10.7




	
Stari grad

	
100

	
Pionir park

	
City park

	
3.3




	
Park Kalemegdan

	
Central city park

	
49.6




	
Devojački park

	
Small park

	
0.3




	
Voždovac

	
100

	
Voždovac park

	
Neighborhood park

	
1.9




	
Park Šumice

	
Central city park

	
14.3




	
Banjica forest

	
Urban forest

	
39.6




	
Zvezdara

	
100

	
Park Ćirilo i Metodije

	
Neighborhood park

	
1.9




	
Park Slavujev potok

	
Small park

	
1.2




	
Zvezdara forest

	
Urban forest

	
107
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Table 2. Secondary environmental and related health data per municipality and data on green areas per municipality in relation to the total area.
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Municipalities

	
Air Quality → Respiratory Disorders *

	
Soundscapes → Nervous Disorders *

	
Green Areas

	
Division of Municipalities




	
CO (3 mg/m³) **

	
SO2 (50 µg/m³) **

	
NO2 (40 µg/m³) **

	
Respiratory Disorders (%)

	
Day (55–65 dBA) **

	
Night (45–55 dBA) **

	
Nervous Disorders (%)

	
Green Areas (m2)

	
Green Areas (%)






	
Savski venac

	
7.36

	
133.8

	
105.2

	
~100

	
73

	
69

	
12

	
1,561,245.24

	
0.2

	
Less green municipalities




	
Stari grad

	
7.12

	
144.8

	
103.7

	
84

	
74

	
60

	
5

	
919,038.01

	
0.1




	
Zvezdara

	
5.94

	
108.8

	
96.3

	
39

	
69

	
66

	
2,2

	
19,126,665.16

	
2.4

	
Green municipalities




	
Voždovac

	
5.24

	
77.9

	
84.9

	
58

	
66

	
57

	
2,3

	
5,326,673.64

	
0.7








* Source: official reports published by the City Institute for Public Health [72] (CIPH, 2013) and the Secretariat for Environmental Protection [73] (SEP, 2012); ** maximum concentrations proposed by the City Institute for Public Health.
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Table 3. Descriptive statistics for significant variables (list of all variables is in Table S3).
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Descriptive Statistics of Significant Tested Variables

	
Significance of Differences between Means (Only Those That Showed Significant Value)




	

	

	
Municipality

	
N

	
Mean

	
Std. Deviation

	
Std. Error Mean

	

	
t

	
Df

	
Sig.






	
self-estimated health characteristics

	
health total

	
Less green mun.

	
205

	
4.0894

	
0.92185

	
0.06438

	
Eq. var. ass.

	
5.193

	
403

	
0.000




	
Green mun.

	
200

	
3.6567

	
0.74341

	
0.05257

	
Eq. var. not ass.

	
5.207

	
389.291

	
0.000




	
physical health

	
Less green mun.

	
205

	
4.17

	
1.017

	
0.071

	
Eq. var. ass.

	
4.131

	
403

	
0.000




	
Green mun.

	
200

	
3.74

	
1.105

	
0.078

	
Eq. var. not ass.

	
4.126

	
398.410

	
0.000




	
emotional health

	
Less green mun.

	
205

	
3.97

	
1.150

	
0.080

	
Eq. var. ass.

	
5.689

	
403

	
0.000




	
Green mun.

	
200

	
3.33

	
1.134

	
0.080

	
Eq. var. not ass.

	
5.690

	
402.955

	
0.000




	
social health

	
Less green mun.

	
205

	
4.13

	
1.190

	
0.083

	
Eq. var. ass.

	
1.957

	
403

	
0.051




	
Green mun.

	
200

	
3.91

	
1.033

	
0.073

	
Eq. var. not ass.

	
1.960

	
397.681

	
0.051




	
recreational aspect

	
common activities

	
Less green mun.

	
205

	
3.21

	
1.373

	
0.096

	
Eq. var. ass.

	
−2.371

	
403

	
0.018




	
Green mun.

	
200

	
3.52

	
1.165

	
0.082

	
Eq. var. not ass.

	
−2.376

	
395.404

	
0.018




	
facilities

	
benches

	
Less green mun.

	
205

	
3.68

	
1.186

	
0.083

	
Eq. var. ass.

	
1.967

	
403

	
0.050




	
Green mun.

	
200

	
3.46

	
1.093

	
0.077

	
Eq. var. not ass.

	
1.969

	
401.706

	
0.050




	
lawn

	
Less green mun.

	
205

	
3.88

	
1.074

	
0.075

	
Eq. var. ass.

	
3.308

	
403

	
0.001




	
Green mun.

	
200

	
3.52

	
1.134

	
0.080

	
Eq. var. not ass.

	
3.306

	
400.481

	
0.001




	
paths

	
Less green mun.

	
205

	
4.62

	
0.642

	
0.045

	
Eq. var. ass.

	
7.684

	
403

	
0.000




	
Green mun.

	
200

	
3.97

	
1.032

	
0.073

	
Eq. var. not ass.

	
7.642

	
331.587

	
0.000




	
greenery

	
Less green mun.

	
135

	
4.30

	
0.865

	
0.074

	
Eq. var. ass.

	
8.788

	
333

	
0.000




	
Green mun.

	
200

	
3.13

	
1.368

	
0.097

	
Eq. var. not ass.

	
9.555

	
331.690

	
0.000




	
water

elements

	
Less green mun.

	
205

	
4.27

	
.847

	
0.059

	
Eq. var. ass.

	
3.925

	
403

	
0.000




	
Green mun.

	
200

	
3.90

	
1.058

	
0.075

	
Eq. var. not ass.

	
3.914

	
380.456

	
0.000




	
landscapes

and views

	
Less green mun.

	
205

	
3.85

	
0.870

	
0.061

	
Eq. var. ass.

	
−3.201

	
403

	
0.001




	
Green mun.

	
200

	
4.13

	
0.898

	
0.064

	
Eq. var. not ass.

	
−3.199

	
401.687

	
0.001




	
personal preferences

	
outdoors

	
Less green mun.

	
205

	
3.37

	
1.132

	
0.079

	
Eq. var. ass.

	
8.409

	
403

	
0.000




	
Green mun.

	
200

	
2.50

	
0.940

	
0.066

	
Eq. var. not ass.

	
8.428

	
393.034

	
0.000








Bolded values—values of t-test significant on p < 0.05 level.
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Table 4. Analysis of variance for the amount of money spent monthly per municipality.
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ANOVA




	
Municipality

	

	
Mean Difference

	
Std. Error

	
Sig.

	
95% Confidence Interval




	
Lower Bound

	
Upper Bound






	
Voždovac

	
Zvezdara

	
−187.00000

	
146.47422

	
0.743

	
−574.2916

	
200.2916




	
Savski venac

	
−135.00476

	
144.71998

	
0.926

	
−517.6579

	
247.6484




	
Stari grad

	
−415.00000 *

	
146.47422

	
0.029

	
−802.2916

	
−27.7084




	
Zvezdara

	
Voždovac

	
187.00000

	
146.47422

	
0.743

	
−200.2916

	
574.2916




	
Savski venac

	
51.99524

	
144.71998

	
1.000

	
−330.6579

	
434.6484




	
Stari grad

	
−228.00000

	
146.47422

	
0.537

	
−615.2916

	
159.2916




	
Savski venac

	
Voždovac

	
135.00476

	
144.71998

	
0.926

	
−247.6484

	
517.6579




	
Zvezdara

	
−51.99524

	
144.71998

	
1.000

	
−434.6484

	
330.6579




	
Stari grad

	
−279.99524

	
144.71998

	
0.282

	
−662.6484

	
102.6579




	
Stari grad

	
Voždovac

	
415.00000 *

	
146.47422

	
0.029

	
27.7084

	
802.2916




	
Zvezdara

	
228.00000

	
146.47422

	
0.537

	
−159.2916

	
615.2916




	
Savski venac

	
279.99524

	
144.71998

	
0.282

	
−102.6579

	
662.6484








* The mean difference is significant at the 0.05 level.
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Table 5. The z score for 2 parameters (amount of money spent on medications monthly and doctor visits yearly) for all municipalities.
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Descriptive Statistics




	
Municipalities

	
N

	
Mean

	
Std.

	
Std. Er.

	
95% Confidence Interval for Mean

	
Minimum

	
Maximum




	
Lower Bound

	
Upper Bound






	
Voždovac

	
100

	
−0.10

	
0.60

	
0.06

	
−0.22

	
0.01

	
−0.90

	
1.31




	
Zvezdara

	
100

	
0.03

	
0.78

	
0.07

	
−0.12

	
0.18

	
−0.90

	
2.41




	
Savski venac

	
105

	
−0.07

	
0.94

	
0.09

	
−0.25

	
0.10

	
−0.90

	
3.85




	
Stari grad

	
100

	
0.14

	
1.00

	
0.10

	
−0.04

	
0.34

	
−0.90

	
3.40




	
Total

	
405

	
0.00

	
0.85

	
0.04

	
−0.08

	
0.08

	
−0.90

	
3.85
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Table 6. Analysis of variance for the NDVI values per municipality.
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ANOVA




	
Municipality

	

	
Mean Difference

	
Std. Error

	
Sig.

	
95% Confidence Interval




	
Lower Bound

	
Upper Bound






	
Voždovac

	
Zvezdara

	
0.12143 *

	
0.01900

	
0.000

	
0.0711

	
0.1718




	
Savski venac

	
0.06659 *

	
0.01900

	
0.003

	
0.0163

	
0.1169




	
Stari grad

	
0.15226 *

	
0.01900

	
0.000

	
0.1019

	
0.2026




	
Zvezdara

	
Voždovac

	
−0.12143 *

	
0.01900

	
0.000

	
−0.1718

	
−0.0711




	
Savski venac

	
−0.05484 *

	
0.01900

	
0.025

	
−0.1052

	
−0.0045




	
Stari grad

	
0.03083

	
0.01900

	
0.488

	
−0.0195

	
0.0812




	
Savski venac

	
Voždovac

	
−0.06659 *

	
0.01900

	
0.003

	
−0.1169

	
−0.0163




	
Zvezdara

	
0.05484 *

	
0.01900

	
0.025

	
0.0045

	
0.1052




	
Stari grad

	
0.08567 *

	
0.01900

	
0.000

	
0.0353

	
0.1360




	
Stari grad

	
Voždovac

	
−0.15226 *

	
0.01900

	
0.000

	
−0.2026

	
−0.1019




	
Zvezdara

	
−0.03083

	
0.01900

	
0.488

	
−0.0812

	
0.0195




	
Savski venac

	
−0.08567 *

	
0.01900

	
0.000

	
−0.1360

	
−0.0353








* The mean difference is significant at the 0.05 level.
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Table 7. Analysis of variance for the EVI values per municipality.
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ANOVA




	
Municipality

	

	
Mean Difference

	
Std. Error

	
Sig.

	
95% Confidence Interval




	
Lower Bound

	
Upper Bound






	
Voždovac

	
Zvezdara

	
0.21299 *

	
0.06392

	
0.012

	
0.0333

	
0.3926




	
Savski venac

	
0.16466

	
0.06392

	
0.087

	
−0.0150

	
0.3443




	
Stari grad

	
0.20617 *

	
0.06392

	
0.017

	
0.0265

	
0.3858




	
Zvezdara

	
Voždovac

	
−0.21299 *

	
0.06392

	
0.012

	
−0.3926

	
−0.0333




	
Savski venac

	
−0.04832

	
0.06392

	
0.903

	
−0.2280

	
0.1313




	
Stari grad

	
−0.00682

	
0.06392

	
1.000

	
−0.1865

	
0.1728




	
Savski venac

	
Voždovac

	
−0.16466

	
0.06392

	
0.087

	
−0.3443

	
0.0150




	
Zvezdara

	
0.04832

	
0.06392

	
0.903

	
−0.1313

	
0.2280




	
Stari grad

	
0.04151

	
0.06392

	
0.936

	
−0.1381

	
0.2211




	
Stari grad

	
Voždovac

	
−0.20617 *

	
0.06392

	
0.017

	
−0.3858

	
−0.0265




	
Zvezdara

	
0.00682

	
0.06392

	
1.000

	
−0.1728

	
0.1865




	
Savski venac

	
−0.04151

	
0.06392

	
0.936

	
−0.2211

	
0.1381








* The mean difference is significant at the 0.05 level.
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