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Abstract

:

Urban blue-green space (UBGS), as an important component of the urban environment, is found to closely relate to human health. An extensive understanding of the effects of UBGS on human health is necessary for urban planning and intervention schemes towards healthy city development. However, a comprehensive review and discussion of relevant studies using bibliometric methods is still lacking. This paper adopted the bibliometric method and knowledge graph visualization technology to analyze the research on the impact of UBGS on residents’ health, including the number of published papers, international influence, and network characteristics of keyword hotspots. The key findings include: (1) The number of articles published between 2001 and 2021 shows an increasing trend. Among the articles collected from WoS and CNKI, 38.74% and 32.65% of the articles focus on physical health, 38.32% and 30.61% on mental health, and 17.06% and 30.61% on public health, respectively. (2) From the analysis of international partnerships, countries with high levels of economic development and urbanization have closer cooperation than other countries. (3) UBGS has proven positive effects on residents’ physical, mental, and public health. However, the mediating effects of UBGS on health and the differences in the health effects of UBGS on different ages and social classes are less studied. Therefore, this study proposes several future research directions. First, the mediating effect of UBGS on health impacts should be further examined. Furthermore, the interactive effects of residents’ behaviors and the UBGS environment should be emphasized. Moreover, multidisciplinary integration should be strengthened. The coupling mechanism between human behavior and the environment should also be studied in depth with the help of social perception big data, wearable devices, and human–computer interactive simulation. Finally, this study calls for developing health risk monitoring and early warning systems, and integrating health impact assessment into urban planning, so as to improve residents’ health and urban sustainability.
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1. Introduction


As the main places of human habitation, cities are the bridge between energy, climate, and mankind, and are one of the most important forms of land use and land cover (LULC) change on the world’s surface [1]. Currently, about 55% of the population lives in cities and towns, and the world’s population is expected to reach 9.7 billion by 2050 [2]. During this period, the population increase will mainly happen in cities, with urbanization expected to reach nearly 70% by 2050 [3]. Climate change and rapid urbanization have led to a series of city-related issues, such as the spread of epidemics, urban flooding, air pollution, urban heat islands, urban noise, and loss of blue and green spaces, which have negatively affected the physical and mental health of urban dwellers [4,5,6,7,8,9]. Over the past few decades, cities have consumed a lot of manpower, material resources, and capital to restore various nature-based forms to reduce the negative impacts of urbanization on human health.



Urban blue-green space (UBGS) is a strategically planned network of natural and semi-natural areas and other environmental elements, including urban water and vegetation, which can be generalized as urban green infrastructure (UGI) that provides a wide range of ecosystem services within a city [10,11]. UBGS can make great contributions to human health [12]. First, the positive impact of natural landscapes, including blue spaces and green spaces, on the mental health of urban residents has been widely demonstrated [13,14,15,16,17,18,19]. In particular, green space in the streetscape affects mental health more than nearby green space [20]. Second, UBGS motivates residents to increase outdoor physical activity and reduce obesity [21,22,23,24]. At the same time, UBGS is also an important means to prevent the risk of disease infection [25], which can absorb fine particles and other pollutants, improve air quality [26], and reduce noise pollution [27]. The urban heat island effect also brings great stress to the human body, and extreme temperatures can also lead to cardiovascular disease, heat fainting, and heat stroke [28]. UBGS has been widely proven to alleviate the heat island effect [11,28,29,30,31,32,33]. Third, UBGS can increase stormwater infiltration, reduce surface runoff, regulate regional microclimates, and improve water quality [34]. Furthermore, UBGS provides a natural environment for people to interact with each other and prevent loneliness to varying degrees [35]. Finally, the natural landscape of UBGS will improve people’s aesthetic value and comfort [36], and also improve urban biodiversity and promote the harmonious coexistence between humans and nature [37].



UBGS has been recognized by different countries and localities as an important means of promoting residents’ health and well-being. In China, in 2016, the State Council promulgated the “Healthy China 2030 Planning Outline”, which proposed to create a green space environment to promote the health of the people [38]. Moreover, Xie et al. studied the Wuhan East Lake Greenway, the largest urban lake greenway in China, and found that the construction of the East Lake Greenway significantly contributed to the mental health of residents in the surrounding 2 km neighborhood [39]. In the UK, data from nationally representative longitudinal household surveys found that self-reported health and well-being increased with proximity to the coast [40]. Singapore is known as one of the most environmentally friendly cities in the world. According to the park use and satisfaction survey conducted by the Singapore National Park Board in 2009, Zhang et al. concluded that urban green space is positively correlated with mental health [41]. In Plymouth, UK, promoting the central role that green spaces play in contributing to the city’s health, well-being, and biodiversity is among the 2008–2023 green space strategic goals [42]. The stage of UBGS development varies from country to country, as does the degree of health impact. A comprehensive review of the relevant studies in different countries and regions can better promote knowledge in improving human health.



Many studies have concentrated on the impact of UBGS on the health of the residents. [27,43,44,45], but few have been able to draw on a systematic review of this field by using bibliometric and knowledge graph visualization techniques. Quantitative analysis of the literature can provide the latest research progress, the degree of attention and evolution of research hotspots for a certain research field, and can more comprehensively grasp the frontier problems of the research field and judge a country’s scientific status and ability [46]. Therefore, it is necessary to further analyze the research progress and development trend of the effect of UBGS on residents’ health, and to identify research hotspots. To better cope with the challenges of global climate change and urbanization, it is essential to explore the role and mechanism of UBGS in residents’ health and urban resilience.



This study aims to systematically review the literature on the effects of UBGS on residents’ health and provide useful references for research in this field. Bibliometric methods and knowledge graph visualization technology will be adopted to conduct quantitative statistics, data analysis, and knowledge graph visualization of the research literature in the past two decades. The number of publications, international influence, the evolution of keyword hotspots, and the network characteristics of research institutions in this research field will also be explored to reveal the changing patterns of research hotspots during 2001–2021. Based on the identified knowledge gaps, this study will suggest future research directions on the impact of UBGS on residents’ health, urban resilience, and urban planning.




2. Data and Methods


2.1. Literature Search and Data Processing


The data in this paper were obtained from the Web of Science (WoS) core collection database and China National Knowledge Infrastructure (CNKI), the citation index of WoS was selected from SCIE (Science Citation Index Expanded), and the scope of the study was selected from the literature published in the last two decades (January 2001–December 2021), and the subject terms were limited to “urban green and blue space” OR “urban green space*” OR “urban blue space* “AND” health*” and other titles, abstracts and keywords were searched, WoS and CNKI obtained a total of 5835 English articles and 90 Chinese articles respectively. This extensive search for relevant literature also included studies that were not as relevant to this paper. Therefore, we manually filtered again through the titles and abstracts of the literature, WoS identified 672 English articles and 41 conference articles, and CNKI identified 49 Chinese articles. This information was then used to analyze the evolution of research and current research frontiers on the impact of UBGS on the health of residents.



In this paper, the Bibliometrx R package [47] and CiteSpace [48] were performed for quantitative analysis and knowledge graph visualization. Firstly, Bibliometrx was used to analyze keywords of the literature for co-occurrence, trend analysis of topic words and feature analysis of concept structure, etc., and explore hot and cutting-edge issues. CiteSpace 5.8.R3 was then utilized to measure the burstness detection of keywords for the impact of UBGS on the health of residents during 2001–2021.




2.2. Trend and Change-Point Detection


To identify trends and potential points of change in UBGS-related research according to previous research, the Mann–Kendall test and Pettitt’s test were introduced to analyze the publication’s articles from 2001 to 2021 [9,49,50]. The Mann–Kendall test and Pettitt’s test could be performed with the several functions in the R package. The “geo_smooth” function of the “ggplot2” package in the R language program was used to visualize the trend, and the default loess regression method of the “ggplot2” package was used for regression fitting [9,50].





3. Results


3.1. Changes in the Number of Publications


As shown in Table 1 there were 131 sources of literature on the impact of UBGS on residents’ health from 2001 to 2021, mainly including Journals and Books. The average years from publication is 3.97, the average number of citations per paper is 8.429, and the collaboration index is 4.01. Very little material was published during the period from 2001 to 2010, and the number of papers has gradually increased since then. Annual publication trends and change-point detection of articles show a rapid increase in interest in related research, especially since 2021 (change point = 2021, p < 0.0001; Figure 1).



By the end of 2021, there is a significant imbalance in the amount of literature (Figure 2), with major concentrations in China, the USA, the UK, Australia, and Japan. However, the amount of literature in the field of UBGS’s effect on inhabitants’ health studies in some countries in Africa, South America, and Central Asia is almost zero. Among the country cooperation densities, China and the U.S. have the highest cooperation density, followed by the U.S. and Western European countries, and the U.S. and Australia. It is noteworthy that the density of global research cooperation related to UBGS is mainly concentrated in China, the United States, Australia, and Western Europe, and these three axes of global cooperation density exist.




3.2. Research “Hot Topics”


A clustering of the 10 most frequently occurring keywords in the literature was performed for further exploration of the “hot spots” in this research field (Figure 3). Most of the research focuses on physical activity, public health, mental health, the built environment, and urban planning. According to the number of articles and keywords in WoS each year, the development process of UBGS’ impact on health can be divided into three stages. From 2001 to 2011, the number of articles published on the impact of UBGS on health was relatively low; from 2012 to 2016, the number of papers published on the impact of UBGS on health increased slowly; from 2017 to 2021, the number of papers published on the impact of UBGS on health increased rapidly (Figure 1 and Figure 4). The concern of UBGS on health is firstly in public health, secondly in physical health, and finally in mental health. The earliest study retrieved from the Web of Science was published in 2002 [51,52]. From 2001 to 2011, the research hotspots were less concerned, and the number of literature was small, mainly focusing on the effect of urban green space on public health, mainly heat waves, air pollution, heat-related mortality, and health perception. Since then, there has been an increasing interest in hot spots of research on the health impacts of UBGS, and various aspects have been analyzed and applied in planning. In China, according to the CNKI database, CNKI mainly focuses on the impact of UBGS on residents’ health with landscape architecture and urban-rural planning disciplines, such as physical activity, mental health, landscape architecture, planning and design, public health, and PM2.5 (Figure 5). Overall, WoS and CNKI databases on the health effects of UBGS are mainly focused on green space, physical activity, mental health, built environment, public health, and urban planning.




3.3. Evolution of Multidimensional Research Topics


UBGS directly or indirectly affects the health of residents. Through the co-occurrence network analysis and visualization of keywords in related research, the research progress of the impact of UBGS on residents’ health was explored. After analyzing the keyword co-occurrence network and examining related studies, a meaningful classification was performed. Overall, most of the co-occurrence network of WoS- and CNKI-related research hotspots focused on physical health, mental health, public health, and others (Figure 5 and Figure 6). Among them, based on WoS and CNKI sources related to physical health (n = 277, 38.74%; n = 16,32.65%), mental health (n = 274, 38.32%; n = 15, 30.61%), public health (n = 122, 17.06%; n = 15, 30.61%), and other (n = 113, 15.8%; n = 9,18.36%) were checked for more extended evaluation. We found that the topic articles on the impact of UBGS on health were counted many times, and the total number of possible classified articles exceeded the number of literature.



3.3.1. Impact of Urban Blue-Green Space on Physical Health


Physical Activity


Documenting the many physical activities that UBGS applies to physical health is also a primary topic that we identified. Researchers in this field recognized that different age groups, accessibility of UBGS, and the built environment characteristics of residents all influence physical activity. These studies made it possible to assess their effect on health and happiness and provide public health officials and policymakers to address issues and make decisions.



Much of the effect of UBGS on physical activity health studies relies on green space. For instance, many research literature has focused on the relationship between physical activity and community green space [53,54,55]. Nevertheless, in Scotland, community green space is not related to physical activity, and the influencing mechanism of the relationship between community green space and health may not be explained by physical activity [56]. The impact of urban blue space on physical activity is relatively sparse. The distances and amounts of blue space are significant factors affecting physical activity. Proximity to blue space is related to higher physical activity [57,58,59]. The more blue space there is, the higher the level of physical activity [60,61]. In China, Xie et al.’s research found that the impact of urban greenways on residents’ physical activity has a significant spatial distance attenuation, and the level of moderate to high-intensity physical activity among residents is significantly increased within 1 km [62].




Obesity


Thirty-eight papers were concerned with the impact of UBGS on obesity, which is calculated using body mass index (BMI) as measured by an individual’s height and weight, as well as the self-reported height and weight assessments [63]. Studies in Canada [64], Portugal [65], Egypt [66], and New England [67] showed an insignificant relationship between urban green space and obesity. At the community level, street greenery was extracted using street view maps, and studies have shown that street green could have a significant impact on obesity [68,69,70]. Furthermore, some studies have found lower levels of obesity in adults and children living close to blue spaces [71,72]. In China, Sun et al. found that urban green space was not associated with overweight, but slope at the 400 m scale was negatively correlated with BMI [73].




Birth Outcomes


Thirty-seven articles studied the association between UBGS and birth outcomes, focusing on the association between UBGS and birth weight (BW), preterm birth (PB), small for gestational age (SGA), and low birth weight (LBW) [74,75]. The normalized difference vegetation index (NDVI), street tree census, and access to main green spaces were used as measures of greenness [76,77], and proximity to the shoreline and freshwater was used as measures of blue space. There is a positive correlation between UBGS and birth outcomes. Green space is protective of birth outcomes, and increasing green space could decrease the risk of negative birth outcomes (e.g., LBW and SGA) [78,79]. Moreover, some studies have shown that residential proximity to freshwater bodies is correlated with higher birth weight [80].




Cardiovascular


All of these studies were based on exposure in different residential areas, different age stages (e.g., older and adults), and different genders (e.g., women) of study subjects. Leng et al. [81] found in the Winter City of China that residential green space features were correlated with cardiovascular disease, with residents in neighborhoods with less than 28% green space having a higher risk of hypertension and stroke. A study by Plans et al. [82] in the city of Madrid found an association between green space density within a 1500 m buffer zone and hypertension, particularly significant in women. In addition, among park users, the rates of cardiovascular disease and diabetes were substantially less than among non-users. [83]. Another study reported an increased risk of hypertension in people living in coastal areas [84]. However, between regions, studies have found higher cardiovascular prevalence in those living in continental areas than in those living in coastal areas, especially in women [85].





3.3.2. Impact of Urban Blue-Green Space on Mental Health


Self-Reported Mental Health


Twenty-six articles studied the impact of UBGS on self-reported mental health and assessed it using a more validated instrument, including SF-12v2, Kessler-6 Psychological Distress Scale, GHQ12, World Health Organization Well-Being Index (WHO-5), health survey, and census statistics. Urban blue-green spatial data were obtained from remote sensing (e.g., NDVI) and street views. A statistical relationship was established between UBGS and self-reported mental health. Communities in Dutch cities found (N = 223) that residents near green spaces with higher accessibility and availability had higher levels of attachment to local green spaces with higher self-reported mental health [86]. However, studies in Canada found that access to both public green space and overall green space exposure was not significantly correlated with self-reported health status (N = 2,173,170) [87]. For urban blue spaces, living closer to the coast was associated with better self-reported overall health and mental health, but there was no mediating relationship between distance to the coast and health [57]. Consequently, the effect of UBGS on self-reported psychological health was more significantly influenced by subjectivity, regional variability, and gender.




Depressive and Anxiety


The impact of UBGS on depressive symptoms and anxiety focuses on older residents and residential surroundings on accessibility to blue-green space. The study in which increased green space around the family was correlated with a decrease in depressive symptoms, but not anxiety. (N = 142) [88]. Gascon et al. found a potentially protective impact of green space on psychological health (depression and anxiety) in adults by generating indicators of blue-green exposure in residential buffers but did not find a significant relationship with blue space. (N = 958) [89]. Research on the Depression Scale for Older Adults in Beijing, China, found that older adults who were exposed to more blue spaces in the streetscape had significantly fewer depressive symptoms (N = 1190) [90]. Nevertheless, research in Barcelona, Spain, showed no association between blue space and depression and anxiety [89].




Stress


Stress response to UBGS exposure has been assessed using the Short Form Health Survey (SF-36), General Health SF-12, Perceived Stress Scale, self-reported stress scale, and questionnaire. These studies revealed a positive correlation between UBGS on stress. Stigsdotter et al. revealed that interviewees who were more than 1 km from a green space were 1.42 times more probably to be stressed than those who were less than 300 m from a green space, while those who were not stressed were more often to go to green space than those who were stressed. (N = 21,832) [91]. Roe et al., demonstrated that housing in locations with a large proportion of green space was correlated with lower stress, while there was a substantial adverse association between higher green space and stress. (N = 106) [92]. In Hong Kong, Yang et al. revealed that residential green space cover mitigated the adverse effects of perceived stress on sleep quality (N = 11,954) [93]. In Chicago, Fan et al. found that park green space relieved stress indirectly by promoting social support, while greening of the community had a direct effect on stress relief [94]. At the microscopic scale, Jiang et al., show that higher canopy density in communities increases the control of stress, and in most cases, understory vegetation was negatively correlated with stress [95]. Nevertheless, studies on the effect of urban blue space on stress are relatively sparse. In China, Chen et al., found that urban blue space exposure was significantly correlated and stress relief served as a mediator effect to older adults’ psychological health in the community [96].





3.3.3. Impact of Urban Blue-Green Space on Public Health


Air Pollution


All studies show that UBGS has a positive impact on air pollution and that any reduction or increase in the amount of large green space in a city affects the air pollution levels in the cities. However, there is a significant association between air pollution and mortality from different diseases (e.g., respiratory diseases). Jaafari et al., demonstrated that green spaces have a considerable alleviating effect on air pollution and death rates from respiratory diseases in Tehran [97]. However, in adolescents, one study did not observe an association between green space, air pollution, and cardiovascular disease [98]. Li et al., revealed that the adverse association between green space and hypertension fell as air pollution concentrations increased [99]. Urban blue spaces have less impact on air pollution. Hooyberg et al., found lower air pollution concentrations at 0–5 km from the coast, but no statistical association with better health (N = 60,939) [58]. In China, Ding et al., found that the impact of green space landscape on air pollution reduction is more prominent [100].




Heat Wave


Twelve articles focus on the impact of UBGS on heat waves. Global climate change and urbanization pose challenges to human health, and more areas of the globe are affected by extreme weather, especially heat waves. Studies have found that heat waves not only cause heat-related diseases such as heat stroke and pyrexia in humans but also increase the risk of death from a variety of cardiovascular and respiratory diseases. Ward et al., studied 70 cities in Europe and found that the size of heat islands in cities and the proportion of green space in urban centers were important influences on heat waves. During heat waves, cities with cooler climates and a higher proportion of urban green space are more vulnerable to the extra heat, northern European countries with cooler temperatures appear to be more vulnerable to heat waves, and southern European countries appear to be better adapted to heat waves [101]. However, at the microscopic scale, the likelihood of mortality during heat waves is higher in areas where the percentage of green space and green roofs around buildings is low [102]. Burkart et al. showed that UBGS had an alleviating effect on heat-related deaths for the aged [103].




Epidemic Disease


Environmental characteristics are inseparable from the occurrence and spread of disease. UBGS is an essential ingredient of the city environment, offering multiple ecosystem services that are more important during and after epidemic disease, especially the COVID-19 pandemic. Zhang et al., found a significant adverse effect of the COVID-19 epidemic on mental health, in which the prevalence of mental distress increased 7.84-fold during the epidemic, and the prevalence of UBGS without mental distress was considerably higher than that of those with mental distress [104]. Huang et al., showed a significant positive association between the park and dengue incidence [105].





3.3.4. Other


Finally, we included some classifications of UBGS for health-related studies, but these studies do not fall into one of the specific health categories listed above. The study of the link between UBGS on humankind welfare is a typical one. Reyes-Riveros et al., from the literature suggest that the volume of green space and the scale of vegetation can improve human well-being [106]. Ma et al., researched the effect of urban green spaces on residents’ well-being which showed that the stronger the residents’ involvement in green spaces, the higher their well-being. Furthermore, a significantly inverted U-shaped effect exists between residents’ well-being and the distance to green space [107]. For urban blue spaces, exposure to blue spaces may improve pro-environmental behavior, which can also have a beneficial impact on human health and welfare [108].





3.4. Trend of the International Conference


International academic conferences are highly pertinent and cutting-edge for discipline construction and development. It can be seen from the co-occurrence network of keywords related to the impact of UBGS on residents’ health (Figure 7). In the articles of international conferences, the themes of UBGS’s impact on residents’ health present the characteristics of diversity. The co-occurrence network of UBGS on residents’ health-related research hotspots focuses on physical activity, green space, green infrastructure, urban planning, and the environment. In addition, keywords such as climate change, active city, urban park, elderly, health promotion, model, conceptual framework, health evaluation, and interaction mechanism have also deepened the understanding of the impact of UBGS on residents’ health. These keywords involve different environmental behavior theories and methodological research of multidisciplinary integration. Under the interaction of global climate change, urbanization, and artificial intelligence, these research hotspots in the future may make clearer the impact of UBGS on residents’ health.




3.5. Conceptual Structure


Figure 8 illustrates two clusters of related research keywords on the impact of UBGS on health. One cluster of mostly identified research themes concentrated on the effects of UBGS on physical health (e.g., obesity, overweight, physical activity), mental health (e.g., anxiety, depression, stress), and public health (e.g., COVIDE-19, heat island), and characteristics of the diverse range of ages (e.g., kids, adults, elderly) and regions (e.g., cities, neighborhoods, parks). Another clustering focuses on the areas of association of blue space on health effects, including air pollution, noise, and mortality, and some studies have also shown that UBGS has a positive association with air pollution and noise. In addition, there is a synergistic effect between the impacts of heatwaves and atmospheric pollution on human health, with the two acting together to produce greater health effects and aggravate the risk of death.



Moreover, the vitality of UBGS for health research lies not only in the sustainable development of the natural–economic–social ecological system that has been inherited consistently but also in the constant pursuit of the realistic goal of healthy and livable urban life. The research on UBGS has experienced the transition from the sustainable development of urban natural ecology to the strong sustainable development of urban society. According to the systematic review of articles, urban green space has a greater impact on physical health and mental health, especially mental health, and a large number of literature proves that urban green space has a positive impact on mental health. Urban blue space has a greater impact on public health, especially on heat waves, air pollution, and the urban heat island effect. Furthermore, blue spaces may spend more time outdoors than green spaces, and blue spaces may also improve human well-being more than green spaces. In the context of climate change and urbanization, the impact of UBGS in future cities on public health, mental health, and physical health may be even more profound.





4. Discussion


4.1. Knowledge Gaps


UBGS is directly affecting physical health, especially in compact urban areas. Further research is needed to further develop the knowledge of the association between UBGS and health. The effect of UBGS on physical health was considered only for the exposure and accessibility of blue-green space. However, there are no uniform standards for the varying sizes of UBGS buffers, and several studies suggest that the accessibility of UBGS exposure is subject to cultural and climatic differences, which requires further research. Based on Figure 9, the effect of UBGS on physical health in the background of urban green, neighborhood, residential green, and coastal proximity is gaining more and more attention. This indicates that the effect of UBGS on physical health will continue to be carried out to promote sustainable urban development. Since 2008, there has been a significant increase in the study of the ecological service value of UBGS to urban social space, indicating further that research on UBGS on health is transferring from an emphasis on landscape ecosystems to urban social space impacts.



Prior research has indicated that UBGS directly or indirectly affects mental health, and it is an effective hand break to mitigate or alleviate mental illness regulation. However, there are major differences in the moderating effects and mechanisms of action of UBGS on mental health, but there remains a gap in understanding the degree of variation in their moderating effects. By longitudinally studying the impacts of long-term exposure to UBGS on mental health, especially the association of the natural environment, greenery in residential areas, and mental health, it is possible to clarify the difference between the moderating effects of UBGS on mental health between the two and guide the planning response of UBGS on mental health. Figure 10 shows that in the past 10 years, the study of UBGS for mental health has increased, especially in urban planning practices. Blue-green space is a crucial component of nature-based solutions that may promote human health. In street design or limited space, you can improve the green view rate of public space, integrate blue space into urban design, and continuously improve the satisfaction of life.



In the context of global climate change, extreme weather occurs frequently, and both the high temperature and heat waves generated by climate change, changes in living environments, and epidemic disease transmission vector patterns are due to climate change, all of which pose different degrees of direct or indirect threats to human health. Numerous research has demonstrated that UBGS has a beneficial effect on human health to some extent. However, in the process of urbanization, the availability of UBGS is decreasing and rarely makes up for the lack of UBGS. Although the use of green roofs can increase green space to some extent, the effect of green roofs that can replace UBGS on health is less studied. As can be observed from Figure 11, the effect of urban green space and the natural outdoor environment on general health has received more and more study interest since 2018.



Fewer studies have been conducted on the general health effects of UBGS. A diversity of variables, including air quality, climate, and intensity of human activity can affect general health. Therefore, mediating factors in studies of the impact of UBGS on general health are key to addressing these gaps. The effects of mediating factors such as climate, built environment, airborne particulate matter, vegetation type, and the size range of UBGS on general health in different regions need to be further studied.




4.2. Future Prospects


In the context of global climate change and urbanization, further research on the health impacts of UBGS is needed more profoundly. The current long-term survey data have laid the foundation for future longitudinal research on the impact of UBGS on residents’ health. It is helpful to sort out the influence mechanism between UBGS and residents’ health from a microscale. Moreover, future research should pay attention to how different UBGS environmental elements affect residents’ emotions, attitudes, and cognition, and how residents’ psychological factors, cognitive levels, lifestyles, and social characteristics affect the use of UBGS environments. At the same time, the interactive effect of individual behavior and the UBGS environment should also be emphasized.



The impact of UBGS on physical health activities is quite different. Sebastian et al.’s research found that urban green space and public open space have a greater impact on residents’ physical health activities [109]. However, there is a lack of quantitative research on urban blue spaces. Residents spend more time in urban blue spaces than in urban green spaces, and their happiness index is also higher. In addition, future research should also focus on the impact of UBGS exposure ranges in different geographical cultures and climates on the health of different groups of people (such as the elderly and children). Exposure to the imbalance of UBGS exposure in community living affects the health of people in different economic income classes. Wheeler et al. found that urban blue space has better benefits in areas of lower socioeconomic class [110]. Therefore, an interdisciplinary approach should also be undertaken to understand how the use of blue space promotes and limits health.



The influence of UBGS on mental health has been confirmed many times, but there are relatively few studies on the mechanism of the effect of UBGS on mental health. Future research should focus on the mediating effect of UBGS on mental health. In terms of research methods, encouraging long-term longitudinal UBGS exposure investigations on mental health, and horizontal short-term UBGS exposure research on mental health can use wearable devices for physiological, psychological, and behavioral measurements, as well as human–computer interaction scenarios simulation. In terms of research objects, expand the breadth of research objects and evaluation indicators, starting from different age groups and different socioeconomic classes, and continuously improve the evaluation standards and thresholds of UBGS for mental health.



Furthermore, to strengthen multidisciplinary research, the mutual influence and interaction between human behavior perception and environmental elements require the joint promotion of various disciplines and the joint effect of subjective and objective measurement methods. Measure the perception between human behavior and the environment with the help of social sensing big data, wearable devices, and high-performance spatial intelligence human–computer interactive simulation, and use objective tools to evaluate the environmental quality of UBGS. Finally, it is important to pay attention to the negative impact of the UBGS environment on health, especially public health, and UBGS is also a medium for infectious disease attachment.




4.3. Integrating Health into the Planning and Application of UBGS


Cities are facing the challenges of urban sprawl and global climate change [11]. Declining urban biodiversity, urban heat islands, urban flooding, and the frequency of climate extremes can all adversely affect residents. However, the quantity and quality of UBGS could provide multifunctional benefits to residents, and their application in urban planning could mitigate these problems in cities, such as alleviating urban heat islands and flooding [111,112,113]. In China, the construction of “sponge cities” has been proposed to address urban flooding and associated urban flood management problems to utilize UBGS for stormwater management and control in the urban environment [113]. Therefore, the planned use of UBGS could enhance the internal permeability and circulation of cities and address local climate and environmental issues [114,115].



Furthermore, UBGS are important components of urban ecosystems, and the application of UBGS in urban planning could best support health and alleviate possible health risks posed by cities [63]. In 2013, the WHO developed the guideline “Adapting to Climate Change to Protect Public Health: Vulnerability and Adaptation Assessment”, which incorporates health risk monitoring and assessment of climate change, in the background of global climate change, into planning and implementation. Under the policy of ecological civilization and implementation of the health China strategy, we should give full play to the resilience of blue-green space to cope with health risks, carry out health risk monitoring and alert and supervision of planning implementation, integrate health impact assessment into urban planning to continuously improve the resilience and adaptability of urban spatial environment.



Finally, to support the application of UBGS in urban planning, several decision systems for supporting planning have been developed [116,117,118]. Nevertheless, UBGS planning is mainly about developing limited spatial networks in compact cities [119], and the potential benefits from UBGS are likely to be only partially utilized, lacking the criteria for planning the multifunctionality of UBGS. Therefore, a systematic spatial assessment of UBGS, socioeconomic, and natural ecological functions should be carried out in the application of urban planning.




4.4. Strengths and Limitations of This Review


The current hot spots of research attention are also the focus of continued attention in the future. We also conducted a comprehensive secondary search of the searched relevant literature. Moreover, we only analyzed WoS English articles and CNKI Chinese articles. Consequently, our study could not include the whole document on the effects of UBGS on residents’ health, and some relevant studies may be excluded. However, including Scopus or PubMed scientific database also is not comprehensive, and all have their advantages and disadvantages [120]. Books, reviews, and publications in other languages also offer a wide range of perspectives for studying the effect of UBGS on the residents’ health. In conclusion, this paper compares the general situation and development trend of the publications on the effects of UBGS on residents’ health and provides a theoretical reference for the research related to the impact of UBGS on residents’ health.





5. Conclusions


This study uses bibliometric methods and knowledge map visualization technology to systematically review the literature on the impact of UBGS on residents’ health over the past two decades. The number of articles, international influence, global collaboration, and keywords for study hotspots on the health effects of UBGS for the period 2001–2021 have been explored based on 672 English and 49 Chinese articles retrieved from WoS and CNKI. The results show that: (1) The number of articles on the impact of UBGS on the health of residents was on the rise in the last two decades. (2) Countries such as China, the US, and the UK have published the highest number of publications on studies on the effect of UBGS on the health of their residents. The degree of research attention related to UBGS is influenced by different stages of economic development and urbanization levels. (3) Currently, the density of global research collaboration related to UBGS is concentrated in China, the United States, Australia, and Western Europe, and three axes of global collaboration density exist. (4) The co-occurrence network of research hotspots related to UBGS included in WoS and CNKI databases mainly focus on urban green space, green infrastructure, ecosystem services, built environment, urban planning, landscape architecture, physical activity, mental health, and public health. (5) Urban green space has a greater impact on physical and mental health, whereas exposure to urban blue space has a larger impact on human happiness than green space.



While existing research suggests that UBGS is beneficial to some extent, the mediating effects of UBGS on health impacts need to be further explored. Moreover, it is also necessary to explore the differential characteristics of UBGS on the health effects of different age groups and social classes. Moreover, attention should be paid to the interaction between residents’ behavior and the UBGS environment. This study calls for strengthening multidisciplinary integration and adopting social perception big data, wearable devices, and human–computer interactive simulation to deeply study the coupling mechanism between human behavior and the environment.



The findings of this study can also offer several policy implications. In the context of global climate change, urbanization, and the COVID-19 epidemic, it is important to give full play to the resilience of UBGS to cope with health risks, carry out health risk monitoring and alert, and integrating health impact assessment into urban planning, so as to improve residents’ health and urban sustainability. This study therefore suggests the inclusion of UBGS in public health areas and increasing the exposure to UBGS through urban planning policies to improve the health of urban residents.







Author Contributions


K.W.: Conceptualization, Data curation, Formal analysis, Methodology, Visualization, Writing—original draft, Writing—review and editing. Z.S.: Data curation, Formal analysis. M.C.: Writing—review and editing. L.L.: Visualization. H.W.: Formal analysis, Visualization, Funding acquisition. Z.P.: Writing—review and editing, Funding acquisition. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the National Natural Science Foundation of China (51978535, 52078390).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Steffen, W.; Rockstrom, J.; Richardson, K.; Lenton, T.M.; Folke, C.; Liverman, D.; Summerhayes, C.P.; Barnosky, A.D.; Cornell, S.E.; Crucifix, M.; et al. Trajectories of the Earth System in the Anthropocene. Proc. Natl. Acad. Sci. USA 2018, 115, 8252–8259. [Google Scholar] [CrossRef] [PubMed]

	



DESA, U. World urbanisation prospects 2018. In UN Department of Economic and Social Affairs: Population Dynamics; UN: New York, NY, USA, 2018. [Google Scholar]

	



UN. Available online: https://www.un.org/zh/un75/shifting-demographics (accessed on 22 December 2021).

	



Pang, Z.; Zhang, Z.; Zhu, C.; Wang, J. Spill-over effect of Wuhan travel ban on population flow in the outbreak stage of COVID-19 in China. Cities 2022, 120, 103404. [Google Scholar] [CrossRef] [PubMed]

	



Grimm, N.B.; Faeth, S.H.; Golubiewski, N.E.; Redman, C.L.; Wu, J.; Bai, X.; Briggs, J.M. Global Change and the Ecology of Cities. Science 2008, 319, 756–760. [Google Scholar] [CrossRef]

	



Cao, C.; Lee, X.; Liu, S.; Schultz, N.; Xiao, W.; Zhang, M.; Zhao, L. Urban heat islands in China enhanced by haze pollution. Nat. Commun. 2016, 7, 12509. [Google Scholar] [CrossRef] [PubMed]

	



Xu, C.; Yiwen, Z.; Cheng, B.; Li, L.; Zhang, M. Study on environmental Kuznets Curve for noise pollution: A case of 111 Chinese cities. Sustain. Cities Soc. 2020, 63, 102493. [Google Scholar] [CrossRef]

	



Wu, J.; Sha, W.; Zhang, P.; Wang, Z. The spatial non-stationary effect of urban landscape pattern on urban waterlogging: A case study of Shenzhen City. Sci. Rep. 2020, 10, 7369. [Google Scholar] [CrossRef]

	



Liu, H.; Kong, F.; Yin, H.; Middel, A.; Zheng, X.; Huang, J.; Xu, H.; Wang, D.; Wen, Z. Impacts of green roofs on water, temperature, and air quality: A bibliometric review. Build. Environ. 2021, 196, 107794. [Google Scholar] [CrossRef]

	



Kabisch, N.; van den Bosch, M.; Lafortezza, R. The health benefits of nature-based solutions to urbanization challenges for children and the elderly-A systematic review. Environ. Res. 2017, 159, 362–373. [Google Scholar] [CrossRef]

	



Veerkamp, C.J.; Schipper, A.M.; Hedlund, K.; Lazarova, T.; Nordin, A.; Hanson, H.I. A review of studies assessing ecosystem services provided by urban green and blue infrastructure. Ecosyst. Serv. 2021, 52, 101367. [Google Scholar] [CrossRef]

	



Yang, G.; Yu, Z.; Jørgensen, G.; Vejre, H. How can urban blue-green space be planned for climate adaption in high-latitude cities? A seasonal perspective. Sustain. Cities Soc. 2020, 53, 101932. [Google Scholar] [CrossRef]

	



Zhifeng, W.; Yin, R. The influence of greenspace characteristics and building configuration on depression in the elderly. Build. Environ. 2021, 188, 107477. [Google Scholar] [CrossRef]

	



Triguero-Mas, M.; Dadvand, P.; Cirach, M.; Martinez, D.; Medina, A.; Mompart, A.; Basagana, X.; Grazuleviciene, R.; Nieuwenhuijsen, M.J. Natural outdoor environments and mental and physical health: Relationships and mechanisms. Environ. Int. 2015, 77, 35–41. [Google Scholar] [CrossRef] [PubMed]

	



Nutsford, D.; Pearson, A.L.; Kingham, S.; Reitsma, F. Residential exposure to visible blue space (but not green space) associated with lower psychological distress in a capital city. Health Place 2016, 39, 70–78. [Google Scholar] [CrossRef] [PubMed]

	



Mavoa, S.; Lucassen, M.; Denny, S.; Utter, J.; Clark, T.; Smith, M. Natural neighbourhood environments and the emotional health of urban New Zealand adolescents. Landsc. Urban Plan. 2019, 191, 103638. [Google Scholar] [CrossRef]

	



Maes, M.J.A.; Pirani, M.; Booth, E.R.; Shen, C.; Milligan, B.; Jones, K.E.; Toledano, M.B. Benefit of woodland and other natural environments for adolescents’ cognition and mental health. Nat. Sustain. 2021, 4, 851–858. [Google Scholar] [CrossRef]

	



Liu, Y.; Xiao, T.; Liu, Y.; Yao, Y.; Wang, R. Natural outdoor environments and subjective well-being in Guangzhou, China: Comparing different measures of access. Urban For. Urban Green. 2021, 59, 127027. [Google Scholar] [CrossRef]

	



Lauwers, L.; Leone, M.; Guyot, M.; Pelgrims, I.; Remmen, R.; Van den Broeck, K.; Keune, H.; Bastiaens, H. Exploring how the urban neighborhood environment influences mental well-being using walking interviews. Health Place 2021, 67, 102497. [Google Scholar] [CrossRef]

	



van Dillen, S.M.; de Vries, S.; Groenewegen, P.P.; Spreeuwenberg, P. Greenspace in urban neighbourhoods and residents' health: Adding quality to quantity. J. Epidemiol. Community Health 2012, 66, e8. [Google Scholar] [CrossRef]

	



White, M.P.; Elliott, L.R.; Wheeler, B.W.; Fleming, L.E. Neighbourhood greenspace is related to physical activity in England, but only for dog owners. Landsc. Urban Plan. 2018, 174, 18–23. [Google Scholar] [CrossRef]

	



Karjalainen, E.; Sarjala, T.; Raitio, H. Promoting human health through forests: Overview and major challenges. Environ. Health Prev. Med. 2010, 15, 1–8. [Google Scholar] [CrossRef]

	



Ellaway, A.; Macintyre, S.; Bonnefoy, X. Graffiti, greenery, and obesity in adults: Secondary analysis of European cross sectional survey. BMJ 2005, 331, 611–612. [Google Scholar] [CrossRef]

	



Richardson, E.A.; Pearce, J.; Mitchell, R.; Kingham, S. Role of physical activity in the relationship between urban green space and health. Public Health 2013, 127, 318–324. [Google Scholar] [CrossRef] [PubMed]

	



Ye, Y.; Qiu, H. Using urban landscape pattern to understand and evaluate infectious disease risk. Urban Urban Green 2021, 62, 127126. [Google Scholar] [CrossRef] [PubMed]

	



Fletcher, D.H.; Likongwe, P.J.; Chiotha, S.S.; Nduwayezu, G.; Mallick, D.; Uddin Md, N.; Rahman, A.; Golovatina-Mora, P.; Lotero, L.; Bricker, S.; et al. Using demand mapping to assess the benefits of urban green and blue space in cities from four continents. Sci. Total. Environ 2021, 785, 147238. [Google Scholar] [CrossRef] [PubMed]

	



Dzhambov, A.M.; Dimitrova, D.D. Urban green spaces’ effectiveness as a psychological buffer for the negative health impact of noise pollution: A systematic review. Noise Health 2014, 16, 157–165. [Google Scholar] [CrossRef]

	



Kleerekoper, L.; van Esch, M.; Salcedo, T.B. How to make a city climate-proof, addressing the urban heat island effect. Resour. Conserv. Recycl. 2012, 64, 30–38. [Google Scholar] [CrossRef]

	



Zhibin, R.; Haifeng, Z.; Xingyuan, H.; Dan, Z.; Xingyang, Y. Estimation of the Relationship Between Urban Vegetation Configuration and Land Surface Temperature with Remote Sensing. J. Indian Soc. Remote Sens. 2014, 43, 89–100. [Google Scholar] [CrossRef]

	



Degirmenci, K.; Desouza, K.C.; Fieuw, W.; Watson, R.T.; Yigitcanlar, T. Understanding policy and technology responses in mitigating urban heat islands: A literature review and directions for future research. Sustain. Cities Soc. 2021, 70, 102873. [Google Scholar] [CrossRef]

	



Wu, Z.; Kong, F.; Wang, Y.; Sun, R.; Chen, L. The Impact of Greenspace on Thermal Comfort in a Residential Quarter of Beijing, China. Int. J. Environ. Res. Public Health 2016, 13, 1217. [Google Scholar] [CrossRef]

	



Sun, S.; Xu, X.; Lao, Z.; Liu, W.; Li, Z.; Higueras García, E.; He, L.; Zhu, J. Evaluating the impact of urban green space and landscape design parameters on thermal comfort in hot summer by numerical simulation. Build. Environ. 2017, 123, 277–288. [Google Scholar] [CrossRef]

	



Lin, Y.; Wang, Z.; Jim, C.Y.; Li, J.; Deng, J.; Liu, J. Water as an urban heat sink: Blue infrastructure alleviates urban heat island effect in mega-city agglomeration. J. Clean. Prod. 2020, 262, 121411. [Google Scholar] [CrossRef]

	



Carmen, R.; Jacobs, S.; Leone, M.; Palliwoda, J.; Pinto, L.; Misiune, I.; Priess, J.A.; Pereira, P.; Wanner, S.; Ferreira, C.S.; et al. Keep it real: Selecting realistic sets of urban green space indicators. Environ. Res. Lett. 2020, 15, 095001. [Google Scholar] [CrossRef]

	



Dadvand, P.; Bartoll, X.; Basagana, X.; Dalmau-Bueno, A.; Martinez, D.; Ambros, A.; Cirach, M.; Triguero-Mas, M.; Gascon, M.; Borrell, C.; et al. Green spaces and General Health: Roles of mental health status, social support, and physical activity. Environ. Int. 2016, 91, 161–167. [Google Scholar] [CrossRef] [PubMed]

	



Deng, L.; Luo, H.; Ma, J.; Huang, Z.; Sun, L.-X.; Jiang, M.-Y.; Zhu, C.-Y.; Li, X. Effects of integration between visual stimuli and auditory stimuli on restorative potential and aesthetic preference in urban green spaces. Urban For. Urban Green. 2020, 53, 126702. [Google Scholar] [CrossRef]

	



Fisher, J.C.; Irvine, K.N.; Bicknell, J.E.; Hayes, W.M.; Fernandes, D.; Mistry, J.; Davies, Z.G. Perceived biodiversity, sound, naturalness and safety enhance the restorative quality and wellbeing benefits of green and blue space in a neotropical city. Sci. Total. Environ. 2021, 755, 143095. [Google Scholar] [CrossRef]

	



Chao, Z.; Juan, T. The CPC Central Committee and the State Council Issued the "Healthy China 2030" Plan Outline; State Council of the People’s Republic of China: Beijing, China, 2016; Volume 32, pp. 5–20.

	



Xie, B.; Wang, L.; Wu, L. Exploring the effect of urban greenspace on residents’ mental health using a quasi-natural experiment: Taking Wuhan East Lake Greenway as an example. Prog. Geogr. 2021, 40, 1141–1153. [Google Scholar] [CrossRef]

	



White, M.P.; Alcock, I.; Wheeler, B.W.; Depledge, M.H. Coastal proximity, health and well-being: Results from a longitudinal panel survey. Health Place 2013, 23, 97–103. [Google Scholar] [CrossRef]

	



Zhang, L.Q.; Tan, P.Y. Associations between Urban Green Spaces and Health are Dependent on the Analytical Scale and How Urban Green Spaces are Measured. Int. J. Environ. Res. Public Health 2019, 16, 578. [Google Scholar] [CrossRef]

	



Plymouth, C.C.P.S. Plymouth's Green Space Strategy 2008–2023. Int. J. Environ. Res. Public Health 2009, 23, 16192. [Google Scholar]

	



Foley, R.; Kistemann, T. Blue space geographies: Enabling health in place. Health Place 2015, 35, 157–165. [Google Scholar] [CrossRef]

	



Javadi, R.; Nasrollahi, N. Urban green space and health: The role of thermal comfort on the health benefits from the urban green space; a review study. Build. Environ. 2021, 202, 108039. [Google Scholar] [CrossRef]

	



Labib, S.M.; Lindley, S.; Huck, J.J. Spatial dimensions of the influence of urban green-blue spaces on human health: A systematic review. Environ. Res. 2020, 180, 108869. [Google Scholar] [CrossRef] [PubMed]

	



King, D.A. The scientific impact of nations. Nature 2004, 430, 311–316. [Google Scholar] [CrossRef] [PubMed]

	



Aria, M.; Cuccurullo, C. bibliometrix: An R-tool for comprehensive science mapping analysis. J. Informetr. 2017, 11, 959–975. [Google Scholar] [CrossRef]

	



Chen, C.M.; Hu, Z.G.; Liu, S.B.; Tseng, H. Emerging trends in regenerative medicine: A scientometric analysis in CiteSpace. Expert Opin. Biol. Ther. 2012, 12, 593–608. [Google Scholar] [CrossRef]

	



Fang, X.; Zhou, B.; Tu, X.; Ma, Q.; Wu, J. “What Kind of a Science is Sustainability Science?” An Evidence-Based Reexamination. Sustainability 2018, 10, 1478. [Google Scholar] [CrossRef]

	



Zhou, B.-B.; Wu, J.; Anderies, J.M. Sustainable landscapes and landscape sustainability: A tale of two concepts. Landsc. Urban Plan. 2019, 189, 274–284. [Google Scholar] [CrossRef]

	



Takano, T.; Nakamura, K.; Watanabe, M. Urban residential environments and senior citizens' longevity in megacity areas: The importance of walkable green spaces. J. Epidemiol. Commun. Health 2002, 56, 913–918. [Google Scholar] [CrossRef] [PubMed]

	



Takano, T.; Fu, J.; Nakamura, K.; Uji, K.; Fukuda, Y.; Watanabe, M.; Nakajima, H. Age-adjusted mortality and its association to variations in urban conditions in Shanghai. Health Policy 2002, 61, 239–253. [Google Scholar] [CrossRef]

	



He, H.; Lin, X.W.; Yang, Y.Y.; Lu, Y. Association of street greenery and physical activity in older adults: A novel study using pedestrian-centered photographs. Urban For. Urban Green. 2020, 55, 126789. [Google Scholar] [CrossRef]

	



Mytton, O.T.; Townsend, N.; Rutter, H.; Foster, C. Green space and physical activity: An observational study using Health Survey for England data. Health Place 2012, 18, 1034–1041. [Google Scholar] [CrossRef]

	



Wang, H.; Dai, X.L.; Wu, J.L.; Wu, X.Y.; Nie, X. Influence of urban green open space on residents' physical activity in China. BMC Public Health 2019, 19, 1–12. [Google Scholar] [CrossRef]

	



Ord, K.; Mitchell, R.; Pearce, J. Is level of neighbourhood green space associated with physical activity in green space? Int. J. Behav. Nutr. Phys. Act. 2013, 10, 127. [Google Scholar] [CrossRef]

	



Pasanen, T.P.; White, M.P.; Wheeler, B.W.; Garrett, J.K.; Elliott, L.R. Neighbourhood blue space, health and wellbeing: The mediating role of different types of physical activity. Environ. Int. 2019, 131, 105016. [Google Scholar] [CrossRef]

	



Hooyberg, A.; Roose, H.; Grellier, J.; Elliott, L.R.; Lonneville, B.; White, M.P.; Michels, N.; De Henauw, S.; Vandegehuchte, M.; Everaert, G. General health and residential proximity to the coast in Belgium: Results from a cross-sectional health survey. Environ. Res. 2020, 184, 109225. [Google Scholar] [CrossRef]

	



Volker, S.; Heiler, A.; Pollmann, T.; Classen, T.; Hornberg, C.; Kistemann, T. Do perceived walking distance to and use of urban blue spaces affect self-reported physical and mental health? Urban For. Urban Green. 2018, 29, 1–9. [Google Scholar] [CrossRef]

	



Tan, C.L.Y.; Chang, C.C.; Nghiem, L.P.; Zhang, Y.C.; Oh, R.R.Y.; Shanahan, D.F.; Lin, B.B.; Gaston, K.J.; Fuller, R.A.; Carrasco, L.R. The right mix: Residential urban green-blue space combinations are correlated with physical exercise in a tropical city-state. Urban For. Urban Green. 2021, 57, 126947. [Google Scholar] [CrossRef]

	



Garrett, J.K.; White, M.P.; Elliott, L.R.; Wheeler, B.W.; Fleming, L.E. Urban nature and physical activity: Investigating associations using self-reported and accelerometer data and the role of household income. Environ. Res. 2020, 190, 109899. [Google Scholar] [CrossRef]

	



Xie, B.; Wu, L.; Wang, L. Exploring the intervention effect of urban greenways on moderate-to-vigorous physical activities of residents: A study based on natural experiment. Landsc. Archit. 2021, 28, 30–35. [Google Scholar] [CrossRef]

	



Smith, N.; Georgiou, M.; King, A.C.; Tieges, Z.; Webb, S.; Chastin, S. Urban blue spaces and human health: A systematic review and meta-analysis of quantitative studies. Cities 2021, 119, 103413. [Google Scholar] [CrossRef]

	



Potestio, M.L.; Patel, A.B.; Powell, C.D.; McNeil, D.A.; Jacobson, R.D.; McLaren, L. Is there an association between spatial access to parks/green space and childhood overweight/obesity in Calgary, Canada? Int. J. Behav. Nutr. Phys. Act. 2009, 6, 77. [Google Scholar] [CrossRef] [PubMed]

	



Melo, J.; Ribeiro, A.I.; Aznar, S.; Pizarro, A.; Santos, M.P. Urban Green Spaces, Greenness Exposure and Species Richness in Residential Environments and Relations with Physical Activity and BMI in Portuguese Adolescents. Int. J. Environ. Res. Public Health 2021, 18, 6588. [Google Scholar] [CrossRef] [PubMed]

	



Mowafi, M.; Khadr, Z.; Bennett, G.; Hill, A.; Kawachi, I.; Subramanian, S.V. Is access to neighborhood green space associated with BMI among Egyptians? A multilevel study of Cairo neighborhoods. Health Place 2012, 18, 385–390. [Google Scholar] [CrossRef] [PubMed]

	



Jimenez, M.P.; Wellenius, G.A.; James, P.; Subramanian, S.V.; Buka, S.; Eaton, C.; Gilman, S.E.; Loucks, E.B. Associations of types of green space across the life-course with blood pressure and body mass index. Environ. Res. 2020, 185, 109411. [Google Scholar] [CrossRef] [PubMed]

	



Li, X.J.; Ghosh, D. Associations between Body Mass Index and Urban "Green" Streetscape in Cleveland, Ohio, USA. Int. J. Environ. Res. Public Health 2018, 15, 2186. [Google Scholar] [CrossRef] [PubMed]

	



Xiao, Y.; Zhang, Y.H.; Sun, Y.Y.; Tao, P.H.; Kuang, X.M. Does Green Space Really Matter for Residents' Obesity? A New Perspective From Baidu Street View. Front. Public Health 2020, 8, 332. [Google Scholar] [CrossRef]

	



Yang, Y.Y.; Lu, Y.; Yang, L.C.; Gou, Z.H.; Zhang, X.L. Urban greenery, active school transport, and body weight among Hong Kong children. Travel. Behav. Soc. 2020, 20, 104–113. [Google Scholar] [CrossRef]

	



Rossi, C.E.; Correa, E.N.; das Neves, J.; Gabriel, C.G.; Benedet, J.; Rech, C.R.; de Vasconcelos, F.D.G. Body mass index and association with use of and distance from places for physical activity and active leisure among schoolchildren in Brazil. Cross-sectional study. Sao Paulo Med. J. 2018, 136, 228–236. [Google Scholar] [CrossRef]

	



Wood, S.L.; Demougin, P.R.; Higgins, S.; Husk, K.; Wheeler, B.W.; White, M. Exploring the relationship between childhood obesity and proximity to the coast: A rural/urban perspective. Health Place 2016, 40, 129–136. [Google Scholar] [CrossRef]

	



Sun, P.J.; Lu, W. The Correlation between urban green space and residents’ physical activity and health outcome: A Case Study of Dalian. South Archit. 2019, 03, 34–39. [Google Scholar]

	



Grazuleviciene, R.; Danileviciute, A.; Dedele, A.; Vencloviene, J.; Andrusaityte, S.; Uzdanaviciute, I.; Nieuwenhuijsen, M.J. Surrounding greenness, proximity to city parks and pregnancy outcomes in Kaunas cohort study. Int. J. Hyg. Environ. Health 2015, 218, 358–365. [Google Scholar] [CrossRef]

	



Gouin, K.; Murphy, K.; Shah, P.S.; Determinants, K.S.G. Effects of cocaine use during pregnancy on low birthweight and preterm birth: Systematic review and metaanalyses. Am. J. Obstet. Gynecol. 2011, 204, 340.e1–340.e12. [Google Scholar] [CrossRef]

	



Rugel, E.J.; Henderson, S.B.; Carpiano, R.M.; Brauer, M. Beyond the Normalized Difference Vegetation Index (NDVI): Developing a Natural Space Index for population-level health research. Environ. Res. 2017, 159, 474–483. [Google Scholar] [CrossRef]

	



Abelt, K.; McLafferty, S. Green Streets: Urban Green and Birth Outcomes. Int. J. Environ. Res. Public Health 2017, 14, 771. [Google Scholar] [CrossRef]

	



Ebisu, K.; Holford, T.R.; Bell, M.L. Association between greenness, urbanicity, and birth weight. Sci. Total. Environ. 2016, 542, 750–756. [Google Scholar] [CrossRef]

	



Laurent, O.; Wu, J.; Li, L.F.; Milesi, C. Green spaces and pregnancy outcomes in Southern California. Health Place 2013, 24, 190–195. [Google Scholar] [CrossRef]

	



Glazer, K.B.; Eliot, M.N.; Danilack, V.A.; Carlson, L.; Phipps, M.G.; Dadvand, P.; Savitz, D.A.; Wellenius, G.A. Residential green space and birth outcomes in a coastal setting. Environ. Res. 2018, 163, 97–107. [Google Scholar] [CrossRef]

	



Leng, H.; Li, S.Y.; Yan, S.C.; An, X.L. Exploring the Relationship between Green Space in a Neighbourhood and Cardiovascular Health in the Winter City of China: A Study Using a Health Survey for Harbin. Int. J. Environ. Res. Public Health 2020, 17, 513. [Google Scholar] [CrossRef]

	



Plans, E.; Gullon, P.; Cebrecos, A.; Fontan, M.; Diez, J.; Nieuwenhuijsen, M.; Franco, M. Density of Green Spaces and Cardiovascular Risk Factors in the City of Madrid: The Heart Healthy Hoods Study. Int. J. Environ. Res. Public Health 2019, 16, 4918. [Google Scholar] [CrossRef]

	



Tamosiunas, A.; Grazuleviciene, R.; Luksiene, D.; Dedele, A.; Reklaitiene, R.; Baceviciene, M.; Vencloviene, J.; Bernotiene, G.; Radisauskas, R.; Malinauskiene, V.; et al. Accessibility and use of urban green spaces, and cardiovascular health: Findings from a Kaunas cohort study. Environ. Health-Glob. 2014, 13, 20. [Google Scholar] [CrossRef]

	



Modesti, P.A.; Bamoshmoosh, M.; Rapi, S.; Massetti, L.; Al-Hidabi, D.; Al Goshae, H. Epidemiology of hypertension in Yemen: Effects of urbanization and geographical area. Hypertens. Res. 2013, 36, 711–717. [Google Scholar] [CrossRef] [PubMed]

	



Kern, J.; Polasek, O.; Milanovic, S.M.; Dzakula, A.; Fister, K.; Strnad, M.; Ivankovic, D.; Vuletic, S. Regional Pattern of Cardiovascular Risk Burden in Croatia. Collegium. Antropol. 2009, 33, 11–17. [Google Scholar]

	



Zhang, Y.; van Dijk, T.; Tang, J.J.; van den Berg, A.E. Green Space Attachment and Health: A Comparative Study in Two Urban Neighborhoods. Int. J. Environ. Res. Public Health 2015, 12, 14342–14363. [Google Scholar] [CrossRef]

	



Jarvis, I.; Koehoorn, M.; Gergel, S.E.; van den Bosch, M. Different types of urban natural environments influence various dimensions of self-reported health. Environ. Res. 2020, 186, 109614. [Google Scholar] [CrossRef]

	



Patel, D.M.; Block, R.C.; Chapman, B.P.; Korfmacher, K.S.; van Wijngaarden, E. Green space and mental health symptoms in a cardiac rehabilitation population. Indoor. Built. Environ. 2019, 28, 1431–1440. [Google Scholar] [CrossRef]

	



Gascon, M.; Sanchez-Benavides, G.; Dadvand, P.; Martinez, D.; Gramunt, N.; Gotsens, X.; Cirach, M.; Vert, C.; Molinuevo, J.L.; Crous-Bou, M.; et al. Long-term exposure to residential green and blue spaces and anxiety and depression in adults: A cross-sectional study. Environ. Res. 2018, 162, 231–239. [Google Scholar] [CrossRef]

	



Helbich, M.; Yao, Y.; Liu, Y.; Zhang, J.B.; Liu, P.H.; Wang, R.Y. Using deep learning to examine street view green and blue spaces and their associations with geriatric depression in Beijing, China. Environ. Int. 2019, 126, 107–117. [Google Scholar] [CrossRef]

	



Stigsdotter, U.K.; Ekholm, O.; Schipperijn, J.; Toftager, M.; Kamper-Jorgensen, F.; Randrup, T.B. Health promoting outdoor environments-Associations between green space, and health, health-related quality of life and stress based on a Danish national representative survey. Scand. J. Public Health 2010, 38, 411–417. [Google Scholar] [CrossRef]

	



Roe, J.J.; Thompson, C.W.; Aspinall, P.A.; Brewer, M.J.; Duff, E.I.; Miller, D.; Mitchell, R.; Clow, A. Green Space and Stress: Evidence from Cortisol Measures in Deprived Urban Communities. Int. J. Environ. Res. Public Health 2013, 10, 4086–4103. [Google Scholar] [CrossRef]

	



Yang, T.Z.; Barnett, R.; Fan, Y.F.; Li, L. The effect of urban green space on uncertainty stress and life stress: A nationwide study of university students in China. Health Place 2019, 59, 102199. [Google Scholar] [CrossRef]

	



Fan, Y.L.; Das, K.V.; Chen, Q. Neighborhood green, social support, physical activity, and stress: Assessing the cumulative impact. Health Place 2011, 17, 1202–1211. [Google Scholar] [CrossRef]

	



Jiang, X.R.; Larsen, L.; Sullivan, W. Connections Between Daily Greenness Exposure and Health Outcomes. Int. J. Environ. Res. Public Health 2020, 17, 3965. [Google Scholar] [CrossRef] [PubMed]

	



Chen, Y.; Yuan, Y. The neighborhood effect of exposure to blue space on elderly individuals' mental health: A case study in Guangzhou, China. Health Place 2020, 63, 102348. [Google Scholar] [CrossRef] [PubMed]

	



Jaafari, S.; Shabani, A.A.; Moeinaddini, M.; Danehkar, A.; Sakieh, Y. Applying landscape metrics and structural equation modeling to predict the effect of urban green space on air pollution and respiratory mortality in Tehran. Environ. Monit. Assess. 2020, 192, 1–15. [Google Scholar] [CrossRef]

	



Bloemsma, L.D.; Gehring, U.; Klompmaker, J.O.; Hoek, G.; Janssen, N.A.H.; Lebret, E.; Brunekreef, B.; Wijga, A.H. Green space, air pollution, traffic noise and cardiometabolic health in adolescents: The PIAMA birth cohort. Environ. Int. 2019, 131, 104991. [Google Scholar] [CrossRef]

	



Li, G.A.; Zhang, H.S.; Hu, M.J.; He, J.L.; Yang, W.J.; Zhao, H.H.; Zhu, Z.Y.; Zhu, J.L.; Huang, F. Associations of combined exposures to ambient temperature, air pollution, and green space with hypertension in rural areas of Anhui Province, China: A cross-sectional study. Environ. Res. 2022, 204, 112370. [Google Scholar] [CrossRef]

	



Ding, Y.; Li, G.C.; Lu, X.; Gao, M. Spatial heterogeneity and air pollution removal by green space in greater pearl river delta. Prog. Geogr. 2011, 30, 1415–1421. [Google Scholar]

	



Ward, K.; Lauf, S.; Kleinschmit, B.; Endlicher, W. Heat waves and urban heat islands in Europe: A review of relevant drivers. Sci. Total. Environ. 2016, 569, 527–539. [Google Scholar] [CrossRef]

	



Kim, E.J.; Kim, H. Effect modification of individual- and regional-scale characteristics on heat wave-related mortality rates between 2009 and 2012 in Seoul, South Korea. Sci. Total. Environ. 2017, 595, 141–148. [Google Scholar] [CrossRef] [PubMed]

	



Burkart, K.; Meier, F.; Schneider, A.; Breitner, S.; Canario, P.; Alcoforado, M.J.; Scherer, D.; Endlicher, W. Modification of Heat-Related Mortality in an Elderly Urban Population by Vegetation (Urban Green) and Proximity to Water (Urban Blue): Evidence from Lisbon, Portugal. Environ. Health Perspect. 2016, 124, 927–934. [Google Scholar] [CrossRef]

	



Zhang, C.; Wang, C.; Chen, C.; Tao, L.Y.; Jin, J.L.; Wang, Z.Y.; Jia, B.Q. Effects of tree canopy on psychological distress: A repeated cross-sectional study before and during the COVID-19 epidemic. Environ. Res. 2022, 203, 111795. [Google Scholar] [CrossRef] [PubMed]

	



Huang, C.C.; Tam, T.Y.T.; Chern, Y.R.; Lung, S.C.C.; Chen, N.T.; Wu, C.D. Spatial Clustering of Dengue Fever Incidence and Its Association with Surrounding Greenness. Int. J. Environ. Res. Public Health 2018, 15, 1869. [Google Scholar] [CrossRef] [PubMed]

	



Reyes-Riveros, R.; Altamirano, A.; De la Barrera, F.; Rozas-Vasquez, D.; Vieli, L.; Meli, P. Linking public urban green spaces and human well-being: A systematic review. Urban For. Urban Green. 2021, 61, 127105. [Google Scholar] [CrossRef]

	



Ma, B.; Zhou, T.T.; Lei, S.; Wen, Y.L.; Htun, T.T. Effects of urban green spaces on residents' well-being. Environ. Dev. Sustain. 2019, 21, 2793–2809. [Google Scholar] [CrossRef]

	



White, M.P.; Elliott, L.R.; Gascon, M.; Roberts, B.; Fleming, L.E. Blue space, health and well-being: A narrative overview and synthesis of potential benefits. Environ. Res. 2020, 191, 110169. [Google Scholar] [CrossRef]

	



Voelker, S.; Kistemann, T. Developing the urban blue: Comparative health responses to blue and green urban open spaces in Germany. Health & Place 2015, 35, 196–205. [Google Scholar] [CrossRef]

	



Wheeler, B.W.; Lovell, R.; Higgins, S.L.; White, M.P.; Alcock, I.; Osborne, N.J.; Husk, K.; Sabel, C.E.; Depledge, M.H. Beyond greenspace: An ecological study of population general health and indicators of natural environment type and quality. Int. J. Health Geogr. 2015, 14, 1–17. [Google Scholar] [CrossRef]

	



Sorensen, J.; Mobini, S. Pluvial, urban flood mechanisms and characteristics-Assessment based on insurance claims. J. Hydrol. 2017, 555, 51–67. [Google Scholar] [CrossRef]

	



Gunawardena, K.R.; Wells, M.J.; Kershaw, T. Utilising green and bluespace to mitigate urban heat island intensity. Sci. Total. Environ. 2017, 584, 1040–1055. [Google Scholar] [CrossRef]

	



Chan, F.K.S.; Griffiths, J.A.; Higgitt, D.; Xu, S.Y.; Zhu, F.F.; Tang, Y.T.; Xu, Y.Y.; Thorne, C.R. "Sponge City" in China-A breakthrough of planning and flood risk management in the urban context. Land Use Policy 2018, 76, 772–778. [Google Scholar] [CrossRef]

	



Norton, B.A.; Coutts, A.M.; Livesley, S.J.; Harris, R.J.; Hunter, A.M.; Williams, N.S.G. Planning for cooler cities: A framework to prioritise green infrastructure to mitigate high temperatures in urban landscapes. Landsc. Urban Plan. 2015, 134, 127–138. [Google Scholar] [CrossRef]

	



Ren, C.; Yang, R.Z.; Cheng, C.; Xing, P.; Fang, X.Y.; Zhang, S.; Wang, H.F.; Shi, Y.; Zhang, X.Y.; Kwok, Y.T.; et al. Creating breathing cities by adopting urban ventilation assessment and wind corridor plan-The implementation in Chinese cities. J. Wind Eng. Ind. Aerod. 2018, 182, 170–188. [Google Scholar] [CrossRef]

	



Sorensen, J.; Persson, A.S.; Olsson, J.A. A data management framework for strategic urban planning using blue-green infrastructure. J. Environ. Manag. 2021, 299, 113658. [Google Scholar] [CrossRef] [PubMed]

	



Van Oijstaeijen, W.; Van Passel, S.; Cools, J. Urban green infrastructure: A review on valuation toolkits from an urban planning perspective. J. Environ. Manag. 2020, 267, 110603. [Google Scholar] [CrossRef]

	



Raymond, C.M.; Gottwald, S.; Kuoppa, J.; Kytta, M. Integrating multiple elements of environmental justice into urban blue space planning using public participation geographic information systems. Landsc. Urban Plan. 2016, 153, 198–208. [Google Scholar] [CrossRef]

	



Hansen, R.; Olafsson, A.S.; van der Jagt, A.P.N.; Rall, E.; Pauleit, S. Planning multifunctional green infrastructure for compact cities: What is the state of practice? Ecol. Indic. 2019, 96, 99–110. [Google Scholar] [CrossRef]

	



Falagas, M.E.; Pitsouni, E.I.; Malietzis, G.A.; Pappas, G. Comparison of PubMed, Scopus, Web of Science, and Google Scholar: Strengths and weaknesses. Faseb. J. 2008, 22, 338–342. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 19 16192 g001 550] 





Figure 1. Number of annually published research on the effects of UBGS on residents’ health and change points from Web of Science between 2001 and 2021. 
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Figure 2. Map of research collaborations in countries around the world from WoS between 2001 and 2021. Thicker lines indicate higher rates of collaboration. Countries that share fewer papers are not shown with connectors. 
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Figure 3. Keywords in UBGS effect on population health from WoS between 2001 and 2021 based on time series clustering distribution. The size of the circles represents the frequency number of keyword occurrences. 
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Figure 4. Topic word clouds were detected from keywords in the UBGS-associated publications of Web of Science for different periods between 2001 and 2021. (a–d) represent the frequency of occurrence in the keywords of the literature on the effects of UBGS on the health of the population for different year ranges, respectively. 
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Figure 5. Results of effects of UBGS on residents’ health-related keywords co-occurrence network map from CNKI using Bibliometrix R Package. 
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Figure 6. Results of effects of UBGS on residents’ health-related keywords co-occurrence network map from WoS using Bibliometrix R Package. 
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Figure 7. Results of impacts of UBGS on residents’ health-related keywords co-occurrence network map from conference papers using Bibliometrix R Package. 
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Figure 8. Theme clustering identified from author keywords in UBGS-related publications from Web of Science from 2001 to 2021. The concept structure function of Bibliometrix R software is used to perform multiple correspondence analysis on identified themes and generate graphs and clusters expressing shared topics. 
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Figure 9. Results of effects of UBGS on residents’ physical health-associated keywords according to the CiteSpace “burstness” test. 
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Figure 10. Results of impacts of UBGS on residents’ mental health-associated keywords according to the CiteSpace “burstness” test. 
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Figure 11. Results of impacts of UBGS on residents’ general health-associated keywords according to the CiteSpace “burstness” test. 
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Table 1. Description information for effects of UBGS on residents’ health literature retrieved from WoS. The search for articles originating from WoS in English from 2001 to 2021.
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	Main Information about Article
	2001–2021
	Authors
	2001–2021
	Authors Collaboration
	2001–2021





	Sources (Journals, Books, etc.)
	131
	Authors
	2626
	Articles per author
	0.256



	Articles
	672
	Author Appearances
	3792
	Authors per article
	3.91



	Average years from publication
	3.97
	Authors of single-authored articles
	16
	Co-Authors per articles
	5.64



	Average citations per article
	8.429
	Authors of multiauthored articles
	2610
	Collaboration Index 1
	4.01







1 Note: Collaboration Index was calculated as the total number of authors of multiauthored papers divided by the total number of multiauthored papers.
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