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Abstract: Humans and nature have always been connected. Meanwhile, with the industrial
revolution, landscapes have become more artificial, reducing the human–nature relation-
ship. Urban design should follow biophilic principles to reconnect people with nature,
mitigate climate change, improve air quality, restore biodiversity loss, and solve social
problems. Poor air quality affects people’s health, and vegetation plays a crucial role in
purifying the air. Similarly, contact with nature benefits physical and mental health and
well-being. However, there is no consensus on how urban design can be beneficial for
improving air quality and human health. This review paper aims to provide a compre-
hensive evaluation of evidence linking nature-based solutions (NBSs), air quality, carbon
neutrality, and human health and well-being. Five hundred articles published between
2000 and 2024 were analysed. A number of publications studied the benefits of green
infrastructure in improving air quality, carbon sequestration, or the influence of green
spaces on human health. The topic of NBSs has recently emerged related to air quality,
health, and promoting physical activity, as has accessibility to green spaces and mental
health, also associated with blue spaces and residential gardens. The results revealed the
gaps in the literature on how to design green and blue spaces to tackle environmental and
public health crises simultaneously.

Keywords: green infrastructure; nature-based solutions; biophilia; urban planning; urban
green and blue spaces

1. Introduction
There is a consensus that the human species has an innate connection with nature. Ten

thousand years ago, nature was the habitat and source of vital supplies for the survival
of human beings. Nowadays, it is commonly accepted that contact with nature brings
us positive experiences and feelings. The Biophilia hypothesis, described as “the urge to
affiliate with other forms of life” [1], reflects this. The industrial revolution transformed the
paradigm, kick-starting urbanisation, and since then, landscapes have become increasingly
artificial and the human–nature relationship has started to be devalued. The exponential
growth of cities, the uncontrolled occupation of vast tracts of deforested land, and economic
and industrial development based on the exploitation of fossil fuels as well as major
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lifestyle changes mean that today we must deal with combined environmental and public
health crises.

Overcoming these crises is undoubtedly a complex process, but it also involves re-
thinking the public space. Landscape architects believe that biophilic design is one of the
solutions to mitigate climate change, improve air quality, restore biodiversity loss, and solve
social problems such as poverty, inequality, and minority segregation while reconnecting
people with nature.

More specifically, new public urban green and blue spaces (UGBSs), attractive, safe,
and accessible to all, should be implemented in the urban network—so-called Urban Green-
Blue Infrastructure (UGBI) [2]. To maintain awareness of this, soft mobility and transport
based on renewable energies should be prioritised, reducing greenhouse gas (GHG) and
air pollution and avoiding urban heat islands [3].

Nature-based solutions (NBSs)—finding solutions based in nature to social problems—
represent a more recent practical and integrative approach [4,5]. NBSs are applied to
solve contemporary crises using collaborative design [6,7] involving citizens, stakehold-
ers, and urban planners and landscape architects. In this context, spatial planning and
the performance dimension must operate simultaneously. This means that all UGBSs,
including urban parks, gardens, street trees, private gardens, urban forests, urban rivers,
wetlands, lakes, and the sea, must provide a wide range of ecosystem services, including
air purification, carbon neutrality, social interaction, and stress reduction.

It is well known that poor air quality affects people’s health [8,9]. At the same time,
many studies show how vegetation plays a crucial role in purifying the air [10–12]. The
various benefits that contact with nature has for human physical [13–15] and mental
health [16,17] and well-being [18,19] are also well known. However, the benefits and
mechanisms of UGBSs for improving air quality and human health still remain understud-
ied, and there is little evidence as to which types of green or blue space perform best in
this respect.

In this context, the main objective of this paper consists of reviewing the published
research concerning the design and planning of UGBSs for environmental and public health
benefits and identifying gaps in the literature for future research on this topic. Therefore,
we aim to answer the following questions: (1) What has been the historical evolution of the
literature on UGBI? (2) Which documents have mainly influenced the intellectual structure
of the research topic? (3) Which journals present more publications on this research topic?

The results will provide academics and practitioners with an overview of the current
situation and trends in the field of UGBI and its relationship with environmental and public
health benefits. The results of this study are especially relevant considering the integration
of society and institutions in the planning of UGBSs for a simultaneous improvement
in air pollution, achieving carbon-neutral cities, and improving human health and well-
being. This study may support future research on how UGBI should be designed to tackle
environmental and public health crises simultaneously.

2. Theoretical Framework
2.1. Air Pollution: A Problem for Health and the Environment

There are two main concerns about pollutant gases: human health and climate change.
Human health is being severely affected by air pollution. According to the World Health
Organisation (WHO), about 99% of the global population breathes air with pollutant
concentrations exceeding the advisable limits. Exposure to air pollution is reflected in
the premature death of about 9 million people in 2015, mainly from heart disease, stroke,
lung cancer, chronic obstructive pulmonary disease, and acute respiratory infections [20].
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This scenario is more worrying in low- and middle-income countries where exposure to
pollutants is higher than in developed countries [21,22].

The air pollutants of most concern causing adverse health outcomes include particulate
matter ≤ 10 µm (PM10) and fine particulate matter ≤ 2.5 µm (PM2.5) and gases such as
sulphur dioxide (SO2), nitrogen dioxide (NO2), carbon monoxide (CO), and ozone (O3).
Carbon dioxide, the main greenhouse gas, is not considered an atmospheric pollutant since
it has a smaller effect on human health [23] and is in any case exhaled by people. Fine
particulate matter, PM2·5, is the most studied form of air pollution and is responsible for
a wide range of impacts on biological systems, especially pulmonary and cardiovascular
diseases [24,25]. At the same time, air pollution is intimately linked to the global climate
change crisis [20,26]. For example, particulate matter [27] and ozone [28] have a substantial
impact on the Earth’s radiation balance and, consequently, on climate.

Policies offering a “win–win” strategy for both climate and health are increasing,
especially in Europe [29]. These adaptation strategies aim to contribute to short and long-
term climate change mitigation by changing urban design practices while achieving public
health benefits [23,29,30].

2.2. The Carbon-Neutral Cities Challenge

The European Union’s mission for climate-neutral and smart cities is to reach 100 Euro-
pean climate-neutral cities by 2030 and, according to the European Green Deal Strategy, to
make Europe as a whole climate-neutral by 2050. The Climate Action Planning Framework
defines a carbon-neutral city as being based on the annual emissions completely cancelled
out through carbon offsetting, or removed through carbon dioxide removal or emission re-
moval measures [31]. There are two mechanisms capable of achieving carbon-neutral cities:
(1) sequestration and (2) avoidance. The sequestration process involves the removal or
capture of GHG emissions from the atmosphere through physical or biological absorption
or long-term storage in carbon sinks, including forests, soils, and oceans [32]. Conversely,
avoidance includes reducing, preventing, or abolishing GHG emissions released into the
atmosphere associated with a baseline; for example, reducing fossil fuel energy consump-
tion [33]. Some European cities, for example Copenhagen and Sønderborg, have already
implemented strategies that support carbon-neutral challenges [34].

2.3. Nature as a Solution in Air Phytoremediation

Vegetation plays a crucial role in decreasing atmospheric gases, including carbon
dioxide (CO2) and methane (CH4), through processes like photosynthesis and microbial
activity. Urban trees, in particular, are significant carbon sinks, absorbing substantial
amounts of CO2. Urban vegetation can decrease the concentration of air pollutants in two
ways: absorption of gases or deposition of particulate matters. The mechanism by which
vegetation removes the pollutant depends on the nature and property of the pollutant, the
nature and property of leaves, and the weather [35]. For example, rainfall intensity over 16
mm/h positively influences the removal of PM through the wash-off process in urban trees
and living wall evergreen species [36,37]. In contrast to the PM2.5 deposition efficiency,
broad-leaved trees might have a higher efficiency to transport PM2.5 from leaves to the soil
when compared with conifers [37] during the wash-off process. Also, wind speed increases
the PM resuspension of particles from the leaf surfaces [38], which reduces the removal
rate by trees [39]. PM can also drop to the ground during the leaf fall season [39].

The amount of tree cover positively influences the vegetation efficiency of removing
air pollutants, and it depends on plant strata (tree, shrub, or herbaceous), species, type
(evergreen, deciduous, or conifer), and vegetation configuration [40,41]. However, high
Biogenic Volatile Organic Compounds (BVOCs) emitted by urban trees, especially in
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Mediterranean environments, is conducive to the formation of O3 [42], negatively affecting
human and plant health. For this reason, the choice of the right species to plant in urban
areas becomes even more important.

2.4. Effectiveness of NBSs in Improving Health and Well-Being

Human beings have always regarded the landscape as beneficial to their well-
being [43]. Over a hundred years ago, Frederick Law Olmsted proposed that contem-
plation of “rural scenery” would have the opposite effects to those caused by urban life,
responsible for “excessive nervous tension, over-anxiety, hateful disposition, impatience,
irritability” [44]. Exposure to natural environments prevents certain diseases [45] and
contributes to salutogenesis [46].

Nowadays, there is a growing interest in studying the benefits of UGBSs for general
health [47,48]. Some authors have studied the associations between green and blue spaces
and non-communicable diseases [14,15], well-being [18,19], and mental health [49,50].

The WHO contends that UGBSs can effectively deliver positive health and social
outcomes [48]. In this context, NBSs are responsible for providing cultural ecosystem
services, including the increase in happiness, physical activity, and social cohesion and
the reduction in stress, overweight, and health inequalities. For example, attractive and
accessible green spaces can improve community identity and sense of place [51], improve
aesthetics, and provide a place for gathering and social reunion [2]. Proximity to amenities
and safety from crime increases residents’ happiness [52] and subjective well-being [53].
Conversely, Thompson [54] found that social isolation is associated with stress and poor
well-being. Recently, Pouso et al. [17] found that nature-relatedness attenuated the negative
effect of the COVID-19 lockdown on mental health and enhanced positive emotions. NBSs
are also responsible for regulating ecosystem services, including improved air quality,
water management, and heat and noise reduction as well as health outcomes, including
mental health, autoimmune diseases, respiratory diseases, cancer, and perceived general
health, among others [55].

Nevertheless, it is urgent to raise population awareness of this evidence and find
co-design strategies to implement NBSs in contemporary cities.

3. Data and Methodology
We conducted a review to provide as complete and comprehensive a review of research

related to NBSs, air quality, and human health and well-being as possible. The study was
developed in three stages. In the first stage, for data collection, we followed the guidelines
on the Preferred Reporting Items for Systematic Reviews (PRISMA) [56]. In stage two, we
present the results of the bibliometric analysis and visualisations. In the final stage, we
present the main findings, research patterns, contributions, and limitations of the study.

The papers used in this review were retrieved from the core collection of the Web of
Science (WoS) database from Clarivate Analytics, on 19 January 2022, via a virtual private
network (VPN) connection from the University of Algarve. Two surveys were performed,
combining keywords related to NBS + air quality and NBS + health and well-being. Both
combinations were searched in the title, abstract, and keywords plus. We recognise that
from that date to the time of publication, further research has emerged, but we feel that the
trends are likely to be the same.

Initially, the two research stages obtained 2455 and 15,091 documents, respectively,
related to the topic. Then, the search was refined to include only English articles, and we
found 1932 and 11,775 results, respectively. Articles published in the top 25 most relevant
sources on this topic were automatically selected. This resulted in 912 and 3381 articles,
respectively, on the subject.
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Bibliographic information, such as citation, the article’s title, the list of authors, the
publication year, abstract, and the journal’s name, was exported to Zotero 7.0.15 software.
The results of the two searches were then combined: 387 duplicates were removed, 15 en-
tries did not include any information, and 1 publication was retracted. This resulted in a
final total of 3890 articles for the next stage of the evaluation (Figure S1).

The refinement process was then carried out by examining the title, keywords, and
abstract of each article, and occasionally the main text of an article. Following this, we
reduced the total to 620 articles. Finally, after reading the full-text article, a further 130 pub-
lications were excluded. The reasons for exclusion were as follows: (1) the focus was on
air pollution measurement, (2) the focus was on indoor air quality, and (3) the focus was
on other ecosystem services, e.g., reduction in the urban heat island or noise reduction or
flooding mitigation, (4) the focus was on plant health rather than human health, and (5) the
focus was on rural environment instead urban environment.

In the end, 500 scientific articles were considered relevant for this review and included
in the bibliometric analysis. The total publications consist of 133 articles from the first
survey, 261 articles from the second survey, and 96 articles from both surveys (Figure S1).

The open-source statistical R software 4.5.0 was used for the bibliometric analysis and
the Bibliometrix R-tool package 3.0.1 in the Biblioshiny version [57]. Also, to analyse and
visualise the relationships among the authors, countries, journals, co-citations, and terms,
the bibliometric analysis software VOSviewer was applied [58].

4. Results
4.1. General Characteristics of the Body of Research

This research analysed a database comprising 500 documents, covering 2057 authors,
25 journals, and 64 countries. Over the years, scientific production on this topic has
increased exponentially, with an annual growth rate of 7.81% (Figure S2).

In the selected publications, 64 countries, based on author origin and institutional
affiliation, were identified. China is the country with the highest number of publications
with a total of 99 (20.20%), followed by the USA with 69 articles (14.08%), and the United
Kingdom with 44 publications (8.98%) on the topic (Figure S3).

Of the 25 scientific journals we identified, the International Journal of Environmental
Research and Public Health is the most common with 77 publications, followed by Urban
Forestry & Urban Greening (74 articles), and then Landscape and Urban Planning (51 articles)
(Figure S4). Landscape and Urban Planning has the highest h-index (28) and g-index (50)
value and the highest number of total citations (4708 citations).

A total of 2057 authors were identified, with an average of articles per author of 0.238
and 4.2 authors per article. The average number of co-authors per article was 5.04. Only
13 articles (2.65%) were of single authorship. We identified 477 multi-authored documents
(97.35%) with 2044 authors, representing a collaboration index of 4.29.

According to Lotka’s Law [59], 1793 authors (87.2%) produced just a single article.
Only 13 authors (0.50%) produced five or more articles. Nowak, D. is the core author
who stands out due to the number of publications (11 publications), the longevity of
scientific production of about 19 years, and highest number of citations (1858). Other
authors stand out in terms of the total citation number: Grahn, P. (640 total citations since
2010), Hirabayashi, S. (633 total citations since 2011), and Stigsdotter, U. (522 total citations
since 2010).

4.2. Citation Analysis

The publication that has been most cited as a reference in other publications is “Carbon
storage and sequestration by urban trees in the USA” (Table S1). Since its publication, in
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2002, the article has been cited 668 times. The paper with the highest average citations per
year, cited 44.50 times per year, is “Spatial planning for multifunctional green infrastructure:
Growing resilience in Detroit”. Only four scientific journals published the top 10 most cited
papers. Environmental Pollution and Landscape and Urban Planning are the best represented,
with four publications each (Table S1).

In the 500 publications, 20,360 references were included, appearing in 8286 sources.
The sources that stand out in terms of co-citation are Urban Forestry & Urban Greening, Land-
scape and Urban Planning, Atmospheric Environment, and Environmental Pollution (Figure S5).

4.3. Keywords

The authors indexed the 500 publications with 1540 keywords and with 1244 keywords
plus by WoS. A total keywords network that combines authors’ keywords and keywords
plus was analysed using VOSviewer. A thesaurus file was used to merge similar terms, or
the same terms written differently. Only keywords that occurred at least ten times were con-
sidered. Sixty-seven terms met this threshold. Two clusters were generated: one includes
keywords related to health and green spaces and the other incorporates terms connected to
air pollution and green infrastructure (Figure S6). “Health” appears as a central term and is
the keyword with the most significant number of occurrences (130 times). Air pollution has
121 occurrences, followed by “Physical activity” that appears 108 times. Keywords related
to “green” appear in the two topics studied. In one cluster, keywords related to “green” are
associated with a social component; this means that “green” is connected to an activity or
associated with direct benefits to people. In the other cluster, “green” words are related to
direct benefits to the environment and indirect benefits to people. Landscape architecture
occupies the most central position and is connected to the most prominent keywords of this
topic, demonstrating the transversality of this discipline and the need to study the benefits
of UGBSs for health, air pollution, and carbon sequestration (Figure 1). The keywords “city”
and “neighbourhood” appear in different clusters, which can suggest differences in scale
when studying the interaction between health and UGBSs (neighbourhood scale) or when
studying the impacts of UGBI on air quality (city scale). Also, due to the larger scale, the
interactions that the term “neighbourhood” presents are primarily associated with a social
component, e.g., “preferences”, “inequality”, “children”, and “adults”.

Figure 1. Interactions of “Landscape architecture” term | software: VOSviewer 1.6.20.
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Most of the research around the year 2017 focused on studying the impact of urban
forests on carbon sequestration. Around 2020, most research was conducted in the content
area of NBSs and the impact of green spaces on mental health (Figure 2).

Figure 2. Keywords analysis with time information | software: VOSviewer 1.6.20.

4.4. The Focus of the Articles

The 500 articles were separated into two general areas according to their primary
objective (Table 1). The words that best define the first research area are “concentrations”,
“carbon”, “forest”, and “vegetation”, while the words “environment”, “parks”, “physical
activity”, and “mental” are the words that stand out in the second area of research; however,
there are also words in common between the two clouds. The most notable are “trees”,
“city”, and “effects” (Figure 3).

 
(a)  (b) 

Figure 3. Word cloud arranged by area: (a) impact of UGBI on air quality and carbon neutrality and
(b) impact of UGBI on health and well-being|software: NVIVO 12.
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Table 1. General areas of study.

Topic Sub-Topic Aim

(a) Impact of UGBI on air quality
and carbon neutrality

Types of UGBSs that positively
influence air quality

Analyse different types of green
space and their benefits in terms of
air purification (green corridors,
urban parks, urban forest, etc.)

Climate zones
Focus on studying the benefits of
UGBSs for air quality in specific
climate zones

Carbon sequestration by UGBSs and
mobility and lifestyle

Analyse the impact of vegetation and
soil on carbon sequestration and
mobility and lifestyle modes that
influence carbon neutrality in cities

Urban planning solutions to mitigate
air pollution

Focus on urban planning solutions to
mitigate air pollution

(b) Impact of UGBI on health and
well-being

Designing for health

Focus on urban planning and
targeted design solutions to enhance
the health of certain social groups
(e.g., elderly people, children)

Non-communicable diseases

Focus on the benefits of UGBSs for
non-communicable diseases (cancer,
cardiovascular diseases, dementia,
obesity, and respiratory disease)

Child development

Focus on the benefits of interaction
with UGBSs for child development
(birthweight, cognitive and motor
development)

Well-being indicators

Reviews the indicators of well-being
(health status, self-rated health,
self-rated well-being, happiness and
mood, personal security, social
connectedness, and social cohesion)

Mental health conditions

Focus on the benefits of interaction
with UGBSs for pathologies
associated with mental health
(depression, anxiety, and stress)

Typologies of UGBSs that positively
influence mental health and
well-being

Analyse different types of green
space and their benefits for health
and well-being (green corridors,
urban parks, urban forest, etc.)

Environment comparison
Focus on comparison between indoor
and outdoor environment and urban
versus natural environment

4.4.1. Impact of UGBSs on Air Quality and Carbon Neutrality

Regarding the types of UGBSs that positively influence air quality, most of the authors
studied the benefits provided by urban forests [60,61] and green corridors, including green
barriers along the roadside [62,63]. It is worth mentioning that the term “urban forest” can
mean, depending on the context, all the trees in a city or just areas of continuous canopy
woodland, and this is not easily differentiated between among the keywords. Other authors
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studied the relationship between street trees [11,64] and urban parks [65] in air pollutants’
reduction (Table S2).

Urban planning solutions, at the city scale, to mitigate air pollution are mentioned
in several article [66,67]. Only a few articles focus on specifying the best vegetation
configuration to improve the mechanisms for air purification [67–70].

Several articles focus on the impacts of vegetation [71,72] and soil [73] on carbon
sequester (Table S3). Additionally, 14 articles studied the impact of mobility and lifestyle
on carbon neutrality (Table S3).

4.4.2. Impact of UGBSs on Health and Well-Being

Several publications reported urban design solutions to enhance human health
(Table S4). Most authors focus on urban planning solutions [74] or generic biophilic design
solutions [75]. In comparison, others focus on more specific solutions to implement in
urban green and blue spaces [76] for minorities, including unhealthy people, through
healing gardens [77], children [78], and older adults [79].

The benefits of UGBSs for non-communicable diseases were the focus of 19 articles.
Some studies related overweight to the practice of physical activities in green areas [80].
Others focus on the decrease in the effects of cardiovascular diseases [81] or on the decrease
in the effects of respiratory diseases [82] when in contact with green spaces. In the same
context, only a few articles studied how UGBSs can reduce cancer incidence [83] and
minimise dementia [14].

Similarly, different indicators have been used to study mental health and well-being.
Happiness is the most used indicator to measure mental health and well-being [84–86].
Social connectedness was used in 23 articles (e.g., [54,84] and self-rated health in 19 articles
(e.g., [87])). Only a few authors used personal security as an indicator of well-being [88].

Access to green space, frequency of visits, nature-relatedness, or quantity of green
spaces were found to improve mental health and well-being in 38 publications (Table S5).

A considerable group of articles report the influence of a specific type of UGBS on
mental health and well-being (Table S6). Plunz et al. [89] found that Twitter users express
more positive opinions in an urban park that in other contexts. They suggest that urban
green parks can promote a more relaxed state which influences their mood, emotions, and
feelings. Young et al. [90] studied how the self-reported restoration of gardeners is related to
garden type and the number of plant species. Their study indicates that allotment gardens,
compared to domestic gardens, are associated with higher levels of restoration and that
the number of plant species positively influences the restoration of gardeners. According
to [91], the most important benefits of visiting blue spaces are psychological and social
interaction. The presence of nature is significant to the visit, especially for older adults.

While several studies examined the relationship between the amount of green space
and health or alternatively focused on the benefits of specific types of green space, a few
recent studies compare different types of ‘green’ and their health outcomes (Table S7).

Only five publications focused on comparing the benefits of indoor and outdoor
environments (8). The most recent studied the benefits of the outdoor natural environment
after the COVID-19 lockdown [92]. Lehberger et al. [93] showed that private garden owners
had substantially better life satisfaction and mental well-being, associated with freedom
and joy, than residents living in apartments during the pandemic. These studies reveal that
long periods spent indoors are associated with risks of depressive symptoms. In contrast,
visits to outdoor green spaces improved psychological and physiological health.

In a similar context, 14 publications compared the outcomes of spending time in urban
environments versus natural environments (Table S8). These authors state that urban
environments are associated with anxiety, stress, and depression scenarios, while natural
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environments are associated with stress reduction and better overall mental health and
well-being.

Only a few articles studied the effects of green spaces on solving air quality and human
health problems (Table 2).

Table 2. Publications simultaneously relating green spaces with air quality and health.

Authors Aim Geographic
Location Findings Limitations

Alcock
et al. [94]

To study the
association between
emergency
hospitalisations for
asthma in urban
residential areas and
the presence of green
spaces at different
levels of air pollutant
exposure.

England,
Europe

Green spaces and
gardens are associated
with reductions in
asthma hospitalisation
when pollutant
exposures are lower.
Tree density is
associated with reduced
asthma hospitalisation
when pollutant
exposures are higher.

It is not possible to interpret the
results at a different spatial scale.
Do not consider exposer to
pollutants from indoor sources.
Do not allow to see any seasonal
or secular trends in how asthma
emergencies relate to interaction
effects between the natural
environment and air pollutant
exposures.

Engemann
et al. [95]

To study the
associations between
growing up
surrounded by
different
environments and
psychiatric disorders.

Denmark,
Europe

Growing up surrounded
by a range of natural
environments may
lower rates of
psychiatric disorders.

It was not possible to infer
causality.
Certain socioeconomic factors,
social disadvantages in deprived
neighbourhoods or crime rates,
were not considered.
Estimating land cover and
vegetation density from satellite
images contains no information
about how people use or perceive
their local environment.

Sanchez
et al. [82]

To evaluate the
pathways and effects
of green spaces on
air pollution and the
mortality of
respiratory diseases.

Tehran, Asia

Green spaces have a
significant mitigating
effect on air pollution
and the mortality of
respiratory diseases.
Air pollution has an
increasing effect on
mortality due to
respiratory diseases.

Temperature was not included in
the model as an influential factor
in air pollution.

Lai & Kon-
tokosta [96]

To study the impact
of street trees on air
quality and the
prevalence of acute
respiratory illness.

NYC, North
America

A greater concentration
of trees contributes to
better local air quality.
Some species, including
Quercus palustis, Quercus
rubra, Quercus bicolor,
and Fraxinus
pennsylvanica, with
severe allergenicity can
increase local asthma
hospitalisation rates.

The available data were not widely
available at the intended scale.
Limited analysis due to a lack of
individual tree data within urban
parks.
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Table 2. Cont.

Authors Aim Geographic
Location Findings Limitations

Nowak
et al. [39]

To estimate the
amount of PM2.5
removal and
resuspension by
trees and its effect on
PM2.5
concentrations,
including the
associated values
and impact on
human health.

NYC, North
America

Trees improve general
air quality by
intercepting PM2.5.
PM2.5 resuspension can
lead to short-term
increases in pollutant
concentrations.
Urban trees area was
responsible for
substantial health
improvements and
values.

The premise is that all particles are
removed from leaves by
precipitation events that cover the
complete leaf area.
Do not consider the interaction
with water on leaves after
precipitation events.
Do not consider precipitation
events in the form of snow.
It uses the average for the particle
distribution in the atmosphere and
the average wind speed in the city.
Do not consider tree volatile
organic compound emissions and
their potential contribution to
PM2.5 concentrations.
Vd is assumed to be equal for all
leaves within a tree canopy.
Rainfall intensity is not considered.
Use of 24 h average concentration
data to estimate the hourly
concentrations during the day.

Sun
et al. [97]

To study whether
residential
neighbourhood
greenness modifies
the short-term
association between
air pollution and
respiratory mortality
among the elderly.

Hong Kong,
Asia

Elders living in higher
greenness areas are less
susceptible to
pneumonia mortality
associated with air
pollution.

Some measurement errors may
exist due to the use of the average
pollution over the whole territory
and residential greenness to
represent the participants’
exposure.
The sample only includes Chinese
older adults, so the results cannot
be generalised.
It measured only greenness
quantity instead of the quality of
greenness space.

Wang
et al. [98]

To examine the
biopsychosocial
pathways linking
residential green
space quantity and
quality to mental
health.

Guangzhou,
Asia

Green space quantity
influences mental health
mainly by reducing
harm.
Greenspace quality
influences mental health
mainly by restoring
capacities and building
capacities.

The several mediators used were
based on self-reported questions.
The actual use or visual exposure
to green spaces respondents’
information was impossible to
consider.
The street view data and survey
data were from different periods
of time.
Imprecision in the exposure
assessment for some
environmental variables.
Do not consider exposure to
indoor greenspace or window
views.
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Table 2. Cont.

Authors Aim Geographic
Location Findings Limitations

Zock
et al. [99]

To assess a range of
potentially relevant
physical and social
environmental
characteristics to
study their mutual
correlations and
explore associations
with residents’
morbidity.

Netherlands,
Europe

Social cohesion and
collective efficacy
tended to be higher in
less urbanised
municipalities.
The degree of
urbanisation was
associated with higher
morbidity in all disease
groupings.
A higher social cohesion
coincided with a lower
prevalence of depression
and migraine/severe
headache.

The aggregation of the social
capital variables to the
neighbourhood level had limited
reliability.
It analyses only a few potential
confounders at individual levels.
Do not consider data on social
cohesion and collective efficacy for
surrounding neighbourhoods.
Do not apply strict statistical
criteria to identify significant
associations.

5. Discussion
This review aimed to provide information about the research published concerning

UGBS design and planning for environmental and public health benefits. To achieve this,
three specific objectives were defined: to identify the topics in the academic literature
related to urban green infrastructure and its environmental and public health benefits;
to uncover the main areas of research in this field; and to find gaps in the literature and
propose directions for future research.

The results indicate that most of the selected publications are concentrated around
two central themes: the impact of UGBSs on air quality and carbon sequestration and the
benefits of UGBSs for physical and mental health. These findings reflect a growing interest
in the importance of nature within urban environments and align with biophilic design
and NBSs, highlighting the positive psychological and social impacts of natural spaces.

Analysing keywords and publication trends over time reveals an evolution in the
research focus. Earlier studies, particularly before 2016, primarily investigated the role of
urban forests in carbon sequestration and air purification. From 2017 onward, research
shifted toward mental health, social cohesion, and general well-being, especially in response
to growing public health concerns. This transition reinforces the increasing recognition
of UGBI as an environmental asset and a public health tool, in line with the biophilic
hypothesis and with the perspectives outlined in Section 2 of the theoretical framework.

This review shows that relatively few studies simultaneously address the impact of
UGBSs on air quality, carbon sequestration, and human health (as summarised in Table 2).
Most of those that do exist highlight a positive association between UGBSs and reducing air
pollution and lower risks of mortality and respiratory diseases, such as asthma. However,
some authors note that specific tree species may aggravate respiratory conditions during
the pollination season, although this does not invalidate their role in air purification. This
evidence highlights the importance of further research into the characteristics and potential
health risks of different plant species used in urban settings, aiming to optimise their
benefits while minimising possible negative impacts on public health.

Although many studies examine the connection between UGBSs and mental health,
the evidence remains mixed, especially when establishing a clear link between air pollution
and psychological well-being. However, an analysis of the literature indicates that the
consensus in existing studies is that areas with lower levels of urbanisation and generally
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better air quality tend to show higher levels of social cohesion and a lower prevalence
of depression.

Several studies have also suggested that blue spaces and residential gardens offer
greater psychological recovery than traditional green spaces. Although urban forests are
most frequently associated with air purification, and both urban parks and forests with
general health improvement, there is no consensus on which typology of UGBSs delivers
the most effective results. Therefore, each solution must be designed based on contextual
variables such as local climate, urban morphology, vegetation type, and cultural preferences.

As an example, Mediterranean cities often have compact urban centres far from
extensive urban forests, and with low numbers of street trees, and the limited availability
of open public space makes it challenging to create new green spaces. In such cases,
pocket parks or green roof gardens could be viable alternatives to expand green areas while
promoting environmental and health benefits. Consequently, future research should explore
the comparative effectiveness of different UGBS types in diverse geographical contexts.

Finally, it is important to integrate environmental and health metrics into unified
assessment frameworks and to encourage participatory planning strategies involving
communities, stakeholders, and urban planners. Future studies should also expand the
geographical scope of analysis and adopt mixed methods that combine bibliometric, spatial,
and qualitative approaches. These directions are critical for advancing the knowledge and
practice of urban planning through nature-based solutions, helping cities simultaneously
tackle environmental and public health crises.

6. Conclusions
In this review, two research areas were analysed: the impact of urban green spaces

on air quality and the impact on health and well-being. A total of 500 documents were
reviewed to understand how UGBSs can simultaneously address environmental and public
health crises. The research reveals that green spaces are positively associated with better air
quality, better health and mental health, and less mortality risk. Earlier studies, especially
before 2016, focused on the role of urban forests in carbon sequestration and air purification.
These studies highlighted the importance of vegetation in mitigating air pollution and
achieving carbon neutrality.

Since 2017, publications focusing on the benefits of green spaces for mental health and
well-being gained more prominence. Mental health benefits from exposure to green spaces
gained further importance after 2019, as a result of the COVID-19 pandemic. Studies have
increasingly explored the links between accessibility to green spaces, increased physical
exercise, improved mental health, and the prevention of non-communicable diseases such
as obesity. Some studies indicated that blue spaces and home gardens may be more effective
for psychological recovery than urban green spaces. However, it is not yet a consensus,
which indicates that further studies should be carried out.

Emerging themes include the role of blue spaces and residential gardens for health, and
the growing importance of ensuring equitable access to UGBSs. The diversity of the results
suggests that the effectiveness of UGBSs varies by context, including geographic location,
urban form, and cultural factors. This study is significant for future research relating
biophilic design to improve air quality, mitigate climate change, and enhance health and
well-being, but it has some limitations. The search was limited to the WoS database in
the English language, although relevant articles exist in other databases. However, most
bibliometric tools do not support extended datasets, which can lead to analysis restrictions
and data processing errors. Additionally, only first-quartile journals were considered,
which excluded several potentially relevant studies. Another limitation was the date at
which the search was completed—early 2022. We know that there are more publications
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which could be included, but of course, literature reviewing is a constant process in research.
Future studies should focus on the benefits of different types of UGBSs, understanding
the value of each, and identifying the most effective designs to achieve carbon neutrality,
mitigate air pollution, and enhance health and well-being in diverse geographical contexts.
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