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Abstract: Calm and quiet green spaces provide health benefits for urban residents. Yet as cities
become more densely populated, increasing public users to green spaces may reduce or moderate
these benefits. We examine how increased pedestrian density in a green street changes self-reported
wellbeing. We use a between subject experimental design that added public users as confederates in
randomly selected periods over three weeks. We collect data on mood and affective response from
pedestrians moving through the green street (n = 504), with and without our public user treatment
in randomly selected periods. Mood and affective response are improved when experiencing the
green street with fewer people. We find that an increased number of public users in the green space
has a negative effect on mood, especially among women. We provide experimental evidence that
self-reported wellbeing in urban green spaces depends on social context, and that there are gender
inequities associated with changes in affective response. Although we only measure immediate
impacts, our results imply that the health benefits of green spaces may be limited by the total number
of users. This research contributes additional evidence that greener cities are also healthier cities, but
that the benefits may not be equally shared between women and men and will depend on the social
context of use.

Keywords: affective response; field experiment; experiment; gender; green street; green space; mood;
stress; wellbeing; public space

1. Introduction

Green spaces provide urban residents with multiple health benefits [1,2] and there is
evidence that a green city is also a healthy city [3–5]. The COVID-19 pandemic renewed
interest in the healthy city and reappraised the value of urban green spaces [6,7]. While
green spaces have long been a cherished place for urban refuge [8], the pandemic forced
policy makers to scrutinize the relationship between urban density, green spaces, and
health [8–10].

This renewed attention on the healthy city is also pushing scholars to understand the
mechanisms and pathways by which green spaces may improve the health and wellbeing
of urban residents [2,11,12]. The attention restoration theory posits that nature allows for
recovery from attention fatigue [13]. Others emphasize improved environmental conditions,
such as reduced noise, temperature, and air pollution or the absence of other environmental
stressors [14–16]. Green spaces also provide urban residents with opportunities for physical
activity [17] and socialization [18,19].

Regardless of the causal pathway studied, the literature on the health benefits of green
spaces is largely based on observational studies with large datasets that have allowed
researchers to identify strong associations between green space availability and health
outcomes [11,20,21]. We have also learned from longitudinal studies that follow the health
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outcomes of large cohorts over time [22,23]. Researchers have tracked participants in their
everyday lives to learn how self-reported measures of wellbeing, combined with salivary
cortisol measurements, might correlate with exposure to green spaces [24,25].

Scholars have also used framed experiments to understand the relationship between
nature exposure and health [26–29]. Early experimental work showed that walking in
nature provided greater stress relief than walks in urban settings [13]. In some instances,
researchers have found that exposure to forested, green, or natural environments provide
measurable improvements in biomarkers and biophysical indicators of stress [29]. Even
short-term visits to nature are found to relieve stress more effectively than the comparable
exposure to built environments [30]. Researchers have even employed lab experiments to
identify dose-response relationships between nature exposure and health outcomes [31].

This combination of observational and experimental work has slowly built a body of
evidence on the health benefits of green spaces [32]. A systematic review of reviews shows
particularly strong evidence that contact with natural environments improves emotional
wellbeing and affect [4]. The emerging consensus on the likely health benefits from exposure
to nature has led scholars to call for the inclusion of nature in public health planning [33].

As the benefits of creating new green spaces in cities are increasingly clear, urban
planners are under pressure to provide more green spaces to more people [34,35]. Simul-
taneously, city leaders also feel pressure to increase urban residential density in order to
make housing more affordable and meet sustainability objectives [36–38]. Yet paradoxically,
increasing urban density is likely to add additional pressures to a city’s existing green
infrastructure [35,39]. How might the health benefits associated with green spaces change
as pedestrian density increases? Might the health benefits generated by green spaces be
contingent on how many other users are present?

Of the various mechanisms and pathways by which green spaces may produce health
benefits, the pathway on socialization has received less attention. Until now, scholars have
emphasized that socialization is a key pathway for improved wellness in urban green
spaces [19]. Green spaces provide residents with a place to greet neighbors, feel part of
their community, mitigate loneliness, and reinforce their sense of belonging [19]. On the
other hand, more users in a green space may also reduce the associated benefits related to
fatigue recovery, mood improvement, or stress reduction [29]. These countervailing forces
need quantification to more precisely estimate the health benefits of green spaces in dense
urban environments.

Scholars from the recreation sciences have led efforts to understand the impacts
of crowding on the user experience in parks, protected areas, and hiking trails [40–43].
A subset of this work has examined the user experience in urban green areas [44–47],
largely finding that low use-levels are preferred over high use-levels [44,48]. In urban and
green spaces alike, high human density can cause stress because of stimulus overload [49].
Furthermore, visitor preferences for stress relief in urban parks closely matches preferences
for green areas more generally [48].

This literature relies mostly on choice experiments with digitally calibrated images
that allow users to choose among recreation experiences to estimate preferences and trade-
offs [42,44,48,50,51]. While this body of work has advanced our understanding of user
preferences in green spaces, it samples from a subset of users that self-select themselves
into the green destination. Stated preferences methods also produce hypothetical rather
than actual choices. Lastly, the research subjects in choice experiments are aware that their
choices are being studied. To our knowledge, no research has examined the health impact
of public use-levels using a between subject experimental design in a field setting. In this
study we record changes to mood and affective response produced by increased pedestrian
density in a green street.

The aim of this study was to measure the changes in mood and affective response
produced by increased pedestrian density in a residential green street [52–56]. While previous
work has used other methods to measure the health benefits of exposure to nature, we look at
this question using a field experiment in a real-world setting in which research subjects are
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unaware that they form part of an experiment. Our research design allows us to record the
immediate health impacts of increasing pedestrian density in a public green space.

2. Materials & Methods
2.1. Study Area

We developed a field experiment in a real world setting to study the impact of increased
pedestrian density in a green street. We conducted our experiment in a pedestrianized green
street that traverses a residential community on the southern edge of a university campus in
Vancouver, Canada (Figure 1). The study area has rectangular dimensions: 155 m long and
20 m wide. The green street is closed to vehicular traffic and straddled on both sides by multi-
unit residential buildings, resulting in a quiet and calm pedestrian promenade. The green
street is abundant in vegetation and grass, making it an inviting place for rest, contemplation,
and relaxation. Twelve native maple trees (Acer macrophyllum) provide canopy cover and
shade in the warm summer months. The sound of water from a fountain contributes to a
peaceful environment. Pedestrians may find three public benches that fit three people each
and there is additional seating on a fountain ledge that may seat eight more individuals. This
area offers a space for mixing between residents and the academic community.
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We observed the space prior to our experiment to collect exploratory data on current
conditions and use. We observed an average of 72 users per hour, with most users moving
through the site rather than staying. Approximately 90% of users were pedestrians, of
which 52% walked alone, 35% in pairs, and 12% in groups of three or more. The site is quiet
and calm, with long periods in which no one may be present. We noted more female than
male users. Approximately one quarter of the users are residents, as evidenced by entry
and exit patterns to the residential units adjacent to the green street. These exploratory
observations were not used in the formal analysis, but rather collected to understand
general patterns in use prior to developing the experiment.

2.2. Experimental Design

We designed a between subject field experiment to record the change in mood and
affective response of pedestrians using a green street when increasing the total number of users
in the public space. In particular, we aimed to learn if there might be changes to self-reported
affective response, especially mood and stress. We used a time-randomization procedure to
determine which subjects would be assigned to the treatment or control condition. We used a
block randomization to ensure that the hours assigned to treatment and control conditions
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were balanced by the day of the week and time of day. During the control conditions, no
additional public users were added to the green street. In the hours randomly selected as
the treatment condition, we added between 10 and 16 individuals to the green street. For
this purpose, we recruited students to be confederate public users who rotated between three
activities: (1) walking, (2) quiet staying activity (reading, quiet enjoyment, or using electronics),
and (3) social staying activity (i.e., chatting, playing card games). Three groups of confederates
rotated between each activity, ensuring that all activities were taking place simultaneously.
They followed strict protocols and guidelines to avoid bringing attention to themselves or
revealing that they were part of an experiment. The age, gender, and racial composition of the
confederates reflected what is found in the university community as they were predominately
female (61%), White (45%), and Asian (42%).

We collected survey responses from pedestrians walking through the green street from
10:00 to 16:00 h from Monday to Friday during a three-week period in August 2018. We
obtained written consent from survey respondents to participate in the research. Half of the
90 h of data collection were randomly devoted to the treatment conditions and half to the
control condition. We collected word descriptors by asking respondents to share two words
that described the place. Collecting word descriptors aimed to capture how the addition of
public users might alter perceptions of the green street. The word descriptors were grouped
by core meaning and analyzed with the Poisson regression and Chi-squared tests.

For each survey respondent, we collected the age, gender, university affiliation and
the frequency in which they visited the green street (often, occasionally, rarely, never).
We hypothesized that frequent visitors, (i.e., neighbours), would be most sensitive to the
experimental treatment.

Finally, we recorded the affective response with Likert scored statements: today I am
in a good mood (mood); today I feel a bit stressed (stress); today this is an ideal place
to relax (relax); today this place makes me feel peaceful (peaceful); each statement was
scored from 1 to 7. We compared scores for treatment and control responses using an
ordered Logit model with clustered standard errors. As a between subject design, we
are interested in comparing the responses of those who responded to the survey in the
pedestrian treatment condition to those who responded in the control condition. Therefore,
we are particularly interested in the coefficient on treatment in the ordered logit model that
predicts the affective response obtained in the surveys. We employ STATA as our statistical
software to perform the analyses. Our pre-analysis plan was deposited in the study registry
managed by Evidence in Governance and Politics (20180810AA) before data collection,
and we received approval from the Behavioural Research Ethics Board of the University of
British Columbia (H18-01446).

3. Results

We obtained 506 survey responses during the three-week period, of which 252 surveys
were in the control condition and 254 surveys in the treatment condition (Supplementary
Material Table S1. We observe comparable groups with similar characteristics by age,
gender, university affiliation, and frequency of visit (Supplementary Material Table S2).

We find experimental evidence that self-reported mood and affective response de-
creases with more people present in the green street. The impact of the pedestrian treatment
on self-reported wellbeing is particularly strong among women. Mood and affective re-
sponse are higher when users enjoy the green street in relative solitude.

Increasing users in the public realm made pedestrians more likely to describe the
space as green, welcoming, and shaded, but less likely to describe the place as peaceful, open,
or inspirational. More generally, when public users are added, we observe a shift in word
descriptors from peaceful to green, and this is consistent for both genders. In other words,
with more people, the place became less peaceful, and the green condition became more
salient. While this shift makes intuitive sense, the differences in word descriptors between
the treatment and control groups are not statistically significant in a Chi-Squared test or
Poisson regression.
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Our core results concern the changes in self-reported wellbeing with the increased
number of public users in the green street. To identify these changes, we examine the coeffi-
cients on treatment in our ordered logit model. We find significant and consistent effects on
mood, in which a higher pedestrian density reduces mood in all models (Supplementary
Material Table S3). Those surveyed in the green street without the additional public users
report being in a better mood. These results are significant in aggregate but are particularly
strong among women (Table 1). The effect on women is highly significant (p < 0.001), while
the coefficient on mood for men is similarly negative but not significant. As a result, the
total pedestrian effect on mood is driven by a large effect among women. At the same time,
the negative effect on mood is consistent across users, regardless if they visited the site often,
occasionally, rarely, or never.

Table 1. Changes in self-reported affective experience produced by the increased number of public
users in a green street, by gender and frequency of visit.

Gender Frequency of Visits

Outcome All Female Male Often Occasionally Rarely Never

Variables (1) (2) (3) (4) (5) (6) (7)

Mood −0.493 ** −0.867 *** −0.192 −0.529 * −0.447 −2.053 * −0.596
(0.190) (0.212) (0.378) (0.234) (0.566) (1.036) (0.468)

Stress 0.255 0.080 0.556 0.717 ** −1.102 −0.117 0.001
(0.184) (0.237) (0.431) (0.208) (0.646) (1.012) 0.000

Relax −0.420 *** −0.521 ** −0.293 −0.211 −0.750 −0.853 −0.600
(0.094) (0.184) (0.172) (0.308) (0.647) (1.202) (1.290)

Peaceful −0.059 −0.340 0.156 −0.301 0.607 −0.627 −0.271
(0.131) (0.311) (0.230) (0.425) (0.392) (1.163) (0.634)

Observations 506 244 262 224 104 61 114

Legend: * p < 0.05; ** p < 0.01; *** p < 0.001. Standard errors in parentheses.

More public users also increase levels of self-reported stress; however, these effects are
only statistically significant among users who visit the site often, such as neighbours. This
increase in stress among frequent visitors is consistent with our original hypothesis, since we
expect neighbours to be more uneasy about increased public users in their neighbourhood.

We also find that more public users in the green street make people less likely to
describe the green street as a place to relax. These results are consistent across gender and
frequency of visit. As with mood, we find important gender differences in which women
are again more sensitive than men to the increased number of public users. Finally, and as
expected, pedestrians are less likely to feel peaceful under treatment conditions, however
these results are not significant.

4. Discussion

We show that increasing the number of people using an urban green space will impact
mood and affective response. In general, it appears that green spaces may have a calming
effect on individuals in the absence of high levels of public use. In particular, increasing
public users in green spaces dampens mood, especially among women. We provide novel
experimental evidence on the impact of public use on the affective experience in urban green
spaces. We build off of past work that has largely relied on other research methods [44–46].

While the experimental design allows us to generate unbiased estimates on the effect
of increasing public users in a green space, our study has several limitations. We record
only immediate changes to mood and affective response rather than any long-term effect.
It is also unclear how our results might vary at night or in other spaces, cities, or cultures.
Our results are most transferable to urban green streets, especially in residential settings
that are perceived to be safe. Urban green spaces that are vastly different than our study
site or are perceived to be unsafe might produce different findings.
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A follow up study could improve on our research design by using a validated tool to
measure mood and stress. Our use of simple and unambiguous agree/disagree statements
provides a fast way of capturing mood and stress, but more sophisticated measures could
also be used. Examples of sophisticated or objective measures of stress include blood mark-
ers, heart rate, oxygen consumption [57], cortisol levels [30,57,58], and arterial pressure [58].
Other studies use mental workload tasks to generate fatigue, and stress and identify their
effects on performance [59,60]. Interestingly, the evidence of how subjective and objective
measures of mood and stress compare is still inconclusive [57,61–63].

Our results are relevant for scholars who aim to understand the causal mechanisms
and pathways by which green spaces provide health benefits [2,3,18,21,64]. In particular,
our results speak to those who have put forward social life as a critical pathway for
improved health benefits associated with green spaces [18,64,65]. While social interaction
may benefit many green space users, we illustrate the trade-offs associated with increasing
public users to green spaces. For many, the absence of people may assist in generating
health benefits, including improvements in mood, affect, and stress recovery. Our study
only narrowly measures the impact of adding public users on mood and affective response,
without accounting for the other potential benefits produced if users knew one another
or socialized. Therefore, it is unclear how the benefits associated with socialization may
compensate for negative impacts found here. More assumptions and a different research
design would be needed to quantify all of the trade-offs and changes in affective response
associated with increasing more users in green spaces.

While researchers have made progress on assessing the quality of green spaces [65],
and others have emphasized the need to pick apart the dimensions of green spaces that
are connected to mental health [66], the pandemic invites us to reconsider the total use or
carrying capacity of green spaces as a moderator that may impact mood, stress, and other
measures of wellbeing. We see a need to incorporate total public use in models that aim to
estimate the health benefits of green spaces. We speculate that green spaces might have an
implicit carrying capacity of users [67], or a critical threshold, above which health benefits
are produced and below which the generated health benefits might be much smaller.

At the same time, our results are consistent with observational studies and framed
field experiments that show a strong association between access to green spaces and health.
We build on this literature by providing experimental evidence of how self-reported mood
and other wellbeing indicators might change in green spaces with high levels of public use.
Our results on mood are consistent with a systematic review of the public health evidence
of exposure to natural environments, which found the strongest evidence for the reduction
of negative emotions [4].

The results from our experiment also underscore the importance of the social context
of green spaces. Our findings reinforce the idea that green spaces are socially embedded
in cities. As a result, the health benefits produced are not merely a function of their urban
design or landscaping, but also conditional on social context and relations [68], which may
have heterogeneous spatial distributions [69]. Therefore, research studying the impact of
green spaces on wellbeing should account for the number of users in these spaces and their
relationships to each other. Planners would be well served by promoting a diversity of
green spaces to distribute users and prevent overcrowding.

5. Conclusions

We aimed to learn how the social context of an urban green space might impact self-
reported levels of stress and mood. We developed a novel field experiment using a between
subject design in a real-world setting in which research subjects are unaware that they form
part of an experiment. We find inequities by gender, in which women are more sensitive
than men to the increased pedestrian density in green spaces. This research contributes
additional evidence to the idea that greener cities are also healthier cities, but that the
benefits may not be equally shared between women and men and will depend on the social
context of use.



Int. J. Environ. Res. Public Health 2023, 20, 1219 7 of 10

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ijerph20021219/s1, Table S1: Mean results in treatment and
control conditions (SD); Table S2: Covariate balance of full sample; Table S3: Robustness checks of
ordered logit models.

Author Contributions: J.H.-R. conceived the research, O.Z. collected data, J.H.-R. and O.Z. analyzed
the data and prepared the manuscript. All authors have read and agreed to the published version of
the manuscript.

Funding: This research has been supported by the Social Sciences and Humanities Research Council
of Canada under grant SSHRC 430-2017-0072, the Ramón y Cajal Fellowship (RyC-2019-027279-I)
and the Spanish Ministry of Science, Innovation and Universities through the “María de Maeztu”
program for Units of Excellence (CEX2019-000940-M).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Behavioural Research Ethics Board of the University of British
Columbia (H18-01446) for studies involving humans.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated during and/or analysed during the current
study are available from the corresponding author on reasonable request.

Acknowledgments: J.H.-R. is grateful to I. Anguelovski and M. Nieuwenhuijsen for hosting a re-
search sabbatical at the Barcelona Lab for Urban Environmental Justice and Sustainability (BCNUEJ)
and ISGlobal in Barcelona during the 2019–2020 academic year. The manuscript benefited from feed-
back from colleagues at the School of Community and Regional Planning, Campus and Community
Planning at the University of British Columbia, the BCNUEJ, ISGlobal and M. Gascon. The authors
are grateful to our pedestrians confederates: T. Boe, W. Chan, L. Chow, G. Deng, S. Harvey, J. Kew,
R. Kirkland, K. Iseminger, E. LaRocque, U. Lin, G. Lloyd, B. Marchetti, J. Mayaud, M. McBurnie, F.
Melgarejo, X. Meng, C. Nesbitt, M. Nosten, A. Orban, A. Ouko, A. Parragué, C. Popovich, J. Ranson,
R. Reynolds, L. Siu, S. van Stavel, S. Yang, S.J. Yeo, C. Yeung, L. Zhang, and S. Zhou.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Kondo, M.C.; South, E.C.; Branas, C.C. Nature-Based Strategies for Improving Urban Health and Safety. J. Urban Health 2015, 92,

800–814. [CrossRef] [PubMed]
2. Shanahan, D.F.; Lin, B.B.; Bush, R.; Gaston, K.J.; Dean, J.H.; Barber, E.; Fuller, R.A. Toward improved public health outcomes from

urban nature. Am. J. Public Health 2015, 105, 470–477. [CrossRef] [PubMed]
3. Hartig, T.; Mitchell, R.; de Vries, S.; Frumkin, H. Nature and Health. Annu. Rev. Public Health 2014, 35, 207–228. [CrossRef]

[PubMed]
4. van den Bosch, M.; Sang, O. Urban natural environments as nature-based solutions for improved public health—A systematic

review of reviews. Environ. Res. 2017, 158, 373–384. [CrossRef]
5. Gascon, M.; Triguero-Mas, M.; Martínez, D.; Dadvand, P.; Forns, J.; Plasència, A.; Nieuwenhuijsen, M.J. Mental health benefits

of long-term exposure to residential green and blue spaces: A systematic review. Int. J. Environ. Res. Public Health 2015, 12,
4354–4379. [CrossRef]

6. Samuelsson, K.; Barthel, S.; Colding, J.; Vetenskapsakademien, K.; Giusti, M. Urban Nature as a Source of Resilience during
Social Distancing Amidst the Coronavirus Pandemic. Research Gate. 2020. Available online: https://www.researchgate.
net/publication/340686731_Urban_nature_as_a_source_of_resilience_during_social_distancing_amidst_the_coronavirus_
pandemic (accessed on 13 May 2020).

7. Honey-Rosés, J.; Anguelovski, I.; Chireh, V.K.; Daher, C.; Konijnendijk van den Bosch, C.; Litt, J.S.; Mawani, V.; McCall, M.K.;
Orellana, A.; Oscilowicz, E.; et al. The impact of COVID-19 on public space: An early review of the emerging questions—Design,
perceptions and inequities. Cities Health 2020, 5, S263–S279. [CrossRef]

8. Venter, Z.; Barton, D.; Gundersen, V.; Figari, H.; Nowell, M. Urban nature in a time of crisis: Recreational use of green space
increases during the COVID-19 outbreak in Oslo, Norway. Environ. Res. Lett. 2020, 15, 104075. [CrossRef]

9. Badger, E. Density Is Normally Good for Us. That Will Be True after Coronavirus, Too. The New York Times, 24 March 2020.
10. Hamidi, S.; Sabouri, S.; Ewing, R. Does Density Aggravate the COVID-19 Pandemic? Early findings and lessons for planners.

J. Am. Plan. Assoc. 2020, 86, 495–509. [CrossRef]
11. de Vries, S.; Verheij, R.A.; Groenewegen, P.P.; Spreeuwenberg, P. Natural environments—Healthy environments? An exploratory

analysis of the relationship between greenspace and health. Environ. Plan A 2003, 35, 1717–1731. [CrossRef]

https://www.mdpi.com/article/10.3390/ijerph20021219/s1
https://www.mdpi.com/article/10.3390/ijerph20021219/s1
http://doi.org/10.1007/s11524-015-9983-y
http://www.ncbi.nlm.nih.gov/pubmed/26275455
http://doi.org/10.2105/AJPH.2014.302324
http://www.ncbi.nlm.nih.gov/pubmed/25602866
http://doi.org/10.1146/annurev-publhealth-032013-182443
http://www.ncbi.nlm.nih.gov/pubmed/24387090
http://doi.org/10.1016/j.envres.2017.05.040
http://doi.org/10.3390/ijerph120404354
https://www.researchgate.net/publication/340686731_Urban_nature_as_a_source_of_resilience_during_social_distancing_amidst_the_coronavirus_pandemic
https://www.researchgate.net/publication/340686731_Urban_nature_as_a_source_of_resilience_during_social_distancing_amidst_the_coronavirus_pandemic
https://www.researchgate.net/publication/340686731_Urban_nature_as_a_source_of_resilience_during_social_distancing_amidst_the_coronavirus_pandemic
http://doi.org/10.1080/23748834.2020.1780074
http://doi.org/10.1088/1748-9326/abb396
http://doi.org/10.1080/01944363.2020.1777891
http://doi.org/10.1068/a35111


Int. J. Environ. Res. Public Health 2023, 20, 1219 8 of 10

12. Nieuwenhuijsen, M.J. Urban and transport planning pathways to carbon neutral, liveable and healthy cities; A review of the
current evidence. Environ Int. 2020, 40, 105661. [CrossRef]

13. Hartig, T.; Evans, G.W.; Jamner, L.D.; Davis, D.S.; Gärling, T. Tracking restoration in natural and urban field settings. J. Environ.
Psychol. 2003, 23, 109–123. [CrossRef]

14. Nieuwenhuijsen, M.J.; Gascon, M.; Martinez, D.; Ponjoan, A.; Blanch, J.; Garcia-Gil, M.D.M.; Ramos, R.; Foraster, M.; Mueller, N.;
Espinosa, A.; et al. Air Pollution, Noise, Blue Space, and Green Space and Premature Mortality in Barcelona: A Mega Cohort. Int.
J. Environ. Res. Public Health 2018, 15, 2405. [CrossRef]

15. Dadvand, P.; Nieuwenhuijsen, M.J.; Esnaola, M.; Forns, J.; Basagaña, X.; Alvarez-Pedrerol, M.; Rivas, I.; López-Vicente, M.; De
Castro Pascual, M.; Su, J.; et al. Green spaces and cognitive development in primary schoolchildren. Proc. Natl. Acad. Sci. USA
2015, 112, 7937–7942. [CrossRef]

16. Forns, J.; Dadvand, P.; Foraster, M.; Alvarez-Pedrerol, M.; Rivas, I.; López-Vicente, M.; Suades-Gonzalez, E.; Garcia-Esteban, R.;
Esnaola, M.; Cirach, M.; et al. Traffic-Related air pollution, noise at school, and behavioral problems in barcelona schoolchildren:
A cross-sectional study. Environ. Health Perspect. 2016, 124, 529–535. [CrossRef]

17. Sugiyama, T.; Leslie, E.; Giles-Corti, B.; Owen, N. Associations of neighbourhood greenness with physical and mental health: Do
walking, social coherence and local social interaction explain the relationships? J. Epidemiol. Community Health 2008, 62, 6–11.
[CrossRef]

18. De Vries, S.; van Dillen, S.M.; Groenewegen, P.P.; Spreeuwenberg, P. Streetscape greenery and health: Stress, social cohesion and
physical activity as mediators. Soc. Sci. Med. 2013, 94, 26–33. [CrossRef]

19. Jennings, V.; Bamkole, O. The relationship between social cohesion and urban green space: An avenue for health promotion. Int.
J. Environ. Res. Public Health 2019, 16, 452. [CrossRef]

20. Maas, J.; Verheij, R.A.; Groenewegen, P.P.; De Vries, S.; Spreeuwenberg, P. Green space, urbanity, and health: How strong is the
relation? J. Epidemiol. Community Health 2006, 60, 587–592. [CrossRef]

21. Kruize, H.; van Kamp, I.; van den Berg, M.; van Kempen, E.; Wendel-Vos, W.; Ruijsbroek, A.; Swart, W.; Maas, J.; Gidlow, C.;
Smith, G.; et al. Exploring mechanisms underlying the relationship between the natural outdoor environment and health and
well-being—Results from the PHENOTYPE project. Environ. Int. 2020, 134, 105173. [CrossRef]

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

23. Rojas-Rueda, D.; Nieuwenhuijsen, M.J.; Gascon, M.; Perez-Leon, D.; Mudu, P. Green spaces and mortality: A systematic review
and meta-analysis of cohort studies. Lancet Planet Health 2019, 3, e469–e477. [CrossRef] [PubMed]

24. Ward Thompson, C.; Roe, J.; Aspinall, P.; Mitchell, R.; Clow, A.; Miller, D. More green space is linked to less stress in deprived
communities: Evidence from salivary cortisol patterns. Landsc. Urban Plan. 2012, 105, 221–229. [CrossRef]

25. 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. [CrossRef]
[PubMed]

26. Triguero-Mas, M.; Gidlow, C.J.; Martínez, D.; De Bont, J.; Carrasco-Turigas, G.; Martínez-Íñiguez, T.; Hurst, G.; Masterson, D.;
Donaire-Gonzalez, D.; Seto, E.; et al. The effect of randomised exposure to different types of natural outdoor environments
compared to exposure to an urban environment on people with indications of psychological distress in Catalonia. PLoS ONE
2017, 12, e0172200. [CrossRef] [PubMed]

27. Bratman, G.N.; Daily, G.C.; Levy, B.J.; Gross, J.J. The benefits of nature experience: Improved affect and cognition. Landsc. Urban
Plan 2015, 138, 41–50. [CrossRef]

28. Gidlow, C.J.; Jones, M.V.; Hurst, G.; Masterson, D.; Clark-Carter, D.; Tarvainen, M.P.; Smith, G.; Nieuwenhuijsen, M. Where to put
your best foot forward: Psycho-physiological responses to walking in natural and urban environments. J. Environ. Psychol. 2016,
45, 22–29. [CrossRef]

29. Van den Berg, A.E.; Jorgensen, A.; Wilson, E.R. Evaluating restoration in urban green spaces: Does setting type make a difference?
Landsc. Urban Plan. 2014, 127, 173–181. [CrossRef]

30. Tyrväinen, L.; Ojala, A.; Korpela, K.; Lanki, T.; Tsunetsugu, Y.; Kagawa, T. The influence of urban green environments on stress
relief measures: A field experiment. J. Environ. Psychol. 2014, 38, 1–9. [CrossRef]

31. Jiang, B.; Chang, C.Y.; Sullivan, W.C. A dose of nature: Tree cover, stress reduction, and gender differences. Landsc. Urban Plan.
2014, 132, 26–36. [CrossRef]

32. WHO. Urban Green Spaces and Health: A Review of the Evidence; WHO Regional Office for Europe: Copenhagen, Denmark, 2016.
33. van den Bosch, M.; Nieuwenhuijsen, M. No time to lose—Green the cities now. Environ Int. 2017, 99, 343–350.
34. Beatley, T. Biophilic Cities: Integrating Nature into Urban Design and Planning; Island Press: Washington, DC, USA, 2011.
35. Russo, A.; Cirella, G.T. Modern compact cities: How much greenery do we need? Int. J. Environ. Res. Public Health 2018, 15, 2180.

[CrossRef]
36. Gabbe, C.J. Local regulatory responses during a regional housing shortage: An analysis of rezonings in Silicon Valley. Land Use

Policy 2019, 80, 79–87. [CrossRef]
37. Holder, S.; Capps, K. The Push for Denser Zoning Is Here to Stay [Internet]. City Lab. 2019. Available online: https://www.citylab.com/

equity/2019/05/residential-zoning-affordable-housing-upzoning-real-estate/588310/ (accessed on 11 February 2020).
38. Manville, M.; Monkkonen, P.; Lens, M. It’s Time to End Single-Family Zoning. J. Am. Plan. Assoc. 2019, 86, 106–112. [CrossRef]

http://doi.org/10.1016/j.envint.2020.105661
http://doi.org/10.1016/S0272-4944(02)00109-3
http://doi.org/10.3390/ijerph15112405
http://doi.org/10.1073/pnas.1503402112
http://doi.org/10.1289/ehp.1409449
http://doi.org/10.1136/jech.2007.064287
http://doi.org/10.1016/j.socscimed.2013.06.030
http://doi.org/10.3390/ijerph16030452
http://doi.org/10.1136/jech.2005.043125
http://doi.org/10.1016/j.envint.2019.105173
http://doi.org/10.1136/jech.56.12.913
http://doi.org/10.1016/S2542-5196(19)30215-3
http://www.ncbi.nlm.nih.gov/pubmed/31777338
http://doi.org/10.1016/j.landurbplan.2011.12.015
http://doi.org/10.3390/ijerph10094086
http://www.ncbi.nlm.nih.gov/pubmed/24002726
http://doi.org/10.1371/journal.pone.0172200
http://www.ncbi.nlm.nih.gov/pubmed/28248974
http://doi.org/10.1016/j.landurbplan.2015.02.005
http://doi.org/10.1016/j.jenvp.2015.11.003
http://doi.org/10.1016/j.landurbplan.2014.04.012
http://doi.org/10.1016/j.jenvp.2013.12.005
http://doi.org/10.1016/j.landurbplan.2014.08.005
http://doi.org/10.3390/ijerph15102180
http://doi.org/10.1016/j.landusepol.2018.09.035
https://www.citylab.com/equity/2019/05/residential-zoning-affordable-housing-upzoning-real-estate/588310/
https://www.citylab.com/equity/2019/05/residential-zoning-affordable-housing-upzoning-real-estate/588310/
http://doi.org/10.1080/01944363.2019.1651216


Int. J. Environ. Res. Public Health 2023, 20, 1219 9 of 10

39. Haaland, C.; van den Bosch, C.K.; Konijnendijk van den Bosch, C. Challenges and strategies for urban green-space planning in
cities undergoing densification: A review. Urban Urban Green. 2015, 14, 760–771. [CrossRef]

40. Arnberger, A.; Haider, W. Would You Displace? It Depends! A Multivariate Visual Approach to Intended Displacement from an
Urban Forest Trail. J. Leis. Res. 2007, 39, 345–365. [CrossRef]

41. Manning, R.E. How Much is Too Much? Carrying Capacity of National Parks and Protected Areas. In Monitoring and Management
of Visitor Flows in Recreational and Protected Areas; Arnberger, A., Brandenburg, C., Muhar, A., Eds.; Conference Proceedings:
Vienna, Austria, 2002; pp. 306–313.

42. Kohlhardt, R.; Honey-Rosés, J.; Fernandez Lozada, S.; Haider, W.; Stevens, M. Is this trail too crowded? A choice experiment to
evaluate tradeoffs and preferences of park visitors in Garibaldi Park, British Columbia. J. Environ. Plan. Manag. 2018, 61, 1–24.
[CrossRef]

43. Manning, R.E. Crowding and Carrying Capacity in Outdoor Recreation: From Normative Standards to Standards of Quality. In
Leisure Studies: Prospects for the Twenty-First Century; Venture Publishing: Andover, MA, USA, 1999; pp. 323–334.
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