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mitigating impacts of extreme
heat events on depression and
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Background: Residential green spaces (RGS) are a crucial aspect of urban life,
which provide residents with a positive living environment both for mental and
physical well-being. However, extreme heat events caused by global warming
and local urban heat island effects are threatening the public health of rapidly
growing populations. This is especially true for mental health. Depression is a
mental illness that can be impacted by extreme heat events, i.e., heatwaves.

Objective: This study aimed to investigate the potential for residential green
spaces (RGS) to alleviate depression by reducing heat stress sensitivity during
extreme heat events.

Methods: We conducted a literature review using scientometric analysis with
CiteSpace to summarize existing research on the relationships between RGS,
depression, and heatwaves. We proposed a conceptual framework for the
relationship between RGS and depression, and that extreme heat events may
be an important contributor to depression.

Results: Our review found that RGS can provide ecosystem services that
lower ambient temperatures through evaporative cooling, radiation reflection,
humidity requlation, and shading. Different types of RGS, i.e., small green spaces,
green roofs, green walls, and street trees, have varying cooling capacities. The
mechanisms by which RGS alleviate depression during heatwaves involve green
space composition, exposure, physical activity, social contacts, and cohesion.
And we proposed a conceptual framework for the relationship between RGS and
depression, and that extreme heat events may be an important contributor to
depression.

Conclusion: We present a multidimensional RGS evaluation roadmap to inform
green space design for reducing depression during heatwaves. Establishing RGS
multidimensional evaluation can guide future research on leveraging RGS to build
resilience against extreme heat and improve public mental health.

KEYWORDS

climate warming, mental illness, influence mechanisms, CiteSpace, residential
greenness
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H |g h l.lg hts are expected to increase significantly in in the near future (5). The year
2022 was the second warmest on record in Europe, and in 2023, Asia
had its hottest summer on record (6). This exposure to extreme heat

o Plants provide photosynthesis for urban ecosystems; their  events has tripled in recent decades, posing a significant threat to
transpiration cooling effect can regulate the local environment ~ human health, social and economic development, and
temperature through an evaporative process and filter air  ecological security.
pollutants through phytoremediation, purifying the environment. Extreme heat events caused by climate change are a fatal hazard

o Extreme heat episodes pose a salient risk to the well-being  that affects global public health (7). Extreme heat events affect human
resulting in factors in depression. well-being in urban and rural areas through heat stress that

o RGS can alleviate the impact of heat waves on mental health ~ accompanies physical, psychosomatic, and mental health symptoms
through climate improvement, overcoming emotional barriers, by upsetting the homeostatic thermal balance of human bodies (8).
and interacting with green Spaces. The symptoms include pain in sensory organs, illnesses related to heat,

« RGS provides ecosystem services for reducing extreme heatwaves’  fatigue, anxiety, somatic complaints, and symptoms associated with
impact on depression. depression and cardiorespiratory issues (9). Barbosa et al. (10)

A conceptual framework of RGS cooling mechanisms and  demonstrated through embodied processes that mood is closely
depression alleviation during periods of extreme heat events is  related to temperature, and exposure to heat waves negatively affects
put forth. depression (11, 12). Specifically, it has direct and indirect effects (13).
Some direct results include rising extreme temperatures leading to
summer seasonal depression, also known as seasonal affective disorder
(SAD). These cases of SAD are becoming more numerous and
1 Introduction pronounced. Patients may find themselves experiencing symptoms
such as insomnia, weight loss, and loss of appetite (14), and in severe
Global warming is an urgent environmental threat facing  cases, even heat-related death (15). Indirect effects include impaired
humanity and it has a massive impact on ecosystems by sharply = mood after heat-related disasters (16) and reduced spending on health
increasing atmospheric temperatures across the globe. Anthropogenic  infrastructure (12). The World Health Organization (17) estimated
greenhouse gas emission increase and massive use of reflective  that 4.4% of the global population was affected by depression in 2017;
materials in the construction of urban landscapes have led to urban ~ Ukraine, the United States, and Estonia were listed as the top three
heat island effects which exacerbate summer heatwaves in mid-low  countries with the highest rates of depression globally (Figure 1).
latitude urban areas (1-3). Rapid urbanization further changes the =~ Although the factors that contribute to depression have been
surface energy balance and results in further temperature rise in urban  extensively studied globally (especially in the field of psychological
areas (4). Extreme weather events have already been severe  research). The association of extreme weather events to residential
environmental disturbances to cause devastation across every  green spaces (RGS) environment research causes a new mix of mental
continent for the past decades, and the events’ intensity and duration ~ health risks that has not been thoroughly investigated.

No data 0% 1% 2% 3% 4% 5% 6% 7% 8%
ez I [ |
Source: IHME, Global Burden of Disease (2019) OurWorldInData.org/mental-health « CC BY

FIGURE 1

The global distribution of the population with depression, 2019. Each country is represented by a different color on the map, indicating the prevalence
of depression. Lighter shades indicate a lower percentage of people with depression, while darker shades indicate a higher rate. (Source: https://
ourworldindata.org/grapher/share-with-depression).
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Extensive research has shown that heat waves can have a negative
effect on mood. Research results suggest that providing adequate
green space and a more natural environment can help alleviate
depression in such situations (18). We mention in this article that
green spaces can be defined as any vegetated areas in urban
environments consisting of trees, shrubs, grasses, vegetables, and
ornamental plants. For this study, we define green spaces as parks,
gardens, urban forests, greenways, community greens, and any other
open spaces with abundant vegetation accessible to residents. Both
public and private vegetated areas are included if they provide
opportunities for passive recreation, relaxation, social connections,
and other health benefits (19). However, residential green
environmental exposure is considered an effective upstream urban
intervention aimed at reducing the public health burden of mental
disorders (20). Residential Green Space (RGS) refers to areas covered
with vegetation utilized for passive or active recreation and positively
impacting the urban environment, even if its impact is indirect. RGSs
are easily accessible to residents and serve various needs, ultimately
enhancing the overall quality of residential urban life. Exposure to and
access to RGS are associated with lower levels of depression and
overall mental health problems. Therefore, by creating better
availability and proximity of green spaces is an effective strategy for
improving mental health. Given the challenges posed by climate
change, the direct and indirect cooling effects of RGS enhance people’s
resistance to high temperatures and can significantly contribute to
reducing depression and strengthening mental wellness health. In
addition, RGS can improve social cohesion, safety, and other perceived
social benefits for all users (21).

In summary, we summarize the evidence that extreme heat
exacerbates depression through various physiological, psychological,
and social pathways. Building on this, research on “extreme heat
events,” “depression disorders;” and “RGS The current state of research
suggests that access to residential green space is associated with lower
levels of depression and improved mental health. In studying how
RGS benefits human health under different conditions, it is critical to
understand the potential of green space to alleviate depression by
reducing heat stress sensitivity. This study used scientific bibliometrics
tools to explore the positive effects of RGS on residents’ depression
under heatwave environments, and a possible mechanism of RGS is
put forward as a conceptual framework of the relationship between
RGS and depression in urban heatwave environment. The framework
allows for a multidisciplinary approach to show the relationship
between depression and green space and suggests an optimized
research path. The findings will inform urban planning and policy to
incorporate residential green spaces as a strategy for building thermal-
resilient and mentally healthy cities. More broadly, elucidating the
mechanisms by which natural environments may confer mental health
benefits under climate stress provides an ecological justification for
conserving and designing biophilic spaces. This work contextualizes
green infrastructure as an adaptive response to global warming within
the framework of ecological public health.

2 Literature publication trends and
analysis

To conduct a comprehensive literature review, we searched the
Web of Science (WOS) (Clarivate, United States) Core Collection
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database for 2013-2023 using targeted keywords related to residential
green spaces, depression, and extreme heat events. Specifically,
we used the following search string in WOS topic fields: (“residential
green space*” OR “urban green space*” OR “neighborhood green
space*”) AND (depression* OR mood OR mental health) AND (“heat
wave*” OR “heatwave” OR “extreme heat”). We focused our search on
peer-reviewed journal articles and proceeding papers published from
2000 to 2023. After adjusting the search string through several

» <«

iterations, we retrieved papers categorized as “Article,” “Proceeding
Paper;,” or “Review” in order to cover the full scope of research at the
intersection of residential green spaces, mental health, and
extreme heat.

We leverage the bibliometric mapping capabilities of WOS, which
are utilized for visualization and analysis of research trends over time,
geographic distribution of publications, and subject areas covered.
This allowed us to identify knowledge clusters and gaps to be addressed
in this emerging field. According to the geographical distribution of
global literature presented in Figure 2, the United States has published
the highest number of articles in this field, accounting for 30.95% of
the total. China and England followed closely, accounting for 22.02
and 18.45%, respectively. The Netherlands, Australia, Europe, and
Canada also have significant contributions. Based on the number of
publications and trends shown in Figure 3 that began to appear in
2000, There has been an overall trend of continuous growth since 2013
which has increased significantly in 2018. Subject distribution, public
environment, and occupational health are the most published subjects.

The analysis results of the ability of CiteSpace to generate
bibliometric maps show that the research mainly focuses on ecological
environment, mental health, landscape evaluation, sports activities,
social cohesion, social isolation and other aspects. Overall, the
research topics focused on “Landscape evaluation from a public health
perspective” and “Mental health mechanisms.” Given the accelerating
effects of extreme weather events on mental health, there is still a
knowledge conflict gap in the study of the impacts of green space on
depression. Therefore, studies should integrate the relationship
between RGS, extreme heat events, and depression. Overall, our
search strategy and reliance on the bibliometric capabilities of WOS
ensured a systematic, comprehensive literature review to inform the
conceptual framework proposed later in this paper. The visualization
of publication volumes, geography, and disciplines provides helpful
context for interpreting the review findings.

3 Literature synthesis

3.1 Extreme heat events (heatwaves) and
depression: a relationship review

Before examining the relationship between extreme heat events
(heatwaves) and depression, it is necessary to define the research
scope of heatwaves and depression. First, the basic definition of
extreme heat events relates to a prolonged heat period of unusually
high-temperature levels associated with global warming, which leads
to temporary changes in people’s lifestyle and result in adverse health
outcomes for the impacted populations. The definition of an extreme
heat event or heatwave varies across studies, but generally refers to a
prolonged period of abnormally and uncomfortably hot weather that
can negatively impact health (5, 22). We focused on heatwave
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Global distribution of literature results was retrieved from 2000 to 2023.
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FIGURE 3

Subject areas and year distribution of the literature. The lower X-axis represents different disciplines, the left Y-axis represents the number of
publications, and the light gray bar represents the number of publications related to each discipline from 2000 to 2022. The top X-axis is the year, the
right Y-axis is the number of publications, and the dark gray bar is the annual number of publications from 2000 to 2022.

definitions based on absolute temperature thresholds because such
fixed criteria allow for comparison across different climate regions.
Currently, Tuholske et al. (23) have developed a method for defining
heat waves and heat index (HI) using the formula WBGT,,,,>30°C as
a conservative threshold for extreme heat exposure based on the
United States National Weather Service’s definition of overheating
warnings. This may be adjusted for urban settlement exposure. It is
suitable for assessing the impact of a person’s total heat exposure
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during a working day (up to 8h) and for evaluating indoor and
outdoor occupational environments as well as other environments.
This 30°C WBGT,,, threshold (24) is suitable for assessing total heat
exposure during daylight hours and across different environments.
We chose this definition because it is tailored to evaluating heat
impacts on human health and occupational activities, which aligns
with our focus on the public health implications of heatwaves (25).
Standardizing heatwave definitions allows for consistency in research
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on health outcomes like depression. We selected recognized absolute
temperature criteria to enable generalization and integration of
findings across geographic regions with different climates. This can
help advance understanding of heat-health relationships globally.
Then, the World Health Organization defines depression as a
mental disorder characterized by long-term sadness, low mood, or
a lack of interest or pleasure in activities (26). Depression is caused
by social, psychological, and biological factors, and those who have
faced adverse life events or disasters are more vulnerable to
developing it. Conversely, depression can exacerbate stress levels and
functional impairments further aggravating the patient’s living
conditions and depression (14). By defining extreme heat events, it
can ensure that researchers use the same definitions and standards
making the research results more reliable and comparable.
Furthermore, defining depression can help researchers determine
whether study participants meet the clinical diagnostic criteria for
depression avoiding misdiagnosis related to mood disorders other
than depression. Ding et al. (27) examined effects of extreme heat
events on mental health in Australia. That research focused on the
response relationship between extreme heat events and mental
illness (anxiety and depression) (28-30). This included the diagnosis
rate of depression (31), mortality rate (32), etc. Furthermore, some
studies have found a positive association between extreme heat
events and depression. A possible explanation for this may be that
heat stress disrupting thermoregulatory mechanisms causes
physiological changes in the body, such as dehydration and
electrolyte imbalances, that affect mood and cognitive function (33)
and can disrupt sleep (34), a known risk factor for depression (35).
In addition, extreme heat events leading the pressure to depression
can significantly have impacts on social and economic aspects. For
example, extreme heat can lead to reduced work efficiency, which
can lead to financial hardship and unemployment. Thus, extreme
heat events have substantial societal costs of lost productivity. For

10.3389/fpubh.2023.1310410

example, 295 billion work hours were lost in the year 2020 worldwide
(about 88 work hours per employed individual), due to extreme heat
events exposure (36). This results in stress and anxiety, known risk
factors for depression (26).

The potential correlation between extreme heat events and
depression is complex and not fully understood. However, some key
evidence indicates heatwaves can negatively impact mental health
(37). For instance, studies have shown associations between high
temperatures and increased emergency room visits for mental
illnesses, including mood and anxiety disorders, schizophrenia, and
stress reactions. Additionally, higher rates of depression symptoms
and reduced mental wellbeing have been reported in populations
exposed to extreme heat events compared to normal summer
temperatures. Further research is still needed to unravel the
multifaceted relationships between heat stress and various mental
health outcomes like depressive disorders. From the perspective of
RGS, further research is needed to elucidate potential mechanisms to
mitigate the possible adverse effects of extreme heat events on
mental health.

3.2 RGS and extreme heat events:
ecosystem services perspective

RGS systems are a highly active and relatively independent
subsystem within urban ecosystems, which reflects intrinsic
characteristics and attributes that provide health benefits (38).
Previous studies have looked at the types of RGS include small
green spaces (39), green roofs (40), green walls (41), and street trees
(42), as well as the effects of RGS characteristics such as greening
rate and structure on extreme heat events (Table 1). Some studies
have found that the spatial distribution (43), structure (44), and
higher greening rates of different types of green space and RGS can

TABLE 1 Study the cooling and depression relieving effects of the RGS study type under heatwave impact.

Study type Cooling effect Depression relieving effect Reference
Green Small Green The larger the green area and vegetation A place to socialize, rest, and psychological Oliveira et al. (45), Yan et al.
space types | Space coverage, the more pronounced the cooling recovery. (50), and Nordh and @stby (52)
(SGS) effect.
Green Roof GR can reduce temperatures by 17 to 28% GR increases heat comfort and indirectly improves | Zinzi and Agnoli (54), Currie
(GR) compared to regular roofs. mental health. and Bass (55)
Green Wall The maximum surface temperature difference GW can buffer the negative psychophysiological Mazzali et al. (41), Chan et al.
(GW) between GW and bare wall can reach —20°C. consequences of stress. (57), and Gunn et al. (58)
Street trees Evenly distributed street trees may minimize Street trees reduce depression and promote social Morakinyo et al. (60) and
air temperature and radiative cooling. justice. Marselle et al. (61)
Green Coverage ratio Green coverage ratio (GCR) GCR and VCR were inversely associated with the Hulley et al. (62), Tian et al.
Index and vegetation coverage ratio (VCR) prevalence of depression. (63), and Abdullah et al. (64)

differences are the leading cause of the UHI
effect, negatively correlated with surface

temperature.

Living vegetation

volume (LVV)

The cooling effect of green space is affected by
its spatial structure, and the difference is

reflected in LVV.

Green space structures were inversely associated Wu et al. (68), Reyes-Riveros

with incidence. etal. (70), and Changetal. (71)

Green view index

(GVI)

A higher GVTI indicates more green coverage

and better ecosystem services.

Residents living in a high GVI environment have a | Zhao et al. (72) and Brage et al.

lower risk of depression. (73)
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A. Small green space| |B. Green roof

Although the area is small, it has a good
cooling effect when the green coverage
rate reaches enough hign.

indoor heat, improving human body.

Green roof surface vegetation plays the role
of evapotranspiration, photosynthesis and
shading, reducing local air temperature and

D. Street trees

Street trees produces a cooling effect,
but specific street tree configurations
may help optimize for reducing over-
heating.

C. Green wall

Greenery on the facades of residential
buildings can provide a cooling effect.

FIGURE 4

RGS play different cooling roles.

Under the multiple effects of Rgs, the ambient temperature of residential areas is reduced. |
It offers a new way to alleviate urban heatwaves. |

Cooling effect of RGS and mechanisms of alleviating extreme heat events. The figure shows that the RGS provides ecosystem services to reduce the
ambient temperature from four aspects: evapotranspiration, radiation reflection, humidity regulation, and shading effect. In addition, different types of

effectively alleviate the impact of extreme heat events. RGS can
mitigate extreme heat events by ecosystem services, such as
regulating temperature, humidity, and wind speed (45, 46). These
ecosystem services can be achieved by increasing vegetation cover
and improving ecosystem structure and biodiversity (47, 48) in
addition to strengthening the health and resilience of urban
ecosystems, thereby reducing the impact of extreme heat events.
The processes of cooling the surrounding environment through
linked with four
evapotranspiration, radiation reflection, humidity regulation, and

green space are main mechanisms:
shading effect (Figure 4). Plants release water through transpiration
and evaporation, which lowers temperatures. The surface of the
green space reflects sunlight and radiant heat. Green space can also
change the wind direction, increase airflow and circulation, adjust
humidity, and create a comfortable living environment. In addition,
green roofs and walls also provide insulation, effectively reducing
indoor temperatures. Therefore, this section summarizes the effects
of RGS ecosystem services on the residential environment
temperature and depression from four aspects: green space types,
structure, and corresponding measurement index (green coverage
ratio, vegetation coverage ratio, living vegetation volume, and green
view index).

3.2.1 Effect of different types of RGS

3.2.1.1 Small green spaces (SGS)

The area of residential SGS is generally 0-0.5ha (49). Green space
area significantly impacts the cooling effect and coverage range with
larger green areas resulting in lower air temperature (50). Studies show
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that even a green space area of only 0.24ha with a 96.5% vegetation
cover can lower temperatures by 5.5-6.2°C compared to surrounding
streets (45). In regards to mental health, SGS provide protection and
promotion mechanisms (51) primarily for socializing, resting, and
spiritual recovery (52).

3.2.1.2 Green roofs (GR)

GR have become an essential solution for cities to cope with
extreme heat events. These structures can effectively isolate UV rays
and improve the thermal comfort of buildings by utilizing the
evapotranspiration, photosynthesis, and shading effects of vegetation
on the GR surface (40) to potentially enhance citizens’ quality of life
and indirectly improve their mental health (53). Zinzi and Agnoli (54)
showed that GR can reduce the temperature by 17-28% by greening
the roof compared to ordinary roofs. A 10-20% increase in green roof
areas will significantly contribute to all citizens’ social, economic, and
environmental health (55).

3.2.1.3 Green walls (GW)

GW significantly impact the cooling effect of street canyons and
buildings (56). Mazzali et al. (41) measured that the maximum surface
temperature difference between GW and bare walls could reach
—20°C. In some studies, GW are classified as urban green
infrastructures to discuss the impact on health, and vertical greening
outside buildings can buffer the negative psychophysiological
consequences of stress (57). Gunn et al. (58) concluded that natural
elements’ emotional and health benefits decreased after 2-5 weeks of
exposure by studying houseplants implemented as green walls and
natural landscapes in schools.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1310410
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Yang et al.

3.2.1.4 Street trees

Planting native-species trees along streets in residential areas is a
type of nature-based solutions (59). Evenly distributed street trees on
all sun-exposed street locations in a neighborhood or community may
be the most effective way to reduce extreme heat events and maximize
air temperature cooling and radiation cooling (60). In a study of the
relationship between the number and type of street trees, the distance
residents lived from homes, and the number of antidepressant
prescriptions, it was found that the more trees around the house (<
100.0m), the lower the risk of taking antidepressants (especially in
disadvantaged groups). Street trees may also reduce the health
inequalities gap between economic and social groups (61) and
promote social equity.

3.2.2 Green index for RGS

3.2.2.1 Coverage ratio

Generalized greenness (including green coverage ratio [GCR] and
vegetation coverage ratio [VCR]) is an important index to evaluate the
quality of the living environment. Studies have shown that the
difference between GCR and VCR is the leading cause of the urban
heat island effect (62, 63). Studies have shown that healthy vegetation
cover negatively correlates with psychiatric and non-psychiatric
diseases (64). Another study showed a negative correlation between
green coverage and the incidence of depressive symptoms in middle-
aged and older adult individuals living in urban areas (65). Most of the
available findings related to human benefits associated with reducing
depression are related to generalized greenness [typically captured by
normalized vegetation index (NDVI)] (66). Areas with high NDVI
values typically indicate good environmental quality, improved air
quality, and better human health. Liu et al. (67) studied the relationship
between NDVI and depression and showed that every 0.1 unit
increase in NDVI would lead to a significant negative correlation of
7.0% depression. Therefore, NDVI can indicate the influence of
residential green spaces on the mental well-being of inhabitants.

3.2.3 Living vegetation volume, the cooling
efficiency of RGS

The Living Vegetation Volume (LVV) is affected by its spatial
structure (68) and the LVV can better reflect the difference in green
space structure. It more intuitively reflects the ecological benefit
potential of green space vegetation at the level of vegetation ecOlogical
function. In the range of 400.0 m? the LVV needs to reach 200.0 m’
for green space to play a cooling role. When the LVV per unit area is
more significant than 1.0 m*/m?, the cooling effect of green space is
noticeable, and the maximum reduction is 1.5°C (69). Studies related
to health are mainly associated with green space structure and show
strong evidence of positive effects (70). There are few studies on green
space structure and depression, but there are studies on the correlation
between schizophrenia and green space structures. Most indicators of
green space structure, including average patch area, edge density, and
higher complexity of green space, are negatively correlated with the
incidence of schizophrenia, which may reduce the risk of
schizophrenia (71).

3.2.3.1 Green view index

The Green View Index (GVI) is an indicator used to evaluate
urban green coverage and ecosystem services, with a higher GVI
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indicating more green coverage and better urban ecosystem services.
Studies have shown that GVI relates to residents’ physical and
psychological health, social interaction, and housing satisfaction. For
example, a higher GVI is associated with lower rates of mental illness,
and people in environments with a higher GVI tend to be calmer and
more peaceful. However, the GVI directly reflects the level of ground
plants, wall greening, and other green plants. Generally, areas with
higher GVI have higher greening coverage, and the actual number of
vegetation increases. The greening index can be improved from a
two-dimensional to a three-dimensional level through the GVI (72).
A cross-sectional study was conducted by Brage et al. (73) to evaluate
the impacts of GVI on depression, and the results showed that adults
living is areas with higher GVI had a lower risk of depression. People
who enjoy green space from home have a lower risk of anxiety
and depression.

3.3 RGS and depression: the health
perspective

From the perspective of green space types and indicators, the
effects of temperature regulation services of RGS ecosystem services
on depression were summarized in Table 1 and show that different
green space types had an impact on depression relief and were
negatively correlated with green indicators. In another study
conducted in Finland, individuals living in areas with a high degree of
residential greening were at a lower risk of depression with the extent
of the effect influenced by factors such as the type of depression being
evaluated, the quality of the spatial data used to measure residential
greening, and the spatial scale of the analysis (74). Overall, RGS
exposure is negatively correlated with depressive symptoms (75);
while there’s no definitive data on how much green space can alleviate
depression. Research data suggest that a 10.0% increase in green space
is associated with a 3.0% reduction in depression risk. On the other
hand, the effectiveness of RGS ecosystem services is also reflected in
improving overall mental health (76, 77). This includes increasing life
satisfaction (78), increasing happiness and subjective well-being (79),
improving daily life (80), enhancing sleep quality (81), and relieving
stress (82), as well as improving anxiety, attention deficit, and
hyperactivity disorder (83), etc.

In addition, the mechanism by which green spaces alleviate
depression may be related to individual and social factors such as
sports activities, social contact and cohesion, recovery and stress relief,
gender, education level, and socio-economic status (84). Green spaces
can help regulate the risk of depression by providing an environment
for physical activity, exercise, and opportunities for social activities
that can promote interpersonal communication and community
participation (85). Social contact and cohesion (84) with increasing
green spaces have been shown to reduce the risk of depression by
strengthening community solidarity and a sense of commonality.
Different age groups and genders have different degrees of
susceptibility to extreme heat conditions. Vulnerable groups such as
children, adolescents, and older people are more sensitive to
temperature changes, while young and middle-aged adults are more
heat resistant. Regarding gender differences, men are more influenced
by environmental factors than women (86). In a study of people with
low education and lack of natural experiences in childhood (87),
access to green spaces improved mental health significantly. Green
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Variable factors in the study design of RGS and depression under extreme heat events.

Spaces can also provide an egalitarian social and communicative
environment that strengthens social support and connections. This is
especially true for those of lower socioeconomic status who are more
likely to suffer from depression (88).

3.4 Summary

The literature reviewed demonstrates negative correlations
between various RGS indicators and high temperature/heatwaves, as
well as positive associations between heat and depression (Figure 5).
Specifically, key findings from original research to date on RGS,
extreme heat events, and depression include: (1) Observational studies
finding higher rates of mental health issues like depression, stress, and
anxiety during or following heatwaves compared to normal summer
temperatures. This indicates heat is a risk factor for mood disorders;
(2) Clinical studies revealing possible biological mechanisms such as
heat stress-induced changes in hormones, neural chemistry, cytokines,
hydration, and sleep that may underpin heat-related mood impacts;
(3) Epidemiological analyses showing residential proximity and access
to urban green spaces is associated with lower rates of depression and
antidepressant prescriptions; (4) Experimental studies demonstrating
RGS can significantly reduce ambient temperatures through multiple
cooling mechanisms (evaporative cooling, shading, etc.) compared to
non-green built areas; (5) Initial research finding certain RGS
characteristics like vegetation cover and structural complexity may
enhance cooling capacities and be relevant to mitigating heatwave
health risks. This aligns with other studies showing links between
extreme heat, worsened mental health, and the cooling capacities of
urban greenery (89-91).

So we have identified a mechanism through which depression
may be alleviated by residential green spaces reducing the effects of
extreme heat events. The various indexes of RGS were negatively
correlated with high temperature and depression during heatwave
impacts. At the same time, depression was positively associated with
temperature. This was also supported by other studies. The process of
providing ecosystem services through RGS involves a variety of
pathways that are beneficial to mental health. These include the active
cooling effect of green space and the activation of patients’ self-activity
in contact with green space, as well as the passive regulation of
psychology, as shown in Figure 6.
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The details are as follows: (i) RGS active temperature regulation
is one of the main bodies on the supply side and affects the health
status of community residents (92). Their health status is affected by
a variety of factors inclusive of vegetation type characteristics (93),
other characteristics (size, type, configuration, and other qualities)
(94), management and supervision (95), etc. The cooling effect of
green space is due to the flow of relatively cooler air from the green
space system to the non-green space system (96), and the size and
spatial layout of green space will affect the cooling effect (97).
During the hot summer months, green spaces can provide shade and
cooling effects, alleviate effects of extreme heat events, and reduce
residents’ heat stress and disease risk; (ii) Various types of contact
between residents actively and RGS can improve depressive
symptoms (98). The community is one of the most frequent places
where residents live and engage in social activities. Research has
demonstrated that outdoor landscapes in residential areas can
enhance the physical health of older individuals through activities
like socializing with friends, sports, and observing green spaces (99).
Walking, exercising, or resting in a green space can reduce the body’s
stress response, relieve stress and tension, improve mood, and
release endorphins, a chemical that can improve mood; (iii) Passive
temperature regulation of RGS targeting physiological and
psychological regulation. The body is more prone to excitement and
anxiety in high temperatures. Also, blood pressure rises. In addition,
high temperatures can significantly affect sleep quality or cause a
lack of sleep, and overexertion can exacerbate depression. Long-term
exposure to high temperatures is associated with depression (100).
In this case, green spaces can provide shade and cooling effects
providing residents with a cool and comfortable environment,
thereby reducing their heat stress and improving sleep quality as well
as alleviating depressive symptoms (100).

4 Perspective: practical approach of
RGS and depression under heatwaves

The purpose of this section is to propose a methodology to
empirically test the conceptual framework linking RGS, heatwaves,
and depression presented earlier. A clear roadmap can guide future
research to evaluate the relationships and mechanisms hypothesized
in the framework.
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Mechanisms through which depression may be alleviated by residential green spaces reducing effects of extreme heat events.

4.1 The conception framework of RGS for
relieving depression under heatwaves

The utilization of RGS to alleviate depression during extreme heat
events has not been thoroughly investigated via systematic research.
Therefore, it is necessary to summarize and systematically describe the
conceptual framework (77, 101). The role of RGS in cooling and
humidifying different types of green space, ventilation, and reducing
thermal radiation can improve the environmental heat wave in
residential areas. Then the contact between residents and RGS can
jointly relieve depression.

First, the specific framework (Figure 7) includes vegetation
structure, green space quality, management, and public preference
from the perspective of the composition and characteristics of the
green space itself. These factors affect the mitigation impacts of green
spaces on the heatwave environment and depression. These factors
need to be evaluated and analyzed. The green index of RGS can
be used to assess the cooling impact of green spaces on the heatwave
environment and the alleviating effect of green space exposure on
depression. In considering the composition and characteristics of
green space itself, green space index, green space exposure, and other
factors, the comprehensive impact of green space on heat wave
environment and depression can be evaluated.

Second, the way of contact between residents and RGS and the
social demand of residents for activity space in the residential
community are also important factors affecting the alleviation of
depressive symptoms by green space. This mainly represent residents’
social needs for the residential community’s activity space. It refers to
their daily need to use green space for sports activities, social
connections, and cohesion. With physical activities such as walking,
jogging, leisure, socializing, and gardening, the social connection and
cohesion of residents refer to the interaction and communication
between them and others in the community, as well as the degree of
identification and support for the common interests of the
neighborhood (102). These factors can alleviate depressive symptoms
by strengthening the individual’s social support network, promoting
emotional communication and mutual help, and improving the sense
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of belonging and responsibility. Numerous studies have shown that
social isolation and lack of social support are important factors leading
to depression. In contrast, good social connection and cohesion can
reduce feelings of social isolation, improve individual happiness and
quality of life (103), thus, positively alleviate depressive symptoms. For
example, community connection and participation can be established
and strengthened through social and organized community activities.
Community participation refers to residents’ active participation in
community management, events, activities, and other affairs. In
addition, it also represents common interests such as public facilities,
a green environment, cultural activities, etc. (104). The higher the level
of participation, identification, and support of residents for the
common good, the stronger the social connection and cohesion which
can alleviate depressive symptoms.

Finally, residents’ factors (personal social status, different
population groups, age, etc.) also significantly affect the depression
induced by heat exposure. Since individual’s social status includes
education, income, occupation, different groups’ risks of depression
vary. Studies have shown that people of lower social status are more
susceptible to heat exposure (105, 106) which increases the risk of
depression. For example, specific populations, including the older
adult, pregnant women, and children, are particularly susceptible
to the risks associated with heat exposure (107). These groups are
prone to physical discomfort and depression, thus, increasing the
risk of depression. Age is also an important factor in heat exposure-
induced depression. With the increase of age, the body’s
physiological function and metabolic capacity gradually decline,
and the ability to tolerate high-temperature weather also weakens
increasing the risk of depression. Therefore, residents’ factors are
also critical to affect the different degrees of depression caused by
heat exposure. Based on individual differences, various coping
strategies need to be adopted such as strengthening the attention
and protection of people with low social status, strengthening the
health management of people susceptible to heat exposure, such as
the older adult, pregnant women, and children, and raising the
public awareness of heat exposure to reduce the risk of depression
caused by heat exposure.
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In summary, the following factors are combined: (1) climate
improvement: the characteristics of green space reduce temperature
and pressure sources; (2) overcoming mood disorders: exposure to
green spaces and increased social and physical activity can improve
depression; and (3) personal factors to the recovery of

depressive symptoms.

4.2 Proposed methodology for
multidimensional assessment and testing
roadmap of RGS to reduce depression
under extreme heat events

This section presents a multi-stage approach to evaluate the
potential of RGS to mitigate depression exacerbated by extreme heat
events. We propose using subjective and objective measurement tools
to conduct multidimensional assessments of RGS characteristics. A
longitudinal cohort study will track residents over time under
heatwave conditions to analyze relationships between RGS factors,
heat exposure, and depression. Comparative community interventions
will evaluate RGS enhancements in one area versus a control
neighborhood. Qualitative techniques like interviews and focus
groups with depressed and non-depressed individuals will provide
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insights into lived experiences. This phased methodology combining
quantitative and qualitative techniques can comprehensively
investigate pathways for optimizing RGS to build resilience against
heat-related mood disorders.

Currently, subjective measurement tools of residential
environment characteristics are widely used in research. Several
studies have used the Perceived Residential Environment Quality
Indicators (PREQIs) developed and the Neighborhood Environment
Walkability Scale (NEWS) (108, 109). The former is a more
comprehensive evaluation of the living environment tool including
physical assessment and social evaluation. The latter focuses on the
walkability of the physical environment of the residential area and
aims to measure residents’ perception of the attributes of the local
climate (110). Objective measurement tools include street view data,
field research data, GPS, GIS, RS, and other tools to investigate green
space characteristics, accessibility, vegetation characteristics, and
different levels (Table 2). The level of resident depression was
objectively measured by the Center for Epidemiological Studies
Depression  Scale-10 (CESD-10) and the Health

Questionnaire-9 (PHQ-9). Previous studies have used these scales in

Patient
large-scale epidemiological investigations around the globe and

achieved good validity and reliability (100). Subjective measurement
tools include the Self-rating Depression Scale (SDS), Beck Depression
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TABLE 2 Measurement tools and methods used to study green spaces in residential areas and depression.

Categories Measuring tools and methods
Subjective RGS Residential subjective environmental quality questionnaire
measurement tools features (PREQI)

Analytical aspects

Neighborhood lifestyle, environmental health/pollution,

upkeep/care.

Neighborhood environment walkability scale (NEWS)

Measure residents’ perceptions of local environmental

attributes.

Depression rating | Self-rating depression scale (SDS)

It is mainly used in adults and is difficult to assess in severe

scale cases.
Beck depression inventory-II (BDI-II) High universality and wide use.
Objective RGS Field research data Record the location, area, type, etc., of green space, photos,
measurement tools features Street view data and videos.

system (GIS), Remote sensing (RS)

Global positioning system (GPS), Geographic information

Investigate the GCR, estimate the LVV, and obtain the green

space structure and distribution.

Depression rating

scale (CESD-10)

Center for epidemiological studies Depression scale-10

Generally suitable for outpatient visits by professionals such

Patient health questionnaire-9 (PHQ-9)

as psychiatrists or psychologists in medical institutions.

Inventory-1I (BDI-II) (Table 2), etc. SDS is mainly used for adults,
while BDI-II has no absolute restrictions on the population and is
widely used in research (111, 112).

During the periods of extreme heat events, people experience heat
stress, leading to various physical and psychological problems, which
can be mediated by RGS. Therefore, designing a multidimensional
evaluation-based RGS can help to reduce depression stress during heat
waves (Figure 8). Various subjective and objective measurement tools
above (Table 2) will be utilized for multi-faceted data collection on
RGS factors and depression levels. We propose to conduct a
longitudinal cohort study (113) that follows residents over time during
heatwaves conditions in order to analyze the relationship between
RGS indicators, heat exposure, and depression outcomes. Comparative
community interventions will be implemented to evaluate RGS
enhancements in one neighborhood area versus a control area without
upgrades. This mixed methods research design integrating quantitative
epidemiological and comparative studies with qualitative
investigations can comprehensively elucidate pathways for optimizing
RGS to strengthen resilience against climate change-related mental
health burdens.

In step 1, we selected a certain number of residents for a
longitudinal study, followed them up for a length of time, and collected
data on their depressive symptoms and their residential landscape
environment. It should be noted that the screened participants were
all in the same climate environment under different follow-up periods.
The initial step in this study involved determining the sample size and
representativeness of the participants. Subsequently, we used
standardized questionnaires or interview methods to collect data on
the depressive symptoms of participants, and applied field surveys and
remote sensing technology to collect data on their residential
landscape environment.

Step 2 of the study was conducted in residential areas providing
one group of residents having measures to improve the landscape
environment, which was compared with another group of residents
who were not offered mitigating measures. In this study, we selected
two groups of residents in a residential area, one group received an
intervention to improve the landscape environment, and the other
group acted as a control group without any intervention. Through a
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questionnaire survey and on-site observation of residents in the two
groups before and after the study, we compared indicators such as
depressive symptoms, mental health level, and quality of life in the two
groups to assess the impact of improving the landscape environment
on reducing depressive symptoms.

In step 3, patients with depression and non-depressed patients
were selected to conduct case studies in order to deeply understand
their illness and the impact of the residential landscape environment
on them and to explore the effects of the residential landscape
environment on depression. In this stage of the study, we recruited a
certain number of depressed patients and non-depressed patients,
conducted a detailed investigation and assessment of their residential
landscape environment, and thoroughly tried to understand the
relationship between their illness and residential landscape
environment through different research techniques such as semi-
structured interviews and focus group discussions.

In conclusion, this phased methodology will generate robust
evidence regarding if and how RGS may mitigate heatwave-associated
depression through ecological and social mechanisms. The findings
will inform planning and interventions for designing mentally
restorative green spaces and climate-resilient neighborhoods. It is
important to note that this is only a preliminary design framework,
and numerous factors, to include local climate conditions, building
types, and the surrounding environment, influenced the specific
implementation. Therefore, adequate local research and investigation
were required before implementing a design. Further feasibility
studies are needed to tailor the testing roadmap before implementation
in specific local contexts.

5 Conclusion

In reviewing the research on extreme heat events and
depression, the CiteSpace analysis mainly focuses on “RGS
landscape evaluation from the perspective of public health” and
“mental health mechanism of RGS.” Given the accelerating effects
of extreme weather on mental health, there are still conflicting
knowledge gaps in the study of the impact of green space on
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Hypothesis-testing roadmap of RGS for releasing depression under extreme heat events.

depression, so studies should integrate the relationship between
RGS, extreme heat events, and depression. It was found that the
specific factors that influence RGS on depression under heatwave
conditions are poorly studied, highlighted by the severity of the
global heatwaves problem which has been inadequately studied.
We reviewed the relationship between extreme heat events and
depression, the perspective of RGS ecosystem services, and the
health perspective of RGS and depression and found that different
RGS factors (green types, indicators, and structures) were negatively
correlated with temperature and depression. Providing ecosystem
services through RGS involves multiple pathways that are beneficial
to mental health, including the active cooling effect of green space
and the activation of patients’ self-activity in contact with green
space, as well as the passive regulation of psychology. Overall, our
findings suggest that RGS may have the potential to be an effective
intervention for people with depression, and further research in this
area is warranted.
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On this basis, we propose a conceptual framework for using RGS
to alleviate depression during extreme heat events. We also
summarized a measurement tool for residential green space and a
measurement tool for depressive symptoms, as well as a test roadmap
for RGS to reduce extreme heat events and reduce blood pressure
based on multidimensional assessment as a basis for further research
to optimize and design the relationship between RGS and depression
in the context of extreme heat events.

In the future, it is necessary to establish a more scientific RGS
health evaluation system, explore the potential mechanism of the
green space environments impact on health through quantitative
analysis, and give full play to the biodiversity effect of green space in
alleviating depression in residential areas. Ultimately, this study
contributes to a more systematic and comprehensive understanding
of the relationship between RGS and depression and supports
evidence-based policies and interventions to improve the mental
health in the context of extreme heat events.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1310410
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Yang et al.

Author contributions

YY: Conceptualization, Data curation, Formal analysis,

Methodology, Writing - original draft, Writing - review & editing. YZ:
Conceptualization, Funding acquisition, Methodology, Supervision,
Validation, Writing - original draft, Writing - review & editing. SS:
Supervision, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This project
was supported by the National Key Research and Development
Program of China (2021YFE0200100) in China-Portugal Belt and
Road Cooperation Laboratory of Cultural Heritage Conservation
Science, Suzhou Water Conservation Bureau Research Program
(2021002, 2022010), and Soochow University-Suzhou Yuanke

References

1. McMichael AJ. The urban environment and health in a world of increasing
globalization: issues for developing countries. Bull World Health Organ. (2000)
78:1117-26.

2. Wang J, Yan Z, Quan XW, Feng J. Urban warming in the 2013 summer heatwaves
in eastern China. Clim Dynam. (2017) 48:3015-33. doi: 10.1007/s00382-016-3248-7

3. Oleson KW, Anderson GB, Jones B, McGinnis SA, Sanderson B. Avoided climate
impacts of urban and rural heat and cold waves over the U.S. using large climate model
ensembles for RCP8.5 and RCP4.5. Clim Chang. (2018) 146:377-92. doi: 10.1007/
510584-015-1504-1

4. Kong D, Gu X, LiJ, Ren G, Liu J. Contributions of global warming and urbanization
to the intensification of human-perceived heatwaves over China. ] Geophys Res-Atmos.
(2020) 125:€2019JD032175. doi: 10.1029/2019]D032175

5. IPCC. (2007). Fourth Assessment Report (AR4). Climate change 2007: the physical
science basis. Available at: https://www.ipcc.ch/report/ar4/wgl/ (Accessed June 12,
2023).

6. NOAA National Centers for Environmental Information. (2023). Monthly global
climate report for annual 2022. NOAA/NCEI, Government of the United States of
America. Available at: https://www.ncei.noaa.gov/access/monitoring/monthly-report/
global/202213. (Accessed May 5, 2023).

7. Costello A, Abbas M, Allen A, Ball S, Bell S, Bellamy R, et al. Managing the health
effects of climate change lancet and University College London Institute for Global
Health Commission. Lancet. (2009) 373:1693-733. doi: 10.1016/S0140-6736(09)60935-1

8. Hess JJ, Errett NA, McGregor G, Busch Isaksen T, Wettstein ZS, Wheat SK, et al.
Public health preparedness for extreme heat events. Annu Rev Public Health. (2023)
44:301-21. doi: 10.1146/annurev-publhealth-071421-025508

9. Aghamohammadi N, Fong CS, Idrus MH, Ramakreshnan L, Sulaiman NM.
Environmental heat-related health symptoms among the community in a tropical city.
Sci Total Environ. (2021) 782:146611. doi: 10.1016/j.scitotenv.2021.146611

10. Barbosa Escobar F, Velasco C, Motoki K, Byrne DV, Wang QJ. The temperature of
emotions. PLoS One. (2021) 16:¢0252408. doi: 10.1371/journal.pone.0252408

11. Coélho AE, Adair JG, Mocellin JS. Psychological responses to drought in
northeastern Brazil. Int ] Psychol. (2004) 38:95-103. doi: 10.30849/rip/ijp.v38i1.845

12. Page LA, Howard LM. The impact of climate change on mental health (but will
mental health be discussed at Copenhagen?). Psychol Med. (2010) 40:177-80. doi:
10.1017/s0033291709992169

13. Clayton S, Manning CM, Krygsman K, Speiser M. Mental health and our changing
climate: impacts, implications, and guidance. Washington, DC: American Psychological
Association, and ecoAmerica. (2017) 69. doi: 10.1037/e507892021-001

14. He J. (2023). Summer seasonal depression. The Weather Channel. Available at:
https://weather.com/health/news/2023-07-07-summer-seasonal-depression (Accessed

July 12, 2023).

15.Jordans F. (2023). As temperatures soared in Europe last year, so did heat-related
deaths. Los Angeles Times. Available at: https://www.latimes.com/world-nation/
story/2023-07-10/as-temperatures-soared-in-europe-last-year-so-did-heat-related-
deaths (Accessed July 12, 2023).

Frontiers in Public Health

13

10.3389/fpubh.2023.1310410

(SU-SY) Collaborative Innovation Center of Architecture and Urban
Environment Research Program (Grant No: SY2022009).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

16. Van den Berg M, Van Poppel M, Van Kamp I, Andrusaityte S, Balseviciene B,
Cirach M, et al. Visiting green space is associated with mental health and vitality: a
cross-sectional study in four european cities. Health Place. (2016) 38:8-15. doi:
10.1016/j.healthplace.2016.01.003

17. World Health Organization, (2017). Depression and other common mental
disorders. The World Health Organization. Available at: https://www.who.int/
publications/i/item/depression-global-health-estimates (Accessed May 2, 2023).

18. Sarkar C, Webster C, Gallacher J. Residential greenness and prevalence of major
depressive disorders: a cross-sectional, observational, associational study of 94 879 adult
UK biobank participants. Lancet Planet Health. (2018) 2:e162-73. doi: 10.1016/
§2542-5196(18)30051-2

19. De Haas W, Hassink ], Stuiver M. The role of urban green space in promoting
inclusion: experiences from the Netherlands. Front Environ Sci. (2021) 9:618198. doi:
10.3389/fenvs.2021.618198

20. Maller C, Townsend M, Pryor A, Brown P, St LL. Healthy nature healthy people:
‘contact with nature' as an upstream health promotion intervention for populations.
Health Promot Int. (2006) 21:45-54. doi: 10.1093/heapro/dai032

21.Rao P. Role of green spaces for maintaining well-being in residential community
development. Improving Quality of Life—Exploring Standard of Living, Wellbeing, and
Community Development. London, UK: IntechOpen (2021) 171.

22. Robinson PJ. On the definition of a heat wave. ] Appl Meteorol. (2001) 40:762-75.
doi: 10.1175/1520-0450(2001)040%3C0762: OTDOAH%3E2.0.CO;2

23. Tuholske C, Caylor K, Funk C, Verdin A, Sweeney S, Grace K, et al. Global urban
population exposure to extreme heat. Proc Natl Acad Sci U S A. (2021) 118:2024792118.
doi: 10.1073/pnas.2024792118

24.NWS Internet Services Team., (2009). Excessive heat warning. NOAA/National
Weather Service. Government of the United States of America. Available at: https://
wl.weather.gov/glossary/index.php?word=Excessive+Heat+Warning (Accessed May 26,
2023).

25.1S0. (2017). ISO 7243: Ergonomics of the Thermal Environment—Assessment of
Heat Stress Using the WBGT (Wet Bulb Globe Temperature) Index. https://www.iso.org/
obp/ui/#iso:std:iso:7243:ed-3:v1:en (Accessed May 8, 2023).

26. World Health Organization. (2023). Depressive disorder (depression). Available at:
http://www.who.int/mediacentre/factsheets/fs369/en/ (Accessed July 13, 2023).

27.Ding N, Berry HL, O'Brien LV. The effect of extreme heat on mental health -
evidence from Australia. Int ] Epidemiol. (2014) 44:64. doi: 10.1093/IJE%2FDYV097.238

28.Lee S, Lee H, Myung W, Kim EJ, Kim H. Mental disease-related emergency
admissions attributable to hot temperatures. Sci Total Environ. (2018) 616-617:688-94.
doi: 10.1016/j.scitotenv.2017.10.260

29. Braziené A, Vencloviené ], Vaiciulis V, Luksiené D, Tamositnas A, Milvidaité I,
et al. Relationship between depressive symptoms and weather conditions. Int ] Environ
Res Public Health. (2019) 19:5069. doi: 10.3390/ijerph19095069

30. Minor T, Sugg M, Runkle JD. Short-term exposure to temperature and mental
health in North Carolina: a distributed lag nonlinear analysis. Int ] Biometeorol. (2023)
67:573-86. doi: 10.1007/s00484-023-02436-0

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1310410
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1007/s00382-016-3248-7
https://doi.org/10.1007/s10584-015-1504-1
https://doi.org/10.1007/s10584-015-1504-1
https://doi.org/10.1029/2019JD032175
https://www.ipcc.ch/report/ar4/wg1/
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202213
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202213
https://doi.org/10.1016/S0140-6736(09)60935-1
https://doi.org/10.1146/annurev-publhealth-071421-025508
https://doi.org/10.1016/j.scitotenv.2021.146611
https://doi.org/10.1371/journal.pone.0252408
https://doi.org/10.30849/rip/ijp.v38i1.845
https://doi.org/10.1017/s0033291709992169
https://doi.org/10.1037/e507892021-001
https://weather.com/health/news/2023-07-07-summer-seasonal-depression
https://www.latimes.com/world-nation/story/2023-07-10/as-temperatures-soared-in-europe-last-year-so-did-heat-related-deaths
https://www.latimes.com/world-nation/story/2023-07-10/as-temperatures-soared-in-europe-last-year-so-did-heat-related-deaths
https://www.latimes.com/world-nation/story/2023-07-10/as-temperatures-soared-in-europe-last-year-so-did-heat-related-deaths
https://doi.org/10.1016/j.healthplace.2016.01.003
https://www.who.int/publications/i/item/depression-global-health-estimates
https://www.who.int/publications/i/item/depression-global-health-estimates
https://doi.org/10.1016/S2542-5196(18)30051-2
https://doi.org/10.1016/S2542-5196(18)30051-2
https://doi.org/10.3389/fenvs.2021.618198
https://doi.org/10.1093/heapro/dai032
https://doi.org/10.1175/1520-0450(2001)040%3C0762:OTDOAH%3E2.0.CO;2
https://doi.org/10.1073/pnas.2024792118
https://w1.weather.gov/glossary/index.php?word=Excessive+Heat+Warning
https://w1.weather.gov/glossary/index.php?word=Excessive+Heat+Warning
https://www.iso.org/obp/ui/#iso:std:iso:7243:ed-3:v1:en
https://www.iso.org/obp/ui/#iso:std:iso:7243:ed-3:v1:en
http://www.who.int/mediacentre/factsheets/fs369/en/
https://doi.org/10.1093/IJE%2FDYV097.238
https://doi.org/10.1016/j.scitotenv.2017.10.260
https://doi.org/10.3390/ijerph19095069
https://doi.org/10.1007/s00484-023-02436-0

Yang et al.

31.Zhou Y, Ji A, Tang E, Liu ], Yao C, Liu X, et al. The role of extreme high humidex
in depression in Chongqing, China: a time series-analysis. Environ Res. (2023)
222:115400. doi: 10.1016/j.envres.2023.115400

32. Stivanello E, Chierzi F, Marzaroli P, Zanella S, Miglio R, Biavati P, et al. Mental
health disorders and summer temperature-related mortality: a case crossover study. Int
J Environ Res Public Health. (2020) 17:9122. doi: 10.3390/ijerph17239122

33. Cramer MN, Gagnon D, Laitano O, Crandall CG. Human temperature regulation
under heat stress in health, disease, and injury. Physiol Rev. (2022) 102:1907-89. doi:
10.1152/physrev.00047.2021

34. Chen NT, Lin PH, Guo YL. Long-term exposure to high temperature associated
with the incidence of major depressive disorder. Sci Total Environ. (2019) 659:1016-20.
doi: 10.1016/j.scitotenv.2018.12.434

35. Okamoto-Mizuno K, Mizuno K. Effects of thermal environment on sleep and
circadian rhythm. J Physiol Anthropol. (2012) 31:14. doi: 10.1186/1880-6805-31-14

36. Romanello M, McGushin A, Di Napoli C, Drummond P, Hughes N, et al. The 2021
report of the lancet countdown on health and climate change: code red for a healthy
future. Lancet. (2021) 398:1619-62. doi: 10.1016/S0140-6736(21)01787-6

37. Thompson R, Hornigold R, Page L, Waite T. Associations between high ambient
temperatures and heatwaves with mental health outcomes: a systematic review. Public
Health. (2018) 161:171-91. doi: 10.1016/j.puhe.2018.06.008

38. Shanahan DF, Lin BB, Bush R, Gaston K], Dean JH, Barber E, et al. Toward
improved public health outcomes from urban nature. Am J Public Health. (2015)
105:470-7. doi: 10.2105/AJPH.2014.302324

39. Aram F Solgi E, Holden G. The role of green spaces in increasing social
interactions in neighborhoods with periodic markets. Habitat Int. (2019) 84:24-32. doi:
10.1016/j.habitatint.2018.12.004

40. Saadatian O, Sopian K, Salleh EI, Lim CH, Riffat S, Saadatian E, et al. A review of
energy aspects of green roofs. Renew Sust Energ Rev. (2013) 23:155-68. doi: 10.1016/j.
rser.2013.02.022

41. Mazzali U, Peron F, Romagnoni P, Pulselli RM, Bastianoni S. Experimental
investigation on the energy performance of living walls in a temperate climate. Build
Environ. (2013) 64:57-66. doi: 10.1016/].BUILDENV.2013.03.005

42.Klemm W, Heusinkveld BG, Lenzholzer S, Hove BV. Street greenery and its
physical and psychological impact on outdoor thermal comfort. Landscape Urban Plan.
(2015) 138:87-98. doi: 10.1016/j.Jandurbplan.2015.02.009

43. Wu Z, Zhang Y. Spatial variation of urban thermal environment and its relation to
green space patterns: implication to sustainable landscape planning. Sustainability.
(2018) 10:2249. doi: 10.3390/su10072249

44. Hu Y, Dai Z, Guldmann JM. Greenspace configuration impact on the urban Heat
Island in the Olympic area of Beijing. Environ Sci Pollut Res. (2021) 28:33096-107. doi:
10.1007/s11356-020-12086-z

45. Oliveira S, Andrade H, Vaz T. The cooling effect of green spaces as a contribution
to the mitigation of urban heat: a case study in Lisbon. Build Environ. (2011) 46:2186-94.
doi: 10.1016/j.buildenv.2011.04.034

46. Shen Z, Zhang B, Xin R, Liu J. Examining supply and demand of cooling effect of
blue and green spaces in mitigating urban heat island effects: a case study of the Fujian
Delta urban agglomeration (FDUA). China Ecol Indic. (2022) 142:109187. doi: 10.1016/j.
ecolind.2022.109187

47. Savard JL, Clergeau P, Mennechez G. Biodiversity concepts and urban ecosystems.
Landscape Urban Plan. (2000) 48:131-42. doi: 10.1016/S0169-2046(00)0003

48. Lofvenhaft K, Bjorn C, Thse M. Biotope patterns in urban areas: a conceptual
model integrating biodiversity issues in spatial planning. Landscape Urban Plan. (2002)
58:223-40. doi: 10.1016/S0169-2046(01)00223-7

49. Peschardt KK, Schipperijn J, Stigsdotter UK. Use of small public urban green
spaces (SPUGS). Urban Forest Urban Gree. (2012) 11:235-44. doi: 10.1016/].
UFUG.2012.04.002

50. Yan J, Zhou W, Jenerette GD. Testing an energy exchange and microclimate cooling
hypothesis for the effect of vegetation configuration on urban heat. Agric For Meteorol.
(2019) 279:107666. doi: 10.1016/j.agrformet.2019.107666

51. NASA. (2019). Green space is good for mental health. NASA, Government of the
United States of American. Available at: https://earthobservatory.nasa.gov/
images/145305 (Accessed 21 May 2023).

52. Nordh H, @stby K. Pocket parks for people - a study of park design and use. Urban
Forest Urban Gree. (2013) 12:12-7. doi: 10.1016/J.UFUG.2012.11.003

53.Rezaei M, Emmanuel N, Kim J, Kim DH. Analyzing the impact of green roof
functions on the citizens' mental health in metropolitan cities. Iran ] Public Health.
(2021) 50:900-7. doi: 10.18502/ijph.v50i5.6107

54. Zinzi M, Agnoli S. Cool green roofs. An energy and comfort comparison between
passive cooling and mitigation urban heat island techniques for residential buildings in
the Mediterranean region. Energ Buildings. (2012) 55:66-76. doi: 10.1016/].
ENBUILD.2011.09.024

55. Currie BA, Bass B. Estimates of air pollution mitigation with green plants and
green roofs using the UFORE model. Urban Ecosyst. (2008) 11:409-22. doi: 10.1007/
§11252-008-0054-y

Frontiers in Public Health

14

10.3389/fpubh.2023.1310410

56. Franck U, Kriiger M, Schwarz N, Grossmann K, Réder S, Schlink U. Heat stress in
urban areas: indoor and outdoor temperatures in different urban structure types and
subjectively reported well-being during a heatwave in the city of Leipzig. Meteorol Z.
(2013) 22:167-77. doi: 10.1127/0941-2948/2013/0384

57.Chan SH, Qiu L, Esposito G, Mai KP. Vertical greenery buffers against stress:
evidence from psychophysiological responses in virtual reality. Landscape Urban
Plan. (2021) 213:104127. doi: 10.1016/J.LANDURBPLAN.2021.104127

58.Gunn C, Vahdati M, Shahrestani M. Green walls in schools - the potential
well-being benefits. Build Environ. (2022) 224:109560. doi: 10.1016/j.
buildenv.2022.109560

59. German Centre for Integrative Biodiversity Research (iDiv) Halle-Jena-Leipzig.
(2021). Street trees close to the home may reduce the risk of depression. ScienceDaily, 25
January 2021. http://www.sciencedaily.com/releases/2021/01/210125113124.htm
(Accessed June 1, 2023).

60. Morakinyo TE, Ouyang W, Lau KKL, Ren C, Ng E. Right tree, right place
(urban canyon): tree species selection approach for optimum urban heat mitigation -
development and evaluation. Sci Total Environ. (2020) 719:137461. doi: 10.1016/j.
scitotenv.2020.137461

61. Marselle MR, Bowler DE, Watzema J, Eichenberg D, Kirsten T, Bonn A. Urban
street tree biodiversity and antidepressant prescriptions. Sci Rep. (2020) 10:22445.
doi: 10.1038/s41598-020-79924-5

62.Hulley GC, Hook SJ, Baldridge AM. Aster land surface emissivity database of
California and nevada. Geophys Res Lett. (2008) 35:165-74. doi:
10.1029/2008GL034507

63.Tian L, Li Y, Lu ], Wang J. Review on urban heat island in China: methods, its
impact on buildings energy demand and mitigation strategies. Sustainability. (2021)
13:762. doi: 10.3390/5u13020762

64. Abdullah AYM, Law J, Butt ZA, Perlman CM. Understanding the differential
impact of vegetation measures on modeling the association between vegetation and
psychotic and non-psychotic disorders in Toronto, Canada. Int ] Environ Res Public
Health. (2021) 18:4713. doi: 10.3390/ijerph18094713

65.Zhou R, Zheng YJ, Yun JY, Wang HM. The effects of urban green space on
depressive symptoms of mid-aged and elderly urban residents in China: evidence
from the China health and retirement longitudinal study. Int | Environ Res Public
Health. (2022) 19:717. doi: 10.3390/ijerph19020717

66.Yang H, Cui X, Dijst M, Tian S, Chen J, Huang J. Association between natural/
built campus environment and depression among Chinese undergraduates:
multiscale evidence for the moderating role of socioeconomic factors after
controlling for residential self-selection. Front Public Health. (2022) 10:844541. doi:
10.3389/fpubh.2022.844541

67.Liu Z, Chen X, Cui H, Ma Y, Gao N, Li X, et al. Green space exposure on
depression and anxiety outcomes: a meta-analysis. Environ Res. (2023) 231:116303.
doi: 10.1016/j.envres.2023.116303

68.Wu P, Shen H, Ai T, Liu Y. Land-surface temperature retrieval at high spatial
and temporal resolutions based on multi-sensor fusion. Int J Digit Earth. (2013)
6:113-33. doi: 10.1080/17538947.2013.783131

69. Wang J, Banzhaf E. Towards a better understanding of green infrastructure: a
critical review. Ecol Indic. (2018) 85:758-72. doi: 10.1016/j.ecolind.2017.09.018

70.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 Forest Urban Gree. (2021) 61:127105. doi: 10.1016/].
UFUG.2021.127105

71.Chang HT, Wu CD, Wang JD, et al. Green space structures and schizophrenia
incidence in Taiwan: is there an association? Environ Res Lett. (2020) 15:094058. doi:
10.1088/1748-9326%2Fab91e8

72.Zhao Q, Tang H, Wei D, Qian W. Visibility characteristics of greenway spatial
greenery based on green view rate. ] Zhejiang A & F University. (2016) 33:7.

73.Brage O, Garrido-Cumbrera M, Foley R, Correa-Fernadndez J, Sudrez-Caceres
G, Lafortezza R. Is a view of green spaces from home associated with a lower risk of
anxiety and depression? Int ] Environ Res Public Health. (2020) 17:7014. doi:
10.3390/ijerph17197014s

74.Gonzales-Inca C, Pentti J, Stenholm S, Suominen S, Vahtera J, Kdyhko N.
Residential greenness and risks of depression: longitudinal associations with
different greenness indicators and spatial scales in a Finnish population cohort.
Health Place. (2022) 74:102760. doi: 10.1016/j.healthplace.2022.102760

75.Cohen-Cline H, Turkheimer E, Duncan GE. Access to green space, physical
activity, and mental health: a twin study. J Epidemiol Community Health. (2015)
69:523-9. doi: 10.1136/jech-2014-204667

76.Bowler DE, Buyung-Ali LM, Knight TM, Pullin AS. A systematic review of
evidence for the benefits of exposure to natural environments to health. BMC Public
Health. (2010) 10:456-6. doi: 10.1186/1471-2458-10-456

77.Hartig T, Evans GW, Jamner LD, Davis DS. Tracking restoration in natural and
urban field settings. ] Environ Psychol. (2003) 23:109-23. doi: 10.1016/
S0272-4944(02)00109-3

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1310410
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.envres.2023.115400
https://doi.org/10.3390/ijerph17239122
https://doi.org/10.1152/physrev.00047.2021
https://doi.org/10.1016/j.scitotenv.2018.12.434
https://doi.org/10.1186/1880-6805-31-14
https://doi.org/10.1016/S0140-6736(21)01787-6
https://doi.org/10.1016/j.puhe.2018.06.008
https://doi.org/10.2105/AJPH.2014.302324
https://doi.org/10.1016/j.habitatint.2018.12.004
https://doi.org/10.1016/j.rser.2013.02.022
https://doi.org/10.1016/j.rser.2013.02.022
https://doi.org/10.1016/J.BUILDENV.2013.03.005
https://doi.org/10.1016/j.landurbplan.2015.02.009
https://doi.org/10.3390/su10072249
https://doi.org/10.1007/s11356-020-12086-z
https://doi.org/10.1016/j.buildenv.2011.04.034
https://doi.org/10.1016/j.ecolind.2022.109187
https://doi.org/10.1016/j.ecolind.2022.109187
https://doi.org/10.1016/S0169-2046(00)0003
https://doi.org/10.1016/S0169-2046(01)00223-7
https://doi.org/10.1016/J.UFUG.2012.04.002
https://doi.org/10.1016/J.UFUG.2012.04.002
https://doi.org/10.1016/j.agrformet.2019.107666
https://earthobservatory.nasa.gov/images/145305
https://earthobservatory.nasa.gov/images/145305
https://doi.org/10.1016/J.UFUG.2012.11.003
https://doi.org/10.18502/ijph.v50i5.6107
https://doi.org/10.1016/J.ENBUILD.2011.09.024
https://doi.org/10.1016/J.ENBUILD.2011.09.024
https://doi.org/10.1007/s11252-008-0054-y
https://doi.org/10.1007/s11252-008-0054-y
https://doi.org/10.1127/0941-2948/2013/0384
https://doi.org/10.1016/J.LANDURBPLAN.2021.104127
https://doi.org/10.1016/j.buildenv.2022.109560
https://doi.org/10.1016/j.buildenv.2022.109560
http://www.sciencedaily.com/releases/2021/01/210125113124.htm
https://doi.org/10.1016/j.scitotenv.2020.137461
https://doi.org/10.1016/j.scitotenv.2020.137461
https://doi.org/10.1038/s41598-020-79924-5
https://doi.org/10.1029/2008GL034507
https://doi.org/10.3390/su13020762
https://doi.org/10.3390/ijerph18094713
https://doi.org/10.3390/ijerph19020717
https://doi.org/10.3389/fpubh.2022.844541
https://doi.org/10.1016/j.envres.2023.116303
https://doi.org/10.1080/17538947.2013.783131
https://doi.org/10.1016/j.ecolind.2017.09.018
https://doi.org/10.1016/J.UFUG.2021.127105
https://doi.org/10.1016/J.UFUG.2021.127105
https://doi.org/10.1088/1748-9326%2Fab91e8
https://doi.org/10.3390/ijerph17197014s
https://doi.org/10.1016/j.healthplace.2022.102760
https://doi.org/10.1136/jech-2014-204667
https://doi.org/10.1186/1471-2458-10-456
https://doi.org/10.1016/S0272-4944(02)00109-3
https://doi.org/10.1016/S0272-4944(02)00109-3

Yang et al.

78.Xu Z, Wu J. Residential greening environment and the physical and mental
health of residents: the mediating role of life satisfaction. Psychology. (2015) 6:7-13.
doi: 10.3969/j.issn.2095-5588.2015.06.002

79.Dahlgren G, Whitehead M. A framework for assessing health systems from the
public's perspective: the alps approach. Int | Health Serv. (2016) 37:363-78. doi:
10.2190/u814-6x80-n787-807j

80. Roe J, Aspinall P. The restorative benefits of walking in urban and rural settings in
adults with good and poor mental health. Health Place. (2011) 17:103-13. doi: 10.1016/j.
healthplace.2010.09.003

81. Grigsby-Toussaint DS, Turi KN, Krupa M, Williams NJ, Pandi-Perumal SK, Jean-
Louis G. Sleep insufficiency and the natural environment: results from the us behavioral
risk factor surveillance system survey. Prev Med. (2015) 78:78-84. doi: 10.1016/j.
ypmed.2015.07.011

82.Dong Y, Li Z, Dong W. Relationship between green space perception of
communities and residents’ stress level: a case study of 12 communities in Harbin.
Landsc Archit. (2020) 27:88-93. doi: 10.14085/j.fjy1.2020.02.0088.06

83. Kuo FE, Taylor AE. A potential natural treatment for attention-deficit/hyperactivity
disorder: evidence from a national study. Am J Public Health. (2004) 94:1580-6. doi:
10.2105/ajph.94.9.1580

84. Hartig T, Mitchell R, de Vries S, Frumkin H. Nature and health. Annu Rev Publ
Health. (2014) 35:207-28. doi: 10.1146/annurev-publhealth-032013-182443

85. Erkip F. The distribution of urban public services: the case of parks and recreational
services in Ankara. Cities. (1997) 14:353-61. doi: 10.1016/S0264-2751(97)00026-7

86.Xu Y, Wheeler SA, Zuo A. Will boysmental health fare worse under a hotter
climate in Australia? Pop Environ. (2018) 40:158-81. doi: 10.1007/s11111-018-0306-6

87. Van den Bosch M, Meyer-Lindenberg A. Environmental exposures and depression:
biological mechanisms and epidemiological evidence. Annu Rev Public Health. (2019)
40:239-59. doi: 10.1146/annurev-publhealth-040218-044106

88. Tyrvdinen L, Védidnanen H. The economic value of urban forest amenities: an
application of the contingent valuation method. Landscape Urban Plan. (1998)
43:105-18. doi: 10.1016/S0169-2046(98)00103-0

89. Shashua-Bar L, Hoffman ME. Vegetation as a climatic component in the design of
an urban street: an empirical model for predicting the cooling effect of urban green areas
with trees. Energ Buildings. (2000) 31:221-35. doi: 10.1016/S0378-7788%2899%2900018-3

90. Gémez F, Tamarit N'T, Jabaloyes J. Green zones, bioclimatics studies and human
comfort in the future development of urban planning. Landscape Urban Plan. (2001)
55:151-61. doi: 10.1016/S0169-2046(01)00150-5

91. Wang Z, Zhao X, Yang J, Song J. Cooling and energy saving potentials of shade
trees and urban lawns in a desert city. Appl Energ. (2016) 161:437-44. doi: 10.1016/].
APENERGY.2015.10.047

92. Nguyen PY, Astell-Burt T, Rahimi-Ardabili H, Feng X. Green space quality and
health: a systematic review. Int J Environ Res Public Health. (2021) 18:11028. doi:
10.3390/ijerph182111028

93. Huang Q, Yang M, Jane H, Li S, Bauer NM. Trees, grass, or concrete? The effects
of different types of environments on stress reduction. Landscape Urban Plan. (2020)
193:103654. doi: 10.1016/j.Jlandurbplan.2019.103654

94. Bratman GN, Anderson CB, Berman MG, Cochran B, de Vries S, Flanders J, et al.
Nature and mental health: an ecosystem service perspective. Sci Adv. (2019) 5:eaax0903.
doi: 10.1126/sciadv.aax0903

95. Francis J, Wood LJ, Knuiman M, Giles-Corti B. Quality or quantity? Exploring the
relationship between public open space attributes and mental health in Perth, Western
Australia. Soc Sci Med. (2012) 74:1570-7. doi: 10.1016/j.socscimed.2012.01.032

96. Rui L, Buccolieri R, Gao Z, Ding W, Shen J. The impact of green space layouts on
microclimate and air quality in residential districts of Nanjing. China Forests. (2018)
9:224. doi: 10.3390/F9040224

Frontiers in Public Health

15

10.3389/fpubh.2023.1310410

97.Liu W, Zhao H, Sun S, Xu X, Huang T, Zhu J. Green space cooling effect and
contribution to mitigate heat island effect of surrounding communities in Beijing
metropolitan area. Front Public Health. (2022) 10:870403. doi: 10.3389/
fpubh.2022.870403

98.Bonaccorsi G, Manzi F, Del Riccio M, Setola N, Naldi E, Milani C, et al.
Impact of the built environment and the neighborhood in promoting physical
activity and the healthy aging in older people: an umbrella review. Int ] Environ Res
Public Health. (2020) 17:6127. doi: 10.3390/ijerph17176127

99.Curl AL, Mason P. Neighbourhood perceptions and older adults’ wellbeing:
does walking explain the relationship in deprived urban communities? Transp Res
A Policy Pract. (2019) 123:119-29. doi: 10.1016/]. TRA.2018.11.008

100. Chen H, Mui AC. Factorial validity of the center for epidemiologic studies
depression scale short form in older population in China. Int Psychogeriatr. (2013)
26:49-57. doi: 10.1017/S1041610213001701

101. Nieuwenhuijsen MJ, Khreis H, Triguero-Mas M, Gascon M, Dadvand P. Fifty
shades of green: pathway to healthy urban living. Epidemiology. (2017) 28:63-71.
doi: 10.1097/EDE.0000000000000549

102. Fonseca X, Lukosch S, Brazier F. Social cohesion revisited: a new definition
and how to characterize it. Innovation. (2019) 32:231-53. doi:
10.1080/13511610.2018.1497480

103.Evans M, Fisher EB. Social isolation and mental health: the role of
nondirective and directive social support. Community Ment Health J. (2022)
58:20-40. doi: 10.1007/s10597-021-00787-9

104. Jennings V, Bamkole O. The relationship between social cohesion and urban
green space: an avenue for health promotion. Int ] Environ Res Public Health. (2019)
16:452. doi: 10.3390/ijerph16030452

105. Gronlund CJ. Racial and socioeconomic disparities in heat-related health
effects and their mechanisms: a review. Curr Epidemiol Rep. (2014) 1:165-73. doi:
10.1007/s40471-014-0014-4

106. Hsu A, Sheriff G, Chakraborty T, Manya D. Disproportionate exposure to
urban heat island intensity across major US cities. Nat Commun. (2021) 12:2721.
doi: 10.1038/5s41467-021-22799-5

107. Schwenzer KJ. Protecting vulnerable subjects in clinical research: children,
pregnant women, prisoners, and employees. Respir Care. (2008) 53:1342-9.

108. Zhang Z, Zhang J. Perceived residential environment of neighborhood and
subjective well-being among older people in China: a mediating role of
sense of community. J Environ Psychol. (2017) 51:82-94. doi: 10.1016/].
JENVP.2017.03.004

109. Saelens BE, Sallis JE, Black JB, Chen D. Neighborhood-based differences in
physical activity: an environmental scale evaluation. Am J Public Health. (2003)
93:1552-8. doi: 10.2105/AJPH.93.9.1552

110. Brownson RC, Chang JJ, Eyler AA, Ainsworth BE, Kirtland KA, Saelens BE,
et al. Measuring the environment for friendliness toward physical activity: a
comparison of the reliability of 3 questionnaires. Am ] Public Health. (2004)
94:473-83. doi: 10.2105/AJPH.94.3.473

111.Titov N, Dear BF, McMillan D, Anderson T, Zou J, Sunderland M.
Psychometric comparison of the PHQ-9 and BDI-II for measuring response
during  treatment of depression. CBT. (2011) 40:126-36. doi:
10.1080/16506073.2010.550059

112. Wang YP, Gorenstein C. Psychometric properties of the Beck depression
inventory-II: a comprehensive review. Braz J Psychiatry. (2013) 35:416-31. doi:
10.1590/1516-4446-2012-1048

113. Alcock I, White MP, Wheeler BW, Fleming LE, Depledge MH. Longitudinal
effects on the mental health of moving to greener and less green urban areas.
Environ Sci Technol. (2014) 48:1247-55. doi: 10.1021/es403688w

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1310410
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3969/j.issn.2095-5588.2015.06.002
https://doi.org/10.2190/u814-6x80-n787-807j
https://doi.org/10.1016/j.healthplace.2010.09.003
https://doi.org/10.1016/j.healthplace.2010.09.003
https://doi.org/10.1016/j.ypmed.2015.07.011
https://doi.org/10.1016/j.ypmed.2015.07.011
https://doi.org/10.14085/j.fjyl.2020.02.0088.06
https://doi.org/10.2105/ajph.94.9.1580
https://doi.org/10.1146/annurev-publhealth-032013-182443
https://doi.org/10.1016/S0264-2751(97)00026-7
https://doi.org/10.1007/s11111-018-0306-6
https://doi.org/10.1146/annurev-publhealth-040218-044106
https://doi.org/10.1016/S0169-2046(98)00103-0
https://doi.org/10.1016/S0378-7788%2899%2900018-3
https://doi.org/10.1016/S0169-2046(01)00150-5
https://doi.org/10.1016/J.APENERGY.2015.10.047
https://doi.org/10.1016/J.APENERGY.2015.10.047
https://doi.org/10.3390/ijerph182111028
https://doi.org/10.1016/j.landurbplan.2019.103654
https://doi.org/10.1126/sciadv.aax0903
https://doi.org/10.1016/j.socscimed.2012.01.032
https://doi.org/10.3390/F9040224
https://doi.org/10.3389/fpubh.2022.870403
https://doi.org/10.3389/fpubh.2022.870403
https://doi.org/10.3390/ijerph17176127
https://doi.org/10.1016/J.TRA.2018.11.008
https://doi.org/10.1017/S1041610213001701
https://doi.org/10.1097/EDE.0000000000000549
https://doi.org/10.1080/13511610.2018.1497480
https://doi.org/10.1007/s10597-021-00787-9
https://doi.org/10.3390/ijerph16030452
https://doi.org/10.1007/s40471-014-0014-4
https://doi.org/10.1038/s41467-021-22799-5
https://doi.org/10.1016/J.JENVP.2017.03.004
https://doi.org/10.1016/J.JENVP.2017.03.004
https://doi.org/10.2105/AJPH.93.9.1552
https://doi.org/10.2105/AJPH.94.3.473
https://doi.org/10.1080/16506073.2010.550059
https://doi.org/10.1590/1516-4446-2012-1048
https://doi.org/10.1021/es403688w

	Residential greenness for mitigating impacts of extreme heat events on depression and supporting mental health
	Highlights
	1 Introduction
	2 Literature publication trends and analysis
	3 Literature synthesis
	3.1 Extreme heat events (heatwaves) and depression: a relationship review
	3.2 RGS and extreme heat events: ecosystem services perspective
	3.2.1 Effect of different types of RGS
	3.2.1.1 Small green spaces (SGS)
	3.2.1.2 Green roofs (GR)
	3.2.1.3 Green walls (GW)
	3.2.1.4 Street trees
	3.2.2 Green index for RGS
	3.2.2.1 Coverage ratio
	3.2.3 Living vegetation volume, the cooling efficiency of RGS
	3.2.3.1 Green view index
	3.3 RGS and depression: the health perspective
	3.4 Summary

	4 Perspective: practical approach of RGS and depression under heatwaves
	4.1 The conception framework of RGS for relieving depression under heatwaves
	4.2 Proposed methodology for multidimensional assessment and testing roadmap of RGS to reduce depression under extreme heat events

	5 Conclusion
	Author contributions

	References

