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Trees are an integral and salient feature of the natural environment with multiple
benefits for environmental and human health. Little is understood, however, about how
connectedness with trees or other features of nature (e.g., wildlife) are associated
with human health perceptions and well-being. Similarly, research on links between
neighborhood trees and nature connectedness is lacking. Community participants
(n = 102 older adults, Mage = 61.56, SD = 9.71) in Peterborough, Canada
completed questionnaires related to general health (perceived), subjective well-being,
interconnectedness with nature, and other demographics. A subsample of participants
(n = 36) provided postal codes that allowed for the tree canopy sampling of four
neighborhoods. People living near trees reported better mental health perceptions
(GHQ-12) and a greater sense of connectedness to the natural world around them.
Connectedness with trees, wildlife, and nature was associated with better psychological
well-being and less mental distress. This sense of connection was still related to better
mental health—more positive moods and feelings of vitality—when controlling for age,
income, and neighborhood connectedness. Trees are an integral part of communities and
are a cost-effective way of enhancing health as well as mitigating the effects of climate
change. Cultivating connectedness with specific elements of the natural environment
may help to promote greater environmental concern and behavior, while providing a
positively-framed motivation for such action.
Keywords: nature connectedness, trees, well-being, health perception, emotion, natural environment

CONNECTEDNESS WITH NEARBY NATURE AND WELL-BEING
Many elements of the natural environment (nature1 ) have direct and indirect benefits for humans
(Kuo, 2015). Trees, for example, are often a dominant feature of urban areas and contribute to wellbeing at the community or neighborhood level (Berman et al., 2008; Escobedo and Nowak, 2009;
Park et al., 2010; Stagoll et al., 2012; Klemm et al., 2015). Both the United Nations Environment
Programme (UNEP) and the Intergovernmental Panel on Climate Change (IPCC) suggest planting
more trees is a simple way to mitigate the effects of, and adapt to, a changing climate (IPCC, 2014;
UNEP, 2015). However, forests continue to diminish, particularly in urban areas (Tominaga et al.,
2008). The risks of climate change may seem uncertain, intangible, and a distal threat (Gifford,
2008). Particularly in regions such as Southern Ontario, where average temperatures have not
increased significantly, deforestation may seem less worrying than other risks, such as the spread
1 For this study, nature is defined as natural or non-built elements of the physical environment, such as trees and other plants,

wildlife, bodies of water (oceans, lakes, rivers, streams), and landscapes.
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effect in urban areas, whereby built elements, such as concrete
and asphalt surfaces, absorb heat from the sun and increase local
ambient temperature (Akbari et al., 2001). Trees and vegetation,
on the other hand, reflect sunlight back into the atmosphere while
respiring and releasing water in response to the sunlight they do
absorb, which leads to reductions in energy costs associated with
air-conditioned cooling. In major Canadian cities, lower income
residents are disproportionately exposed to poorer air quality
and higher temperatures than higher income residents; however,
greater rates of trees and vegetation moderate the relationship
between income, air quality, and the urban heat island effect
(CIHI, 2011). Thus, the combination of shade and respiration
provided by trees and vegetation contribute to a summer cooling
effect, something intuitive for anyone who has taken refuge under
a grand tree with large leaves in the summer.
Someone who has spent some time under a tree has probably
noticed a bird or two. An indication of neighborhood wellbeing is the amount of biodiversity it supports. Neighborhood
parks in residential areas were studied in Australia where
109 separate parks were assessed for tree density per hectare,
percentage of grass cover, presences of shrubs, and leaf litter.
These dimensions were compared along with observations made
during two 10-min wildlife sampling periods at each park (Stagoll
et al., 2012). Large, mature trees were found to house more
wildlife than other features of the environment, and as tree size
increased, so did bird and woodland species richness (Stagoll
et al., 2012). Interestingly enough, semi-structured interviews
with adults in Southern England revealed bird songs and calls as
the most identified auditory feature of the natural environment
for reducing stress and restoring attention (Ratcliffe et al., 2013).
Increasingly, research suggests that greater biodiversity provides
human physical and psychological health benefits (Fuller et al.,
2007; Luck et al., 2011). Trees improve the air quality of their
surroundings, provide thermal regulation in the summer, and
increase neighborhood biodiversity, all of which can be seen
as improvements to neighborhood well-being with direct and
indirect implications for human well-being.

of blacklegged ticks (Ixodes scapularis). It may be necessary to
focus on the many human health and well-being benefits of
trees (and other elements of nature) in order to emphasize their
importance and motivate climate change action.
Despite evidence of nature’s benefits, people are spending less
time interacting with the natural environment than they have in
previous generations (Pergams and Zaradic, 2008). On average,
those living in Western, industrialized countries spend over 90%
of their time indoors (Matz et al., 2014). A growing decline
in human-nature interactions may pose substantial threats to
human and environmental health (Soga and Gaston, 2016). One
explanation for the increasing human-nature disconnect is the
global rise in urbanization (Turner et al., 2004), which can lead
to environmental degradation and reduced access to natural
outdoor spaces. To date, 55% of the world’s population lives in
cities, a number projected to increase to 68% by 2050 (United
Nations, 2018). Therefore, developing a better understanding of
how people connect with and benefit from urban nature may be
crucial in improving the health of cities and societies worldwide.
This is particularly important given that urban residents will
need to develop coping skills and resiliency in the face of
environmental change.

TREES AND NEIGHBORHOOD
WELL-BEING
Trees benefit neighborhood environments from a human wellbeing perspective in a number of ways. Trees, and other
vegetation, contribute to neighborhood well-being by improving
control of snow and rainwater flow, air quality, temperature
in summer-time heat, and biodiversity (Escobedo and Nowak,
2009; Stagoll et al., 2012; Klemm et al., 2015). In Santiago, Chile,
high, medium, and low economic sub regions had their tree
cover measured and compared to data from local environmental
monitoring stations (Escobedo and Nowak, 2009). Hundreds of
metric tons of toxic compounds (PM10 , O3 , CO, NO2 , SO2 ) were
removed from the air by trees and vegetation; in fact, more air
pollution was removed by trees in the low socioeconomic region
than in the high socioeconomic region, with only half the number
of trees as in the more affluent region. Furthermore, by following
emission paths, street-lined trees appear to buffer against air
pollution through a funneling effect, particularly for non-carbon
emissions such as fine particulate matter and nitrogen-oxygen
compounds (Vos et al., 2013).
In addition to improving air quality, trees also help regulate
temperature—even within urban neighborhoods. In the fourth
largest city in the Netherlands, differences between tree density
and canopy cover were analyzed with temperature data from
July and August while controlling for cloud cover, humidity, and
wind velocity (Klemm et al., 2015). Nine streets with similar built
features (row housing) were grouped into high, medium, and
low densities based on tree canopy cover and ground vegetation.
Mean radiant temperature was significantly lower in areas with
high density tree canopy cover, with a 10% increase related to
a 1◦ C drop in temperature (Klemm et al., 2015). Shade from
trees has been associated with a reduction in the heat island
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TREES AND HUMAN PHYSICAL AND
PSYCHOLOGICAL WELL-BEING
Sedentary lifestyles, stroke, heart disease, attentional deficits, and
depression are all challenges to human well-being, among other
pathologies (Forouzanfar et al., 2015). It is important to note
that well-being is not simply the absence of disease, injury,
or other illness, but well-being also includes other physical,
mental, and social dimensions, such as a sense of vitality and
happiness (Shields, 2008). Because human well-being is abstract,
one measure seldom encompasses the full spectrum of positive
functioning. Perceived physiological well-being can be assessed
with self-reported health questionnaires (e.g., Pennebaker,
1982; Goldberg et al., 1997), while psychological well-being
is often conceptualized and operationalized into hedonic and
eudaimonic classifications. Hedonic refers to how often pleasant
and unpleasant emotions are experienced (e.g., Watson et al.,
1988). Eudaimonic dimensions are characteristics of high-quality
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living and more discretely related to pleasure; though not always
perceived as pleasurable, for example, purpose in life and vitality
can be considered indications of positive functioning (Ryan and
Frederick, 1997).
Exposure to forested areas can improve physiological markers
of well-being, including blood pressure, cortisol, and heart rate
variability (Park et al., 2010). Walks in an arboretum (a garden
devoted to trees) can enhance attention and memory (Berman
et al., 2008, 2012). Furthermore, people feel better emotionally,
more alive, and more cooperative under the influence of nature
(Berman et al., 2008; Nisbet et al., 2011; Zelenski et al., 2015).
Perhaps the most notable research evidence for the physiological
enhancements associated with trees and forested areas comes
from Japan. Shinrin-Yoku, or forest bathing, is the act of
immersing oneself in the forest and experiencing it through all
the senses—taking in the air as well as visual and other sensory
stimuli (Park et al., 2010). Across 24 separate studies, close to
500 participants had their stress, immune system, blood pressure,
heart rate, and nervous system activity measured before and
after exposure to forested and urban settings (Park et al., 2010).
The forest experiences improved participants’ stress response:
lower cortisol levels (the stress hormone), pulse rates, diastolic
and systolic blood pressure, as well as increased parasympathetic
nervous system activity (related to digestion) and decreased
sympathetic nervous system activity (related to the fight or flight
response). Based on these findings, it appears trees, being a salient
element of the forest, contribute to a positive influence on human
health and well-being. Though less research on these effects has
been conducted in North American environments, other studies
have focused on the cognitive and emotional benefits of nature.
Nature promotes recovery from stress but can also improve
functioning. Attention Restoration Theory (Kaplan, 1995)
implies natural features of the environment rest attentional
parts of the brain and in turn have restorative benefits.
Kaplan and colleagues have demonstrated that walking in treed
environments significantly improves mood and working memory
(Berman et al., 2008). Walks in treed areas also led to a
significant reduction of repeated negative thoughts (rumination)
in depressed individuals (Berman et al., 2012). Furthermore,
exposure to nature enhances learning (Kuo et al., 2018), selfcontrol (Kaplan, 2001; Faber Taylor et al., 2002) and can reduce
ADHD symptoms in children (Faber Taylor et al., 2001; Kuo and
Faber Taylor, 2004; Faber Taylor and Kuo, 2009).
In addition to the physical health benefits, there seem to be
mental health benefits from exposure to actual nature (vs. still
or video images, cf. Jiang et al., 2016) such as psychological
well-being and subjective connectedness. Connecting with the
natural environment is important for mitigating the stress that
is often part of urban living, but also for fostering resilience and
flourishing (Capaldi et al., 2015).

refers to this as “extinction of experience.” When disconnected
from nature, people may avoid it and miss opportunities for
improving their physical and mental health. As a consequence,
unfamiliarity with the natural world may lead people to devalue
and degrade it (Soga and Gaston, 2016). Conversely, people with
a greater connection to nature not only care for and protect it,
they also spend more time in it (Nisbet et al., 2009; Tam, 2013; Lin
et al., 2014; Colléony et al., 2017; Whitburn et al., 2018). People
with a strong sense of connection to nature report being happier
and feeling more alive and energetic (Mayer and Frantz, 2004;
Nisbet et al., 2009, 2011; Zelenski and Nisbet, 2014). Even a brief
exposure to nature—a walk through local, urban area—improves
mood and increases (state) nature connectedness (Nisbet and
Zelenski, 2011; Nisbet et al., 2019).
Nature connectedness is associated with more frequent use
of backyards and increased visits to local green spaces (Lin
et al., 2014, 2017; Flowers et al., 2016). Nature-related people
are also more likely to travel farther distances to visit remote
parks (with more remnant vegetation) than people who are less
connected (Lin et al., 2014; Shanahan et al., 2015). Contact with
the natural environment may be essential in fostering nature
connectedness, but a connection with nature may also help
people maintain regular nature contact, promoting better human
and environmental health.
Trees and other natural elements have observable benefits
when people are immersed in, exposed to, or view environments
that feature those elements. The amount of time people spend
in nature is associated with how much they relate to and are
concerned for the natural world (Schultz, 2001). How these ideas
transfer to community settings where elements like trees and
vegetation influence well-being is not yet well-understood. In
Toronto, Canada the relationship between neighborhood trees
and perceived health was assessed using comprehensive street
tree data, satellite information, and results from a province-wide
survey, with over 30,000 responses from the Ontario Health
Study (Kardan et al., 2015). Controlling for a host of demographic
factors, street tree canopy cover from over 3,000 Canadian
Census Dissemination Areas had a strong, positive relationship
with people’s general health perceptions, with less reported
mental illnesses, and less cardio-metabolic conditions. In fact,
having 10 more trees per neighborhood block was associated
with better (perceived) general health equivalent to increasing the
neighborhood median income and individual income by $10,000
each and being 7 years younger. Adding one more tree to that
scenario doubled the dollar value and reduced age by another
year (Kardan et al., 2015).
Kuo (2015) has identified 21 possible links between nature
and the promotion of human health and well-being. The
immune system is posited as the health dimension influenced
most by nature. Vegetation and trees on neighborhood streets,
in gardens, in parks, in forested areas, and in agricultural
areas all relate to a number of well-being indicators. Positive
benefits are associated with reductions in depression and anxiety
symptoms, ADHD, recovery from surgery, diabetes, cancer, and
infectious diseases, when controlling for confounding variables
like socioeconomic status. This also hints at the important
relationship between nature and longevity (Kuo, 2015). Indeed,

TREES, CONNECTEDNESS, AND
ENVIRONMENTAL CONCERN
Increased deforestation and urbanization contribute to a
disconnection of people from the natural landscape. Pyle (1993)
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focus, and feeling more alive after exposure to nature, and those
with a stronger connection to the natural environment tend to
have more positive functioning (Capaldi et al., 2015). Although
there is a substantial amount of research on the importance
of neighborhood greenspaces, little is known about the specific
natural features that may contribute to well-being, and the
individual differences older adults may have in their connection
with trees, wildlife, and nature in general.

when the U.S. Forestry Service looked at all-cause mortality rates
before and after the Emerald Ash Borer (Agrilus planipennis)
decimated tree populations in northern states bordering Canada,
human mortality rates, particularly related to cardiovascular and
respiratory complications, dramatically increased in areas with
tremendous tree loss (Donovan et al., 2013). Similar tree loss
was related to increased rates of poor birth outcomes (Donovan
et al., 2011). Though age was controlled for in some large-scale
studies, how trees and nature influence individual differences in
the well-being of older adults is not as well-understood. As the
climate warms, it is predicted that we will lose a tremendous
number of trees that have adapted to a small temperature range,
particularly coniferous trees (Wang et al., 2014). Much of the
wildlife supported by trees is already at risk (e.g., birds; Rosenberg
et al., 2019). Thus, work is needed to understand how our
relationship with trees is linked with health, and what to expect
with a changing environment.

THE PRESENT STUDY
Our goal was to examine how benefits associated with the
natural environment manifest in residents of Peterborough,
Ontario. Peterborough is a small urban setting in central Ontario
(Figure 1; population 81,032; Statistics Canada, 2017), with
surrounding suburbs and rural areas. In the Peterborough area,
where climate change may not yet be salient in the immediate
physical environment, trees and vegetation may be less novel
than in a metropolitan area like Toronto. We sought to explore
potential positive relationships between neighborhood trees
(particularly tree canopy density), health perceptions, and wellbeing in an understudied older adult population, along with
potential links between individual differences in connectedness
to various aspects of the natural environment. Based on previous
research, we aimed to answer several research questions: (1) Are
there individual differences in connectedness to specific features
in nature (trees, wildlife) that are associated with health and wellbeing? (2) If connectedness with nature contributes to well-being,
is this independent of connections with the local surroundings
(i.e., to the neighborhood and one’s neighbors)? (3) Is tree canopy
cover rate associated with health perceptions and psychological
well-being in older adults? and (4) Is the presence of greater
tree canopy coverage associated with individual differences in
subjective connectedness to features of the environment (trees,
wildlife, nature in general)?

TREES AND OLDER ADULTS
Natural features of the environment, particularly trees and
vegetation, play a crucial role in neighborhood and human
physiological and psychological well-being. Some researchers
have even argued that nature is a source of preventative medicine
(Park et al., 2010; Tsunetsugu et al., 2010). For older adults, some
natural elements of the neighborhood (trees, vegetation, gardens)
are more aesthetically pleasing than others, which results in
preferred walking route selection, and residential satisfaction
(Borst et al., 2008). Adults over 65 rate photos with more
vegetation as being more inviting for walking (Van Cauwenberg
et al., 2014). Survey research with homeowners in Ohio assessed
the presence of trees, vegetation rates, and building density
within a walking buffer area around their residences (Hur et al.,
2010). Tree density and vegetation rate significantly predicted
satisfaction and perceived naturalness, and, not surprisingly, the
more buildings there were, the less vegetation there was. Thus,
if older adults prefer walking along routes with more trees and
vegetation, then people living in close proximity to these features
may spend more time in contact with nature, fostering stronger
connections and reaping the health benefits of doing so.
Living around greenspace has health benefits (Mitchell and
Popham, 2008) but measures of greenspace often include grass,
gardens, and other open areas, not necessarily trees specifically.
In Toronto, however, street tree canopy predicted better mental
health perceptions (Kardan et al., 2015). Increases in street
tree density has also been associated with fewer anti-depressant
prescriptions in London, UK, another large metropolitan area
(Taylor et al., 2015). In large cities like London and Toronto, trees
may be more aesthetically appealing as they stand out against a
metropolitan backdrop. Thus, it is valuable to assess whether a
beneficial relationship between trees and mental health exists in
a smaller urban area.
Trees are clearly an integral feature of the environment,
supporting the health and well-being of neighborhoods, humans,
and the planet. Trees also contribute to the aesthetic appeal
of neighborhoods. People report less stress, a greater ability to

Frontiers in Sustainable Cities | www.frontiersin.org

METHOD
Participants
Participants were recruited from the Peterborough, Ontario
community for a study on older adults and the well-being
features of neighborhood environments. Advertisements were
posted in area grocery stores, coffee shops, community centers,
a bingo hall, and online using social media (the majority of
respondents indicated they heard about the study on Facebook;

FIGURE 1 | Location of Peterborough, Canada (44.30012 ◦ N,−78.31623◦ W).
Image source: Google Maps © (2019).
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The General Health Questionnaire (GHQ-12; Goldberg et al.,
1997) measures primarily depressive symptoms using 12 items
such as “have you been able to enjoy your normal day-to-day
activities” and “have you been feeling unhappy or depressed.”
Participants indicated their experiences over the previous 2
weeks using a 4-point Likert response scale with higher scores
indicating more psychological distress (α =0.90). Both the PILL
and GHQ are measures of distress, or the presence of illness,
and are valid with samples of varying age, gender, and education
(Pennebaker, 1982; Goldberg et al., 1997).

n = 68; 66.7%). Participants were entered in a draw for a
$100 cash prize as incentive for completing the study; the
winner was awarded their prize after the study was completed.
Data collection took place during the late fall and early winter
(December and January).
This study was carried out in accordance with the
recommendations of the Trent University Research Ethics
Board. The protocol was approved by the Trent University
Research Ethics Committee. All subjects gave written informed
consent in accordance with the Declaration of Helsinki.
Cases were excluded (n = 19) for excessive missing data, or
if respondents did not meet the advertised age criteria “older
adults” (we retained data from those who were at least in
middle-adulthood, 40 years of age and older), resulting in a
sample of 102 (see Tables 1, 2 for descriptive statistics of the
study variables). Almost two thirds of participants had more
than high-school education. Most were living in a single-unit
home and approximately half were retired. The majority of
respondents (68.6%) had lived in their current residence for more
than 5 years.

Well-Being
A modified version of the PANAS (Watson et al., 1988) assessed
positive and negative affect. Participants rated how much they
felt 16 positive and negative emotions (e.g., joy, contentment,
sadness, hostility) over the prior 2 weeks on a Likert continuum.

TABLE 2 | Descriptive statistics for categorical study variables.
n

%

Materials
Health Perceptions

Gender

The Pennebaker Inventory of Limbic Languidness (PILL;
Pennebaker, 1982; Pennebaker and Epstein, 1983) assesses
subjective physiological well-being and correlates with more
visits to health clinics and sick days away from work (Pennebaker,
1982; Pennebaker and Epstein, 1983). Respondents rated the
frequency of 54 common health complaints, such as “eyes water,”
“runny nose,” and “dizziness” on a 5-point Likert scale from 0
(never or almost never experienced) to 4 (more than once every
week). Higher scores (a sum of all items) on the PILL indicate
greater physical distress (α =0.91).

Female

79

77.5

Male

22

21.6

Education
Some/graduated high school

30

29.4

Some/graduated college

33

32.4

Some/graduated university

28

27.5

Post-graduate (master’s) degree

10

9.8

1

1.0

Full-time

33

32.4

Part-time

5

4.9

Unemployed

6

5.9

53

52.0

5

4.9

Ph.D.
Employment status

Retired

TABLE 1 | Descriptive statistics for continuous study variables.

Other
(N = 102)
Age
Income (annual household $)
Tree Canopy (% cover)

M

SD

Range

61.56

9.71

40–91

59,299.00

39,593.00

8,000–200,000

22.75

9.83

1.00–43.70

Psychological Distress (GHQ; scale
1–48)

23.08

Physical Distress (PILL; scale 0–216)

59.87

Positive Affect (scale 1–5)

3.31

5.47
27.57
0.61

Household composition
Live alone

14

13.7

Live with partner without children

57

55.9

Live with partner with children

17

16.7

Live with roommate(s)

3

2.9

Live with family (parents, siblings)

4

3.9

Live alone with children

5

4.9

1.13–4.38

Other

2

2.0

13.00–43.00
7.00–156.00

Negative Affect (scale 1–5)

1.89

0.71

1.00–3.88

Type of residence

Nature Positive Affect (scale 1–5)

2.84

0.86

1.00–4.67

Single-unit home

87

85.3

4

3.9

Vitality (scale 1–57

4.32

1.27

1.00–7.00

Multi-unit home

Connectedness-Trees (scale 1–7)

4.29

1.77

1.00–7.00

Low-rise apartment

7

6.9

Connectedness-Wildlife (scale 1–7)

4.03

1.85

1.00–7.00

High-rise apartment

2

2.0

Connectedness-Nature (scale 1–7)

4.28

1.80

1.00–7.00

Other

2

2.0

Connectedness-Neighborhood and
Neighbors; scale 1–7)

3.51

1.41

1.00–7.00

Length at current residence
9

8.8

Active time in nature

4.71

7.60

0–40.00

1–5 years

23

22.5

Less than 1 year

Time in garden or yard

1.03

2.24

0–12.00

5–10 years

29

28.4

Time visiting a park

0.22

0.84

0–7.00

Over 10 years

41

40.2
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(Figure 2 illustrates a neighborhood being sampled using the
i-Tree Canopy tool).

Scores from the eight positive (α =0.83) and eight negative
(α =0.89) emotion words were averaged separately. Three
additional words captured emotions suggested as relevant to
nature’s restorative benefits (Kaplan, 1995): awe, fascinated, and
curious (nature positive affect: α = 0.78).
The Vitality Scale (Ryan and Frederick, 1997; 6 items)
measures how alive and energetic one subjectively feels (e.g., “I
look forward to each new day” and “I nearly always feel alert and
awake”). Higher scores are indicative of feeling energetic in daily
life (α =0.91).

Procedure
Participants completed all measures online (recruitment ads
contained a link to the survey, hosted on the university’s Qualtrics
platform). After providing informed consent, respondents
reported on background (demographic) characteristics and were
asked to indicate their six-digit residential postal code. Postal
codes for participants within the City of Peterborough (n = 36)
were matched to a Local Delivery Unit (LDU) for tree canopy
mapping. The boundary shapefiles from ESRI Canada were
extracted with ArcGIS by an associate at Trent University’s Maps,
Data, and Government Information Centre. Boundaries were
then uploaded to i-Tree in order to define the neighborhood
area tree canopy cover estimation. The local delivery unit
boundary was referred to as the participant’s neighborhood.
Each neighborhood was sampled at least 500 times in order to
achieve a reliable estimate of canopy cover (as recommended
by the i-Tree Canopy manual, 2006). The i-Tree mapping
process was not undertaken for participants with postal codes
outside Peterborough as these codes covered areas too large to
provide a reliable neighborhood measure of tree canopy. The
36 participants with measured neighborhood tree canopy rates
came mainly from the K9H (n = 14) and K9J (n = 19) postal
areas, which represents north and south parts of Peterborough,
respectively, and can be seen in Figures 3, 4. Six participants
were from adjacent areas K9K (n = 3) and K9L (n = 3).
There was no difference in overall neighborhood tree canopy
for Peterborough’s north end (K9H; M = 20.67, SD = 9.55)
and south end residents (K9J; M = 24.56, SD = 10.02), or the
K9K (M = 23.30, SD = 15.66) or K9L residents (M = 27.60,
SD = 15.94), F (3,32) = 0.51, p >0.10 (all post-hoc comparisons
were non-significant). The rate of canopy cover was matched to
the corresponding participants.

Nature Connectedness
A modified version of Schultz’s (2002) Inclusion of Nature
in Self (INS) scale assessed connectedness with “nature,”
but also specific aspects of the natural environment: “trees,”
“wildlife,” “neighbors,” and “neighborhood” (cf. Leary et al.,
2008). Participants selected from a series of seven Venn diagrams
(pairs of circles with varying degrees of overlap; each circle
pair contained the words “me” or “nature”). Circles with
no overlap indicate less interconnectedness whereas complete
overlap represents a closer relationship between the self and the
target other (nature, trees, etc.). A composite “neighborhood
connectedness” variable was computed by averaging the two
INS measures of subjective connection to the local surroundings
(neighborhood and neighbors; α = 0.78). Participants also
reported on the number of hours spent, during the prior week,
“on a walk, hike, or activity in nature,” “in the garden or yard,” and
“visiting a park.” To reduce demand characteristics, these items
were embedded amongst other distractor activities: e.g., time at
the gym, with friends, in a car.

Neighborhood Tree Canopy
An open source tool for evaluating urban forests, i-Tree Canopy
(2006; from itreetools.org/canopy2 ) was used to assess the rate
of canopy cover for each participant who provided a postal
code. i-Tree Canopy is a peer reviewed photointerpretation tool
that utilizes satellite imagery from Google Earth. Investigating
tree cover change in 20 U.S. cities, Nowak and Greenfield
(2012), Nowak et al. (2014) demonstrated that i-Tree Canopy
was a valid and reliable measure of canopy cover compared
to other geographical information system (GIS) applications.
Additionally, Nowak and Greenfield (2010) compared i-Tree
Canopy measures against the National Land Cover Database
(NLCD) and found i-Tree provided similar estimates of canopy
cover. The tool allows the user to define an area of interest
by drawing directly on a map or uploading Environmental
Systems Research Institute (ESRI) shapefile coordinates. Once
a geographical area is defined it is randomly sampled to assess
the rate of canopy cover; between 500 and 1,000 samples per
defined area is recommended in order to reduce standard error
and improve validity. Each sampling point is identified by the
user as being part of a tree canopy or not, then the number of
tree canopy identified points is compared to all points sampled
to provide a ratio estimate tree canopy cover in the defined area

RESULTS
The purpose of the study was to investigate potential health and
well-being benefits of particular aspects of nature (e.g., trees)

FIGURE 2 | Screenshot of i-Tree Canopy sampling process. This image is
zoomed out to show the whole sampling area. When sampling, the image is
zoomed closer. Yellow crosshairs indicate the point of latitude and longitude to
be sampled and the red border represents the neighborhood boundary. Local
delivery boundaries appeared to be of finer scale than Canadian Census
Tracts.

2 Developed by Nowak, Walton, and Greenfield at the USDA Forest Service and by
Ellingsworth, Binkley, and Maco at the Davey Tree Expert Company
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to negative physical and mental health perceptions, or
negative mood. A similar pattern of correlations emerged
for connectedness with wildlife, and nature in general, but
these aspects of connection were also negatively related to
both measures of ill-being. Connection with wildlife was not
as strongly correlated with well-being (smaller magnitude);
connectedness with trees and with nature had stronger
associations with positive mental health. People with a stronger
connection to trees and nature also reported spending more
time visiting parks. Those who felt connected with wildlife were
somewhat more likely to report being active, on a hike or other
activity in nature. Gardening was only marginally associated
with connection to wildlife.
Neighborhood connectedness was associated with all health
and well-being indicators, with the exception of physical distress.
In other words, similar to the nature connectedness results,
respondents who are more connected to their neighborhood
and neighbors have less psychological distress, more positive
and fewer negative emotions, are more fascinated, and feel vital
and alive.
We also examined the relationship between age and gender
with the outcome variables. Gender was unrelated to any of
the well-being or connectedness variables. Age was positively
related to neighborhood connectedness (r = 0.32, p < 0.01) and
negatively correlated with mental health perceptions (GHQ, r =
−0.21, p < 0.05) and negative affect (r = −0.22, p < 0.05).
To test whether connection with trees and other aspects
of nature have well-being benefits independent of connections
with neighbors and the general neighborhood we computed
partial correlations controlling for the composite neighborhood
connectedness measure as well as gender, income, and age.
The zero-order correlations as well as the partial correlations
for the three nature connectedness variables and well-being are
presented in Table 33 . The magnitude of the correlations between
the three nature connectedness measures and the well-being
variables was somewhat smaller but remained significant when
controlling for neighborhood connectedness and demographics.

FIGURE 3 | Highlighted boundary representing K9H postal area in north end
of Peterborough. Image courtesy of Google Maps © (2016).

FIGURE 4 | Highlighted boundary representing K9J postal area in south end
of Peterborough. Image courtesy of Google Maps © (2016).

along with individual differences in subjective connectedness
with nature. These relationships were investigated with
survey methods and linked to objective tree canopy density
data from photointerpretation software (i-Tree Canopy) in
Peterborough, Ontario.
Descriptive statistics for the study variables are presented
in Tables 1, 2. Prior to conducting the main analyses, we
tested whether any of the outcome variables differed according
to age or gender. Gender was unrelated to any of the wellbeing or connectedness variables. Age was positively related to
connectedness with the neighborhood (r = 0.36, p < 0.01) and
neighbors (r = 0.24, p < 0.05), and negatively correlated with
mental health perceptions (GHQ, r = −0.21, p < 0.05) and
negative affect (r = −0.22, p < 0.05). In subsequent analyses for
connectedness and well-being, we controlled for gender, income,
age, and neighborhood connectedness (described in more detail,
in the relevant section below).

Neighborhood Tree Canopy, Health
Perceptions, and Well-Being
To examine how the density of trees might be correlated with
nature connectedness (and certain natural features) and wellbeing we conducted correlation analyses in the subsample of
participants with tree canopy data (n = 36), controlling for
gender, income, and age4 . We also tested these relationships
3 The same relationships between trees, wildlife, nature connectedness and the
well-being variables were also tested using regression equations. The results were
consistent with the correlational findings.
4 Our main goal was not to compare respondents with and without tree canopy
data, however we used ANOVA and Chi square tests to compare the two types
of respondents on demographic and outcome variables. There was no difference
between the participants with and without tree canopy estimates, in terms of age,
length of residence, or education. Participants not included in the tree canopy
estimates had higher annual income (M = 67,344, SD = 41,660) compared to those
included in the tree canopy analyses (M = 43,697 SD = 30,091), F (1,95) = 8.36, p
< 0.01. There were slightly more women in the tree canopy group (87.9 vs.72.5%).
Not surprisingly, a smaller proportion of those with tree canopy data (i.e., within
the city) were living in a single-unit home (60.6%) compared to the respondents

Connectedness With Nature, Health
Perceptions, and Well-Being
To explore whether differences in connectedness were associated
with health and well-being, we analyzed correlations between
the three types of nature connectedness, neighborhood
connectedness, and the various indicators of physical and mental
health (Table 3). Connectedness with trees correlated with
positive well-being indicators and was generally unrelated
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TABLE 3 | Correlations between connectedness, health perceptions, and well-being.
(N = 102)
1. Connectedness-trees

1

2

3

4

5

0.75**

3. Connectedness-nature

0.79**

0.82**

4. Connectedness-neighborhood/neighbors

0.36**

0.26**

0.34**

–

5. Active time in nature

0.16

0.24*

0.22*

0.16

6. Time in garden or yard

0.02

0.09

0.10

0.13

−0.01

7. Time visiting a park

0.29*

0.18

−0.03

0.08

−0.20

†

(−0.08)
9. Physical Distress (PILL)
10. Positive Affect
11. Negative Affect
12. Nature Positive Affect
13. Vitality

7

8

9

10

11

12

–

2. Connectedness-wildlife

8. Psychological Distress (GHQ)

6

–

†

–

0.24*

−0.26*

−0.32**

†

(−0.24*)

(−0.19 )

−0.09

−0.11

−0.21*

(0.02)

(−0.02)

(−0.12)

0.37**

0.29**

0.34**

(0.26*)

(0.22*)

(0.25*)

–
–
0.03

–

−0.22*

−0.08

−0.05

−0.15

−0.29**

−0.04

−0.03

0.30**

0.26**

0.10

0.14

−0.63**

−0.33**

0.57**

0.38**

−0.47**

0.39**

†

−0.08

−0.10

−0.17

(0.03)

(−0.02)

(−0.10)

0.31**

0.22*

(0.25*)

(0.18 )

†

–

−0.34**

–
–

−0.25**

−0.24*

−0.13

0.10

0.21*

0.14

−0.13

0.21*

−0.33**

−0.21*

0.60**

−0.09

0.43*

0.33**

0.13

−0.57**

−0.38**

0.77**

−0.48**

0.26*

–
–

†

(0.19 )

0.45**

0.32**

0.5**

(0.34**)

(0.24*)

(0.35**)

0.16

0.48**

Partial correlations between connection with trees/wildlife/nature and well-being, controlling for gender, income, age, and neighbors/neighborhood connectedness, are in parentheses.
The correlations that remain significant are in bold.
† p < 0.10. *p < 0.05. **p < 0.01.

using a regression approach (correlational findings for tree
canopy coverage and all study variables are presented in
Table 4; regression results are reported in Table 5). Tree
canopy density correlated positively with all aspects of nature
connectedness. People with more tree canopy have a slightly
stronger relationship with nature (including trees and wildlife)
than those with fewer trees nearby. The density of neighborhood
trees was unrelated to neighborhood connectedness or any of the
time use reports for outdoor activities (we noted a trend in the
expected direction, however, for tree canopy and time spent in
the garden or yard).
We expected that people living in neighborhoods with more
tree canopy would report better overall health, but this was
only partly the case. Those living with more trees in their
neighborhood reported better psychological health, i.e., lower
levels of distress and marginally better mood (the correlation
for tree canopy and PA was in the expected direction but did
not reach significance). Tree canopy was unrelated to physical
health perceptions.

TABLE 4 | Correlations between neighborhood tree canopy and connectedness,
health perceptions, and well-being.

r

Partial r

Connectedness with trees

0.35*

0.37*

Connectedness with wildlife

0.41*

0.42*

Connectedness with nature

0.41*

0.42*

Connectedness with neighborhood/neighbors

0.22

0.06

−0.08

−0.10

Active time in nature
Time in garden or yard

0.20

0.21

Time visiting a park

0.07

0.11

Psychological distress (GHQ)

−0.50**

−0.44*

Physical distress (PILL)

−0.13

−0.19

Positive affect
Negative affect

0.20

0.28

−0.05

−0.05

Nature positive affect

0.01

0.10

Vitality

0.11

0.18

Partial correlations controlled for gender, income, and age.
† p < 0.10. *p < 0.05. **p < 0.01.

from areas outside the two postal code sampling areas (97.1%) where fewer
apartment buildings exist. Fewer tree canopy participants were retired (33.3%
compared to 60.9%). Neighborhood connectedness was significantly stronger for
those without tree canopy data (M = 3.89, SD = 1.42) compared to those with it (M
= 2.71, SD = 0.98), F (1,100) = 18.37, p < 0.01. The respondents with tree canopy
data were slightly less happy: marginally lower on positive affect (M = 3.17, SD =
0.48; non canopy group: M = 3.38, SD = 0.66), F (1,100) = 2.80, p < 0.10, and higher
on negative affect (M = 2.13, SD = 0.71; non canopy group: M = 1.77, SD = 0.68),
F (1,100) = 5.93, p < 0.05. Those with canopy data reported spending fewer hours
being active in nature over the previous week (M = 2.12, SD = 2.84; non canopy
group: M = 5.94, SD = 8.79), F (1,100) = 5.91, p < 0.05.
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Tree canopy

(N = 36)

DISCUSSION
The purpose of the study was to explore the potential benefits
of nearby nature—and trees, in particular—for well-being, as
well as subjective connectedness. We also expected that people
living in neighborhoods with more tree canopy would report
greater well-being (positive affect and vitality) and less ill-being
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TABLE 5 | Regression analyses for neighborhood tree canopy and
connectedness, health perceptions, and well-being, controlling for demographics
(n = 36).

TABLE 5 | Continued

Tree canopy-connectedness with trees

Step 1 β

Tree canopy-psychological distress (GHQ)

Gender

−0.16

Income
Age

Tree canopy-connectedness with trees

Step 2 β
−0.08

0.20

0.11

Income

−0.14

−0.09

−0.22

−0.14

Age

0.01

−0.11

Tree canopy

0.39*

Step 2 β

Gender
−0.10

Tree canopy

Step 1 β

−0.08
−0.45*

1 R2

0.09

0.18

1F

0.95

7.12*

1 R2

0.03

0.13

1F

0.30

4.37*

Tree canopy-physical distress (PILL)
Gender

−0.07

−0.11

Income

0.04

0.06

0.12

Tree canopy-connectedness with wildlife
Gender

−0.09

0.00

Income

−0.03

−0.08

Age

0.02

−0.11

Tree canopy

Age
Tree canopy

0.19
−0.20

0.44*

1 R2

0.02

0.03

1 R2

0.01

0.17

1F

0.17

1.02

1F

0.07

5.97*

Tree canopy-positive affect
0.25

0.31

Tree canopy-connectedness with nature

Gender

Gender

−0.20

−0.11

Income

Income

−0.11

−0.16

Age

0.04

−0.10

Tree canopy

Age
Tree canopy

0.07

1.19

2.54

1F

1F

0.47

6.06*

Tree canopy-negative affect

Tree canopy-connectedness with connectedness
with neighborhood/neighbors
0.28

Age

†

0.46**

Tree canopy
2

−0.20
0.28

†

0.06
0.27

0.00

1F

3.70*

0.11

Gender

−0.02

−0.03

Income

−0.24

−0.23

Age

−0.06

Tree canopy

0.44*

1R

1 R2

0.06

0.00

1F

0.68

0.09

Gender

0.11

0.13

Income

0.14

0.13

−0.29

−0.32

−0.22

−0.25

Income

Age

−0.15

−0.14

Age

0.01

Tree canopy

−0.03

Tree canopy

−0.11

1 R2

0.07

0.01

1F

0.73

0.32

0.13

0.17

Income

0.04

0.01

Age

0.07

0.00

Tree canopy
0.03

0.04

1F

0.26

1.34

0.01

1F

1.20

0.31

Gender

0.16

0.19

Income

0.23

0.21

−0.19

−0.25

Tree canopy

0.18

1 R2

0.10

0.03

1F

1.15

0.95

Gender is coded 0 = female, 1 = male. β = standardized betas.
<0.10. *p <0.05. **p <0.01.

†p

Tree canopy-time visiting a park
Gender

−0.07

−0.05

Income

−0.10

−0.11

Age

−0.12

−0.15

Tree canopy

(negative physical and mental health perceptions, negative affect)
than people living in neighborhoods with less tree density. The
findings are mixed in that connectedness with various aspects
of nature more consistently predicted positive functioning
(especially vitality) whereas the physical presence of trees
attenuated negative mental (but not physical) health perceptions.

0.11

1 R2

0.03

0.01

1F

0.29

0.33
(Continued)
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0.11

Age

0.22

1 R2

0.10

1 R2
Tree canopy-vitality

Tree canopy-time in garden or yard
Gender

−0.08
−0.06

Tree canopy-nature positive affect

Tree canopy- active time in nature
Gender

0.29
0.11

0.17*

−0.21

0.19
−0.21

1 R2

0.05

Gender

0.22
−0.12

0.44*

1 R2

Income

†
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Connectedness with nature appears related to the features of
the natural environment. The more tree canopy in a person’s
neighborhood, the more likely that person reported feeling
connected to their neighborhood and neighbors, to trees and
wildlife, and to nature in general. Without further research, it
is not possible to determine whether people who feel connected
with nature seek out a neighborhood with more trees, or whether
living in tree-dense communities enhances connectedness (or
both). In other words, further work is needed to establish the
cause and direction of this relationship. With the pressing need
to enhance or restore the quality of urban spaces, community
tree planting seems a particularly promising strategy for fostering
connectedness with nature (Whitburn et al., 2018). We need
research to track the effects of urban naturalization projects,
however, and whether this leads to more pro-environmental
attitudes as well as human health improvements, and why
(Hartig and Kahn, 2016). The mechanisms underlying nature’s
psychological benefits are not entirely understood but as the most
ubiquitous and salient natural feature in many cities, trees are
worthy of more attention (urban agriculture and the health and
nature connectedness benefits of gardening are another priority,
cf. Uhlmann et al., 2018). Trees are not only important for the
ecosystem services they provide, but for their aesthetics and
psychological impact on humans. Mature and old growth trees
enhance neighborhood biodiversity and provide opportunities to
view and learn about wildlife. When people are able to observe
and identify backyard birds, for example, they develop a stronger
connection to them (Cox and Gaston, 2015). Existing research
indicates people with a strong sense of nature connectedness
seek out biodiversity (Shanahan et al., 2015). It seems plausible
that a neighborhood with richer flora and fauna will promote
connectedness. Having nature nearby may also buffer against
feelings of social disconnection (Cartwright et al., 2018). Thus,
trees and wildlife (even if viewed through a window; cf. Kaplan,
1993) could be of added benefit to older adults who may have
mobility issues (hindering them from getting out in nature and
connecting with others).
Based on the existing evidence that green space improves
physical and mental health, it seemed reasonable to expect that
the more tree canopy in a person’s neighborhood, the more
time they would spend outside. A tree-filled neighborhood seems
likely to induce people to spend time outdoors on walks, hikes,
runs, bicycle rides, in the yard, or in parks. Neighborhood
greenspace is associated with physical activity, but much of
the research focus has been on parks and trails (Hartig et al.,
2014; Kuo, 2015). Somewhat surprisingly, people with more
nearby trees did not report spending more time being active in
nature or visiting parks. Participants reported spending slightly
more time in their yard if their neighborhood had more trees
but this was only a non-significant trend. Given that it can
be uncomfortable to be outside during the winter months in
Canada, nature connectedness may be a better predictor of
outdoor activities during more pleasant seasons (cf. Nisbet et al.,
2011; Brooks et al., 2017). We are optimistic that future studies
will establish relationships between trees and outdoor activity in
the warmer months. Still, we are encouraged by the fact that some
Peterborough residents were active in nature and visiting parks in
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December and January. Efforts to promote nature connectedness
may require education to raise awareness of nature’s benefits in
all seasons. During the winter months people may need specific
strategies and suggestions for how to stay connected with nature,
such as bird watching and animal tracking (e.g., Pathway to
Stewardship and Kinship project, 2019).
The presence of trees was associated with somewhat better
psychological health. Negative mental health perceptions were
inversely related to the density of trees in respondents’
neighborhoods. In other words, people who reported poor
mental health had fewer trees around their homes (and
this relationship remained when controlling for demographic
variables). There was no evidence in this study, however, that
people living around more trees benefitted from fewer symptoms
associated with illness. In this sample, it appears the benefits
of living with trees nearby are mainly for mental health or
psychological well-being. Our findings align with previous work
exploring nature’s effects on depression (e.g., Berman et al.,
2012). Rumination is a symptom of depression, where an almost
compulsive attention is paid to causes of distress. The restorative
benefits nature has on attention (Kaplan, 1995; Kaplan and
Berman, 2010) may partly explain the reduced number of
depressive symptoms reported in the current study. In fact,
being in nature not only reduces repeated negative thinking,
but after walking in forested areas the prefrontal cortex of
people’s brains—the area associated with rumination—is less
active (Bratman et al., 2015). Nature’s influence on attention
restoration and reducing negative thoughts is distinguishable
beyond the effects of exercise (Berman et al., 2012; Bratman et al.,
2015; Olafsdottir et al., 2018). Trees, as a salient element of the
natural world, may provide restorative associations for people
that live around them in urban environments. Regardless of the
mechanisms involved, the relationship neighborhood trees have
with (reduced) depressive symptoms make them a feature of the
urban environment community stakeholders, policy makers, and
everyday individuals should be paying attention to, given the
aging population.
Further research comparing high- and low-density tree
canopy will help to establish whether trees have greater benefits
for particular populations or different types of communities (e.g.,
those living in urban areas with less natural surfaces, or poor air
quality). Additional studies that monitor nature connectedness in
people who move to a different type of neighborhood, or using
pre-post designs to assess the effects of tree loss will help to
identify what factors shape interconnectedness with features of
the local environment. Older adults have already indicated their
preferences for neighborhoods with trees and vegetation (Borst
et al., 2008; Van Cauwenberg et al., 2014). Trees (and the wildlife
they support) could be a simple way to enhance mental health
perceptions as well as interconnectedness within communities.
Consistent with Cheesbrough et al.’s (2019) qualitative
work, the current findings suggest numerous elements of the
natural environment contribute to well-being. The sense of
connectedness people have with various living things, as well
as the broader concept of nature, predicted mood, vitality, and
less distress, but in different ways. Because conceptualizations
of nature are subjective, the elements of nature that come
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experience improvements in immune functioning, for example
(cf. Tsunetsugu et al., 2010).

to mind when reporting on connectedness are likely different
from person to person. Local culture, values, biodiversity, and
knowledge likely affect subjective definitions, and thus reported
connectedness. Cultural narratives and historical injustices may
even make people mistrustful of urban tree-planting efforts
(Carmichael and McDonough, 2019). People’s engagement with
and attitudes toward nature can be influenced by their culture’s
beliefs, social structures, and affluence (Milfont, 2012; Milfont
and Schultz, 2016), and there is evidence that a variety of
factors can influence people’s relationships with nature (e.g.,
Wilhelm-Rechmann et al., 2014). Nature connectedness may
not only be influenced by spiritual, political, economic, and
educational differences, but by geographical (climate zones)
and ecological (flora and fauna) differences as well. Over
60% of the research on nature connectedness has originated
from North America, Australia, the United Kingdom, and the
Netherlands (Restall and Conrad, 2015; Ives et al., 2017, 2018),
rendering an understanding of human-nature relationships
incomplete. More cross-cultural comparisons of human-nature
relationships are needed to determine the replicability of these
findings, and how the links with health and well-being might
vary globally.

CONCLUSION
Connection to trees has benefits for well-being. In this study of
urban residents, the greater the tree canopy density, the more
connected people were to trees, wildlife, and nature in general.
In order to develop connectedness with trees, people likely need
them to be present nearby. More work is needed to establish
the cause and direction of these relationships, but our findings
suggest people could benefit from more exposure to nearby
nature. Trees in urban centres provide benefits beyond habitat for
wildlife, or stormwater management and air quality. They offer
opportunities to develop a connection with the neighborhood
and local species of birds and mammals. Fostering connections
with local features of the natural environment, including trees, is
a promising and cost-effective strategy to improve both human
and environmental health.
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