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ABSTRACT
By 2050, 70% of the world’s population will live in urban areas. In many cases, urbanization
reduces the richness and abundance of native species. This means that an increasing number of
people are living in highly modified environments. Fewer direct interactions with diverse, less
modified ecosystems may adversely affect residents’ personal well-being and emotional connection
to nature, and ultimately their understanding of the need for biodiversity conservation. However,
there is limited knowledge of how variation in the urban environment influences these factors. We
measured the personal well-being, neighborhood well-being (a measure of a person’s satisfaction
with their neighborhood) and level of connection to nature of over 1000 residents in 36 residential
neighborhoods in south-eastern Australia. We modeled these response variables as a function of
various natural features of each neighborhood including the richness and abundance of bird and
plant species, vegetation cover, and demographic characteristics of surveyed residents. Measures of
vegetation cover had the strongest positive relationships with personal well-being, whereas
resident’s feelings of connection to nature were weakly related to variation in urban bird and plant
communities. Demographic characteristics such as age and level of activity were always the best
predictors of well-being and connection to nature. However, when controlling for variation in
demographic characteristics (e.g., age, gender, marital status and activity level), neighborhood wellbeing was positively related to a range of environment measures including bird species richness and
abundance, and vegetation cover. Demographic characteristics and the approach used to measure
well-being had a strong influence on our results and we suggest demography and methods for
assessing well-being must be considered when attempting to determine relationships between the
urban environment and human well-being.
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INTRODUCTION
In 2008, for the first time, greater than 50% of the global population lived in urban areas (United
Nations 2008). This is predicted to increase to 70% by 2050. Urbanization can reduce the species
richness of many taxonomic groups relative to areas that are not urbanized, although this may not
be true for some groups (e.g., plants) or in particular contexts (e.g., at low levels of urbanization;
McKinney 2002, 2008). Some researchers have suggested that the loss of species in human
settlements will increase the physical and emotional separation between people and nature (e.g.,
Turner et al. 2004; Miller 2005; Dunn et al. 2006). Owing to rapid urbanization, human-nature
experience is increasingly characterized by the interactions between people and the biota of their
yards, streets and neighborhoods (Kinzig et al. 2005). The importance of nature in areas where
people live is emphasized by recent shifts away from nature-based recreation (Pergams & Zaradic
2008).
Frequent interaction with highly modified ecosystems may affect perceptions of what
constitutes biological diversity (which includes taxonomic, functional and genetic diversity and the
diversity of ecosystems) and reduce public support for conservation of biodiversity and empathy for
nature (Chawla 1999; Schultz 2001; Dunn et al. 2006; Saunders et al. 2006). Moreover, the loss and
alteration of natural features in urban areas may adversely affect residents’ health and well-being.
Many studies demonstrate that nature in urban areas improves aspects of human health and personal
well-being (see review papers by Tzoulas et al. 2007; Matsuoka & Kaplan 2008), but it is less well
known whether variation in the natural features of residential neighborhoods affects well-being or
feelings of connectedness to nature (defined as an individual’s emotional connection to the natural
world; Mayer & Frantz 2004).
A fundamentally important question for conservation is whether a decrease in the richness
and abundance of species, particularly natives, adversely affects people’s well-being or connection
to nature. Fuller et al. (2007) demonstrated that certain aspects of psychological well-being of urban
greenspace users increased as the species richness of plants and birds in the greenspace increased.
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However, no study has examined this issue where people live, and where, arguably, the majority of
human-nature interactions occur. Here, we determined whether variation in urban bird and plant
communities in residential neighborhoods was related to the personal and neighborhood well-being
of residents and their feelings of connection to nature.

METHODS
Study area
Our study was conducted in nine towns and cities (population size ranged from 16,845 to 78,221)
across Victoria and New South Wales in south-eastern Australia. We surveyed four neighborhoods
in each town (total 36 neighborhoods) with neighborhood boundaries defined by census collection
districts, the smallest sampling unit (≈ 200 houses) used by the Australian Bureau of Statistics
(ABS) in its 5-yearly census of the Australian population. Neighborhoods were selected with
stratified random sampling to capture the full range of variation in housing density, income levels
and vegetation cover. The boundaries of neighborhoods in the same town were separated by at least
1 km, the center of each neighborhood was within 10 km of a town center, dominant land use was
residential and housing density ranged from 0.5 to 10 houses/ha (see Luck et al. 2009).
The definition of urban varies from study to study and may be context dependent (Pickett &
Cadenasso 2006). Owing to the relatively low housing density, most of the neighborhoods in our
study could reasonably be described as suburban or peri-urban, although neighborhood location
varied from the fringes of towns to town centers.

Neighborhood environment measures
We aimed to determine if residents’ personal well-being, neighborhood well-being or connection to
nature varied as a function of the following five aspects of the urban environment: species richness,
species abundance, vegetation cover, vegetation density, and level of urban development. We
measured a range of variables in each neighborhood that represented the five aspects, but narrowed
5

these to five variables (one for each aspect) that had the strongest and most consistent relationships
with the response variables (Appendix S1) as follows: species richness = the species richness of
native and non-native birds (measured in the field by L. S. over four seasons from summer 2007 to
spring 2008); species abundance = the abundance of native birds (all species, measured in the field
as above); vegetation cover = neighborhood vegetation cover (the proportional cover of woody and
non-woody vegetation, measured during the peak growing season (late spring 2007) via Advanced
Land Observation Satellite (ALOS) imagery at a 10 m resolution); vegetation density = the
proportional cover of understory, midstory and overstory vegetation in each neighborhood
(measured in the field in spring and summer 2007–08 by L. S.); and urban development = the
proportional cover of impervious surfaces in each neighborhood measured via ALOS as above. See
Table 1 and Appendix S1 for further details.

Neighborhood demographic measures
Demographic factors (e.g., age, gender and activity levels) may influence well-being and
connection to nature (Driver et al. 1991; Moro et al. 2008; Smyth et al. 2008). Following the
approach for neighborhood environment measures, we narrowed a range of demographic measures
to the following six variables representing different aspects of the demography of neighborhoods:
age; gender; residency (the number of years a respondent (i.e., a resident who responded to the
survey) had lived in the neighborhood); neighborhood activity level (the respondent’s level of social
and physical activity within their neighborhood); general activity level (the respondent’s level of
social/physical activity both within and outside their neighborhood); and socio-economic status (a
composite of the positively correlated variables of income, home ownership, and education level;
see Table 1 and Appendix S1).
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Survey instrument
We developed a questionnaire with the following sections: personal well-being; neighborhood wellbeing; connectedness to nature; level of interaction with the outdoor environment and social
interaction; and demography (Fig. S1). To evaluate personal well-being, we used a cross-cultural
index that is widely used to measure self-reported, subjective well-being (International Wellbeing
Group 2006). The index includes eight items that represent different aspects of overall life
satisfaction (Appendix S1). Each item was measured using a 0–10 scale, with 0 – completely
dissatisfied, 5 – neutral and 10 – completely satisfied. We determined the personal well-being index
value for each household by averaging the responses to the eight items. The personal well-being
index was included in our study so our results could be compared with other surveys.
We developed a new neighborhood well-being index that represented residents’ level of
satisfaction with life in their neighborhood. This index also comprised eight items; each measured
on the same 0–10 scale as for the personal well-being index. Examination of the capacity of each
item to explain variation in overall neighborhood satisfaction found that four items contributed
significantly to the latter (Cronbach’s alpha = 0.89), while the remaining items had a weaker
association (Appendix S1). The neighborhood well-being index value for each household was an
average of these four items. Our measures of neighborhood well-being were similar to those used
by Fuller et al. (2007).
We used the connectedness to nature scale (Mayer & Frantz 2004) to measure residents’
self-reported levels of connection to the natural environment. The scale consisted of 14 items
measured from 0–10 as above, and the value for the index was an average of the values of these 14
items (Appendix S1). The connectedness to nature scale, similar to the new ecological paradigm
scale (Dunlap et al. 2000), explores humans’ psychological relationship to the natural world. In a
critique of the scale, Perrin and Benassi (2009) suggested that it measures cognitive beliefs about an
individual’s connection with nature rather than an emotional connection per se. Nevertheless, they
7

concluded that the scale ‘…taps a connectedness to nature dimension’ (Perrin & Benassi 2009; p.
439).
The mean values of the two well-being indices were positively correlated across households
(rho = 0.61, n = 967), but because the correlation was not 1.0 they likely captured different aspects
of well-being. Moreover, both indices were weakly correlated with the connectedness to nature
scale (personal well-being index, rho = 0.25; neighborhood well-being index, rho = 0.28, n = 967).

Data collation and analysis
We followed the survey design and implementation guidelines of Dillman et al. (2009). Surveys
were delivered in July 2009 to the mail boxes of 100 randomly selected households in each of 35
neighborhoods, and to all 45 households in one neighborhood. A total of 3545 surveys were
delivered and 1078 (30%) were returned. While the response rate was not 100%, we did not identify
strong systematic biases in responses across neighborhoods that undermine our conclusions
(Appendix S1).
Returned questionnaires were reviewed to filter out incomplete responses. This resulted in
revised sample sizes for personal well-being (1044), neighborhood well-being (993) and connection
to nature (1043), which were the three response variables for the analysis. A median value for each
index in each questionnaire was calculated from the individual items in the index. To examine
variation in responses both within and among neighborhoods, we employed a multinomial
regression model with an ordinal scale response variable. Median values for each index across
households within a neighborhood were assigned to one of the following three categories: low
(median value ≤ 5); medium (> 5 ≤ 7.5); and high (> 7.5). This represented, for example, low,
medium and high levels of well-being. These breakpoints ensured that the sample size in each
category was adequate for modeling, and accurately reflected relative well-being or connectedness
to nature. Median values were preferred to means in this analysis because the distribution of
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numerical values across items in each index was skewed towards larger values and the median was
a more accurate measure of central tendency and yielded clearer breakpoints.
We modeled the probability that a resident’s response would occur in one of the three
categories of personal well-being, neighborhood well-being or connection to nature using a
hierarchical generalized linear model with a multinomial response and an ordinal complementary
log-log link (Norušis 2008). We used a hierarchical model to reflect the spatial structure of the data
whereby households were nested within neighborhoods that were nested within towns
(‘neighborhood’ and ‘town’ were included as random factors in each model). All modeling was
conducted using the software program LISREL 8.8 (Jöreskog & Sörbom 2001).
Following an Information Theoretic Approach (Burnham & Anderson 2002), we compared
the explanatory capacity of 13 alternative models [hypotheses] for explaining variation in the
response variables. Covariates in these were either neighborhood environment or demographic
measures (Table 2). Models were ranked using Akaike’s Information Criterion (AIC; Burnham &
Anderson 2002). We compared the difference in the criterion values of the best ranked model to
model i (Δi) and calculated the Akaike weight for each model (Appendix S1). Model fit was
assessed by comparing the AIC value of the more complex models with the constant only model
and the model including only the constant and the random effects. We did not include highly
correlated variables in the same model (r > 0.6 or variance inflation factors > 4; see Neter et al.
1996).
Given the apparent strength of association between neighborhood demography and wellbeing and connectedness (see Results), we also determined if any environment measures were
related to personal well-being, neighborhood well-being or connection to nature while controlling
for variation in demographic characteristics. We modeled each environment measure separately (as
above) against each response variable within designated categories of, for example, age, gender and
activity level (see Appendix S1 for details).
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RESULTS
Personal well-being
Personal well-being was positively associated with species richness, species abundance, vegetation
cover and vegetation density, and negatively associated with urban development. The strength of
the association was strongest for vegetation cover and density, and urban development. For
example, based on the regression coefficients and their standard errors (Tables 3 and S2), the odds
of recording a higher level of personal well-being increased by 55% (26 – 90% confidence limits
based on ± 1 SE) with change in vegetation cover across the range of the data, and by 48% (22 –
79%) with change in vegetation density (i.e., the cover of understory–overstory plants; percentage
values calculated by converting log-odds to odds). Conversely, the odds increased by 20% (1 –
45%) with change in species richness across the range of the data. Certain demographic variables
were also strongly related to personal well-being. For example, there was a 114% (101 – 127%)
increase in the odds of recording a higher level of personal well-being if residents were married
rather than single (Table S3).
The highest ranked model explaining variation in personal well-being included age, general
activity level, residency and socio-economic status (Table 3). This was the only model among the
13 considered that had substantial support (wi = 1.0) with a reduction in the AIC value of 61.3
compared to the constant + random effects model. The four highest ranked models included only
demographic variables. Urban development and vegetation cover were the only variables in the two
highest ranked models that included environment measures, but the difference in the AIC value
between these two models and the constant + random effects model was < 2.
Within particular demographic categories (i.e., examining relationships within, for example,
a particular age category (< 55 years or ≥ 55 years old) or gender category (male or female)), only
urban development improved model fit (reduced the AIC value by > 2 compared to the constant +
random effects model) and had a variable coefficient that was significantly (p < 0.05) related to
personal well-being (Table 4). The odds of recording a higher level of personal well-being for
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females decreased by 124% (64 – 206%) with change in urban development across the range of the
data. Variable coefficients for vegetation density and urban development were significant in a
number of demographic categories, although inclusion of these variables mostly did not improve
model fit (Table S4).

Neighborhood well-being
Neighborhood well-being was related in the same way to environment measures as personal wellbeing, but these relationships were stronger for the former. For example, the odds of recording a
higher level of neighborhood well-being increased by 246% (178 – 330%) with change in
vegetation cover across the range of the data (Tables 3 and S2). The general relationships between
the demographic measures and neighborhood well-being mirrored those with personal well-being
(Table S3).
Only one model explaining variation in neighborhood well-being had substantial support (wi
= 0.97). This model included age, neighborhood activity level, residency and socio-economic status
(Table 3). Again, the four highest ranked models included only demographic variables, whereas the
two highest ranked models with environment variables included only urban development or
vegetation density, with the former reducing the AIC value by 3 compared to the constant + random
effects model.
Within particular demographic categories a number of environment variables were
significantly related to neighborhood well-being and improved model fit (Table 4). For example,
species abundance reduced the AIC value by 6.2 compared to the constant + random effects model,
and the odds of recording a higher level of neighborhood well-being increased by 34% (25 – 45%)
with change in species abundance across the range of the data for residents < 55 years old.
Moreover, although not always improving model fit, variable coefficients for each of the
environment variables were significantly related to neighborhood well-being in many demographic
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categories (Table S5). These results suggest a stronger association between the neighborhood
environment and neighborhood well-being than between the former and personal well-being.

Connection to nature
Although connection to nature was related in the same way to environment measures as personal
well-being and neighborhood well-being, the relationships were much weaker with a greater level
of uncertainty. For example, the odds of recording a higher level of connectedness to nature
increased by 19% (1 – 40%) with change in vegetation cover (Tables 3 and S2).
Again, only one model explaining variation in connection to nature had strong support (wi =
0.87) and this included the variable general activity level (Table 3). The two highest ranked models
with environment variables included only urban development or vegetation density, but these
reduced the AIC value by < 2 compared to the constant + random effects model.
Within particular demographic categories, only one variable was significantly related to
connectedness to nature and improved model fit. The odds of recording a higher level of
connectedness for tertiary educated residents decreased by 19% (10 – 28%) with change in species
abundance across the range of the data (Table 4). Moreover, only a few variable coefficients were
significantly related to connectedness to nature regardless of the improvement in model fit (Table
S6).

DISCUSSION
Most neighborhood environment measures were weakly related to residents’ personal well-being or
their feelings of connection to nature. There was some evidence that increased vegetation density
may improve personal well-being for certain types of residents, but this variable did not improve
model fit. Conversely, a number of environment measures were more strongly related to variation in
neighborhood well-being across a range of demographic categories, and it appeared that residents’
satisfaction with their local neighborhood increased when neighborhoods had, for example, more
12

bird species, more vegetation cover, and a lower level of urban development. Nevertheless,
demographic variables were always the strongest predictors of well-being or connection to nature.
Our results are not consistent with the general consensus that natural features in urban
landscapes are important for personal well-being (e.g., Matsuoka & Kaplan 2008) or the possibility
that urbanization will reduce people’s feelings of connectedness to nature. However, our findings
highlight two key issues. First, when attempting to determine the relationship between nature and
well-being, researchers must account for the substantial influence of demographic factors. Second,
how well-being is measured is likely to have a major impact on the results.
Also, our analysis was restricted to low to medium density neighborhoods (typical of many
residential suburbs) in regional towns and cities with populations of < 100,000 people, and
surveying in these areas may yield different results to major metropolitan centers. This raises an
extremely important question – if housing density is constrained along with the total size of urban
settlements will this alleviate the potential negative impacts of urbanization on residents’ well-being
and connection to nature?

Personal well-being
There was substantial uncertainty surrounding the association of most measures of personal wellbeing and environment measures. Personal well-being was most strongly associated with vegetation
cover and density and urbanization level suggesting that the relative proportion of greenspace and
urban development may have a greater influence on well-being than more specific environment
measures or species richness per se. Our results are qualitatively different to Fuller et al. (2007)
who identified a much stronger positive relationship between psychological well-being of urban
park users and species richness of birds and plants. However, they used a different measure of wellbeing that represented aspects of reflection, attachment and identity. These items are very similar to
the ones we used in our neighborhood well-being index, which may explain why we detected a
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much stronger relationship between environment measures and neighborhood well-being than
between the former and personal well-being.
The relationships between human well-being and the natural features of urban landscapes
undoubtedly reflect dynamic interactions among nature, settlement type, aesthetics, demographics,
and other environmental factors (e.g., noise and pollution levels; Tzoulas et al. 2007). Our study
found a strong assocation between demographic factors and personal well-being, especially age,
residency and general activity levels. When controlling for these factors, we found that only
urbanization level was significantly related to personal well-being and improved model fit. Across
neighborhoods, females reported lower levels of personal well-being than males as urban
development increased, possibly indicating a gender bias in the number of hours spent at home.
Those residents less active in their neighborhood (i.e., engaging in less physical or social activity)
reported lower well-being, possibly reflecting an interaction between urban density and the
likelihood of being active within the neighborhood (see below).
Previous research has demonstrated a strong positive link between natural features and
human well-being in urban landscapes (reviewed in Matsuoka & Kaplan 2008) or reported lower
levels of personal well-being for residents living in more urbanized settlements compared to less
urbanized ones (e.g., Moro et al. 2008; Smyth et al. 2008). In Australia, recent research using the
same personal well-being index we used found that of the nine federal electoral divisions where
people reported the highest level of personal well-being, eight were located outside of major
metropolitan centers and had relatively low population densities. Conversely, the nine electorates
with the lowest reported well-being were mostly in metropolitan areas with high population density
(Australian Unity 2008).
It is possible that by not sampling neighborhoods in major metropolitan cities we did not
record sufficient variation in personal well-being or levels of urbanization to identify a stronger link
between well-being and the urban environment. If this is true, we would expect the mean well-being
scores of our residents to show little variation across sites and, given the results above, to be closer
14

to that recorded by residents of other non-metropolitan centers than those of major metropolitan
locations. However, this was not the case. Across the nine towns we surveyed, the mean personal
well-being index ranged from 65.7 to 75.9, and the mean score among towns (72.3) was much
closer to that recorded by the metropolitan regions mentioned above (71.2) than the high-ranking
non-metropolitan locations (77.6; Australian Unity 2008). Therefore, our results suggest that wellbeing can vary substantially across smaller urban settlements and is not necessarily higher, on
average, than that recorded in major cities.

Neighborhood well-being
In general, there was a stronger relationship between the neighborhood environment and the
neighborhood well-being index compared to the personal well-being index. This was highlighted by
the range of environment measures that were positively related to neighborhood well-being after
controlling for variation in demographic characteristics. For example, bird species richness was
positively related to the well-being of tertiary educated residents (i.e., those with at least a bachelor
degree) or those < 55 years old and improved model fit. This tentatively supports the idea that
species richness per se may improve residents’ satisfaction with where they live, although
vegetation cover and level of urbanization were most strongly associated with well-being among
different types of residents (Tables 4 and S5).
As for personal well-being, models including demographic variables were the best
explanation for variation in neighborhood well-being. The positive relationship between well-being
and age and residency likely reflects the interaction between these variables (longer-term residents
are generally older) and the fact that age and residency are often strongly associated with place
attachment (Lewicka 2010). Neighborhood activity level was also strongly associated with
neighborhood well-being. Neighborhood vegetation cover has been shown to relate positively to
neighborhood satisfaction and place attachment (e.g., Bonaiuto et al. 2003; Crow et al. 2006; Lee et
al. 2008), and to the likelihood of residents engaging in neighborhood activities (e.g., walking) and
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informal social interaction (Kuo & Sullivan 1998; Naderia & Raman 2005). Hence, urban nature
may impact on neighborhood well-being directly and indirectly through encouraging other activities
that in turn improve well-being. However, we found little evidence for the latter in our study, as
there was no relationship between neighborhood environment measures and the likelihood of
residents engaging in neighborhood activities (unpublished data).

Connection to nature
Variation in the urban environment had little association with residents’ feelings of connection to
nature. Demographic measures were much more important, particularly neighborhood and general
activity levels (Tables 1 and 3). This emphasizes that physical and social activities, particularly
those occurring outdoors, may increase humans’ sense of connection with the natural world (Ewert
et al. 2005). Also, it is well recognized that experiences during childhood may influence
environmental attitudes and actions (e.g., Chawla 1999; Ewert et al. 2005; Thompson et al. 2008).
Residents’ feelings of connection to nature may reflect past rather than current circumstances.
Our research also assumes that daily interactions with nature within a resident’s
neighborhood affect feelings about the natural environment. However, for residents living in
smaller urban settlements it may be easier to access natural areas outside settlement boundaries than
for those living in major cities. Hence, people living in smaller urban centers may be less separated
from nature than residents of major cities regardless of the natural features of their neighborhood.
Conversely, residents’ yards and gardens, rather than their neighborhood per se, may
influence well-being and connection to nature. Substantial variation among households within
neighborhoods may reduce the strength of inference from neighborhood-level analyses (e.g.,
Kirkpatrick et al. 2009). We attempted to account for this by stratifying neighborhood selection to
maximize consistency across households within a neighborhood. Moreover, a number of studies
show that there is considerable similarity in garden types among adjacent houses owing to the
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influence of social and cultural norms on individual actions (e.g., Zmyslony & Gagnon 1998;
Warren et al. 2008; Nassauer et al. 2009).
As human settlements are often preferentially located in regions of high species richness
(Luck 2007), effective management and protection of urban biodiversity is important for meeting
broader conservation goals in addition to the potential benefits bestowed on humans (Dearborn &
Kark 2010). We found that across small to medium-sized human settlements in neighborhoods of
relatively low housing density, the relationships between urban nature and resident’s well-being
were complex and strongly influenced by demographic factors and the approach used to measure
well-being. There was little evidence that variation in the urban environment influenced resident’s
feelings of connection to nature.
Our findings should not be extrapolated to larger cities. It is possible that results will differ
between residents living in similar neighborhoods in major metropolitan areas versus those living in
smaller towns. In major cities there is likely much greater variation in urban development and urban
nature, and analyses in this context may identify a stronger effect of urbanization on well-being or
connectedness. From a conservation perspective, more attention should be given also to the role of
native versus exotic species in influencing well-being. There was little evidence in our study of
different relationships when considering only native species, although natives were a large
proportion of the species we recorded.
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Table 1. The explanatory variables used to examine the relationships between the neighborhood
environment and demographic measures, and personal well-being, neighborhood well-being and
connection to nature.
a

Variable (type/range)

Short name

b

Description

Source

The number of bird species in each

Field survey

Neighborhood environment measures
Species richness of birds (11

Species richness

– 48)
Abundance of native birds (2

neighborhood
Species abundance

– 15/ha)

The abundance of all species of native

Field survey

birds corrected for detection probability
(square-root)

Neighborhood vegetation

Vegetation cover

cover (8% – 77%)

The proportion of the neighborhood

Satellite imagery

covered in woody and non-woody
vegetation (arcsine-square-root)

Understory, midstory and

Vegetation density

overstory cover (6% – 45%)

The proportional cover of understory,

Field survey

midstory and overstory vegetation in
each neighborhood (arcsine-squareroot)

Impervious surface cover

Urban development

(1% – 88%)

The proportion of the neighborhood

Satellite imagery

covered in impervious surfaces
(arcsine-square-root)

Demographic measures
Age (categorical)

< 55 years or ≥ 55 years old

Questionnaire

Gender (categorical)

Male or female

As above

High (engaging in activities ≥ once per

As above

Neighborhood activity level

Neighborhood activity

(categorical)

c

week) or low (engaging in activities ≤
once or twice per month)

General activity level
(categorical)

General activity

High (engaging in activities ≥ once per

As above

week) or low (engaging in activities ≤
once or twice per month)

Residency (categorical)

Number of years lived in the

As above
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neighborhood (≤ 10 years or > 10
years)
Socio-economic status

A composite variable combining the

ABS

d

positively correlated measures of
income, home ownership and
education level (Appendix S1)

a

The name and type of variable (categorical variables noted; all other variables are continuous). The

range of values across neighborhoods is included in brackets for each continuous variable except
socio-economic status.
b
c

The data source for each variable (see Appendix S1 for further details of data collection methods).

The questionnaire delivered to residents to measure personal and neighborhood well-being and

connection to nature.
d

Australian Bureau of Statistics.

23

Table 2. Alternative models of personal well-being, neighborhood well-being and connection to
nature.
#

Alternative models
Personal well-being

1

Species richness

2

Species abundance

3

Vegetation cover

4

Vegetation density

5

Species richness + vegetation cover

6

Species richness + vegetation density

7

Vegetation cover + vegetation density

8

Urban development

9

Age

10

Residency

11

Socio-economic status

12

General activity

13

Age + general activity + residency + socio-economic status

Neighborhood well-being
Models 1 – 11 (above)
Neighborhood activity
Age + neighborhood activity + residency + socio-economic status

Connectedness to nature
Models 1 - 8, 10 - 12 (above)
Gender
Gender + general activity + residency + socio-economic status
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Table 3. The ranking of alternative models examining relationships between the neighborhood
environment and demographic measures, and personal well-being, neighborhood well-being and
connection to nature.
a

b

c

AIC

Δi

wi

socio-economic status (1.42 ± 0.25)

1672.4

0

0.999

Residency (0.65 ± 0.10)

1697.1

24.7

<0.001

General activity (0.66 ± < 0.01)

1699.9

27.5

<0.001

Age (0.70 ±< 0.01)

1701.4

29.0

<0.001

Urban development (-0.80 ± 0.22)

1732.5

60.1

<0.001

Vegetation cover (0.56 ± 0.26)

1733.5

61.1

<0.001

Species abundance (0.01 ± 0.02)

1734.2

61.8

<0.001

Species richness (0.005 ± 0.005)

1734.6

62.2

<0.001

Species richness (-0.002 ± 0.006) + vegetation cover (0.61 ± 0.29)

1735.0

62.6

<0.001

Vegetation density (0.80 ± 0.39)

1735.4

63.0

<0.001

Vegetation cover (0.41 ± 0.27) + vegetation density (0.55 ± 0.42)

1736.8

64.4

<0.001

Species richness (-0.001 ± 0.006) + vegetation density (0.84 ± 0.46)

1737.3

64.9

<0.001

Socio-economic status (1.19 ± 0.25)

1741.0

68.6

<0.001

d

Personal well-being

Age (0.34 ± 0.11) + general activity (0.67 ± 0.11) + residency (0.35 ± 0.11) +

Saturated model

e

f

1680.6

Constant only

1810.9

Constant + random effects

1733.7

Neighborhood well-being
Age (0.33 ± <0.01) + neighborhood activity (0.35 ± 0.11) + residency (0.29 ±
<0.01) + socio-economic status (1.76 ± 0.28)

1572.3

0

0.967

Age (1.02 ± 0.11)

1579.6

7.3

0.025
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Residency (0.98 ± 0.11)

1581.7

9.4

0.009

Neighborhood activity (0.86 ± < 0.01)

1598.6

26.3

<0.001

Urban development (-1.66 ± 0.24)

1603.8

31.5

<0.001

Vegetation density (1.80 ± 0.41)

1605.6

33.3

<0.001

Species abundance (0.07 ± 0.02)

1605.7

33.4

<0.001

Vegetation cover (1.59 ± 0.28)

1606.4

34.1

<0.001

Species richness (0.02 ± 0.006)

1607.0

34.7

<0.001

Socio-economic status (1.60 ± 0.27)

1608.5

36.2

<0.001

Vegetation cover (1.29 ± 0.29) + vegetation density (1.12 ± 0.44)

1608.8

36.5

<0.001

Species richness (0.009 ± 0.007) + vegetation cover (1.36 ± 0.32)

1609.0

36.7

<0.001

Species richness (0.02 ± 0.007) + vegetation density (1.48 ± 0.48)

1610.1

37.8

<0.001

Saturated model

1593.6

Constant only

1741.3

Constant + random effects

1606.8

1941.1

0

0.869

0.09) + socio-economic status (0.30 ± 0.21)

1944.9

3.8

0.131

Gender (0.07 ± 0.05)

1978.4

37.3

<0.001

Urban development (-0.28 ± 0.18)

1981.3

40.2

<0.001

Vegetation density (0.28 ± 0.33)

1982.0

40.9

<0.001

Species richness (0.009 ± 0.005)

1982.5

41.4

<0.001

Vegetation cover (0.22 ± 0.21)

1982.6

41.5

<0.001

Socio-economic status (0.22 ± 0.20)

1982.6

41.5

<0.001

Species abundance (0.009 ± 0.02)

1983.3

42.2

<0.001

Vegetation cover (0.19 ± 0.23) + vegetation density (0.13 ± 0.35)

1984.2

43.1

<0.001

Connectedness to nature
General activity (0.73 ± 0.08)
Gender (0.20 ± <0.01) + general activity (0.60 ± 0.10) + residency (-0.02 ±
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Species richness (0.009 ± 0.005) + vegetation cover (-0.008 ± 0.24)

1984.5

43.4

<0.001

Residency (≤ 10 years -0.03 ± 0.08; > 10 years 0.03 ± 0.08)

1985.2

44.1

<0.001

Species richness (0.01 ± 0.005) + vegetation density (-0.27 ± 0.38)

1987.3

46.2

<0.001

Saturated model

1952.8

Constant only

1998.2

Constant + random effects

1982.1

a

Akaike’s Information Criterion.

b

The difference in the criterion values of the best ranked model to model i.

c

Akaike weights.

d

Parameter estimates (variable coefficients) and their standard error are provided in brackets. See

Appendix S1 for further details.
e
f

The saturated model includes all of the explanatory variables.

The constant and constant + random effects models have been included for comparison and to help

assess model fit.
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Table 4. The neighborhood environment measures that improved model fit (reduced the AIC value
by > 2) and were significantly related (p < 0.05; variable coefficients and standard errors in
brackets) to personal well-being, neighborhood well-being or connection to nature for particular
demographic categories.
Personal

Neighborhood well-being

Connectedness

well-being

to nature

Urban

Species

Species

Vegetation

Vegetation

Urban

Species

development

richness

abundance

cover

density

development

abundance

4.2a

6.2

3.7

5.2

2.8

(0.03; 0.01)

(0.12; 0.03)

(2.05; 0.35)

(2.63; 0.52)

(-1.76; 0.31)

Age
< 55 years

Gender
Male

Female

2.1

2.9

(1.88; 0.49)

(-1.85; 0.41)

3.6

3.6

(-0.72; 0.28)

(-1.47; 0.29)

Marital status
Married

2.6
(-1.38; 0.27)

Single

9.5

6.5

2.5

5.9

(0.18; 0.05)

(1.25; 0.49)

(2.85; 0.72)

(-1.63; 0.46)

2.9

4.9

3.3

2.4

8.0

(0.03; 0.01)

(2.17; 0.47)

(1.97; 0.71)

(-1.49; 0.39)

(-0.07; 0.03)

Education level
Tertiary

NH activity level
Low

2.6
(-0.77; 0.30)

High

3.0
(-1.65; 0.34)

General activity level
Low

2.6
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(1.90; 0.49)
High

2.3
(-2.11; 0.45)

Residency
≤ 10 years

a

4.0

4.3

3.5

2.5

(-0.87; 0.28)

(0.09; 0.03)

(2.34; 0.55)

(-1.48; 0.30)

Each numerical value is the amount the AIC value was reduced compared to a model including the

constant + random effects.
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