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Visits to urban green-space and the countryside associate with diﬀerent
components of mental well-being and are better predictors than perceived or
actual local urbanisation intensity
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Maintaining mental well-being in highly urbanised locations, especially large cities, is challenging but exposure
to green-space can promote well-being. We address three poorly resolved questions concerning the relationships
between mental health, urbanisation and green-space: i) the relative importance of city size, local intensity of
urbanisation and visiting green-space, ii) if visits to urban green-space and the countryside have equivalent
associations with well-being, and iii) if biodiversity knowledge moderates relationships between well-being and
visiting green-space (such moderation may occur if exposure to biodiversity contributes to relationships between
visiting green-space and well-being). We use data from just over 200 respondents recruited in randomised doorto-door surveys across six English cities. We ﬁnd that visiting green-space increases mental well-being but that
city size and the intensity of urbanisation around respondents’ homes have negligible inﬂuence. The limited
eﬀect of local urbanisation holds when considering the perceived amount of greenery or built-up land rather
than objectively quantiﬁed indices. More frequent visits to the countryside and urban green-space are positively
associated with higher well-being scores, but visits to urban green-space are more strongly associated with lower
anxiety, whilst countryside visits associate with higher life satisfaction. Biodiversity knowledge did not consistently moderate relationships between well-being and green-space visit rates. Whilst we use a cross-sectional
approach our data suggest that mental well-being can be achieved by residents in highly urbanised locations if
they frequently access green-space, but achieving high well-being across all its components requires access to the
countryside and not just urban green-space.

1. Introduction
Poor mental well-being is one of the leading disease burdens globally (World Health Organization, 2008), for example, during a typical
year, one in four adults in the UK are expected to have mental health
problems (Mental Health Foundation, 2015). Maintaining mental
health and well-being in urban environments is especially challenging
(Lederbogen et al., 2011; Srivastava, 2009), in part due to reduced
engagement with green-space amongst some urban residents (Kareiva,
2008). A vast literature has now come to the fore suggesting that exposure to green-space and natural environments can promote wellbeing and thus alleviate or prevent mental health problems. Multiple
comprehensive reviews address the evidence for relationships between
human health and exposure to green-space and report numerous beneﬁts including positive psychological, cognitive, physiological and social impacts (e.g. Bowler, Buyung-Ali, Knight, & Pullin, 2010; Hartig,
Mitchell, de Vries, & Frumkin, 2014; Pretty, Peacock, Sellens, & Griﬃn,
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2005; Romanelli et al., 2015; Sandifer, Sutton-Grier, & Ward, 2015; van
den Berg et al., 2015).
There are, however, a number of uncertainties regarding the form of
the relationships between green-space and mental well-being and the
mechanisms that drive these patterns. Many studies of these relationships focus on local environments and take an objective measure of the
amount of green-space, and asses how variation in this measure is associated with health metrics. Such studies provide substantial evidence
for positive associations between greenery and health (e.g. van den
Berg et al., 2015; White, Alcock, Wheeler, & Depledge, 2013). These
studies are extremely useful but people’s perception of a given situation, which can be rather diﬀerent to the actual situation, can have a
strong impact on mental well-being (Conversano et al., 2010; Korn,
Sharot, Walter, Heekeren, & Dolan, 2014). This form of cognitive bias
could play a role in linkages between exposure to green-space and
psychological well-being. Not only can the perceived amount of
greenery in a neighbourhood positively inﬂuence mental well-being
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equivalent to assessing the duration over which the dose is administered, not just its magnitude although much of the work addressing the
impacts of green-space engagement on health and well-being consider a
single intervention over a short time period (e.g. Berman, Jonides, &
Kaplan, 2008; Laumann, Gärling, & Stormark, 2003).
Finally, and with regard to mechanisms driving relationships between visiting green-space and health outcomes, evidence is emerging
that more biodiverse environments may promote mental well-being
although the evidence base is somewhat limited and conﬂicting (Lovell,
Wheeler, Higgins, Irvine, & Depledge, 2014). One factor that may
contribute to the limited agreement across studies is that people’s
biodiversity knowledge could moderate the impacts of biodiverse
green-space on mental well-being. The nature of this moderating inﬂuence is also likely to be context dependent. In biodiversity rich environments greater knowledge of biodiversity may enhance perception
of environmental quality leading to greater well-being beneﬁts from
exposure to green-space. Conversely, in environments that are relatively poor in biodiversity it is plausible that having greater biodiversity
knowledge will limit appreciation of the environment (as its poor
quality is recognised) and thus reduce the beneﬁcial impact of greenspace on well-being. We are not aware of previous studies assessing
how mental well-being is inﬂuenced by these interactions between
biodiversity knowledge and exposure to green-space.
Despite a signiﬁcant evidence base for the mental well-being beneﬁts delivered by green-space, it is clear that many aspects of these
relationships require additional exploration. Here, we use a cross-sectional study to address three key questions: i) the relative eﬀects of city
size, local intensity of urbanisation and visiting green-space on mental
well-being, ii) if visits to urban green-space and the countryside exhibit
equivalent relationships with well-being, and iii) if biodiversity
knowledge moderates relationships between well-being and visiting
green-space. In exploring these questions we also assess if people accurately perceive the composition of their local environment, if perceived or objective measures of local urbanisation are stronger predictors of well-being, and if the duration of the period over which
engagement with greenspace is assessed alters relationships between
green-space visit rates and mental well-being.

(Sugiyama, Leslie, Giles-Corti, & Owen, 2008), but evidence that such
perceptions are accurate is equivocal (Leslie, Sugiyama, Ierodiaconou,
& Kremer, 2010). Perceived metrics can also have greater inﬂuence,
than objectively measured equivalents, on numerous outcomes including neighbourhood satisfaction (Lee et al., 2017) and use of greenspace (Wang, Brown, Liu, & Mateo-Babiano, 2015).
There are three broad, inter-related and poorly resolved questions
(in addition to assessments of the relative importance of perceived and
objective exposure) that are receiving increasing attention when assessing relationships between green-space/nature and health (Sullivan,
Frumkin, Jackson, & Chang, 2014). The ﬁrst concerns how the type of
green-space inﬂuences health outcomes. This can be addressed at a
variety of spatial (e.g. comparing broad or ﬁne-scale diﬀerences in
habitat types), and temporal scales (e.g. assessing if seasonal changes in
green-space alter its impacts). The second question concerns how the
amount of exposure to green-space inﬂuences health outcomes. This
may relate to the concentration or density of green-space (e.g. variation
in stress recovery along a tree-cover gradient; Jiang, Chang, & Sullivan,
2014), or variation in the duration and frequency of exposure (e.g. van
den Berg et al., 2016). Such relationships can be conceptualised in
terms of dose-response curves, i.e. what is the outcome of exposure to a
certain dose of nature (e.g. Shanahan, Fuller, Bush, Lin, & Gaston,
2015). Finally, the mechanisms driving relationships between greenspace and health are poorly resolved, raising question such as how
outcomes vary with the nature of experience (e.g. direct personal involvement or through a window), and which features or components of
green-space drive these relationships.
Given the particular challenge of addressing mental health and wellbeing issues in urban environments (Lederbogen et al., 2011;
Srivastava, 2009) a key question concerning the impacts of diﬀerent
types of green-space is whether urban or more rural green-space vary in
their health outcomes. As an example, exercising whilst exposed to
scenes of urban environments, rather than rural ones, limits the beneﬁcial impacts of exercise on blood pressure (Pretty et al., 2005). de
Vries, Verheij, Groenewegen, and Spreeuwenberg (2003) found greater
delivery of health beneﬁts from agricultural land than both urban
green-space and forest/nature areas, but proposed that this was simply
a function of the greater abundance of agricultural land. Korpela, Ylén,
Tyrväinen, and Silvennoinen (2010) found that urban areas provided
fewer restorative beneﬁts than more natural settings, and Tyrväinen
et al. (2014) concluded that forest areas perform better than urban
parks and urban woodlands in reducing negative feelings and enhancing restoration. Very few studies, however, have assessed if urban
green-space performs and other types of green-space, such as the
countryside, have similar inﬂuences on well-being and mental health
and more evidence is required. Another important key and unresolved
question regarding the impact of diﬀerent types of green-space is the
relative inﬂuence on health outcomes of exposure to green-space
around the home, i.e. the intensity of local urbanisation, compared to
visiting green-space elsewhere. There is some indirect evidence addressing this question from a study in the Netherlands which found that
mental health beneﬁts were not associated with the amount of greenery
within the local environment of people’s homes (deﬁned as a 1 km radius), but were associated with greenery within a 3 km radius of the
home (van den Berg, Maas, Verheij, & Groenewegen, 2010). The authors interpret these data as evidence that visits to larger areas of greenspace that allow for deeper forms of restoration are required to deliver
mental well-being beneﬁts.
Assessing the form of the relationship between green-space visitation rates and mental well-being is an important part of assessing doseresponse curves (Shanahan et al., 2015). An additional important
component that receives less attention is the timescale over which
connectedness to nature needs to be enhanced to deliver beneﬁts, i.e.
does visiting green-space more frequently over a period of just a few
weeks improve mental well-being, or does increased engagement need
to occur over much longer time periods, e.g. an entire year. This is thus

2. Methods
We conduct a cross sectional analysis using questionnaire data to
assess associations between self reported mental health measures and
green-space visitation rates, perceived and objective measures of local
urbanisation intensity and city size. We focus on six urban areas in
diﬀerent regions of England to increase the capacity to generalise across
urban locations and to capture variation in city size. We use randomised
door-to-door questionnaires during working and non-working hours
that select respondents in a manner that is unbiased with regard to their
socio-demographic characteristics, green-space visitation rates and city
size but do not seek to estimate outcome variables at the city scale as
that would require much larger samples sizes than those we obtained
(total sample size of just over 200 respondents).
2.1. Survey sites
Surveys were conducted from mid-July to early October 2013. We
focus on one large and one small urban area within each of three regions: Manchester and Blackburn in the north-west/Lancashire; Bristol
and Bath in the south-west/Somerset; and Leeds and Harrogate in the
north-east/Yorkshire.
Whilst we exclude megacities, our focal urban areas are otherwise
broadly representative of the range of city sizes present in the UK. Large
urban areas consisted of those comprising at least 32 km2 of urban land
cover, deﬁned following Smith, Gaston, Warren, and Thompson (2005)
as 1 km × 1 km grid cells with at least 25% coverage of hard surface.
Small urban areas covered less than 18 km2 of urban land cover and
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were at least three times smaller than their paired larger urban area.
The urban areas within each region were separated by at least 12 km of
countryside and their centres were within 18–35 km from each other.
This ensured that the two urban areas were distinct, yet residents had
access to similar countryside.

Blackburn: May 2009; Bristol: July 2013 and Bath: July 2013). Ground
truthing compared the landscape captured in the google earth image
used to determine the urbanisation metric with the actual landscape at
the time of the survey, but did not reveal any major discrepancies in
land-cover.

2.2. Recruiting respondents

2.4. Green-space visitation rates

Face-to-face questionnaires were conducted with adult householders, after obtaining ethical approval and informed consent, at
weekends and weekdays (during and after standard working hours). If
more than one householder was available to conduct the survey we
selected the participant haphazardly based on which householder ﬁrst
agreed to participate. If there was no response from a household we
tried again where possible, but this resulted in little improvement to the
response rate.
We wished to obtain a random sample that is representative of the
socio-demographic composition of each city. We thus randomly selected survey areas within each city – these were 6 ﬁgure postcodes
which have very similar boundaries to lower super output areas
(LSOAs, the smallest spatial unit in the National Census; Table S3). We
only selected postcodes that were within 3 km of the geographic centre
of each urban area and contained at least 15 households (to exclude
those post-codes that were industrial areas with few residents). Rather
than randomly selecting households within these locations we attempted to obtain responses from all households. This was a pragmatic
decision to maximise eﬀectiveness having invested time travelling to
that location. We were not satisﬁed though that this approach was
suﬃcient to generate a random representative sample as response rate
varied slightly with socio-demographic factors. Therefore, in a second
round of additional surveys we purposively selected additions postcodes (based on their Index of Multiple Deprivation scores; IMD Oﬃce
for National Statistics, 2010) to ﬁll in gaps in the representation of
respondents from LSOAs with speciﬁc multiple deprivation scores.
Within each urban area the distribution of respondents’ IMD scores
were broadly representative of people living in the focal urban area
(Coldwell & Evans, 2017). We visited a total of 194 postcodes and
obtained useable questionnaires from 214 respondents – additional data
on sample sizes, response rates and respondents’ socio-demographic
proﬁles are provided in Table S3 and S4.

To address questions concerning how the type of green-space inﬂuences mental well-being we asked participants how often they visited
i) the countryside and ii) urban green-spaces on average over the course
of a year on an eight point scale (never, once/twice a year, every two or
three months, monthly, fortnightly, weekly, several times a week and
daily). These questions thus provide information on engagement with
green-space over a long time period, i.e. duration of the dose. To contrast this with exposure over a short time period we also asked how
many visits respondents made to the countryside and urban green-space
in the previous two weeks. Well-being can also be inﬂuenced by having
a garden (Cameron et al., 2012) thus participants were asked how
frequently they spent time in their gardens on average in a year on a
nine point scale (no garden, never, once/twice a year, every two or
three months, monthly, fortnightly, weekly, several times a week and
daily). Having a garden but not using it (2% of respondents) was considered as diﬀerent to having no garden (8% of respondents) as the
former could still enhance green-space exposure through passive
viewing of the garden.
2.5. Mental well-being
We employed two regularly used and validated approaches to
measure mental well-being. The ﬁrst, was the Short WarwickEdinburgh Mental Well-being Scale (SWEMWBS) which focuses on the
feeling and functioning aspects of positive mental well-being with an
emphasis on the latter (Stewart-Brown et al., 2009). It consists of seven
questions, such as “I’ve been feeling useful” and “I’ve been dealing with
problems well”, scored on a ﬁve point scale of agreement based on the
respondent’s experience over the last two weeks, with responses ranging from ‘none of the time’ to ‘all of the time’. Responses are summed
across all seven questions to give a single SWEMWBS score ranging
from 7 (none of the time selected for each question) to 35 (all of the
time selected for each question; Stewart-Brown et al., 2009). The
second approach was to use a set of four questions that measure selfreported independent aspects of the respondents’ quality of life and are
used across the UK by the Oﬃce for National Statistics (ONS; Self &
Randall, 2013; Tinkler & Hicks, 2010). The four questions are i) overall,
how satisﬁed are you with your life nowadays? (referred to as ‘satisﬁed’), ii) overall, to what extent do you feel that the things you do in
your life are worthwhile? (referred to as ‘worthwhile’), iii) overall, how
happy did you feel yesterday? (referred to as ‘happy yesterday’) and iv)
overall, how anxious did you feel yesterday? (referred to as ‘anxious
yesterday’). These are given a score from zero to ten where zero is ‘not
at all’ and ten is ‘completely’. The combination of these two approaches
provides a holistic measure of well-being that captures both functioning
and subjective well-being (Michaelson, Mahoney, & Schiﬀeres, 2012;
Self & Randall, 2013).

2.3. Local surroundings - actual and perceived levels of urbanisation
In order to gauge participants’ perceptions of their local surroundings we asked respondents how much i) built-up land (i.e. buildings,
roads, carparks etc) and ii) greenery there was within a ﬁve minute
walk from where they lived on a ﬁve point scale (none, very little, a fair
amount, a lot and completely surrounded). Perceived greenery data
were unfortunately missing for 76 respondents. The average walking
speed is approximately 5 kmhr-1 (Browning, Baker, Herron, & Kram,
2006), thus these estimates of the perceived amount of built-up land/
greenery are approximately equivalent to the actual levels of urbanisation within a 1 km grid-cell focused on the respondent’s home.
We quantiﬁed the magnitude of local scale urbanisation within the
1 km grid cell centered on each survey postcode. Scores were calculated
using image recognition software (Seress, Lipovits, Bókony, & Czúni,
2014) to generate a single metric of urbanisation based on a semi-automated assessment of the area of buildings, other impervious surfaces
and vegetation from google earth aerial photographs (Fig. S1). This
approach thus combines objective measures of green-space and greyspace; the resultant urbanisation indices are extremely similar to
equivalent metrics obtained through GIS derived metrics (Seress et al.,
2014).
The aerial images used in our analyses were taken between one
month and ﬁve years prior to the door to door surveys (Leeds:
September 2008; Harrogate: May 2009; Manchester: June 2009;

2.6. Biodiversity knowledge
We used a single measure of biodiversity knowledge that is a PCA
derived metric of three domains, i.e. respondents’ i) species identiﬁcation skills, ii) knowledge of species conservation status and iii) ability
to accurately assess the quality of wildlife habitats (for full details see
Coldwell & Evans, 2017). We used high quality colour images of 12
native species that are widespread across England (four birds, four
mammals and four plants) and asked respondents to identify them and
state if the species was of conservation concern in the UK (i.e. were a
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whether ordinal predictor variables best ﬁt the data when treated as
categorical or continuous indicated that all ordinal predictor variables
(i.e. perceived built-up land and annual green-space visitation rates)
should be treated as continuous in our analyses. This allowed us to
standardize all ordinal and continuous predictor variables using zscores prior to subsequent analyses, thus enabling direct comparison of
predictors’ parameter estimates. The Variance Inﬂation Factor for predictors used in each model was ﬁve or less, and thus well below the
threshold of ten at which collinearity begins to severely distort model
estimation (Dormann et al., 2013).
To assess relationships between perceived measures of greenery and
built up land, and objective measures of urbanisation intensity we ﬁrst
conducted Spearman Rank correlations. We then modelled i) the perceived amount of greenery and ii) perceived amount of built up land as
a function of an objectively determined urbanisation intensity score.
We did so including postcode as a random factor to control for multiple
participants from the same location and thus used mixed ordinal regression models with the CLMM2 function and a logit link in the ordinal
package in R (Christensen, 2015). We restricted all these analyses to the
205 people for which data on both these response variables were
available (including those who had been on holiday in the previous two
weeks).
We then follow Whittingham, Stephens, Bradbury, and Freckleton
(2006) and use a full model approach to test the rest of our core research questions in which we construct models that include all predictor variables and assess their signiﬁcance. We assess if a) perceived
or actual levels of urbanisation are more closely associated with mental
well-being (these models use perceived built-up land rather than perceived greenery, due to the larger sample size for the former and preliminary analyses show no inﬂuence of perceived greenery on wellbeing; Table S1); b) if visitation rates to urban green-space and the
countryside have diﬀerent inﬂuences on mental well-being and if these
relationships are inﬂuenced by measuring visitation rates over diﬀerent
time scales; and c) if interactions between biodiversity knowledge and
green-space visitation rates inﬂuence mental well-being. All those who
had been on holiday in the previous two weeks were removed from
analyses as were participants who had not answered the well-being
indicator being tested.
We model each of our ﬁve indicators of well-being as a function of
green-space visitation rate, actual urbanisation intensity, perceived
built-up land, city size, garden use, socio-economic status, ethnicitydeprivation, marital status, age and gender (all ﬁxed factors) and
postcode as a random factor. For each well-being metric we initially
construct four full models that vary only in the nature of the visitation
rate measure, which was either i) countryside visitation rate in the last
two weeks, ii) urban green-space visits in the last two weeks, iii)
countryside visits per annum, and iv) urban green-space visits per
annum. We adopted this approach rather than including multiple visitation rate metrics into the same model to avoid issues with collinearity
between diﬀerent measures of visitation rates (which ranged from

UK Biodiversity Action Plan priority species). Habitat quality assessment was measured by asking respondents to rank three images according to their habitat quality for each of three habitat types (arable
farmland, wetland and woodland) and comparing these rankings to
those of three independent experts (who all scored the images consistently). In a linear principal component analysis (PCA) with direct
oblimin rotation (conducted in SPSS vs 21, following standardisation of
variables using z-scores) scores for all three domains loaded strongly
and positively onto a single axis (eigenvalue 1.91; component loadings:
identiﬁcation score 0.86; conservation status score 0.78; habitat quality
score 0.75) which accounted for 63.8% of the variation.
2.7. Holidays, socio-economic and demographic information
Participants were asked whether they had been on holiday in the
previous two weeks. Data from these respondents (55 people) formed
part of the data used in analyses of the relationships between actual and
perceived urbanisation, but were not used in analyses of the relationships between well-being and green-space visit rates as recent holidays
are likely to inﬂuence well-being scores. Participants’ employment
status, highest level education qualiﬁcation, tax band, age (treated as a
continuous variable using the mid-points of our categories), gender,
ethnicity and marital status were recorded (Table 1) alongside the
Index of Multiple Deprivation (Oﬃce for National Statistics, 2010) of
participants’ home locations. The later is a weighted composite index of
38 variables organised across seven distinct domains of deprivation that
provide an overall deprivation metric that provides a broad socio-demographic indicator. Two of these variables (road traﬃc accidents, and
air pollution) relate to the outdoor environment but have a low weight
in calculating the overall deprivation index (3.1%) and do not relate to
access to green-space.
Categorical principle component analysis (CATPCA) was conducted
in SPSS version 21 using employment status, education, tax band (as an
indicator of wealth), ethnicity data and Index of Multiple Deprivation.
Age, gender and marital status were not included in the CATPCA as
they are largely independent of employment status, education, wealth,
ethnicity and deprivation and were thus used as additional predictor
variables. The CATPCA identiﬁed two axes. Employment, education
and tax band loaded onto the ﬁrst axis (eigenvalue of 1.95) which we
term socio-economic status. Ethnicity and deprivation scores loaded on
to the second axis (eigenvalue of 1.49) which we term the ethnicitydeprivation index. This approach to dealing with multiple socio-demographic variables follows Southon, Jorgensen, Dunnett, Hoyle, and
Evans (2017) and was adopted to reduce colinearity amongst our predictor variables and increases statistical power by reducing the number
of degrees of freedom used by predictors.
2.8. Statistical analysis
The diagnostic procedure advocated by Pasta (2009) which assesses

Table 1
The categories available to respondents when answering questions concerning socio-economic and demographic indicators. In addition respondents were asked for
their postcode.
Socio-economic/demographic
indicator

Answer categories

Employment

Retired, Unemployed, Full-time education, Full-time paid employment, Part-time paid employment, Self-employed, Home maker/
bringing up family
None, GCSE or equivalent, A level or equivalent, Undergraduate degree, Higher degree, Vocational qualiﬁcation (level if known)
No tax (< £9440 taxable income), Basic rate (£9440–£32,010), Higher rate (£32,011–£150,000), Top rate (£ > 150,000)
Oﬃce for National Statistics guidelines were used for ethnic group selection (http://ons.gov.uk/ons/guide-method/measuringequality/equality/ethnic-nat-identity-religion/ethnic-group/index.html) but for analysis purposes these were categorised as white
British, white non-British and non-white
16–18, 19–24, 25–34, 35–44, 45–54, 55–64, 65–74, 75–84, 85–94, 94+
Male, Female
Married/civil partnership, co-habiting, single, divorced, widowed

Education
Tax band
Ethnicity

Age
Gender
Marital status
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Table 2
Multiple linear regression models of ﬁve diﬀerent mental well-being indices constructed using linear mixed models and treating response variables as continuous
data. Each well-being indicator is modelled as a function of four diﬀerent visitation rates, perceived and actual urbanisation intensity around the home, city size,
garden use, socio-economic and demographic variables (all ﬁxed factors) and postcode (random factor). The model with the lowest AICc value of the four visitation
types for each well-being metric is highlighted in grey. *P < 0.05, **P < 0.001.

values.
The SWEMWBS well-being measure should be treated as a continuous metric (Stewart-Brown et al., 2009) and was thus modelled
using a linear mixed model in the lme4 package (Bates, Maechler,
Bolker, & Walker, 2014). ONS response variables are, in the strictest
sense, ordinal data on a ten point scale, but best practice guidance and
previous analyses of these response variables indicate that they can be
treated as continuous data as this increases interpretability and does not
alter conclusions (Ferrer-i-Carbonell & Frijters, 2004; Oguz, Merad, &
Snape, 2013; Rhemtulla, Brosseau-Liard, & Savalei, 2012). We thus
follow this advice and report in the main body of the manuscript the
results of linear mixed models constructed using the lme4 package
(Bates et al., 2014), but take a conservative approach and also constructed ordered mixed probit regressions using the ordinal package
(Christensen, 2015). Ordinal models of worthwhile and anxious yesterday did not converge but for all other response variables the linear
mixed models (reported in the main table) and ordered mixed probit

rs = 0.39, P < 0.001 to rs = 0.70, P < 0.001). As we use a full model
approach we focus on using the P values of our key predictors (such as
visitation rates) for testing our hypotheses. However, because we construct equivalent models that vary only in their green-space visitation
rate metric we also compare the Akaike Information Criteria corrected
for small samples sizes (AICc) and conditional r-squared values (calculated using R package piecewise SEM; Nakagawa & Schielzeth, 2013)
across these models. We follow Dziak, Coﬀman, Lanza, and Li (2012)
and use Akaike rather than Bayesian Information Criteria as the latter is
more likely to reject predictors that have an important eﬀect on the
response variable. We then constructed a second set of full models that
contained all the above predictors but that also included respondents’
biodiversity knowledge and its interaction with green-space visitation
rate. For each response variable we thus construct a total of eight full
models (four visitation rate metrics with and without interactions with
biodiversity knowledge) but follow the advice of Nakagawa (2004) and
do not use Bonferroni corrections when assessing the signiﬁcance of P
118
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3.3. Mental well-being models and socio-demographics

Table 3
Parameter estimates and P values for interaction terms between biodiversity
knowledge and green-space visitation rate when modelling well-being indicators as a function of visitation rates, perceived and actual urbanisation
intensity around the home, city size, garden use, socio-economic and demographic variables (all ﬁxed factors) and postcode (random factor) in linear
mixed models. *P < 0.05.
Response
variable

Women felt that life was more worthwhile and satisfying than men,
and SWEMWBS scores were higher in older people; in some models
there was also evidence that SWEMWBS scores were higher in respondents with higher socio-economic status (Table 2).

Biodiversity knowledge & green-space interaction

3.4. Mental well-being models and urbanisation metrics

Green-space visitation
rate type

Parameter estimate ± SE

P value

SWEMWBS

Country visits 2 weeks
Urban visits 2 weeks
Country visits per year
Urban visits per year

1.34 ± 1.86
0.57 ± 1.13
0.21 ± 0.31
−0.02 ± 0.24

0.47
0.61
0.49
0.93

Satisﬁed

Country visits 2 weeks
Urban visits 2 weeks
Country visits per year
Urban visits per year

0.62
0.47
0.27
0.20

±
±
±
±

1.07
0.64
0.17
0.14

0.56
0.46
0.12
0.15

Worthwhile

Country visits 2 weeks
Urban visits 2 weeks
Country visits per year
Urban visits per year

0.34
1.34
0.19
0.23

±
±
±
±

0.96
0.57
0.16
0.12

0.72
0.02*
0.23
0.07

Happy yesterday

Country visits 2 weeks
Urban visits 2 weeks
Country visits per year
Urban visits per year

1.02
0.04
0.22
0.05

±
±
±
±

1.20
0.70
0.19
0.15

0.39
0.95
0.27
0.76

Anxious
yesterday

Country visits 2 weeks
Urban visits 2 weeks
Country visits per year
Urban visits per year

−1.10 ± 1.59
0.78 ± 0.94
0.20 ± 0.26
0.19 ± 0.20

Our models of mental well-being explained on average 13% of the
variation (range across all models 5–18%). City size and actual levels of
local urbanisation were not associated with any of our mental wellbeing indicators (Table 2). This was also the case for perceived amounts
of built-up land though P values did approach signiﬁcance for the
SWEMWBS indicator when modelled with urban green-space visits
(Table 2). Garden use was also not associated with mental well-being
metrics (Table 2).
3.5. Mental well-being models – countryside and urban green-space visit
rates and short-term versus long-term visitation measures
Visits to green-spaces were associated with higher mental wellbeing indices in all cases except for happy yesterday (Table 2). Visits to
the countryside were associated with higher mental well-being as
measured by SWEMWBS, satisﬁed and worthwhile scores. Visits to
urban green-space were associated with higher mental well-being as
measured by SWEMWBS, satisﬁed and anxious yesterday scores. When
both countryside and urban green-space visits were associated with the
same mental well-being metric there was no consistent diﬀerence in
their relative eﬀects (assessed by comparing the magnitude of parameter estimates; Table 2). In all these models associations between
well-being metrics and green-space visitation rates occurred either only
when measuring visitation rates over an entire year or (for the satisﬁed
and worthwhile metrics) the parameter estimates for annual visitation
rates were larger than their equivalent measures for visitation rates
measured over a two week period.

0.49
0.40
0.35
0.45

regressions (Table S2) generated qualitatively similar results and thus
model structure did not alter our conclusions.

3. Results
3.1. Description of sample population

3.6. Interaction between biodiversity knowledge and green-space visitation
rates and additional predictors of mental well-being

The overall response rate was 14.9%, and tended to be slightly
higher in small urban areas than larger ones (Table S3a). There were no
marked diﬀerences, however, in socio-demographic proﬁles of respondents from small and large urban areas (Table S4). We obtained
questionnaires that could be included in at least one analysis of mental
well-being from 118 residents of small urban areas and 96 residents
from large urban areas.

The interaction between visitation rates to green-spaces and biodiversity knowledge was not associated with any of our mental well-being
measures, except for the relationship between worthwhile and visitation rate to urban green-spaces during the last two weeks when the
increase in well-being associated with a given visitation rate was
greater in people with more biodiversity knowledge (Table 3).
4. Discussion

3.2. Local surroundings – association between perceived and objective levels
of local urbanisation

4.1. Perceptions of local surroundings

Perceived amounts of greenery and perceived amount of built up
land were negatively correlated with each other (rho = −0.35;
P < 0.0001; n = 205). The correlation between perceived greenery
and objective urbanisation intensity scores was steeper (rho = −0.40;
P < 0.0001; n = 205) than the correlations between perceived amount
of built up land and objective urbanisation intensity scores (rho = 0.23,
P < 0.005; n = 205). Mixed models, using postcode as a random
factor, conﬁrmed that respondents living in areas with higher objectively measured urbanisation intensity perceived the area to be less
green (P < 0.001; parameter estimate −0.36 ± 0.07; n = 205) and
more built-up (P < 0.001; parameter estimate 0.27 ± 0.08; n = 205).
Comparing these parameter estimates indicates that a given change in
actual urbanisation leads to a bigger reduction in perceived greenery
than it did gain in perceived built-up land.

Areas that respondents perceived to be more built-up were also
perceived to contain less greenery. Areas that had higher objective
urbanisation scores were perceived to be more built-up and less green.
Broadly speaking people thus accurately perceived the composition of
their local surroundings (as reported by Hur, Nasar, and Chun (2010)).
We ﬁnd, however, that local residents do not perceive greenery and
built-up land in the same manner as a given increase in actual urbanisation scores was associated with a greater decrease in perceived
greenery than increase in the perceived amount of built-up land.
Although actual amounts of built-up land and greenery do not always form a perfect inverse relationship, for example due to hard surfaces occurring below tree canopies, we would expect a tighter association between perceived built-up land and perceived greenery, and
between perceived surroundings and actual levels of urbanisation. It is
thus tempting to interpret these patterns as evidence that urban
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could be because gardens have a greater impact when used to engage
actively with nature (e.g. through gardening), or because only gardens
with more natural vegetation types deliver notable well-being beneﬁts.
It is also plausible that gardens contribute to mental well-being through
passive exposure to green-space, especially for those people who are
unable to visit other forms of green-space.
Indeed we found that, when controlling for socio-demographics
visitation rates to green-space are stronger predictors of mental wellbeing than measures of the composition of the landscape surrounding
residents’ homes or city size. This ﬁnding concurs with van den Berg
et al. (2016) who found that mental well-being was positively associated with green-space visitation rates in a cross-sectional study across
four European urban areas, and with Fan, Das, and Chen (2011) who
found that the size and accessibility of urban parks further away from
the home had a larger inﬂuence on well-being than the amount of
green-space close to residents’ homes. Our results contrast somewhat
with the focus of much research into urbanisation impacts on wellbeing which have highlighted the importance of the amount of greenery
in local surroundings (e.g. Sandifer et al., 2015; van den Berg et al.,
2015). Notably our results suggest that even in highly urbanised locations that regularly visiting green-space away from the immediate vicinity of the home may help promote mental well-being.

residents do not perceive their environments entirely accurately due to
insuﬃcient attention to detail (Leslie et al., 2010). This is certainly
likely to contribute to our ﬁndings but other factors probably also play
a role. Whilst we asked all respondents to consider the local area within
ﬁve minutes walk of their home there is likely to be much variation in
how residents delimit such a region and they are unlikely to match
precisely the area over which we objectively measured the intensity of
urbanisation (Chaix, Merlo, Evans, Leal, & Havard, 2009). The results of
Smith, Gidlow, Davey, and Foster (2010) suggest, however, that our use
of a 1 km grid cell is likely to be a closer approximation to the size of
area that residents consider to be their local neighbourhood than the
commonly used 1.6 km buﬀer. Diﬀerences in the area that respondents
are considering when reporting perceived urbanisation and greenery
scores, and the 1 km grid cell in which actual urbanisation scores are
obtained, is unlikely to introduce systematic bias and generate stronger
eﬀects of increased objective measures of urbanisation on perceived
greenery than perceived built up land. We consider it likely that perceived levels of greenery take into consideration the type of vegetation
that is present, with trees potentially contributing disproportionately to
perceived levels of greenness than other forms of green-space such as
mown amenity grassland – yet, these vegetation types contribute
equally when calculating how much of the environment is not urbanised. Greater contributions of trees to perceived levels of greenness
may arise from the greater volume of vegetation present in trees and
other taller vegetation, but also the strong attachment that many people
feel towards trees (Henwood & Pidgeon, 2001). In a similar way to the
height eﬀect of trees, people may perceive areas to be more built-up
when surrounded by taller buildings even though simple two dimension
measures of urbanisation do not distinguish between relatively short
two storey houses and tall multi-story blocks of ﬂats. Consequently it
seems likely that a combination of observer inaccuracies and real differences between standard urbanisation scores and the way that people
perceive and respond to built-up land and greenery probably drive the
lack of perfect accordance between perceived and actual levels of urbanisation.

4.3. Eﬀects of visiting diﬀerent types of green-space and the time period used
to assess visit rate
We found that visits to both the countryside and urban green-space
were positively associated with higher mental well-being, except when
using responses to the question of whether respondents were happy
yesterday. When assessing relationships between mental well-being
metrics and visitation rates over short time periods, i.e. two weeks, we
exclusively found positive associations with visits to the countryside.
Indeed, there is some previous evidence that visits to rural areas contribute disproportionately to short-term restoration and reﬂection
compared to visits to urban green-space (White, Pahl, et al., 2013).
When assessing relationships between mental health and green-space
visitation rates measured over longer durations, i.e. a year, we found
that increased visits to both urban and rural green-space were associated with higher mental well-being measures. Notably, however,
when well-being scores were associated with visitation rates measured
over two weeks and annually the latter consistently had a larger inﬂuence. There is increasing interest in prescribing visits to green-space
to enhance well-being as part of formal health interventions, and whilst
from a cross-sectional study our results suggest that such treatments
might be more beneﬁcial if they occurred over longer time periods.
Interestingly, we found some diﬀerences in the type of well-being
beneﬁts delivered by the two types of green-space. While SWEMWBS
scores and life satisfaction were associated with both urban and country
visits, how worthwhile participants felt the things they do in their lives
was only associated with visits to the countryside and anxiety levels
were only associated with more frequent visits to urban green-space.
We suspect these diﬀerences may result from visits to the countryside
generally being longer in duration and allowing greater escapism and
opportunity for reﬂection while urban parks readily allow for quick
relief from the everyday anxieties associated with urban environments
(Kaplan, 1995; Natural England, 2009; van den Berg, Hartig, & Staats,
2007) but further research is needed to understand these relationships
better.

4.2. Mental well-being – relative importance of urbanisation, local
surroundings and green-space visits
Models of mental well-being as a function of local surroundings and
green-space visit rates which controlled for garden use, socio-demographic factors and city size explained on average 13% of the variation,
which whilst somewhat modest is similar to that typically found in such
studies (Bertram & Rehdanz, 2015; White, Pahl, Ashbullby, Herbert, &
Depledge, 2013). The precise form of the relationships varied between
mental well-being metrics, demonstrating the beneﬁt of using a broad
suite of well-being indicators, but across our mental health indicators
we uncover fairly consistent evidence regarding the relationships between green-space and mental well-being.
There was marginal evidence that SWEMWBS scores were lower in
areas that were perceived to be more built-up (P values approached
signiﬁcance for urban green-space visit models). Consideration of all
well-being metrics, however, revealed that there was generally negligible evidence that mental well-being was associated with perceived
built-up land, perceived greenery, or actual urbanisation intensity. One
possible reason for this is that mental well-being was determined by the
amount of contact with green-space at even smaller spatial scales, such
as in people’s gardens. There is an abundance of research showing the
beneﬁcial nature of gardens and gardening on health and mental wellbeing, however, these largely focus on community gardens and allotments, therapeutic gardens in care homes and hospitals or speciﬁc
gardening interventions as opposed to time spent (both actively gardening and not) in domestic gardens (Cameron et al., 2012; Clatworthy,
Hinds, & Camic, 2013; van den Berg, van Winsum-Westra, de Vries, &
van Dillen, 2010). In contrast, we found no association between the
amount of time spent in a garden and mental health measures, this

4.4. Interactions between biodiversity knowledge and green-space visit rates
Exposure to biodiversity is one mechanism proposed to contribute
to positive relationships between visiting green-space and improved
health and well-being (Lovell et al., 2014). We thus anticipated that
biodiversity knowledge (a composite measure of species identiﬁcation
skills, knowledge of conservation status and ability to recognise high
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in rural areas (which typically have higher biodiversity than urban
green-space; Aronson et al., 2014) having greater biodiversity knowledge will increase appreciation of the environment (as its higher quality
is recognised) and thus increase associations between countryside visitation rates and well-being. We found no evidence, however, that
biodiversity knowledge moderated relationships between well-being
and visiting either the countryside or urban green-space. Interestingly,
van den Berg et al. (2016) found that people who spent little time in
green-space during their childhood showed a stronger association between visiting green-space and mental health than those who regularly
visited green-space as a child. Biodiversity knowledge may arise from
childhood exposure to green-space and the two factors may thus have
opposing inﬂuenced that cancel out. Regardless of the causal factors our
results suggest that for most urban residents any connection with greenspace and the biodiversity it contains enhances well-being even when
respondents have limited knowledge and understanding of that biodiversity.
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4.5. Limitations and strengths
This study is one of the ﬁrst to assess the relative inﬂuence of perceived and objective measures of local urbanisation intensity, city size
and visit rates to urban green-space and the countryside on a range of
validated and widely used mental health and well-being indicators.
Statistical analyses recognised the ordinal nature of many variables and
took potentially confounding factors into account. A limitation of the
study was the cross-sectional design and thus conclusions cannot be
drawn regarding causality, and use of self-reported visit rate and wellbeing data, and whilst such approaches are not uncommon in this type
of research they may introduce bias (e.g. van den Berg et al., 2016).
Another limitation is our relatively small sample size which could result
in inadequate representation of our target populations, although our
sampling approach attempted to account for that and statistical analyses took socio-demographic factors into account. Comparisons of
perceived local conditions, i.e. amount of greenery and built up land,
with objective measures would be strengthened if we knew the precise
area which respondents were considering when reporting their perceptions allowing objective measures to be matched more precisely.

Appendix A. Supplementary data
Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.landurbplan.2018.02.
007.
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