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Doses of Neighborhood Nature:  
The Benefits for Mental Health  
of Living with Nature
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Experiences of nature provide many mental-health benefits, particularly for people living in urban areas. The natural characteristics of city 
residents’ neighborhoods are likely to be crucial determinants of the daily nature dose that they receive; however, which characteristics are 
important remains unclear. One possibility is that the greatest benefits are provided by characteristics that are most visible during the day 
and so most likely to be experienced by people. We demonstrate that of five neighborhood nature characteristics tested, vegetation cover and 
afternoon bird abundances were positively associated with a lower prevalence of depression, anxiety, and stress. Furthermore, dose–response 
modeling shows a threshold response at which the population prevalence of mental-health issues is significantly lower beyond minimum limits 
of neighborhood vegetation cover (depression more than 20% cover, anxiety more than 30% cover, stress more than 20% cover). Our findings 
demonstrate quantifiable associations of mental health with the characteristics of nearby nature that people actually experience.
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The economic costs of anxiety and mood disorders,   
 such as depression, have been estimated at €187.4 billion 

per year for Europe alone (Gustavsson et  al. 2012, Olesen 
et  al. 2012). Alongside stress, they are some of the most 
prevalent work-related health issues (13.7% of all reported 
work-related cases; Eurostat 2012). This growing problem 
has, at least in part, been attributed to the increasing discon-
nect between people and the natural world that is resulting 
from more urbanized, sedentary lifestyles (the “extinction 
of experience”; Miller 2005, Soga and Gaston 2015). This is 
supported by research that shows interactions with nature 
promote psychological restoration (Kaplan 1995), improved 
mood (Hartig et al. 2003, Barton and Pretty 2010, Roe and 
Aspinall 2011), improved attention (Hartig et  al. 2003, 
Ottosson and Grahn 2005) and reduced stress and anxiety 
(Ulrich et al. 1991, Grahn and Stigsdotter 2003, Hartig et al. 
2003, Maas et al. 2009).

The causal factors behind poor mental health are com-
plex and diverse (Kinderman et al. 2015), and cultural and 
socioeconomic differences between regions may influence 
responses to interactions with nature (reviewed by Keniger 
et al. 2013). Understanding and capitalizing on the mecha-
nisms by which natural environments provide psychological 
benefits nonetheless have the potential to be a novel and 
cost-effective approach to reducing the prevalence of some 

forms of mental ill health (Hartig et al. 2014, Shanahan et al. 
2015b). Indeed, nature is likely to influence mental health 
through a range of mechanistic pathways (Shanahan et  al. 
2015b). Attention-restoration theory proposes that the natu-
ral world promotes recovery from mental fatigue that occurs 
during the performance of cognitive tasks that require the 
prolonged maintenance of directed attention (Kaplan 1995), 
whereas stress-reduction theory argues that natural environ-
ments facilitate reductions in physiological arousal follow-
ing stress (Ulrich et al. 1991). Both of these complementary 
theoretical frameworks lead to improved mental health 
from experiencing nature through decreased rumination, 
increased cognition, and reduced stress (Berman et al. 2012, 
Jiang et al. 2014, Tyrväinen et al. 2014, Bratman et al. 2015).

Increasingly, evidence suggests that the availability and 
quality of neighborhood green spaces are associated with 
greater well-being (White et  al. 2013) and lower levels of 
depression, anxiety, and stress (Beyer et  al. 2014). These 
benefits may be gained from intentionally interacting with 
nature (e.g., through visiting neighborhood green spaces 
or spending time in a garden), from incidental interactions 
whereby people are exposed to nature as they engage in other 
activities (e.g., walking to the shops), or indirectly while not 
actually being present in nature (e.g., viewing it through 
a window; Keniger et  al. 2013). The natural environment 
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around the home is the nature that most people will expe-
rience every day and therefore, through all three kinds of 
nature interactions, will significantly contribute toward 
people’s daily nature experience.

To date, most research into the health benefits of nature 
has considered the role of green spaces per se. The role of 
specific biological components of those spaces remains 
unclear, although these need to be identified effectively 
to guide planning to operationalize the use of nature as 
a health-promoting tool. In urban areas, two of the most 
visible elements of nature are vegetation cover and bird 
communities. The presence of vegetation has been found 
to have positive mental-health benefits, including but not 
limited to helping to reduce stress and promoting restora-
tion from mental fatigue (e.g., Fuller et al. 2007, Alvarsson 
et al. 2010, Dallimer et al. 2012). Having more bird species 
in the environment and watching birds have been shown to 
be good for people’s psychological well-being (Fuller et  al. 
2007, Curtin 2009, Brock et al. 2015, Cox and Gaston 2016), 
whereas listening to bird song has been shown to contribute 
toward perceived attention restoration and stress recovery 
(Ratcliffe et al. 2013).

Previous studies investigating the relationship between 
components of biodiversity and psychological well-being 
have focused on measuring absolute diversity (how much 
diversity is estimated actually to be present; Fuller et  al. 
2007, Luck et al. 2011) and/or the diversity that people per-
ceive to be present (Dallimer et al. 2012, Shwartz et al. 2014, 
Belaire et al. 2015). However, these may not reflect the bio-
diversity that people actually experience. In particular, daily 
activity levels of people and other organisms often differ, 
so understanding the well-being effects of the diversity that 
people actually experience requires consideration of lower 
than actual values.

Here, we address two key questions. First, what compo-
nents of nature are linked to positive mental-health out-
comes? To answer this, we explore the relationships between 
three established self-reported measures of mental health for 
depression, anxiety, and stress and five metrics of neighbor-
hood nature (vegetation cover, estimated actual abundance 
and richness of birds, and the abundance and richness of 
birds that people are likely to experience). Our second ques-
tion is whether there is a threshold in the mental-health 
response. To answer this, we use dose–response modeling to 
estimate the point at which neighborhood vegetation cover (a 
tangible component of nature that relevant stakeholders can 
manage) influences the prevalence of depression, anxiety, and 
stress and the reduction in prevalence that could be achieved 
through enhanced exposure across the urban population.

Assessment of mental health and the participants
We delivered an urban lifestyle questionnaire online (see 
Shanahan et al. 2016 for details) through a market research 
company (Shape the Future Ltd) to 1023 adults enrolled in 
their survey database. All the participants lived within the 
urban limits of the “Cranfield triangle,” a region in southern 

England, United Kingdom, comprising the three adjacent 
towns of Milton Keynes, Luton, and Bedford. Together, 
they constitute an urbanized area of approximately 157 
square kilometers and an urban population of approximately 
524,000 (according to the 2011 UK census). The triangle 
represents great variation in human population density 
(including examples of low- and high-density living), urban 
history, and urban form. The survey was delivered in May 
2014, a period of reasonably mild weather when the respon-
dents were most likely to engage with nature around their 
home, so the benefits of nature may be more pronounced. 
The participants were self-selecting and were compensated 
with either a nominal fee or a prize draw entry (see supple-
mental appendix S1 for ethical clearance). A subset of 263 
respondents for whom there was both vegetation and bird 
survey data was then used in the analysis (see the metrics of 
neighborhood nature section below).

The survey respondents were asked to complete the 
short version of the Depression, Anxiety, and Stress Scale 
(DASS 21; Lovibond and Lovibond 1995). On a four-point 
scale, the respondents rated the extent to which each of 21 
statements applied to them over the previous week (seven 
statements each for depression, anxiety, and stress; supple-
mental table  S2a). To characterize the degree of severity 
for each mental disorder relative to the wider population, 
these scores were summed for each disorder before band-
ing as normal, mild, moderate, severe, or extremely severe 
(table S2b; Lovibond and Lovibond 1995). If a respondent 
did not score a statement, then the relevant disorder for 
that respondent was discarded from the analysis (remaining 
respondents; depression = 248, anxiety = 259, stress = 240).

The survey collected sociodemographic and personal 
circumstance data that could potentially influence mental 
health, including age, gender, the primary language spoken 
at home, personal annual income, the number of days exer-
cised for 30 minutes or more during the survey week (an 
an indicator of physical activity), self-assessment of health, 
and highest formal qualification. As a potential confound of 
recent nature exposure, we asked the respondents relatively 
how much time they spent out of doors in the previous week 
(supplemental table S1 shows how these variables were used 
for analysis). The respondents were requested to provide 
a full UK postcode so that their neighborhood could be 
characterized (one UK postcode covers approximately 20 
households). On the basis of the postcode, the English Index 
of Multiple Deprivation (IMD) was used to assess the level 
of socioeconomic disadvantage (sharegeo.ac.uk; data sourced 
from data.gov.uk). Finally, using the UK Gridded Population 
Based on the Census 2011 and Land Cover Map 2007 (Reis 
et al. 2016), we calculated neighborhood population density 
(see supplemental appendix S2 for full description of these 
two variables).

Metrics of neighborhood nature
We measured five key components of nature that people 
were exposed to around the home. We first measured 
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neighborhood vegetation cover as vegetation 0.7 meters (m) 
or more in height, within a 250 m buffer around the centroid 
of each respondent’s postcode, approximately reflecting 
the viewscape from and the area immediately adjacent to 
people’s homes. Vegetation cover maps were derived from 
airborne hyperspectral and light detection and ranging 
(LiDAR) data; full details of the spatial product development 
are provided in the supplemental appendix S3.

We conducted extensive bird surveys within the towns 
to generate a further four metrics of neighborhood nature. 
We estimated actual bird abundance and species richness as 
that recorded during early-morning surveys, when birds are 
most active and so most likely to be recorded (supplemental 
appendix S4). We also estimated the bird abundance and 
species richness that people were likely to experience as 
those birds that were recorded during afternoon surveys 
when most people are also active (appendix S4). These 
were derived from point count surveys, using distance sam-
pling, at up to four locations within 116 tiles, each of 500 
m × 500 m squares that were selected randomly across the 
three towns (full details are provided in appendix S4). We 
estimated neighborhood bird abundances and richness for 
those respondents whose 250-m neighborhood buffer over-
lapped with at least one bird survey location within a survey 
tile (respondents = 263; tiles = 84; see supplemental table 
S3 for sociodemographics of subset; supplemental figure S1 
illustrates an example of overlap). This subset of respondents 
was used in subsequent analyses.

The neighborhood vegetation cover varied ninefold across 
the 263 respondents (supplemental table S4). Pearson’s rank 
sum tests of the five metrics of neighborhood nature showed 
that actual and afternoon species richness were highly cor-
related (Pearson’s r = 0.72, p < .0001), whereas the remain-
ing nature variables were either weakly or not correlated 
(r < 0.28; see supplemental table S5 for correlation matrix 
between nature variables).

Relationships between mental health and 
neighborhood nature
We used ordinal regression to explore relationships between 
the five metrics of neighborhood nature and each mental-
health disorder in turn. We incorporated age, gender, lan-
guage, income, physical activity, self-assessment of health, 
level of education, relative time out of doors in the previ-
ous week, neighborhood population density and the IMD 
as covariates. We standardized the five nature metrics and 
neighborhood population density such that each had mean 
zero and standard deviation one. Because multicollinear-
ity of more than 0.7 can severely distort model estimation 
(e.g., Dormann et al. 2013, Cade 2015), we built two models 
for each mental state, including either actual or afternoon 
species richness in each along with the other three nature 
metrics and covariates. We used the Multi-Model Inference 
(MuMIn) package (Bartoń 2015) to produce all subsets of 
models on the basis of the global model and to rank them 
on the basis of the Akaike Information Criterion (AICc). 

Overdispersion in models is problematic in AICc analysis 
and may be due to not accounting for important covari-
ates or multicollinearity, which can result in the selection 
of overly complex models that can lead to poor inference. 
Following Burnham and Anderson (2002, p. 131) and 
Richards (2008), we reduced the retention of overly complex 
models by excluding from the set of candidate models all 
models that are more complicated versions of any model 
with a lower AICc value (i.e., nesting of models). To be 95% 
sure that the most parsimonious models were maintained 
within the best-supported model set, we then retained all 
models in which ΔAICc < 6 (Richards 2005, 2008). We 
then calculated averaged parameter estimates and standard 
errors using model averaging among the retained models 
(Burnham and Anderson 2002).

People living in neighborhoods with higher levels of veg-
etation cover and afternoon bird abundances had reduced 
severity of depression, anxiety, and stress (table 1; figure 1). 
In contrast, there was no relationship with the estimated 
actual neighborhood bird abundance and species richness 
or afternoon species richness (table 1). The respondents 
who spent less time outdoors than usual in the last week had 
worse depression and anxiety (table 1). The respondents 
over the age of 45 years were less likely to suffer from depres-
sion than the younger respondents, whereas those between 
46 and 60 years were less likely to suffer from anxiety 
(table 1). Mental health was positively correlated with self-
reported physical health (table 1; inherent bias within self-
reported surveys is here, at least in part, mitigated through 
large sample sizes and a robust ordinal regression analytical 
approach).

Here, we have shown that metrics of nature that were 
most visible during the day and so most likely to be expe-
rienced by people, namely vegetation cover and afternoon 
bird abundances, were positively associated with a lower 
population prevalence of depression, anxiety, and stress. 
This may have arisen for a range of nonmutually exclusive 
reasons. First, experiences of visible nature may act to 
improve people’s mental health, as was predicted from pre-
vious empirical studies of interactions between nature and 
well-being (see our introduction for references). Second, 
people with no or low mental-health disorders may be 
self-selected by electing to move into neighborhoods that 
are greener. Third, they may provide resources for birds, 
thereby increasing opportunities for closer interactions 
throughout the day. Therefore, it is unclear whether a lower 
population prevalence of poor mental health is shaped by 
the natural environment people live in or whether people 
move to a neighborhood that reflects that trait, or whether 
it is some combination of these factors. However, we found 
no relationship with the metrics estimating actual bird 
community composition or actual or afternoon species 
richness, nor were there relationships between mental 
health and covariates such as the IMD, education, or 
population density, although this is not entirely unsurpris-
ing given the complex nature of mental-health disorders 
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and that previous studies have recorded wide variation 
in these relationships across different human populations 
(e.g., Das et  al. 2007). The difference in the associations 
of actual and visable bird abundance with mental health is 
indicative of an effect of visible nature on mental health. 
Notwithstanding, future research needs to focus on further 
unpicking causal pathways, such as through studies of 
brain activity and function during exposure to nature (e.g., 
Bratman et al. 2012, 2015).

The shape of the relationships between vegetation cover 
and the increasing severity of each mental-health disorder 
suggests that the greatest benefits were gained by those 

respondents with mild or moderate mental-health disorders 
(figure 1). This may be because the severity of depression 
often determines behaviors and therefore the degree to 
which people engage with nature. So people suffering from 
severe mental-health disorders may be less likely to venture 
outdoors, and the mechanisms behind their disorders may 
be different, thereby reducing the positive influence of 
nature. The respondents who spent relatively less time out 
doors in the survey week were more likely to report worse 
depression and anxiety. Intriguingly, this suggests that the 
relative nature experienced is a significant contribuing 
factor.

Table 1. Nested model averaging of ordinal regression showing negative relationships between two visible components 
of nature around the home and three mental-health disorders while adjusting for sociodemographic factors.
Variables Depression Anxiety Stress

M Standard 
error (SE)

M SE M SE

Vegetation cover –0.41 (0.15)** –0.34* 0.16 –0.30* 0.15

Actual abundance – 0.26 0.16 0.25 0.16

Actual richness+ – – –

Afternoon abundance –0.43 (0.15)** –0.54** 0.18 –0.35* 0.18

Afternoon richness+ – – –

Gender (male) – 0.49 0.32 –

Language 0.57 0.36 – –

Income 0.13 0.08 – –

Physical activity – – –

IMD – – –

Population density – – –

Relative time outdoors

About the same –0.74 (0.33)* –0.95* 0.36 0.55 0.36

More time –0.84 (0.38)* –1.29** 0.42 –0.88 0.48

Age

Age (31–45 yrs) –0.11 (0.33) –0.02 0.35 0.59 0.35

Age (46–60 years) –1.13 (0.39)** –1.23** 0.44 –0.78 0.46

Age (>60 years) –1.90 (0.82)* –0.93 0.65 –1.70 1.07

Self–assessment of Health

Poor –1.81 1.02 –3.75** 1.39 –

Average –2.28 (0.94)** –3.92*** 1.32 –

Good –3.49 (0.95)*** –4.57*** 1.32 –

Very good –3.30 (0.96)*** –4.73*** 1.35 –

Level of education

Education (18+) – – –
–

Education (Undergraduate) – – –

Education (Postgraduate) – – –

Note: For the categorical variables (listed in italics), we show the model-averaged coefficients of variables relative to a comparative base factor 
level (e.g., age less than 30 years, so a positive coefficient suggests that those more than 30 years old have worse mental health. The other 
base factors are the following : gender, female; language, English is the primary language spoken at home; relative time outdoors, less time;  
self-assessment of health, very poor; education, 16+ years. The significant variables and factor levels relative to base level are shown as  
*p < .05; **p < .01; ***p < .001.
+ For each mental-health disorder, we built two identical models, testing each measure of richness separately (see methods); the variable was 
not retained in the top nested models in which delta < 6.
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We found no relationship between mental health and 
either measure of bird richness or that of actual abun-
dance. Given that most people cannot distinguish between 
species (Dallimer et al. 2012, Shwartz et al. 2014) benefits 
may be provided through directly experiencing abun-
dance, with richness contributing when people can see 
multiple species within a relatively small timeframe, such 
as around a feeder (Cox and Gaston 2015). Although the 
positive benefits for mental health of interacting with 
birds is compelling, in this study, it was not possible to 
determine the actual abundances of birds that the respon-
dents interacted with; therefore, there may be more than 
one explanation for the positive associations between 
afternoon bird abundances and improved mental health. 
First, as seems likely, the abundances recorded by ecolo-
gists in the afternoon may be a good representation of the 
birds that most people experience and gain benefits from. 
Second, these abundances may be a proxy for another bio-
logical component.

Dose–response relationships between neighborhood 
vegetation cover and mental health
We next calculated the dose–response of each mental-
health disorder within the survey population that could 
be attributed to levels of neighborhood vegetation cover. 
We created a further three binary response variables: 
those with normal mental health for each of depression, 
anxiety, and stress and those suffering with mild or worse 
cases (Lovibond and Lovibond 1995). We used logistic 
regression for each binary response variable in turn to 
estimate the relative odds of occurrence in an individual 
given specific risk factors that were statistically significant 
in the previous analysis. Each covariate (i.e., risk factor) 
was transformed into a binary factor conveying high 
versus low risk (see supplemental table  S6). For each 
mental-health disorder, we ran multiple logistic regres-
sion models. The first model contained the risk factors 
described above with the binary factor vegetation cover 
set at 10%, below which the risk of poor mental health was 

Figure 1. The relationships between depression (a,b), anxiety (c,d), and stress (e,f), with 1) neighborhood vegetation cover 
(a,c,e) and 2) afternoon bird abundances (b,d,f). Error bars are standard errors and significant results are shown as:  
*P < 0.05; **P < 0.01. 
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considered high. The model was then repeated applying an 
incrementally increased break point in vegetation cover 
(i.e., less than 15%, less than 20%, less than 25%, 30%, and 
less than 35%). We identified the point at which the health 
gains were first recorded as better than the null model on 
a plot of dose versus the odds ratio for use in the analysis 
described below (i.e., the confidence interval did not over-
lap with an odds ratio of one).

For each mental-health disorder, we calculated the 
population average attributable fraction to estimate the 
proportion of cases in the population attributable to each 
of the predictor variables (or risk factors; e.g., Rueckinger 
et  al. 2009). Each risk factor was removed sequentially 
from the population by classifying every individual as low 
risk. The probability of each person experiencing mild or 
worse depression, anxiety, or stress was then calculated, 
in which the sum of all probabilities across the population 
was the adjusted number of disease cases expected if the 
risk factor were not present. The attributable fraction was 
calculated by subtracting this adjusted number of cases 
from the observed number of cases. The risk factors were 
removed in every possible order, and an average attribut-
able fraction from all analyses was obtained (table 2).

After accounting for covariates, the odds of having mild 
or worse depression were significantly lower when neigh-
borhood vegetation cover reached a threshold of 20%, with 
gains in the odds ratio of 0.35 by 35% vegetation cover 
(figure 2a). There was a significantly lower chance of hav-
ing anxiety and stress after 30% and 20% vegetation cover 
respectively, although there was greater variability in the 
dose–response curve (figure 2b and 2c). The power of the 
tests for all three mental-health disorders was reduced at 
higher levels of vegetation cover (indicated by wider 95% 
confidence intervals) because the proportion of the respon-
dents reporting poor mental health declined at these levels; 
increasing the number of respondents may reduce the vari-
ability in the dose–response curves.

This threshold analysis has important implications for 
setting future research directions toward operationalizing 
nature as a tool for improving health and well-being for pop-
ulations. Although there is unlikely to be a one-size-fits-all 
policy for optimizing nature in cities, establishing minimum 
levels of vegetation cover in neighborhoods is a practical 
approach that could be incorporated into city design.

The results suggest that if all the respondents lived in 
neighborhoods with vegetation cover of more than 20%, 
then the total number showing symptoms of depression 
would be reduced by up to 11%. The number of cases of 
anxiety and stress could be reduced by up to 25% and 17% 
if vegetation cover were more than 30% and more than 20%, 
respectively. Within the survey population, 38%, 76%, and 
38% of the respondents were considered at risk of showing 
symptoms of depression, anxiety, and stress, respectively, 
because neighborhood vegetation cover levels were not met. 
In 2007, it was estimated that depression cost the English 
economy £7.5 billion, and anxiety cost £8.9 billion in health 
costs and lost workdays (McCrone et al. 2008). Although the 
causes of poor mental health are diverse, a simplistic calcula-
tion would be that if minimal levels of neighborhood vegeta-
tion cover were met, it has the potential to contribute toward 
an annual saving of up to £0.5 billion and £2.6 billion per 
year for depression and anxiety alone. Doubtless, the finan-
cial implications are marked. Consequently, manipulation of 
neighborhood vegetation and bird populations to “optimal” 
levels can and should be encouraged to be undertaken by 
both private and public stakeholders. There are multiple 
approaches available, including through the innovative addi-
tion of green infrastructure such as tree planting, through 
the addition of green walls and roofs (Tzoulas et al. 2007), 
or through the provision of supplementary food and nest-
ing locations to increase local bird abundances (Fuller et al. 
2008) and to bring birds into closer contact with people.

Research is starting to tease apart the mechanistic pathways 
behind how different components of nature benefit mental 

Table 2. Dose–response modeling shows the proportion of mental-health cases in the study population attributable to 
various risk factors (average population attributable fraction; AAF).

Depression Anxiety Stress

Risk factor Odds ratio  
(95% CI)

AFF Odds ratio  
(95% CI)

AFF Odds ratio  
(95% CI)

AFF

Age Higher risk < 46 years 3.28
(1.48:7.78)

0.37 2.11
(0.96:4.66)

0.22 NA NA

Self-assessment  
of health

Higher risk < average 
health

6.0
(2.02:17.8)

0.07 3.65
(1.31:9.98)

0.49 NA NA

Relative time 
outdoors

Higher risk < less time 
outdoors

3.30
(1.64:6.62)

0.12 2.50
(1.25:4.98)

0.09 NA NA

Vegetation cover Higher risk < % vegetation 
cover*

2.00
(1.11:3.61)

0.11 2.29
(1.01:5.20)

0.25 1.76
(1.01:3.83)

0.17

Afternoon bird 
abundance 

Higher risk
< 266 birds

2.03
(1.16:3.52)

0.15 3.05
(1.70:5.50)

0.24 1.70
(0.93:3.44)

0.17

Note: We show a positive association between a reduced population prevalence of depression, anxiety, and stress and minimal thresholds of 
neighborhood vegetation cover* (depression more than 20% cover, anxiety more than 30% cover, stress more than 20% cover). An odds ratio 
above 1 indicates that the mental-health disorder is more likely to be present where the risk factor is present.
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health (e.g., Bratman et  al. 2015, Shanahan et  al. 2015a). 
Although this study does not demonstrate causation per se, 
the positive relationships between two metrics of neighbor-
hood nature and better mental health are consistent with a 
mechanistic effect. Indeed, the dose–response relationship 
for depression—and to a lesser extent, anxiety and stress—is 
considered to provide some evidence of causality according 
to Hill’s criteria (Hill 1965). These benefits are likely to be 
provided via two pathways: first by increasing the attractive-
ness and appeal of green space such that people are more 
likely to spend time out of doors and therefore increase the 
likelihood that they will engage in physical or social activi-
ties, and second by increasing the visual complexity of the 
landscape, enhancing its effect on mental restoration and 
well-being (Shanahan et  al. 2015b). However, at the same 
time, it is important to acknowledge that living close to too 
much, or inappropriate, nature can also provide a range of 
dis-services, such as the destruction of property from veg-
etation and breeding birds (e.g., Rock 2005) or increased 
levels of vegetation leading to feelings of decreased safety in 
some neighborhoods (e.g., Kuo et al. 1998). Future research 
into “best” doses of nature would benefit from exploring the 
trade-offs between the benefits and dis-services.

Conclusions
Although the causes and drivers of poor mental health 
are diverse (Kinderman et  al. 2015), this study suggests 
that even low levels of key components of neighborhood 
nature can be associated with better mental health, provid-
ing promise for preventative health approaches. This study 
shows that quantifiable reductions in the population preva-
lence of poor mental health can be achieved if minimal 
thresholds of vegetation cover are met. This has important 
implications for policy to set minimum levels of neighbor-
hood nature and paves the way to test for health gains that 
arise from specific interventions. Obviously, optimized 
levels of nature are not a silver bullet for the prevention or 

treatment of mental-health problems, but it is an approach 
that can and should be applied in conjunction with existing 
frameworks such as medical and social services, reducing 
crime, and increasing community-driven action. Indeed, 
optimizing the key components of nearby nature has been 
shown to change behavior toward increased social cohe-
sion (e.g., Weinstein et  al. 2015) and green exercise (e.g., 
Mitchell and Popham 2008).

Acknowledgments
We thank M. Evans and M. Gregory for their fieldwork and 
Professor Harris and Dr. Evans for their support and help-
ful consultations. We would like to thank six anonymous 
reviewers for their helpful comments. The data are available 
on request from the corresponding author and will be made 
available from mid-2017 at the NERC Environmental Data 
Information Centre.

Funding statement
DTCC, HLH, KEP, GMS, KA, SH and KJG were funded 
by the Biodiversity and Ecosystem Service Sustainability 
 project, Natural Environment Research Council grant 
no. NE/J015237/1. DFS is supported through Australian 
Research Council Discovery Grant no. DP120102857 and the 
Centre of Excellence for Environmental Decisions (CEED, 
Australia); RAF holds an Australian Research Council 
Future Fellowship.

Supplemental material
Supplementary data are available at BIOSCI online.

References cited
Alvarsson JJ, Wiens S, Nilsson ME. 2010. Stress recovery during exposure 

to nature sound and environmental noise. International Journal of 
Environmental Research and Public Health 7: 1036–1046.

Barton J, Pretty J. 2010. What is the best dose of nature and green exercise 
for improving mental health? A Multi-Study Analysis. Environmental 
Science and Technology 44: 3947–3955.

Figure 2. Dose-response relationships between neighborhood vegetation cover and the adjusted odds ratio from logistic 
regression, of a) depression, b) anxiety, c) stress (error bars are 95% confidence intervals). An odds ratio above one 
indicates an individual is more likely to have mental health disorders where the vegetation cover threshold is not met.

https://academic.oup.com/bioscience


154   BioScience • February 2017 / Vol. 67 No. 2 http://bioscience.oxfordjournals.org

Overview Articles

Bartoń K. 2015. MuMIn: Multi-Model Inference: R Package Version 1.13.4. 
(1 December 2016; http://CRAN.R-project.org/package=MuMIn)

Belaire JA, Westphal LM, Whelan J, Minor ES. 2015. Urban residents’ per-
ceptions of birds in the neighborhood: Biodiversity, cultural ecosystem 
services, and disservices. Condor 117: 192–202.

Berman MG, Kross E, Krpan KM, Askren MK, Burson A, Deldin PJ, 
Kaplan S, Sherdell L, Gotlib IH, Jonides J. 2012. Interacting with nature 
improves cognition and affect for individuals with depression. Journal 
of Affective Disorders 140: 300–305.

Beyer KMM, Kaltenbach A, Szabo A, Bogar S, Nieto FJ, Malecki KM. 2014. 
Exposure to neighborhood green space and mental health: Evidence 
from the survey of the health of Wisconsin. International Journal of 
Environmental Research and Public Health 11: 3453–3472.

Bratman GN, Hamilton JP, Daily GC. 2012. The impacts of nature experi-
ence on human cognitive function and mental health. Year in Ecology 
and Conservation Biology 1249: 118–136.

Bratman GN, Hamilton JP, Hahn KS, Daily GC, Gross JJ. 2015. Nature 
experience reduces rumination and subgenual prefrontal cortex activa-
tion. Proceedings of the National Academy of Sciences 112: 8567–8572.

Brock M, Perino G, Sugden R. 2015. The warden attitude: An investigation 
of the value of interaction with everyday wildlife. Environmental and 
Resource Economics 1–29.

Burnham KP, Anderson DR. 2002. Model selection and multimodel infer-
ence: A practical information–theoretic approach. Springer Science and 
Business Media.

Cade B. 2015. Model averaging and muddled multimodel inferences. 
Ecology 96: 2370–2382.

Cox DTC, Gaston KJ. 2015. Likeability of garden birds: Importance of 
species knowledge and richness in connecting people to nature. PLOS 
ONE 10 (art. e0141505). (1 December 2016; http://dx.doi.org/10.1371/
journal.pone.0141505)

Cox DTC, Gaston KJ. 2016. Urban bird feeding: Connecting people with 
nature. PLOS ONE 11 (art. e0158717). (1 December 2016; http://dx.doi.
org/10.1371/journal.pone.0158717)

Curtin S. 2009. Wildlife tourism: The intangible, psychological benefits of 
human–wildlife encounters. Current Issues in Tourism 12: 451–474.

Dallimer M, Irvine KN, Skinner AMJ, Davies ZG, Rouquette JR, Maltby LL, 
Warren PH, Armsworth PR, Gaston KJ. 2012. Biodiversity and the feel-
good factor: Understanding associations between self-reported human 
well-being and species richness. BioScience 62: 47–55.

Das J, Do Q-T, Friedman J, McKenzie D, Scott K. 2007. Mental health and 
poverty in developing countries: Revisiting the relationship. Social 
Science and Medicine 65: 467–480.

Dormann CF, et  al. 2013. Collinearity: A review of methods to deal with 
it and a simulation study evaluating their performance. Ecography 36: 
27–46.

Eurostat. 2012. The Economy. Pages 141–196 in Schafer G, Cervellin S, 
Feith M, Fritz M, eds. Europe in Figures: Eurostat Yearbook. European 
Union Publications Office.

Fuller RA, Irvine KN, Devine-Wright P, Warren PH, Gaston KJ. 2007. 
Psychological benefits of greenspace increase with biodiversity. Biology 
Letters 3: 390–394.

Fuller RA, Warren PH, Armsworth PR, Barbosa O, Gaston KJ. 2008. 
Garden bird feeding predicts the structure of urban avian assemblages. 
Diversity and Distributions 14: 131–137.

Grahn P, Stigsdotter UA. 2003. Landscape planning and stress. Urban 
Forestry and Urban Greening 2: 1–18.

Gustavsson A, et al. 2012. Cost of disorders of the brain in Europe 2010. 
European Neuropsychopharmacology 21: 655–679.

Hartig T, Evans GW, Jamner LD, Davis DS, Garling T. 2003. Tracking res-
toration in natural and urban field settings. Journal of Environmental 
Psychology 23: 109–123.

Hartig T, Mitchell R, de Vries S, Frumkin H. 2014. Nature and health. 
Annual Review of Public Health 35: 207–228.

Hill AB. 1965. Environment and disease: Association or cau-
sation? Proceedings of the Royal Society of Medicine 58:  
295–300.

Jiang B, Chang C-Y, Sullivan WC. 2014. A dose of nature: Tree cover, stress 
reduction, and gender differences. Landscape and Urban Planning 132:  
26–36.

Kaplan S. 1995. The restorative benefits of nature: Toward an integrated 
framework. Journal of Environmental Psychology 15: 169–182.

Keniger LE, Gaston KJ, Irvine KN, Fuller RA. 2013. What are the benefits 
of interacting with nature? International Journal of Environmental 
Research and Public Health 10: 913–935.

Kinderman P, Tai S, Pontin E, Schwannauer M, Jarman I, Lisboa P. 2015. 
Causal and mediating factors for anxiety, depression and well-being. 
British Journal of Psychiatry 206: 456–460.

Kuo FE, Bacaicoa M, Sullivan WC. 1998. Transforming inner-city land-
scapes: Trees, sense of safety, and preference. Environment and Behavior 
30: 28–59.

Lovibond SH, Lovibond PF. 1995. Manual for the Depression Anxiety Stress 
Scales. Psychology Foundation.

Luck GW, Davidson P, Boxall D, Smallbone L. 2011. Relations between 
urban bird and plant communities and human well-being and connec-
tion to nature. Conservation Biology 25: 816–826.

Maas J, Verheij RA, de Vries S, Spreeuwenberg P, Schellevis FG, Groenewegen 
PP. 2009. Morbidity is related to a green living environment. Journal of 
Epidemiology and Community Health 63: 967–973.

McCrone P, Dhanasiri S, Patel A, Knapp M, Lawton-Smith S. 2008. Paying 
the price: The cost of mental health care in England to 2026. King’s 
fund.

Miller JR. 2005. Biodiversity conservation and the extinction of experience. 
Trends in Ecology and Evolution 20: 430–434.

Mitchell R, Popham F. 2008. Effect of exposure to natural environment 
on health inequalities: An observational population study. Lancet 372: 
1655–1660.

Olesen J, Gustavsson A, Svensson M, Wittchen HU, Jonsson B. 2012. 
The economic cost of brain disorders in Europe. European Journal of 
Neurology 19: 155–162.

Ottosson J, Grahn P. 2005. A comparison of leisure time spent in 
a garden with leisure time spent indoors: On measures of resto-
ration in residents in geriatric care. Landscape Research 30:  
23–55.

Ratcliffe E, Gatersleben B, Sowden PT. 2013. Bird sounds and their contri-
butions to perceived attention restoration and stress recovery. Journal of 
Environmental Psychology 36: 221–228.

Reis S, Steinle S, Carnell E, Leaver D, Vieno M, Beck R, Dragosits U. 
2016. UK Gridded Population Based on Census 2011 and Land 
Cover Map 2007. NERC Environmental Information Data Centre. 
doi:61f10c74-8c2c-4637-a274-5fa9b2e5ce44

Richards SA. 2005. Testing ecological theory using the information–
theoretic approach: Examples and cautionary results. Ecology 86: 
2805–2814.

———. 2008. Dealing with over dispersed count data in applied ecology. 
Journal of Applied Ecology 45: 218–227.

Rock P. 2005. Urban gulls: Problems and solutions. British Birds 98: 
338–355.

Roe J, Aspinall, P. 2011. The restorative benefits of walking in urban and 
rural settings in adults with good and poor mental health. Health and 
Place 17: 103–113.

Rueckinger S, von Kries R, Toschke AM. 2009. An illustration of and 
programs estimating attributable fractions in large scale surveys con-
sidering multiple risk factors. BMC Medical Research Methodology 9 
(art. 7).

Shanahan DF, Fuller RA, Bush R, Lin BB, Gaston KJ. 2015a. The health 
benefits of urban nature: How much do we need? BioScience 65:  
476–485.

Shanahan DF, Lin BB, Bush R, Gaston KJ, Dean JH, Barber E, Fuller RA. 
2015b. Toward improved public health outcomes from urban nature. 
American Journal of Public Health 105: 470–477.

Shanahan DF, Bush R, Gaston KJ, Lin BB, Dean J, Barber E, Fuller R. 2016. 
Health benefits from nature experiences depend on dose. Scientific 
Reports 6 (art. 28551).

http://dx.doi.org/10.1371/journal.pone.0141505
http://dx.doi.org/10.1371/journal.pone.0141505
http://dx.doi.org/10.1371/journal.pone.0158717
http://dx.doi.org/10.1371/journal.pone.0158717


http://bioscience.oxfordjournals.org February 2017 / Vol. 67 No. 2 • BioScience   155   

Overview Articles

Shwartz A, Turbe A, Simon L, Julliard R. 2014. Enhancing urban biodi-
versity and its influence on city-dwellers: An experiment. Biological 
Conservation 171: 82–90.

Soga M, Gaston KJ. 2015. Extinction of experience: Evidence, consequences 
and challenges of loss of human–nature interactions. Frontiers in 
Ecology and the Environment 14: 94–101.

Tyrväinen L, Ojala A, Korpela K, Lanki T, Tsunetsugu Y, Kagawa T. 2014. 
The influence of urban green environments on stress relief measures: A 
field experiment. Journal of Environmental Psychology 38: 1–9.

Tzoulas K, Korpela K, Venn S, Yli-Pelkonen V, Kaźmierczak A, Niemela J, 
James P. 2007. Promoting ecosystem and human health in urban areas 
using green infrastructure: A literature review. Landscape and Urban 
Planning 81: 167–178.

Ulrich RS, Simons RF, Losito BD, Fiorito E, Miles MA, Zelson M. 1991. 
Stress recovery during exposure to natural and urban environments. 
Journal of Environmental Psychology 11: 201–230.

Weinstein N, Balmford A, Dehaan CR, Gladwell V, Bradbury RB, Amano 
T. 2015. Seeing community for the trees: The links among contact with 

natural environments, community cohesion, and crime. BioScience 65: 
1141–1153.

White MP, Alcock I, Wheeler BW, Depledge MH. 2013. Would you be hap-
pier living in a greener urban area? A fixed-effects analysis of panel data. 
Psychological Science 24: 920–928.

Daniel T. C. Cox (dan.t.cox@googlemail.com) is a postdoctoral research 
fellow, Hannah L. Hudson is a research technician, Karen Anderson is 
a senior lecturer, and Kevin J. Gaston is a professor at the Environment 
and Sustainability Institute at the University of Exeter, in Penryn, United 
Kingdom. Danielle F. Shanahan is a postdoctoral research fellow and 
Richard Fuller is a lecturer in conservation and biodiversity at the 
University of Queensland, in Australia. Kate E. Plummer is a research 
ecologist and research fellow and Gavin M. Siriwardena is the head of ter-
restrial ecology and principle ecologist for the British Trust for Ornithology 
at The Nunnery, in Thetford, United Kingdom. Steven Hancock is a 
research associate in the global ecology lab at the University of Maryland, 
in College Park.


