
The relative effects of access to public 
greenspace and private gardens on 
mental health 
Article 

Published Version 

Creative Commons: Attribution 4.0 (CC-BY) 

Open Access 

Collins, R. M., Smith, D., Ogutu, B. O., Brown, K. A., 
Eigenbrod, F. and Spake, R. ORCID: https://orcid.org/0000-
0003-4671-2225 (2023) The relative effects of access to public
greenspace and private gardens on mental health. Landscape 
and Urban Planning, 240. 104902. ISSN 1872-6062 doi: 
10.1016/j.landurbplan.2023.104902 Available at 
https://centaur.reading.ac.uk/113837/ 

It is advisable to refer to the publisher’s version if you intend to cite from the 
work.  See Guidance on citing  .

To link to this article DOI: http://dx.doi.org/10.1016/j.landurbplan.2023.104902 

Publisher: Elsevier 

All outputs in CentAUR are protected by Intellectual Property Rights law, 
including copyright law. Copyright and IPR is retained by the creators or other 
copyright holders. Terms and conditions for use of this material are defined in 
the End User Agreement  . 

www.reading.ac.uk/centaur   

http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence


CentAUR 

Central Archive at the University of Reading 
Reading’s research outputs online



Landscape and Urban Planning 240 (2023) 104902

Available online 26 September 2023
0169-2046/© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

The relative effects of access to public greenspace and private gardens on 
mental health 
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H I G H L I G H T S  

• Predicted effects of parks and domestic gardens on mental health varied by gender. 
• Domestic gardens had a greater effect on men’s mental health than public parks. 
• Domestic gardens had a minimal effect on women with access to public parks. 
• Domestic gardens were beneficial for older women without public greenspace.  
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A B S T R A C T   

Although the beneficial effects of urban greenspace on mental health are widely accepted, the comparative ef-
fects of public greenspace and private (domestic) gardens on mental health are poorly understood. Here, an 
assessment is provided of the effect of local public greenspace on a person’s mental health for those with and 
without a private garden in Britain. Individual level data on private garden ownership and mental health status 
are obtained from a nationally representative survey (the British Household Panel Survey). A combination of 
statistical matching and regression models are used to account for individual and area-level confounders and to 
test for interactions. Individuals with (n = 4,454) and without (n = 338) private gardens are analysed separately 
and their predicted probability of poor mental health in response to public greenspace presence is compared. 
Results show that the predicted positive effect of having a private garden varies depending on gender and age. 
Specifically, having a private garden substantially reduces the maximum predicted probability of poor mental 
health for men regardless of their access to local public greenspace. Whereas, for women, the presence of local 
public greenspace results in comparable mental health for those with and without a garden. Women without 
access to local public greenspace, having a private garden reduces the predicted probability of poor mental 
health later in life. Given the results, it is recommended that the provision of private gardens is considered within 
greenspace guidance and policy, which is currently dominated by the provision of, or access to, public 
greenspaces.   

1. Introduction 

A consensus has emerged that greenspace in cities has beneficial 
effects on the mental health and wellbeing of residents (for reviews see; 
Collins et al., 2020; Hartig et al., 2014; Houlden et al., 2018). Time spent 
in greenspace can promote good mental health via psychological 

restoration (Kaplan & Talbot, 1983) and stress reduction (Ulrich, 1983). 
In addition, access to greenspace can encourage physical activity and 
social cohesion which are both associated with improved mental health 
outcomes (e.g., Maas et al., 2009; Marselle et al., 2019; McEachan et al., 
2016; Sullivan et al., 2004; Ward Thompson et al., 2016). With 68% of 
the world’s population projected to live in cities by 2050 (United 
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Nations, 2018), populations are becoming increasingly dependent on a 
small and restricted network of greenspace for mental health benefits. 

However, critical knowledge gaps exist in our understanding of the 
greenspace and mental health relationship in cities, which must be 
addressed to effectively inform future urban planning. Specifically, 
research that quantifies the relationship between greenspace and mental 
health rarely defines or differentiates between public greenspace and 
private (domestic) gardens (Taylor & Hochuli, 2017), despite their dif-
ferences in accessibility. Given the beneficial effects of gardens and 
gardening on mental health (for reviews see; Clatworthy et al., 2013; 
Howarth et al., 2020; Soga et al., 2017), the aggregation of public 
greenspaces (e.g., parks and woodland) and private gardens into mea-
sures of total greenspace amount (e.g., an area’s total greenness) may 
lead to incorrect inferences about the relative importance of public 
greenspaces to mental health. Consequently leading to poor urban 
planning decisions that widen social and health inequalities; indeed, 
those who are at greatest risk of poor mental health may already have 
little access to greenspace (Allen et al., 2014). Most studies focus on 
either private gardens or public greenspace in their analysis, rather than 
attempting to disentangle the effects of private gardens and public 
greenspace access on mental health. For instance, Houlden et al. (2019) 
report on the improved mental wellbeing of local residents exposed to 
urban public greenspaces such as parks. Similarly, studies have shown 
that access to private gardens and gardening, which present an imme-
diate opportunity to observe or engage with nature (Gaston et al., 2005), 
can improve mental health (e.g., Corley et al., 2021; de Bell et al., 2020; 
Fjaestad et al., 2023; Soga et al., 2017). Whilst other studies have 
demonstrated positive associations between mental health and area- 
level coverage of public greenspace and private gardens combined (e. 
g., Alcock et al., 2014; White et al., 2017). Alcock et al. (2014) found 
that the inclusion of private gardens in total greenspace calculations did 
not affect the categorisation of individuals into those moving to greener 
or less green areas. However, whether or not individuals have private 
gardens can influence their engagement or interaction with other forms 
of greenspace (de Bell et al., 2020). Therefore, it is essential that private 
garden access is explicitly considered at an individual level (as opposed 
to an area-level aggregation) to understand the relative importance of 
private gardens and public greenspace on health outcomes. A key dif-
ficulty in disentangling the effects of private gardens and public 
greenspace is that their access is often confounded with individual, 
household and area-level characteristics that can also influence mental 
health (Allen et al., 2014). For example, a person with greater access to 
greenspace – either through a private garden or by being able to afford 
housing in ‘greener’ areas – may be less likely to experience poor mental 
health through having a higher income, stable housing, employment, or 
access to private healthcare (Allen et al., 2014). It is therefore critical to 
separate the confounding effects of greenspace access from individual 
and area-level drivers. 

In this paper, we present an assessment of the contingent effects of 
urban public greenspace and private (domestic) gardens on the proba-
bility of poor mental health in Britain (England, Scotland and Wales). 
Here we used established pathways proposed by Hartig et al. (2014) to 
explore the possible relationship between our variables. We hypoth-
esised that access to greenspace (whether it be public parks or private 
gardens) will reduce the probability of poor mental health. As such, we 
expected to find a stronger effect of public greenspace on the probability 
of poor mental health for those without private gardens. Similarly, we 
expected the effect of having a private garden on the probability of poor 
mental health to be stronger for those without access to public green-
space. However, we had no prior expectation for the comparative effect 
of public and private gardens on the probability of poor mental health 

for individuals with or without access to both, due to the gap in 
comparative studies of public greenspace and private gardens. 

2. Methods 

We adopt a counterfactual approach (Rosenbaum & Rubin, 1983) 
and explicitly distinguish between the effects of public greenspace and 
private gardens from individual and area-level confounding factors. We 
use individual level (n = 5,248) mental health outcomes from survey 
data in Britain, the British Household Panel Survey (BHPS; University of 
Essex, 2018), together with the Ordnance Survey MasterMap (OSMM) 
Greenspace Layer (Ordnance Survey, 2017), to separate public parks 
and public gardens (i.e., accessible greenspaces) from the overall 
greenspace provision in a person’s local area. We separately test the 
effects of public greenspace and private gardens on the probability of 
poor mental health, distinguishing individuals by their ownership of a 
private garden. For those with and without a garden, we account for 
individual level and area-level factors that confound the greenspace and 
mental health relationship by applying statistical matching and regres-
sion models, which strengthens causal inference from observational 
datasets (Stuart, 2010). 

2.1. Description of data 

2.1.1. Public green space 
A map of public greenspace was derived from the OSMM Greenspace 

Layer (version April 2020), a fine-scale vector dataset of urban green-
spaces in Britain which included both publicly accessible and private 
greenspaces including golf courses and institutional grounds (Ordnance 
Survey, 2017). We selected polygons corresponding to public parks or 
public gardens (i.e., spaces that are accessible to the public). To create a 
binary variable for the presence or absence of public greenspace within 
an individual’s local area, an 800 m buffer was applied to the 2011 
Lower Layer Super Output Area (LSOA) or, for Scotland, Data Zone 
population-weighted centroids. LSOAs and Data Zones are commonly 
used units (proxy neighbourhoods) to report small-area statistics and 
have previously been used to establish the greenspace and mental health 
relationship (e.g., Alcock et al., 2014). An 800 m buffer was selected to 
represent the average distance travelled in a ten-minute walk which 
aligns with the Fields in Trust’s Guidance for Outdoor Sport and Play 
access guidance (Fields in Trust, 2020). From a planning perspective, the 
chosen 10-minute walk aligns with the ‘20-minute neighbourhoods’ 
concept which stipulates that people should be able to meet most of their 
everyday needs within a 20-minute return walk from their residence 
(Emery & Thrift, 2021). The concept has been implemented by local 
authorities and city planners in Melbourne (Victoria State Government 
Department of Environment, 2021) and Scotland (O’Gorman & Dillon- 
Robinson, 2021). 

2.1.2. Mental health 
This study used data from the BHPS, a nationally representative 

longitudinal survey of more than 5,000 households in the United 
Kingdom (UK) that ran annually for 18 years from 1991 to 2008 (Uni-
versity of Essex, 2018) as a measure of individual level mental health. 
Each year of the survey is referred to as a “wave”. A household 
geographic identifier was used to link BHPS respondents to a LSOA 
(England and Wales) or Data Zone (Scotland). Although the BHPS has a 
representative sample for the UK, we restricted our analysis to in-
dividuals in Britain and excluded individuals living in Northern Ireland 
due to the availability of spatial datasets (namely public greenspace and 
deprivation). 

R.M. Collins et al.                                                                                                                                                                                                                              
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Mental health in the BHPS was measured using the 12-item General 
Health Questionnaire (GHQ-12). The GHQ-12 is a validated screening 
tool used to assess a person’s risk of common mental disorders, such as 
anxiety and depression (Goldberg & Hillier, 1979) and is considered 
robust across genders, ages and education (Goldberg et al., 1997). The 
responses to the 12-items of the GHQ-12 consist of two lower categories 
and two higher categories which were coded as 0 and 1 and then sum-
med to create a scale from 1 to 12 (Hankins, 2008). Following previous 
work (e.g., Riva & Smith, 2012; Shelton & Herrick, 2009; Weich et al., 
2006) and recommendations for using the GHQ-12 to assess the pres-
ence of common mental disorders (Goldberg & Williams, 1988), scores 
were converted to a binary (0/1) variable “poor mental health” with ≥3 
indicating poor mental health. 

2.1.3. Individual and household-level characteristics 
The BHPS retrieved information on a range of variables including 

individuals’ private garden access, income, age, gender, marital status, 
and level of education, which are potential confounders of poor mental 
health (Allen et al., 2014). Monthly total household income was 
adjusted for household size and composition using the BHPS variable 
“afieqfca” to create the variable “equivalised household income”. Unlike 
previous studies using the BHPS (e.g., White et al., 2013), individual 
level variables such as hours of physical activity, commute time, and 
presence of physical health conditions were disregarded because they 
were considered post-treatment variables (i.e., not independent of ac-
cess to public greenspace), which can bias estimates of treatment effects 
in causal models (Montgomery et al., 2018). We did not include 
ethnicity as a confounding variable in this analysis due to the low sample 
sizes of Black, Asian, and Minority Ethnic respondents. 

2.1.4. Area-level characteristics 
We took a systematic approach to identify potential area-level vari-

ables that moderate the effect of greenspace exposure on mental health. 
Variables were identified by reviewing studies included in a systematic 
map that collated studies quantifying greenspace-mental health re-
lationships (Collins et al., 2020). From these, we first collated a 
comprehensive list of area-level characteristics that have been 

previously included as confounders or modifiers of greenspace effects on 
mental health. Second, this full list was then reviewed to determine 
whether the variables were relevant to and supported by appropriate 
data for urban areas in Britain. The data assessment identified a total of 
seven area-level characteristics which were used in this analysis and are 
summarised in Table 1. 

2.2. Analysis 

2.2.1. Sample stratification 
In order to limit inference to urban areas in Britain, the sample was 

restricted to urban LSOAs, identified using the 2011 Urban Rural Clas-
sification (Office for National Statistics, 2017). All outliers and in-
dividuals with missing data were excluded (details provided in 
Appendix A). All waves of the BHPS were used to maximise the sample 
size available for analysis. Individuals that had not lived at an address 
for >12 months were excluded to ensure a minimum exposure to 
greenspace and to minimise potential effects on mental health caused by 
moving to an area with more or less green space (Alcock et al., 2014). To 
remove any potential non-independence among members of the same 
household and waves, one person from each household was selected at 
random. A random wave was selected for individuals that participated in 
multiple survey waves. 

Data exploration showed that most individuals (94%) who respon-
ded to the BHPS were surveyed in the autumn and winter months. Low 
sample sizes in the summer and spring precluded the modelling of sea-
sonal variation effects on mental health and were, therefore, removed 
from the sample, leaving respondents interviewed between September 
1st and March 1st. The sample was then separated into two samples for 
subsequent analysis: individuals with and individuals without a private 
garden. These samples were analysed separately because private garden 
access is strongly correlated with other socio-demographic factors that 
confound mental health (Office for National Statistics, 2020). 

2.2.2. Statistical matching 
We used statistical matching to control for confounding variables 

that influence mental health. We classified public greenspace access as a 

Table 1 
Area-level characteristics that were hypothesised to influence mental health directly or indirectly by modifying the influence of greenspace.  

Area-level 
characteristic 

Proxy variable Data source and processing 

Greenness Normalised Difference 
Vegetation Index (NDVI) 

NDVI was calculated using Landsat 8 surface reflectance products (United States Geological Survey, 2017) at a 
resolution of 30 m × 30 m. Images were processed in Google Earth Engine and the maximum NDVI values over eight 
years were obtained. NDVI values for LSOAs were abstracted as the mean value within the population-weighted 
centroid 800 m circular buffer. 

Diversity Bird species richness Bird species recorded at a 10 km resolution (Gillings et al., 2019) were used to calculate species richness. The species 
richness at each LSOA population-weighted centroid was extracted. Rarer species recorded at coarser resolutions 
(>10 km) were not used as these species would have generally not been seen by the majority of people and therefore 
the majority of people do not interact with them (Gaston et al., 2018). 

Protected sites Ancient, veteran or notable trees Point data noting the location of the ancient, veteran or notable trees (Woodland, 2020) were combined with location 
data for protected areas from the CDDA (European Environment European Environment, 2019). A binary variable 
was then created to represent whether either feature was present within an 800 m buffer around the population- 
weighted centroid. 

Common Database of designated 
areas (CDDA) 

Social cohesion Townsend deprivation score Townsend deprivation score from the 2011 Census was used to determine deprivation for LSOAs in England and 
Wales and Data Zones in Scotland (UK Data Service, 2017). Higher scores indicate the most socially and materially 
deprived areas, while lower (or negative) scores indicate the least deprived areas in a relative measure which 
includes unemployment, non-car ownership, non-home ownership, household overcrowding. 

Air pollution PM2.5 Modelled PM2.5 concentrations at a 100 m resolution from (Phillips et al., 2021) were used to extract the mean 
exposure to PM2.5 within an 800 m buffer around the population-weighted centroid. 

Noise pollution Road noise pollution (Yes/No) 24-hour annual average noise levels from roads were extracted from the England, Wales and Scotland strategic noise 
maps (Department for Environmental Food & Rural Affairs, 2017; Scotland’s Environment, , 2017; Welsh 
Government, 2017) and were converted into 25 m resolution. As the noise maps were derived along major traffic 
routes only a large number of LSOAs contained no noise pollution. To accommodate the large number of zero cases, 
noise pollution was converted into a binary variable. This variable groups together LSOAs that contain noise 
pollution from major roads (within an 800 m buffer of the population-weighted centroid) and those with no noise 
pollution from major roads. 

Spatial and temporal 
sunshine 

Hours of sunshine The sunshine hours for the individual’s LSOA population-weighted centroid for the month in which the individual 
was interviewed was extracted from 1 km resolution data (Met Office, 2020).  
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binary variable denoting whether public greenspace was present within 
800 m of the population-weighted centroid. Greenspace access was 
designated as the focal treatment variable to which the following indi-
vidual- and area-level confounders were matched: age, equivalised 
household income, marital status (married/not married), higher edu-
cation attainment (yes/no), gender, Townsend deprivation score, pres-
ence of designated areas (yes/no), bird species richness, Normalised 
Difference Vegetation Index (NDVI), air pollution, presence of noise 
pollution (binary) and daylight hours. 

Three widely used matching methods were implemented using the R 
package ‘MatchIt’ (Ho et al., 2011): nearest neighbour matching, 
optimal full matching, and Mahalanobis distance matching. The 
matching method that yielded the “best” matched samples was selected 
for regression analysis, which corresponded to the method that mini-
mised the standardised mean differences in variables between the con-
trol and treatment groups (Schleicher et al., 2020; Stuart, 2010). While 
matched samples were similar across all methods, the nearest neighbour 
matching method achieved marginally better matching (Appendix B1). 
Statistical matching reduced the BHPS sample from 6,702 to 4,454 in-
dividuals with a private garden and from 1,111 to 338 individuals 
without a private garden. Descriptive statistics for the two matched 
samples are shown in Table 2. 

2.2.3. Multimodel inference 
To quantify the effect of greenspace presence on the risk of poor 

mental health, Generalised Linear Models (GLMs) with a logistic link 
function were fitted to two matched datasets, corresponding to samples 
of individuals with and individuals without a private garden. We con-
structed a ‘base model’ for each sample that included the following 
confounders of mental health: equivalised household income, marital 
status, age, gender, and highest educational attainment. The samples 
included multiple individuals per LSOA. The degree of non- 
independence was greater for the sample of garden owners (1 to 22 
individuals, median = 1), than for the no garden sample (1 to 4 in-
dividuals, median = 1). Using the base models, we explored whether the 
inclusion of a random intercept term, identifying individuals from a 
common LSOA, improved model fit for each sample. Base models with 
and without the random intercept were compared using a log-likelihood 
ratio test. In both samples, the inclusion of a random intercept term did 
not improve the model fit and the intercept terms were not included in 
the base models. The base models were compared with models that 

varied in their inclusion of the following variables: public greenspace, 
Townsend deprivation score, a quadratic function of age, and in-
teractions between public greenspace, gender, and age. These in-
teractions and the quadratic function of age were examined because of 
their support in the literature (e.g., Astell-Burt et al., 2014). This yielded 
a total of 56 plausible models for comparison. 

The ‘dredge’ function from the R package ‘MuMIn’ (Bartoń, 2020) 
was used to run and compare the 56 plausible model fits using the 
Akaike information criterion (AIC). The top-performing models were 
identified using a ΔAIC threshold of <6 (Burnham et al., 2011; Harrison 
et al., 2018). The goodness of fit (pseudo-R2) of each top-performing 
model was estimated using Nagelkerke (1991). Multicollinearity tests 
(including variance inflation factors) were used to ensure models were 
robust to collinearity (Fox, 2015). Model assumptions were checked by 
plotting residuals versus fitted values against each covariate in the 
global model (including all variables) and again for the reduced model 
(variables in the averaged model) using the R package ‘DHARMa’ 
(Hartig, 2018). 

The top-performing models (ΔAIC <6) explained 3.50–3.57% and 
6.06–10.88% of the variation in mental health for the private garden 
and no private garden samples, respectively. These models were used to 
predict the risk of poor mental health in response to public greenspace 
presence (details of model selection and prediction averaging in Ap-
pendix B.2 and B.3). We interpreted results on an additive scale, plotting 
changes in absolute probabilities of individual level poor mental health, 
as this is the scale more relevant to policymaking than the multiplicative 
modelling scale used (Spake et al., 2023). To visualise the relationship 
between covariates and the predicted probabilities of poor mental 
health, we plotted the average predicted probabilities from the top- 
performing models (Cade, 2015), whilst holding all other covariates at 
their median or mode value for numerical and categorical variables, 
respectively. Mean and modal covariate values were calculated from the 
combined private garden and no private garden samples (Appendix B.4). 
The mode value for public greenspace was “access” and the mode value 
for gender was “women” and were used to generate Fig. 2, see Appendix 
B.4, for the corresponding figures for “no access” and “men”. As a key 
decision with statistical matching concerns the variables used to match 
on, additional models were fitted using data that matched only socio- 
demographic variables and data with no matching to see how the 
matched variables influenced model results (Appendix B.5). Indeed, the 
difference in predicted poor mental health between individuals with and 

Table 2 
Descriptive statistics for the matched BHPS data, private garden, and no private garden samples. For continuous variables, the mean is reported with the standard 
deviation (s) in parentheses.   

Private garden No private garden 

Categorical variables n % n % 
Individuals 4,454 100.00 338 100.00 
No public greenspace 2,227 50.00 169 50.00 
Poor mental health 1,154 25.91 100 29.59 
Gender: Male 2,066 46.39 174 51.48  

Female 2,388 53.61 164  48.52 
Married 2,406 54.02 88 26.04 
Not married 2,048 45.98 250 73.96 
Higher education 754 16.93 55 16.27 
No higher education 3,700 83.07 283 83.73 
Presence of protected areas 2,190 49.17 189 55.92 
No protected areas 2,264 50.83 149 44.08 
Presence of noise pollution 3,837 86.15 302 89.35 
No noise pollution 617 13.85 36 10.65 
Continuous variables n Mean (s) n Mean (s) 
Age 4,454 42.39 (16.04) 338 41.20 (17.49) 
Equivalised household income (£) 4,454 2,126.31 (1100.71) 338 2,064 (1167.56) 
Townsend deprivation score 4,454 -0.78 (-2.89) 338 0.68 (2.97) 
NDVI 4,454 68.90 (7.47) 338 66.50 (7.96) 
Bird species richness 4,454 200.25 (30.88) 338 195.43 (28.77) 
Air pollution (PM2.5) 4,454 0.16 (0.04) 338 0.17 (0.04) 
Hours of sunshine 4,454 3.58 (1.08) 338 3.65 (1.08)  

R.M. Collins et al.                                                                                                                                                                                                                              



Landscape and Urban Planning 240 (2023) 104902

5

without a garden is different without statistical matching (Appendix B.5, 
Fig. B.5.3). Therefore, without using statistical matching, erroneous 
conclusions could have been made. 

3. Results 

For individuals aged 18–75 years old living in urban areas of Britain, 
the peak in the predicted probability of poor mental health is less for 
those with a private garden (Fig. 1). The magnitude of this observed 
difference varies according to access to public greenspace, gender and 
age (Fig. 1). Women with access to public greenspace show the smallest 
difference in the predicted probability of poor mental health between 
those with and without private gardens (Fig. 1). At age 45 (the average 
age in peak probability of poor mental health for all individuals) the 
observed difference was approximately 0.02 (Table 3). For women with 
no access to public greenspace, the difference in probability was more 
pronounced at age 45; the difference in probability of poor mental 
health was 0.07 and this difference in probability continued into older 
age (Table 3). Women aged 56 with no private garden and no access to 
public greenspace had the highest predicted probability of poor mental 
health, and this peak was experienced much later in life compared to 
women with a private garden (aged 41 for both public greenspace and 
no public greenspace). 

For men who are likely to have poor mental health, the effects of a 
private garden exceeded those of public greenspace on mental health 
(Table 3). For instance, the predicted probability of poor mental health 

between men with no public greenspace access and public greenspace 
access was 0.02 (for men without a private garden), while it was 0.13 
between those with and without private gardens (for men without access 
to public greenspace). Men’s garden ownership marginally altered the 
magnitude of the predicted effect of public greenspace access on the 
probability of poor mental health (between 0.02 and 0.01, Table 3). 

The effect of private garden ownership on mental health varies with 
age and gender: for younger individuals (aged under 25 and 32 for men 
and women, respectively) having a private garden slightly increased the 
probability of poor mental health. For older individuals, the trend is 
dependent on whether they had access to public greenspace. The benefit 

Fig. 1. The predicted probability of poor mental health averaged across the top-performing models (ΔAIC <6, see text) for individuals without (purple line, n =338) 
and with (red line, n =4,454) a private garden in relation to access to public greenspace (within 800 m of the population-weighted centroid of their LSOA or Data 
Zone), gender, and age. All other covariates were held at the median or mode of the combined samples (equivalised income = £2,126.31, married, no higher ed-
ucation, Townsend deprivation score = − 0.78). Shaded region shows the standard error for the predicted interval. 

Table 3 
The predicted probability of poor mental health averaged across the top- 
performing models (ΔAIC < 6, see text) for individuals with and without a 
private garden in relation to access to public greenspace (within 800 m of the 
population-weighted centroid of their LSOA) and gender. Predictions were made 
for individuals that were aged forty-five, corresponding to an average age where 
the risk of poor mental health peaked for garden and non-garden owners. All 
other covariates were held at their median or mode (See Methods).  

Access to public 
greenspace 

No private 
garden 

Private garden Difference 

Men Women Men Women Men Women 

No public greenspace  0.33  0.34  0.20  0.27 0.13 0.07 
Public greenspace  0.31  0.31  0.21  0.29 0.10 0.02 
Difference  0.02  0.03  0.01  0.02 NA NA  
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of garden ownership on the probability of poor mental health continued 
in older age for men and women with no public greenspace (Fig. 1). 
However, in older men with access to public greenspace, owning a 
private garden increased the predicted probability of poor mental health 
(Fig. 1). 

For most individual level covariates (equivalised household income, 
married, and Townsend deprivation score), predicted probability of 
poor mental health was generally not contingent on garden ownership 
(Fig. 2). The greatest difference in the predicted probability of poor 
mental health between individuals with and without a private garden 
was observed for those who had attained higher education. Individuals 
with higher education and no access to a private garden were predicted 
to have a higher risk of poor mental health compared to those with 
access to a private garden (Fig. 2). In addition, the predicted probability 
of poor mental health was not contingent on access to public greenspace. 
Fig. 2 presents the predicted probabilities of poor mental health with 
access to public greenspace (i.e., the mode – see Methods); similar 
predicted responses were observed for no access to public greenspace 
(Fig. B.4.1, Appendix B.4). Similarly, sensitivity tests were performed for 
the compare effect of gender on the predicted probability of poor mental 
health (Appendix B.4). Like for women, the predicted probability of poor 
mental health for men was not contingent on access to public greenspace 
(Figs. B.4.2 and B.4.3, Appendix B.4). However, compared to women 
(Fig. 2) there were more pronounced differences between men with and 
without private gardens; men with access to private gardens had a lower 
predicted probability of poor mental health compared to men with 

gardens (Fig. B.4.1, Appendix B.4). 

4. Discussion 

We expected access to public greenspaces to more strongly influence 
the predicted probability of poor mental health for individuals without 
gardens, but support of this hypothesis was mixed and varied with 
gender. Supporting this hypothesis, we found that women with no pri-
vate garden had a lower peak in the probability of poor mental health 
with access to greenspace compared to no access to greenspace (Fig. 1). 
Importantly, for women, access to public greenspace results in a minimal 
difference between the predicted probability of mental health for garden 
and non-garden owners (difference = 0.02, Table 3). This suggests that 
access to public greenspaces can act as a buffer against levels of poor 
mental health for women and could help reduce health inequalities 
between the garden and non-garden owners. 

For men, we found no support for the hypothesis that public green-
space would more strongly influence the probability of poor mental 
health for individuals without gardens; public greenspace effects on 
poor mental health did not detectably vary between men with or 
without a private garden (Fig. 1). Moreover, the predicted effects of 
public greenspace on mental health for men were relatively small (dif-
ference = 0.01–00.2, Table 3) compared to effects from private gardens 
(difference = 0.10–0.13, Table 3). Indeed, having a private garden 
substantially reduced predicted poor mental health for men (Fig. 1). We 
expected the effect of having a private garden on the probability of poor 

Fig. 2. The predicted probability of poor mental health averaged across the top-performing models (ΔAIC <6, see text) for individuals without (purple line, n = 338) 
and with (red line, n = 4,454) a private garden in relation to; (a) equivalised household income (£), (b) marital status (Yes/No), (c) higher education attainment (Yes/ 
No), and (d) Area-level deprivation as measured by the Townsend deprivation score (-6 least deprived and 9 most deprived). For each graph, all other covariates were 
held at the median or mode of the combined samples (access to public greenspace, equivalised income = £2,126.31, married, no higher education, Townsend 
deprivation score = -0.78, age = 42.39, gender = women). Shaded region shows the standard error for the predicted interval. 
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mental health to be stronger for those without access to public green-
space – the predicted beneficial effect of private gardens were compa-
rable for men with and without access to public greenspace (difference 
= 0.10–0.13, Table 3). Contrastingly, for women, we see some support 
for our hypothesised trend, where the difference between private garden 
owners and no private garden owners are 0.02 and 0.07 for women with 
and without access to public greenspace, respectively (Table 3). The 
relative protective effect of private gardens compared to public green-
spaces supports findings from previous research into health deprivation 
(Dennis & James, 2017). 

The stronger predicted effect of private gardens on mental health 
outcomes for men and older women without access to public greenspace 
has clear policy implications. Urban greenspace is typically planned 
using a recreational standards approach (Boulton et al., 2018), which 
ignores private gardens in their assessments and focuses on public 
spaces. For example, the focus in the United States (US) remains on the 
delivery of public greenspaces as opposed to private gardens, as evi-
denced by $150 million that will be distributed to local communities 
through the Outdoor Recreation Legacy Partnership grant program to 
create close to home outdoor recreation experiences (U.S. Department of 
the Interior, 2021). Similarly, in England, local authorities, are guided 
by the National Planning Policy Framework and the National Design 
Guide (Ministry of Housing Communities & Local Government, 2021a, 
2021b) both of which focus on the provision of public and shared open 
spaces. The lack of policy around private gardens is particularly 
important as the average garden size is decreasing in many countries. In 
England, 12% of residential gardens were converted for residential use 
between 2017 and 2018 (Ministry of Housing, 2021). Similar patterns 
are apparent outside of Britain, in Germany, the average garden size has 
decreased from 450 m2 in 1991 to 311 m2 in 2015 (Petzke et al., 2021). 
Without changes to applicable guidance, the proportion and/or size of 
private gardens in urban areas is likely to decline with negative conse-
quences on mental health. However, little is known about how strategies 
to promote private gardens will affect disadvantaged urban residents; 
such strategies could lead to the widening of social inequalities which 
have been observed in the past. For example, an increase in greenspace 
has been associated with an increase in house prices in Los Angeles, US 
(Conway et al., 2010), and Beijing, China (Wu et al., 2022). 

Urban land is both a limited and expensive resource and with 
increased housing demands to accommodate growing urban pop-
ulations, it is understandable why policies do not encourage the allo-
cation of land to private domestic gardens. Furthermore, in the context 
of widening social inequalities and increased demand for land for urban 
development, it is unclear whether allocating more space for domestic 
gardens, as opposed to a “public good” will result in conflict between 
urban residents. In the UK, access to public greenspace is more evenly 
distributed than access to private gardens, and parks are deemed most 
accessible in the poorest areas (Office for National Statistics, 2020), so 
investment in public parks may be more effective in reducing socio- 
economic inequalities. It is possible that shared gardens (i.e., a 
communal outdoor space that local residents are permitted to use) may 
offer a way to mitigate the trade-offs between the negative equity and 
space implications of increasing private gardens and their mental health 
benefits. Research into allotment or community gardening, where local 
residents grow fruit and vegetables for their own consumption, provides 
promising evidence of the beneficial effects of mental health within a 
shared space (Lampert et al., 2021). However, currently, there is little 
research into the effect of shared gardens on mental health and the se-
curity, privacy and agency of a person in a private garden may be an 
important dimension in the provision of mental health benefits 
(Cameron et al., 2012; de Bell et al., 2017). A small sample meant we 
were unable to explore the effect of a shared garden on the probability of 
poor mental health in this study; more research in this area should be a 
future priority. Attitudes to shared greenspaces (i.e., shared gardens, 
community gardens, or public greenspaces) may also vary between 
countries. Indeed, the predicted beneficial effects of private gardens 

observed in this study may not be generalizable beyond Britain. Future 
studies in other countries are needed to explore the potential effects of 
attitudes and culture on the relationship between public greenspace, 
access to private gardens, and mental health. 

4.1. Limitations 

While the data and the methodological approach enabled us to 
compare the effects of public greenspace access and garden ownership 
on mental health, our study has important limitations. First, statistical 
matching reduces sample sizes and subgroups that are already small are 
made smaller post-matching. The relatively small sample sizes of Black, 
Asian and Minority Ethnic respondents in the BHPS meant we were 
unable to account for an individual’s ethnicity which, in Britain, is 
correlated with garden ownership (Office for National Statistics, 2020). 
Future research that adopts targeted sampling rather than representa-
tive sampling (Rothman et al., 2013) is required to untangle the po-
tential confounding effects of ethnicity and access to a private garden. 

Secondly, due to data availability, all greenspace has been treated 
equally; we do not consider differences in the quality of public green-
space, nor do we differentiate between garden types. As a result, an 
individual with a large garden with significant shrub cover is not 
distinguished from an individual with a small paved garden. By 
matching area-level characteristics, we have accounted for some char-
acteristics that are used as indicators of greenspace quality in previous 
studies; e.g., bird species richness (Fuller et al., 2007; Taylor et al., 2018; 
Wheeler et al., 2015), NDVI (Cox et al., 2017; Taylor et al., 2018), and 
protected sites (Annerstedt et al., 2012; Wheeler et al., 2015). We 
recognise that these characteristics may not capture all meaningful 
characteristics of greenspace that are beneficial for mental health. For 
example, bird species richness may not be correlated with other 
important aspects of biodiversity for mental health such as plant species 
richness (Methorst et al., 2021). In addition, we have not accounted for 
other area-level characteristics including blue spaces (e.g., lakes, ponds, 
and coastal zones) which can be associated with improved mental health 
outcomes (McDougall et al., 2021; White et al., 2021). 

Thirdly, access to greenspace has been measured at 800 m – the 
distance typically travelled in a ten-minute walk (Fields in Trust, 2020). 
From a planning perspective, this links to the increasingly popular 20- 
minute neighbourhoods concept (Emery & Thrift, 2021). However, 
there is limited research into the correct scale for access and we were 
unable to test alternative scales due to limitations in creating a balanced 
sample with statistical matching. 

Finally, the GHQ-12 – our measure of poor mental health – was 
developed as a screening tool to identify mental disorders, which are 
only one aspect of mental health. As recommended we used a threshold 
of ≥3 to indicate poor mental health (Goldberg & Williams, 1988) and 
the corresponding distribution of GHQ-12 scores using the full 12-point 
scale is presented in Appendix B.6. Mental health is multi-faceted 
(World Health Organization, 2016) and by using a measure of mental 
distress we may not be adequately capturing positive dimensions of 
mental health such as happiness and life satisfaction. As a result, we may 
be underestimating the effect of public greenspace and private gardens 
on mental health. 

5. Conclusion 

Our findings have important implications for both future research 
and policy concerning greenspace and health. Future research that aims 
to quantify the impact of green infrastructures on health should distin-
guish among, and account for, access to multiple types of greenspace, 
both public and private. As we have shown here, the relative importance 
of private gardens and public greenspace access for mental health varies 
across the life course, and among men and women. Aggregating expo-
sure to all types of greenspace and overlooking the relative contributions 
and interactive effects of individual level access may lead to incorrect 
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inferences about the importance of greenspace to mental health. How-
ever, given space restrictions for future developments to provide both 
public greenspace and private gardens more research is needed to 
inform what characteristics of these spaces are beneficial for mental 
health. For example, what are the relative importance of garden size, 
species composition and diversity, and canopy cover? Do lawns with 
artificial grass deliver similar benefits for mental health as natural 
vegetation? Such characteristics can therefore be prioritised in the 
design of urban greenspace (both public and private gardens) to maxi-
mise mental health benefits. 

From a policy perspective, our study has highlighted the importance 
of access to private gardens (particularly for men) and public greenspace 
(for women) for lowering the predicted risk of poor mental health. 
Therefore, current policy guidance needs to be amended to not just focus 
on a recreational standards approach that favours the delivery of public 
greenspaces, but instead develop strategies that balance the provision of 
urban private gardens and public greenspaces and target areas without 
access. While challenging without exacerbating socio-demographic in-
equalities, it is vital to ensure equitable access to both public and private 
green spaces to deliver improved mental health outcomes for growing 
urban populations. 
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