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Background

• Mental health, particularly for urban populations, is a growing 
public health concern. 

• Understanding how people relate to and feel a sense of belonging 
in the urban environment is an important research agenda. 

• There is mounting evidence about the importance of green (e.g. 
parks, trees) and blue (e.g. rivers, lakes) infrastructure for the 
health and wellbeing of urban residents. 

• There is also emerging evidence about the benefits of certain ‘grey’ 
features (e.g. historic buildings, active travel routes). 



Our Project

• Our Reclaim project “The role of GBGI in levelling up across Bristol” seeks to 
explore relationships between Green-Blue-Grey Infrastructure (GBGI) and a range 
of health and social outcomes in neighbourhoods across Bristol.  



Bristol Quality of Life Survey

• The Quality of Life (QoL) survey provides an annual snapshot of the quality 
of life across Bristol.

• This is administered by Bristol City Council.

• The survey has run since 2001 (although our project will only explore data 
from 2011-2022).

• The survey includes up to 190 indicators of QoL and wellbeing of 
residents.

• Data for this project is being supplied by BCC at the postcode level with 
demographic characteristics aggregated to preserve anonymity of 
respondents. 



Methodology

• Using GIS and statistical analyses we aim to link various GBGI features to self-
reported health, social interaction and neighbourhood satisfaction from the 
Bristol Quality of Life Survey. 

• We aim to explore a broad range of GBGI features in this way, and draw on a 
large number of secondary spatial datasets in our analysis to measure 
exposure. These are all sourced from openly available data such as the OS, 
Bristol Open Data, Census and Natural England. 

• We are currently piloting multiple GIS methods to quantify exposure to 
determine the most useful indicators for GBGI (for example, identifying the 
number of trees within a 10 minute walk of a postcode, or distance to the 
nearest bus stop, river or green space).



GBGI Exposures

Green Blue Grey

Presence and density of urban trees Water bodies such rivers, lakes, ponds 
(including accessibility) 

Listed and historic buildings and 
monuments

NDVI (Normalised Difference 
Vegetation Index)

NDWI (Normalised Differenced Water 
Index)

Bus stops/routes 

Open green space (including 
accessibility)

Waterbody designations (e.g. RAMSAR, 
SPA)

Cycle network

Conservation areas Urban density

Woodlands Culturally important buildings

Nature reserves Social infrastructure 

Outdoor sports facilities Streetlights and furniture

Size and density of private gardens Traffic conditions

Road speed limits

Road network

Ferry and rail network 



GBGI Exposures & QoL

• Life satisfaction

• Happiness

• Self-rated heal th

• BMI

• Presence and density of urban trees

• Vegetation (NDVI)

• Proximity to nearest greenspace

• Proximity to nearest protected habitat

• Type and size of nearest greenspace

• Proximity to woodlands

• Proximity to outdoor sports facilities

• Size and density of private gardens

• Opportunity to  use GBGI (heal th, 

weight, personal mobility)

• Personal drivers and motivation 

(reason to use BGBI)

• Ease of use (practica lities, safety)

Potential moderating 
factors

• Socio-demographics

• LLTI

• Neighbourhood 

deprivation

Potential mediatorsGreen infrastructure

Potential mechanism of 
moderation

• Density of listed buildings/monuments

• Access to leisure facilities

• Access to cycling infrastructure

• Access to public transport

• Traffic conditions and speed

• Housing/population density

• Access to culturally important build ings

• Access to social infrastructure

• Density of street lights and furn iture

• Street connectivity 

Grey infrastructure

• Proximity to nearest blue space

• Water (NDWI)

• Water quality and discharge

• Waterbody designations

Blue infrastructure

Health and wellbeing 
outcomes

• Exposure to, or use 

of, GBGI

• Travel behaviours

• Satisfaction with 

neighbourhood

• Physical activity

• Sleep

• Stress management



Our Project Aim

• By exploring the relationship between different GBGI and self-
reported quality of life we aim to be able to better understand the 
importance of these features for improving people’s lives and 
reducing inequalities within neighbourhoods and across the city. 

• The evidence we produce will further our understanding of how 
citizens relate to their urban environment, and will help more 
inclusive decisions to made by local councils about investment to 
ensure that all residents, wherever they live, benefit from GBGI 
which enhance quality of life for urban communities. 
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• How did Covid-19 lockdowns change greenspace use, and 
what impact did this have on health and wellbeing?

• Systematic reviews have shown that in urban areas there are 
beneficial associations between greenspace and health.
But this relationship is often inconsistent.

• Measures of greenspace exposure are inconsistent across 
studies and understanding which measure best predicts 
health outcomes needs development.

Background



1. Explore quantitative spatial 
measures of evaluating 
greenspace exposure.

2. Explore which measures of 
greenspace exposure connects 
to health outcomes.

3. Understand the mechanisms 
which explain the association 
between green space and health 
by including confounding factors 
in a single analysis.

Objectives



Methodology

An online survey

To collect health 

outcomes - Physical 

Activity, Quality of 

Life and Nature 

Connectedness + 

visits to green 

spaces. 

Two time points – 

during the lockdown, 

and before the 

lockdown.

Postcodes

Participants shared 

their postcodes to 

link their health 

outcomes to spatial 

data

GIS Spatial data

Calculate exposure 

to GS as:

Degree of 

greenness: 

Normalised 

Difference 

Vegetation Index 

Proximity measures 

to GS



Methodology

Quantitative Spatial Data

Exposure to GS

Degree of 
greenness - NDVI

R200 / R300 / R500 
(network) / R1000 / 

R2000

Proximity to GS

Closest Network 
distance

Closest Euclidean 
distance

to specific green 
space (0.5ha, 2 ha, 

10ha and 20ha)

Formula:
NIR - RED

NIR + RED



Scope

Area of study

Resident in West of England within 

local authorities of:

- North Somerset

- City of Bristol

- Bath and North East Somerset

- South Gloucestershire



• 617 participants

• Over-representation:

o White residents

o Females

o Higher levels of education

o Own their homes outright

o Access to a private outdoor space

Baseline Characteristics



• NDVI increases as the radius increases.

• The mean network distance to the nearest greenspace is 333 
The mean Euclidean distance is 190 m. 

• The mean distance to the nearest greenspace increases as 
the size of the greenspace increases

• The mean distances to GS are further than the AGS for the 
doorstep greenspace (275 m mean > 200 m standard) and 
the local greenspace (374 m mean > 300 m standard).

• The mean distances to GS are within the AGS for 
neighbourhood greenspace (774 m mean < 1000 m standard) 
and the wider neighbourhood greenspace (1100 m mean < 
2000 m standard).

Findings - Descriptive Stats



• Visit to GS (per month) increased by 38% to a 
mean of 29 visits per month during lockdown. A 

Paired Sample T-test shows that the difference in means (8.14 

visits/month) is statistically significant (t=10.19, p<0.001). 

• Physical activity has also increase by 9%. The 

difference in means (90.76 minutes/week) is statistically 

significant (t=2.02, p=0.04). 

• Wellbeing was lower during lockdown than 
before (difference in mean ICE-CAP score -0.13), and this 

difference is also statistically significant (t=-20.13, p<0.001).
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Findings - Descriptive Stats



• 57 significant models 
(p-value <0.05) of 88 
possible models

• R2 ranges from 0.071 
to 0.172

• Adjusted R2 from 0.026 
to 0.126

* P-value <0.05; 

** P-value <0.01; 

*** P-value<0.001

Findings – Overall Model Significance



Findings – Specific to Spatial measures

• 10 significant for the measure of 
greenspace exposure.

• 6 GS exposure measures (NVDI 
R200m; NDVI R300m; NDVI R500m 
in Network; Network Distance to 
nearest greenspace access; 
Euclidean Distance to nearest 
greenspace access; and Euclidean 
Distance to nearest 0.5 ha doorstep 
greenspace access) have a 
significant association with at least 
one of the 4 health-related 
outcomes.

* P-value <0.1; 

** P-value <0.05; 

*** P-value<0.01



• All 6 relationships are significant in their overall goodness-of-fit (R2 0.078-0.183 and 
adjusted R2 0.025-0.135)

• 4 associations (of the six tested relationships) are significant for the particular health-
related outcome of interest.

Findings

* P-value <0.05  ** P-value <0.01 *** P-value<0.001



• NDVI changes with changing the catchment area 
→ Future research needs to be critically aware of defining the catchment areas of the study

• Precise distances from the residents’ addresses to the greenspace access points 
→ improves the previous research that uses service area/population weighted centroid

• Significant change in residents’ visits to GS, physical activity and wellbeing before and 
during covid 
→ Covid changed our lifestyles

Discussion



• Increase in visits to GS + decrease in Euclidean or network distance to the nearest GS 
=increase in physical activity 
→ Spatial measure of GS exposure is positively related to a health-related outcome.

• NDVI of smaller radii (200 m and 300 m) has been significantly and positively related to the 
residents’ connectedness to nature before lockdown 
→ Greener the immediate context of the home, more residents feel connected to nature. 

• Larger radii NDVI (1 km and 2 km – larger context) do not relate to connectedness to nature 
nor with frequency of visits to GS. 
→Residents are more aware of their immediate smaller context and how green it is, which 
impacts their connection to nature and their use of close-by GS. 

Discussion



• Positive association between visits to GS and the greenness of the local area around the 
participants address (smaller NDVIs 200 m, 300 m and 500 m). 
Positive association between visits to GS and decreasing the distance to the doorstep green 
space (0.5 ha)
→ Residents were more likely to leave home, visit local GS and do physical activity

• Quality of life showed no positive association to greenspace exposure.
→Maybe the Covid-19 pandemic severely affected quality of life that greenspace exposure 
did not have a positive impact

Discussion
During Lockdown



• The studied health-related outcomes are mostly associated to measures of greenspace 
exposure that capture the immediate context
→ (1) the smaller NDVI radii (200 m, 300 m and 500 m)
→ (2) the proximity to smaller GS (0.5 ha) which are commonly close-by
→ (3) the nearest GS (which are commonly of smaller areas). 

• Heath-related outcomes in this study do not relate to the larger context in terms of
→ the larger NDVI radii (1000 m and 2000 m) 
→ the proximity to larger GS (10 ha and 20 ha). 
This happens despite the mean distance to the smaller GS not meeting Natural England’s 
AGS, i.e. being farther away than where they are expected to be.

• The reason some studies have found no relationship between greenspace and health may 
be because of chosen greenspace measure.

Conclusion



• Structural equation modeling of the pathways informed by these relationship

Next Step



Background

• There is extensive evidence demonstrating the importance of 
greenspace as a wider determinant of health.

• The COVID-19 pandemic affected how people visited and experienced 
greenspace. But research during the pandemic highlighted the need 
for greenspace given their importance for health benefits.

• Understanding the mechanism is complex as there are many 
interdependent elements. 

• Despite numerous theoretical explanations for the relationship 
between greenspace and health, little research has included potential 
confounding, modifying and mediating factors in a single analysis. 
There is a need for greater focus on what works and unpicking causal 
pathways. 



Aims

• To assess whether provision and exposure to greenspace is associated 
with better health outcomes in the West of England, and to explore 
what factors might explain the relationship. 

• This study tests the pathways, as changes from before to during the 
COVID-19 pandemic, a unique point in time with implications for how 
people interacted with greenspace. 

Before 
lockdown

During 
lockdown

Change



Structural Equation Modeling

• A confirmatory approach. 

• A model is proposed and SEM examines whether the observed data will 
provide evidence of directionality and significance of the relationships.

• Conducted in SPSS Amos.

• Can analyse multiple exposures, mediators, moderators, confounders, 
and outcomes.

“a statistical method that examines the relationships among 

numerous variables in a simultaneous way”



Variables in model

Exposures Outcomes Mediators Moderators Confounders

Greenness Quality of life Social contact Long-term 
limiting illness

Sex

Proximity to 
greenspace

Self-rated 
health

Connectedness to 
nature

Dog ownership Age

Greenspace use 
frequency

Physical activity Children in 
household

Ethnicity

Physical activity 
commuting

Access to 
private/shared 
outdoor space

Education

Occupation

Change in 
employment 

Car ownership

Housing tenure



Modeling so far



Modeling so far



Going forward

• A complex statistical method with some technicalities still to 
overcome.

• Create and refine a final model identifying changes.

• Even if no moderated mediating relationships are identified, the 
analysis can still uncover individual pathways between 
variables. 



Thank you

Any questions?
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