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Abstract As populations become increasingly urbanised, the preservation of urban
green space becomes paramount. Despite the potential from cross-sectional evi-
dence, we know little about how to design new, or improve or promote existing,
urban green space for environmental, health and well-being benefits. This chapter
highlights aspects to be considered when designing and evaluating urban green
space interventions that aim to maximize environmental, social and health benefits,
and address equity issues. Based on a review of international research evidence and
a compilation of European case studies, the chapter addresses the variety of green
space intervention approaches and their related impacts. There was strong evidence
to support park-based and greenway/trail interventions employing a dual-approach
(i.e. a physical change to the urban green space and promotion/marketing pro-
grammes particularly for park use and physical activity); strong evidence for the
greening of vacant lots for health, well-being (e.g. reduction in stress) and social
(e.g. reduction in crime) outcomes; strong evidence for the provision of urban street
trees and green infrastructure for storm water management for environmental out-
comes (e.g. increased biodiversity, reduced air pollution, climate change adapta-
tion). Urban green space has an important role to play in creating a culture of health
and well-being. Results show promising evidence to support the use of certain urban
green space interventions for health, social and environmental benefits. The findings
have important implications for policymakers, practitioners and researchers.

R. F. Hunter ()

UKCRC Centre of Excellence for Public Health/Centre for Public Health, Queen’s University
Belfast, Belfast, Northern Ireland, UK

e-mail: ruth.hunter@qub.ac.uk

A. Cleary

School of Medicine, Menzies Health Institute Queensland, Griffith University,
Gold Coast, Queensland, Australia

e-mail: anne.cleary @griffithuni.edu.au

M. Braubach

European Centre for Environment and Health, WHO Regional Office for Europe,
Bonn, Germany

e-mail: braubachm @who.int

© The Author(s) 2019 381
M. R. Marselle et al. (eds.), Biodiversity and Health in the Face of Climate
Change, https://doi.org/10.1007/978-3-030-02318-8_17


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-02318-8_17&domain=pdf
https://doi.org/10.1007/978-3-030-02318-8_17
mailto:ruth.hunter@qub.ac.uk
mailto:anne.cleary@griffithuni.edu.au
mailto:braubachm@who.int

382 R. F. Hunter et al.

Keywords Urban green space - Interventions - Health - Well-being - Environment
- Equity

Highlights We know little about how to design new, or improve or promote exist-
ing, urban green space for health and social outcomes.

e Interventions should employ a dual approach that incorporates promotion and
marketing of urban green space as well as changing the physical environment.

e There is evidence to support a range of environmental, health and social
benefits.

» Little is known about the equity impact of urban green space interventions.

17.1 Introduction

The links between green space and health are increasingly well understood and have
been summarised in numerous publications (Frumkin et al. 2017; WHO 2016).
More than half of the world’s population lives in urban areas (i.e. towns and cities),
and this number is projected to increase to two in three people by 2050. Providing
adequate green space within urban areas is therefore paramount. We need to pre-
serve, enhance and promote existing urban green spaces and create new ones. Of
course, for green space to provide its intended benefits it must be maintained and
well cared for. Certain types of green space, such as vacant lots, have well-reported
negative impacts (Branas et al. 2011).

Various political frameworks underscore the need for suitable green spaces in
our cities. For example, the New Urban Agenda calls for an increase in safe, inclu-
sive, accessible, green and quality public spaces. Similarly, the 2030 Agenda for
Sustainable Development pledges to “provide universal access to safe, inclusive and
accessible, green and public spaces, in particular, for women and children, older
persons and persons with disabilities” (see Heiland et al. Chap. 19, this volume, for
more on landscape planning legislation).

However, despite this growing interest in and support for urban green space, cur-
rent knowledge is reasonably limited regarding the effectiveness of interventions
related to the environment, health, well-being and equity. The evidence of the
impact of such interventions on biodiversity and climate change adaptation is par-
ticularly scarce. This may be because there is limited understanding of the mecha-
nisms through which green space might impact climate change. A previous review
by the WHO Regional Office for Europe investigated the various mechanisms
through which urban green space impacts human health (WHO Regional Office for
Europe 2016), including by improving mental health and reducing the risk of car-
diovascular disease, obesity, type II diabetes and cancer. Purported mechanisms
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included increased physical activity, reduced exposure to air and noise pollution,
and psychological relaxation. However, the mechanisms through which urban green
space impacts climate change are much less understood.

To address the gaps in our understanding on the effectiveness of urban green
space interventions, the WHO Regional Office for Europe gathered experts on green
space and urban planning to discuss approaches to and experiences with urban
green space interventions. Based on a review of international research evidence and
a compilation of European case studies (WHO Regional Office for Europe 2017),
the expert meeting addressed the variety of green space intervention approaches and
their related impacts on environmental conditions, health status, social and mental
well-being, and equity. This chapter outlines the findings from this research, high-
lighting aspects to be considered when designing and evaluating urban green space
interventions that aim to maximize environmental, social and health benefits and to
address equity issues.

17.2 Urban Green Space Interventions

17.2.1 What Are Urban Green Space Interventions?

Urban green spaces are considered to be urban spaces covered by vegetation of any
kind. This includes smaller green space features (such as street trees and roadside
vegetation), green spaces not available for public access or recreational use (such as
green roofs and facades, or green space on private grounds), and larger green spaces
that provide various social and recreational functions (such as parks, playgrounds or
greenways).

Urban green space interventions are defined as urban green space changes that
significantly modify green space availability and features by creating new green
space, changing or improving existing green space, or removing or replacing green
space. The use of the term ‘urban green spaces’ should not be considered to conflict
with other commonly used terms and definitions, such as ‘green infrastructure’,
‘green corridors’ or ‘public open space’, which tend to be applied in urban and
regional planning.

On the basis of the evidence review, four main categories of urban green space
interventions were identified:

1. Park-based: Involve change to the physical environment only, or use a dual
approach combining a change to the physical environment with programming or
marketing events in order to promote use of parks.

2. Greenways/trails: Development of new greenways (typically continuous linear
corridor of green space facilitating walking, cycling and other activities) and
walking/cycling trails, or the modification of existing greenways or walking/
cycling trails, for example, through the addition of signage, or using a dual
approach (see above).
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3. Greening: Generally aesthetic-based interventions including greening of vacant
lots (typically involving removing rubbish, planting trees) and providing street
trees.

4. Green infrastructure: For environmental purposes such as storm water manage-
ment or cooling urban/suburban areas, representing benefits related to the eco-
system service approach (provisioning and regulation of environmental goods
and services).

These four categories, while not considered to be exhaustive or absolute, broadly
represent the majority of green space interventions currently being applied in urban
settings.

The methodologies for undertaking the evidence and case-study reviews are
detailed elsewhere (WHO Regional Office for Europe 2017). Briefly, the evidence
review searched eight electronic databases (Medline, PsycINFO, Web of Science
(Science and Social Science Citation Indices), PADDI (Planning Architecture
Design Database Ireland), Zetoc, Scopus, Greenfiles, SIGLE (System for
Information on Grey Literature in Europe)). Studies were included if they: (i) evalu-
ated an urban green space intervention; and (ii) measured health, well-being, social
or environmental outcome(s). Interventions involving any age group were included.
Interventions must have involved: (i) physical change to green space in an urban-
context including improvements to existing urban green space or development of
new urban green space, or (ii) a combination of physical change to urban green
space supplemented by a specific urban green space awareness, marketing or pro-
motion programme to encourage use of urban green space. The case studies were
submitted to the WHO in response to a call on urban green space interventions. An
online survey questionnaire was used to gather data on characteristics of green
space, type of intervention, project objectives and outcomes, impacts of the inter-
ventions, and lessons learned.

A summary of the evidence base for each intervention category and equity
impacts, and case study examples illustrating intervention approaches are provided
below.

17.2.2 Park-Based Interventions

There was strong evidence to support the use of park-based interventions that spe-
cifically combined a physical change to green space and promotion/marketing pro-
grammes, particularly for increasing park use and encouraging physical activity
(7/7 studies showing a significant intervention effect) (see Table 17.1). A number of
the studies in the review included control groups. Control groups allow researchers
to assess whether the findings from the intervention tested are due solely to the
intervention and help rule out alternate explanations. Typically control groups
included green space sites that did not undergo any intervention (e.g. no change to
the physical environment, and no new marketing events) during the study period,
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but the green space was similar in size, with similar characteristics, and served a
similar population to the intervention site.

Four studies that involved major park improvements coupled with promotion
programmes showed a significantly positive post-intervention effect for: increasing
usage (Tester and Baker 2009; Ward Thompson et al 2013; King et al 2015; Slater
et al 2016); physical activity (Tester and Baker 2009; King et al 2015; Slater et al
2016); quality of life (Ward Thompson et al. 2013); and perception of safety (Ward
Thompson et al. 2013). Tester and Baker (2009) evaluated the effects of major
improvements to playing fields of two public parks as well as physical activity pro-
grammes, and training and skills development for park and recreation programme
staff. Results showed that playing field improvements, with and without family and
youth involvement initiatives, significantly increased visitation and overall physical
activity (four- to ninefold increase) compared to the control group. Ward Thompson
et al. (2013) investigated the impact of regeneration of deprived areas in Glasgow,
UK. Green spaces were upgraded through clearing rubbish and signs of vandalism;
construction of improved footpaths, installation of signage and entrance gateways;
and publicity and organization of group activities to encourage opportunities for
use. Quality of life (p = 0.002), perceptions of safety (p < 0.05) and usage (p <0.001)
significantly improved among local residents compared with the control site. King
et al. (2015) demonstrated significant improvements in park usage (p = 0.004) and
physical activity of users (p = 0.007) after the transformation of 2 acres of undevel-
oped green space into a recreational park (including footpaths, playing fields,
benches and basketball courts) and a community garden in an area of transitional
housing for the homeless and refugees.

Slater et al. (2016) showed significant improvements in park usage and physical
activity levels of users over time (up to 12 months) in 39 intervention parks that
undertook major improvements including replacement of old playground equip-
ment and ground surfacing, coupled with extensive community engagement activi-
ties to encourage and promote park usage, compared with control sites.

Three studies showed significant intervention effects for minor park improve-
ments including significant increases in walking (NSW Health 2002), park usage
and physical activity of users (Cohen et al. 2013; Cranney et al. 2016). An interven-
tion in Sydney (NSW Health 2002) involved park modifications (e.g. signage,
greening, improved paths and a new playground), park promotion use via advertise-
ments, walking maps and the establishment of walking groups. A large randomised
controlled trial (RCT) by Cohen et al. (2013) involved 51 parks allocated to one of
three management trials. Park Directors received training from marketing consul-
tants regarding outreach, customer service and promotion events. Each park received
$4000 to spend on park programmes, which included signage (e.g. banners, walking
path signs), promotional incentives (e.g. water bottles, park-branded key chains,
individually targeted e-mails), and outreach activities (e.g. hiring community
engagement officers, buying activity materials). Cranney et al. (2016) investigated
the effects of the provision of an outdoor gym in Sydney alongside hosting exercise
sessions and targeted marketing and promotional strategies to engage older adults.
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There was a small but significant increase in senior green space users engaging in
moderate-vigorous physical activity at follow-up (1.6-5.1%; p < 0.001).

There was limited evidence regarding park-based interventions that only involved
physical change to the green space (2/9 studies showed a significant intervention
effect).

Two studies showed a positive outcome with increases in physical activity and
park usage (Cohen et al. 2009b; Veitch et al. 2012). Cohen et al. (2009b) investi-
gated the impact of two interventions that saw improvements made to a skate park
and the green space surrounding a senior centre. Results showed a significant
increase in skate park use but substantially fewer users of the green space surround-
ing the senior centre. There was also a significant increase in the perception of
safety in both of the renovated green spaces (p < 0.001). An Australian study by
Veitch et al. (2012) showed significant increases in the number of park users and
number of people walking and being vigorously active after major park improvements
(i.e. fenced leash-free area for dogs, playground, walking track, barbeque area and
landscaping).

Seven studies showed no significant impact on physical activity, park usage or
general health for urban green space interventions involving change to the built
environment only (Cohen et al 2009a, 2012, 2014; Quigg et al 2011; Bohn-
Goldhaum et al 2013; Peschardt and Stigsdotter 2014; Droomers et al 2015; Gubbels
etal 2016). Cohen et al. (2009a) showed that park use and physical activity declined
in parks that underwent major improvements including new/improved gyms, picnic
areas, walking paths, playgrounds, watering and landscaping. A study by Quigg
etal. (2011) investigated the impact of upgrading two community parks on children
aged 5-10 years. Upgrades that involved installation of new play equipment, seat-
ing, additional safety surfacing, and waste facilities produced no change in physical
activity levels among children.

Cohen et al. (2012) found that park usage increased by 11% compared to control
parks (not statistically significant) following the installation of Family Fitness zones
(i.e. outdoor gyms) in 12 parks.

The URBAN 40 study investigated the impact of changes in the quality or quan-
tity of green space in different populations in 24 severely deprived neighbourhoods
in the Netherlands. The intervention involved a suite of park-based and greening
interventions (costing €5 million) to ameliorate problems with employment, educa-
tion, housing, social cohesion and safety. The interventions involved: (i) provision
of new public parks (from pocket parks up to 250 acres; n = 9), and (ii) renovating
existing parks (n = 9). Renovations of existing parks involved: improving paths,
drainage, landscaping and maintenance; planting flower bulbs in front yards; con-
structing wall gardens; greening streets, and/or developing a greenway. Investments
were made in green space that could be utilised by residents for recreation (‘green
to be used’) and improvements in the green appearance of the neighbourhood
(‘green character’). Eighteen neighbourhoods improved their parks, in half of the
cases in combination with investments in the green character of the neighbourhood.
Nine of these neighbourhoods invested in new public parks. The other nine neigh-
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bourhoods redeveloped and refurbished existing parks. Another six neighbourhoods
improved only their green character (no parks). Repeated cross-sectional surveys
from 2004 until 2011 yielded self-reported information on leisure-time walking,
cycling and sports, perceived general health and mental health, of over 48,000 local
residents. Results showed that the intervention sites did not show more favourable
changes in physical activity and general health compared to all the different groups
of control areas (Droomers et al. 2015). In a subset of these neighbourhoods, addi-
tional data were collected from the same individuals before and after the interven-
tions (Gubbels et al. 2016). Also in this study, no significant health-related
improvements were associated with the interventions, with two exceptions.
Objective improvements in greenery were associated with a smaller decline in ado-
lescents’ leisure time cycling, and improvements in perceived greenery were related
to a decrease in adults’ depressive symptoms.

There was no evidence to support the provision of pocket parks (typically small
green spaces with limited facilities or programming, if any) for increased usage and
physical activity (Cohen et al. 2014; Peschardt and Stigsdotter 2014). Cohen et al.
(2014) investigated the impact of the creation of three pocket parks on the number
of park users and physical activity. This involved installation of playground equip-
ment and benches and development of walking paths, and all areas were fenced and
enclosed by lockable gates. Results showed that pocket parks were used as fre-
quently or more often than playground areas in neighbourhood parks (control
areas); however, they were vacant during the majority of observations. The authors
concluded that pocket parks may act as catalysts for physical activity; however,
additional marketing and programmes may be needed to encourage usage. Similarly,
Peschardt and Stigsdotter (2014), in a dense urban area, found no significant change
in number of park users following the redesign of a pocket park that increased seat-
ing areas and walking trails.

17.2.3 Greenways and Trail Interventions

There was inconclusive evidence (3/6 studies showed a significant intervention
effect) to support the use of new or modified trails or greenways for promoting
health benefits (see Table 17.2).

Fitzhugh et al. (2010) investigated the impact of an urban greenway trail
designed to enhance connectivity of pedestrian infrastructure with nearby retail
establishments and schools. The study showed significant changes between the
intervention and control neighbourhoods for total physical activity (p = 0.001),
walking (p = 0.001) and cycling (p = 0.038). A study in the USA (Clark et al.
2014) showed significantly positive effects for a marketing campaign and addition
of signage for trail use. Usage of ten urban trails (six intervention and four control
trails) were monitored following a marketing campaign promoting trail use and
the addition of way-finding and incremental distance signage to selected trails.
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Significant pre-post increases in trail usage were found for both comparison (31%
increase) and intervention (35% increase) trails (p < 0.01). A large multisite natu-
ral experiment in the UK (n = 1796 participants) investigated the impact of new
walking and cycling routes on physical activity (Sahlqvist et al. 2013; Brand et al.
2014; Goodman et al. 2014). Proximity to the intervention was strongly associ-
ated with greater use of the new infrastructure (32% of the study population
reported using the new infrastructure at 1-year follow-up; 38% reported at 2-year

Case Study: Parque Ribeiro do Matadouro, Santo Tirso, Portugal

Led by the Santo Tirso municipality, the ‘Parque Ribeiro do Matadouro’ is a
1.54 ha park constructed on derelict land, near the Matadouro stream, close to
the Santo Tirso city centre. Construction of the park was completed in 2013
costing approximately €1,400,000. This park-based intervention applied a
dual approach. Open public forums engaged local community in the design of
the park with feedback and suggestions from the community being included
in the design (e.g. wi-fi access in the park). Guided tours occurred during the
construction phase to keep the community updated on progress of the park’s
construction and the park’s name was chosen via community voting in a nam-
ing contest. Signs, interactive art installations and organised community
events within the park invite people to visit and use the park. Further work is
planned to expand green space along the river to create green networks
improving connectivity between Parque Ribeiro do Matadouro and other
green spaces. This phase of works will also closely integrate social engage-
ment, with community gardens and a youth house being established as part of
the intervention (Fig. 17.1).

Fig. 17.1 Interactive art installations at Parque Ribeiro do Matadouro invite visitors to
engage with the space. (Image: Victor Esteves, Oh!Land Studio)
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Reference Study design | Population Intervention Outcome
Evenson et al. | Quasi- Adults aged A railway was —ve: Those who had
(2005) experimental: | >18 years living | converted to a never used the trail
North pre-post within 2 miles of | multi-use trail had sig. declines in
Carolina, USA | design the trail Trail median time spent in
2.8 miles/10 feet MVPA, vigorous PA
wide with 2 mile and bicycling for
spur of 23 mile trail; | transport. Those who
trail passed by 2 had used the trail
schools, shopping also had sig. declines
areas, apartment in median time spent
buildings and in vigorous PA.
neighbourhoods
Burbidge and | Quasi- Individuals Construction of a —ve: Negative sig.
Goulias (2009) | experiment: | residing near the | trail (2-way effect on PA and
Utah, USA longitudinal | new trail multi-use trail walking between
design separated from baseline and
existing roads and follow-up;
sidewalks) for both | 18-64 year olds sig.
transportation and increased number of
recreation. The trail | PA episodes between
created a 2.5 mile baseline and
loop connecting two | follow-up
currently existing (p=0.024)
sidewalks
Fitzhugh et al. | Quasi- Children, Retrofit of an urban | +ve: Pre and post
(2010) experiment: | adolescents and | greenway (2.9 miles | intervention changes
Tennessee, controlled, adults in long; 8-foot wide) to | between
USA pre-post neighbourhood | enhance connectivity | experimental and
design of pedestrian control
infrastructure with neighbourhoods
nearby retail were sig. different
establishments and | for total PA
schools (cost: (p =0.001); walking
$2.1 m) (p=0.001) and
cycling (p = 0.038).
There was no sig.
change over time for
active transport to
school
West and Quasi- Residents living | 5 miles of greenway | —ve: No sig.
Shores (2011) | experiment: | within 0.5 mile | developed and added | difference between
North controlled, radius of to existing greenway | intervention and
Carolina, USA | pre-post greenway along a river control group
design

(continued)
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Reference Study design | Population Intervention Outcome
Clark et al. Quasi- Trails were in 6 intervention trails: | +ve: Sig. increases
(2014) experiment: lower SES after a marketing for both control and
Southern controlled, neighbourhoods | campaign promoting | intervention,
Nevada, USA | pre-post PA and trail use pre—post for trail
design (2012), signage was | usage per day; 31%
added/altered increase for the
including: distance | control trails and
markings, way- 35% for the
finding signs, trail intervention trails
maps, trail names, (p <0.01); non-sig.
and icons for difference between
acceptable uses the intervention and
control group
(p=0.32)
Brand et al. Quasi- Adults living Building or +ve: Proximity to
(2014), experimental, | within 5 km by | improvement of Connect?2 associated
Sahlqvist et al. | longitudinal | road of the core | walking and cycling | with greater use of
(2013), Bird design Connect2 routes across the Connect2; 32%
et al. (2014), projects United Kingdom reported using
Goodman et al. including a Connect?2 at 1 year
(2014) traffic-free bridge and 38% at 2 years.;
Cardiff, over Cardiff Bay; a | at 2 years, those
Kenilworth and traffic-free bridge nearer the
Southampton, over a busy trunk intervention sig.
United road; an informal increased walking
Kingdom riverside footpath and cycling (15.3
turned into a mins/week/km) and
boardwalk total PA (12.5 mins/
week/km)

MVPA Moderate-vigorous physical activity, PA physical activity, US United States, +ve positive
intervention effect, —ve no intervention effect

follow-up). At 2-year follow-up individuals living nearer the intervention versus
those living further away did report significant increases in walking and cycling
(effect of 15.3 min per week per km closer to the intervention after adjustments
for baseline variables). Proximity was also associated with a comparable increase
in total physical activity (effect of 12.5 min per week per km closer to the inter-
vention). Further analyses showed that the intervention did not produce reduc-
tions in CO, emissions (Brand et al. 2014).

Three studies showed no significant impact for the provision of new trails/green-
ways on usage or physical activity. Evenson et al. (2005) found no significant effect
for usage and physical activity on a new 2.8-mile (approx. 4.5-km) multiuse trail in
the USA. Burbidge and Goulias (2009) found no significant effects for the construc-
tion of a multiuse trail designed for both active transport and recreational use. A
study by West and Shores (2011) found no significant effect on physical activity
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behaviour for 5 miles (approx. 8 km) of greenway developed and added to an exist-
ing greenway along a river. None of these interventions included any promotion or
marketing campaign of the new trails/greenways.

Case Study: Connswater Community Greenway, Belfast, Northern
Ireland, UK

Developed by the East Belfast Partnership and led by Belfast City Council,
the Connswater Community Greenway provides 9 km of linear park running
along the course of the Connswater, Knock and Loop Rivers. The project,
which cost approximately €47,000,000, was funded through the Big Lottery
Fund, Belfast City Council and the Department for Social Development. The
intervention delivers multiple social and environmental outcomes through the
provision of foot and cycle paths for physical activity, tourism and heritage
trails, hubs for education, and elements of the East Belfast Flood Alleviation
Scheme. Social engagement occurred in parallel with physical changes to the
intervention site. A so-called ‘bottom-up’ approach was applied, which
involved the employment of a full-time community support officer. This proj-
ect also recognizes that green space interventions are long-term investments
as reflected by the 40-year management and maintenance plan for the green-
way that was developed from the outset (Fig. 17.2).

Fig. 17.2 Connswater Community Greenway delivers social and environmental outcomes.
(Image: Connswater Community Greenway Trust)
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17.2.4 Greening Interventions

There was strong evidence to support the greening of vacant lots (4/4 studies showed
a significant intervention effect) and greening of urban streets (4/4 studies demon-
strated a significant intervention effect), for environmental, physiological, psycho-
logical and improved social environment outcomes (see Table 17.3).

A decade-long study using a difference-in-difference design in the USA (Branas
et al. 2011) showed that greening of vacant urban lots (>725,000 m?) resulted in
reductions in gun assaults (p < 0.001), vandalism (p < 0.001) and residents reporting
less stress and more exercise (p < 0.01). In an RCT, Garvin et al. (2013) demon-
strated a decrease in the number of total crimes and gun assaults, and increased
safety around greened vacant lots compared with control lots (p > 0.05). Anderson
et al. (2014) demonstrated significant biodiversity outcomes for a range of greening
interventions in three deprived urban areas in South Africa. In a US-based study,
South et al. (2015) found that heart rate lowered significantly in local residents
living near greened compared to non-greened vacant lots (n = 2 clusters of vacant
lots) (p < 0.001).

Four (out of four) studies showed significant impacts on health and environmen-
tal factors for interventions involving greening of urban streets. Ward Thompson
et al. (2014) found evidence to support the provision of so-called ‘DIY streets’ in
urban areas in the UK. Streets were made safer and more attractive (e.g. planting
trees/plants), and traffic calming measures were added at nine different sites.
Longitudinal data showed that participants perceived they were significantly more
active post-intervention (p = 0.04) than the comparison group, and there were sig-
nificant improvements in perceptions of the environment. Joo and Kwon (2015)
found that illegal dumping of household garbage occurred at 55.4% of greened sites
(n = 74) compared to 91.9% of sites without greenery (n = 74) in South Korea.
Strohbach et al. (2013) showed a significant increase in bird species in a study
investigating 12 community-driven greening projects involving tree plantings car-
ried out in deprived areas compared to random urban sites without greening
(p = 0.049). Adverse outcomes from greening interventions were also reported by
Jin et al. (2014), who demonstrated that increased street tree canopy was positively
associated with PM, 5 (particulate matter with aerodynamic diameters of 2.5 mm or
less) concentrations owing to reduced air circulation.

17.2.5 Green Infrastructure Interventions

There was promising evidence to support the provision of rain gardens (3/4 studies
showed a significant positive effect) and strong evidence to support the provision of
roof gardens (3/3 studies showed a significant positive effect) for managing the
adverse impact of storm water. One study (1/1 study) demonstrated significant cool-
ing effects for a roof garden in a suburban area (see Table 17.4).
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Reference Study design | Population Intervention Outcome
Branas etal. | Quasi- Cohort of 50,000 | Greening of vacant +ve: Greening
(2011) experiment: Philadelphians urban land (n = 4436); | associated with
Philadelphia, |difference-in- | from household (>725,000 m?) from | reductions in gun
PA, USA difference survey 1999 to 2008 assaults
design involving removing (» <0.001),
trash and debris, vandalism
grading the land, (p <0.001),
planting grass and residents reported
trees, installing low less stress and
wooden fences around | more exercise
perimeter (»<0.01)
Garvin et al. | Pilot RCT: People living Greening of vacant +ve: Non-sig.
(2013) difference-in- | approx. two blocks | lots (4500-5500 decrease in the
Philadelphia, | difference surrounding the square feet); removing | number of total
PA, USA analytical randomly selected | debris, grading the crimes and gun
approach vacant lots; 97% land and adding assaults around
African—-American; | topsoil, planting grass | greened vacant lots
median income and trees, buildinga | compared with
$15,417-17,743 wooden fence control; people
around the
intervention lots
reported feeling
sig. safer after
greening compared
with control lots
(p<0.01)
Anderson Quasi- Spectrum of Civic-led greening +ive: Biodiversity
etal. (2014) |experimental, | socioeconomic interventions in the greening
Cape Town, | controlled neighbourhoods, implemented via three | intervention sites
South Africa | (post data ranging from sites was higher than
only) middle to lower the vacant lot and
income areas comparable to the
conservation sites
Southetal. | Quasi- N = 12 participants | Randomly selected +ve: Difference-in-
(2015) experimental, | completed pre- and | cluster of vacant lots | difference
Philadelphia, | controlled, post-intervention | received standard estimates between
PA, USA pre and post | walks; all were greening treatment greened and

African-American,
eight male;
majority had
household income
< S15, 000

involving cleaning and

removing debris,
planting grass and

trees, and installing a
low wooden post-and-

rail fence

non-greened
vacant lots was
sig. lower for heart
rate (p < .001) for
the greened site;
being in view of a
greened vacant lot
decreased

heart rate sig. more
than a non-greened
vacant lot

(continued)
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Reference Study design | Population Intervention Outcome
Strohbach Quasi- Low SES areas; 12 community driven | +ve: Sig.
etal. (2013) |experimental, | 617,594 greening projects in difference between
Boston, MA, | controlled inhabitants; low SES areas greening projects
USA (post data population including creation of a | and random urban
only) density of 4939 small park sites (p =.049);
inhabitants per (424 m?),tree plantings | most greening
km?; tree canopy | in an existing park projects had more
covers 29% of the | (4377 m?) and tree species than the
city area plantings at residential | random urban sites
houses (859 m?) in their vicinity
Jin et al. Quasi- Area of Street trees on 6 +ve: Increased
(2014) experimental, | 6340.5 km?, 23.5 | streets (Iength street tree canopy
Shanghai, controlled million population | 205-223 m; width was positively
China (post data 15.2-17.5 m) were associated with
only) treated with different | PM, 5
pruning intensities concentrations
(strong, weak and owing to reduced
null) which would air circulation
result in different
canopy coverage
across the four
seasons
Ward Quasi- Mean age 75 years; | n = 56 residents pre +ve: Sig. positive
Thompson experiment: | 44% male; 22.5% | and n =29 post perceptions of
etal. (2014) | controlled, non-white British | intervention intervention streets
England, pre-post ‘DIY Streets’: 9 post-intervention
Scotland and | design intervention streets (p =0.04);
Wales, located in urban areas | longitudinal
United in United Kingdom. | participants
Kingdom Streets were made perceived they
safer, more attractive | were sig. more
and traffic calming active post-
measures were added. | intervention
(p = 0.04) than the
control group
Joo and Quasi- Population 1.2 m | 74 sites with street +ve: Illegal
Kwon (2015) | experimental, greenery (e.g. planter | dumping of
Suwon, controlled boxes) installed by the | household garbage
South Korea | (post data city council, located in | occurred at 55.4%
only) low-rise residential of sites with

areas to reduce illegal
dumping of household
garbage

installed greenery
compared to
91.9% of sites
without greenery
installed

PM Particulate Matter, SES Socioeconomic status, US United States, +ve positive intervention
effect, —ve no intervention effect
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Mayer et al. (2012) explored whether voluntary incentives were effective at dis-
tributing storm water management throughout a small suburban catchment, and
whether the number and placement of rain gardens and rain barrels were sufficient
to alter the hydrology, water quality and aquatic biology of the catchment. In total,
83 rain gardens and 176 rain barrels were installed onto more than 30% of the 350
eligible residential properties in a 1.8 km? catchment area in Ohio, USA. The inter-
vention had an overall small but statistically significant effect of decreasing storm
water quantity at the sub-watershed scale. In a similar study in the same area (Shuster
and Rhea 2013; Roy et al. 2014), the installation of 81 rain gardens and 165 rain
barrels at four experimental areas was compared to two control areas. In contrast,

Case Study: Bristol Street Green Screens, Birmingham, England, UK
Bristol Street in Birmingham is a dual carriageway with a wide grassed cen-
tral reservation along which runs, almost continuously, a metal highway
pedestrian guardrail. This greening intervention involved fitting green vege-
tated screens to 141 m of existing guardrail. Installation of the green screens
was completed in 2015 costing approximately €29,000. Follow-up analysis of
particulate matter (PM,,, PM,s and PM,) 2 months post installation showed
significant increases (p < .001) of particulates on green screen leaves in com-
parison to nursery stock of the same plants. In addition to the potential air
quality improvement role of the green screens, they also improve the aesthet-
ics of the street and may benefit local businesses through increased pedestrian
traffic. The green screens require minimal maintenance and through utilizing
existing infrastructure may provide a cost-efficient and practical solution to
increasing green space within dense urban areas (Fig. 17.3).

Fig. 17.3 The left panel shows Bristol Street, Birmingham in 2014 before green screen
implementation and the right panel shows the street in 2016 after green screen implementa-
tion as part of the Bristol Street Green Screens Trial Project, Birmingham, UK. (Image:
Chris Rance)



400

R. F. Hunter et al.

Table 17.4 Summary characteristics of green infrastructure interventions

Reference Study design | Intervention Outcome
Van Seters Quasi- A 241 m? green roof +ve: The green roof retained
et al. (2009) experiment, vegetated with wildflowers | 63% more rainfall than the
Toronto, controlled (post | installed on a multi-story, | conventional roof over the
Canada data only) university building 18 month monitoring period
Carpenter and | Quasi- Extensive green roof of +ve: Sig. higher total solids
Kaluvakolanu | experiment, 10.16 cm depth applied to | concentration (p = 0.045) for the
(2011) controlled (post | the roof of a building on a | green roof than the asphalt roof;
Michigan, data only) university campus; a green | lower total phosphate
USA roof section of 325.2 m? concentrations for the green roof
and 929 m” were monitored | (non-sig.); green roof retained
68% of rainfall volume and
reduced peak discharge by an
average of 89%
Mayer et al. Before-after- Retro-fit storm water +ve: Intervention had an overall
(2012) control- management: Installation | small but sig. effect of
Ohio, USA intervention of 83 rain gardens and 176 | decreasing storm water quantity
(BACI) rain barrels onto more than | at the sub watershed scale
experimental 30% of the 350 eligible
design residential properties
through an incentivised
auction (2007-2008)
Fassman-Beck | Quasi- A 500 m? extensive green | +ve: 57% retention of rain water
et al. (2013) experiment, roof installed on a council |in comparison to control
Auckland, controlled (post | civic centre
New Zealand | data only)
Shuster and Before—after— | Retro-fit storm water —ve: No sig. difference between
Rhea (2013), | control— management: Installation | control and experimental sites
Roy et al. intervention of 81 rain gardens and 165 | with regards to stream water
(2014) (BACI) rain barrels onto 30% of quality, periphyton, and
Ohio, USA experimental | properties through an macroinvertebrate metrics
design incentivised auction +ve: Small sig. decrease in
(2007-2008) at 4 runoff volume in treatment
experimental subcatchments
subcatchments
Kondo et al. Quasi- Installation of green storm | +ve: Sig. reductions in narcotics
(2015) experiment: water infrastructure at 52 | possession (18-27% less)
Philadelphia, | difference-in- |sites: 152 tree trenches, 46 | (p <.01), (p <.01) at varying
PA, USA difference infiltration or storage distances from treatment sites;
design trenches, 43 rain gardens, | sig. reductions in narcotics

29 pervious pavement
installments, 20 bumpouts,
14 bio-swales, 5 storm
water basins, 1 wetland,
and 12 other

manufacture and burglaries;
non-sig. reductions in
homicides, assaults, thefts,
public drunkenness, stress
levels, blood pressure and
cholesterol

(continued)
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Reference Study design | Intervention Outcome
Jarden and Before—after— | Installation of 91 rain +ve: Reduction in storm water
Jefferson control— gardens, street-connected | flow at the treatment streets with
(2016) intervention bio-retention cells and rain | reductions of up to 33% of peak
Ohio, USA (BACI) barrels at 2 treatment discharge and 40% of total
experimental | streets. Rain gardens (< run-off volume
design 25 m?) were installed in
front yards and backyards;
bio-retention cells
(~26—44 m?) were installed
between the sidewalk and
street
Peng and Jim | Quasi- A 484 m? extensive green | +ve: Green roof displayed
(2015) experiment, roof was retrofitted on a cooling effects in spring,
Hong Kong, controlled, pre | 2-story railway station summer, and fall, with slight
China and post design warming effects in winter

BACI Before-after-control-intervention, US United States, +ve positive intervention effect, —ve no
intervention effect

results showed no significant difference between control and intervention sites with
regard to river water quality, periphyton and macroinvertebrate metrics. However, it
did show a small significant decrease in runoff volume in intervention areas.

Kondo et al. (2015) investigated the effects of a range of green storm water infra-
structures across 52 sites in Philadelphia on health and social outcomes using a
difference-in-difference design. Installed infrastructure included 152 tree trenches,
46 infiltration/storage trenches, 43 rain gardens, 29 pervious pavements, five storm
water basins, and one wetland. The comparator groups were matched control sites
where no construction took place. Results showed significant reductions in narcot-
ics possession (18-27% less; p < 0.01), narcotics manufacture and burglaries. There
were non-significant reductions in homicides, assaults, thefts and public drunken-
ness. In addition, there were negative, non-significant effects on stress levels and
increased reporting of high blood pressure and cholesterol.

Jarden and Jefferson (2016) found a significant reduction in storm water flow at
the intervention sites with reductions of up to 33% of peak discharge and 40% of
total run-off volume. The intervention involved provision of 91 rain gardens (<
25 m?), street-connected bio-retention cells (~26—44 m?) and rain barrels on two
streets. Each intervention street had a matched control street (n = 4) of similar size,
drainage area and characteristics.

Van Seters et al. (2009) found that the green roof on a building in Toronto,
Canada (241 m?) retained 63% more rainfall than the conventional (bitumen) roof
over an 18-month monitoring period. In a similar study in Michigan, USA, Carpenter
and Kaluvakolanu (2011) investigated the effects of an extensive green roof
(325.2 m? and 929 m?) on a university building compared to a stone-ballasted roof
and an asphalt roof. Results showed that the green roof retained 68% of rainfall
volume and reduced peak discharge by an average of 89%. Also, there were signifi-
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cantly higher total solids concentration (p = 0.045) for the green roof than for the
asphalt roof. Finally, Fassman-Beck et al. (2013) found that a green roof (500 m?
on a council civic centre) retained 57% of rain water in comparison to control
(bitumen roof). All of these studies were quasi-experiments that collected post-
implementation data only.

Peng and Jim (2015) found that a green roof displayed significant cooling effects
in spring, summer and autumn, with slight warming effects in winter, in a suburban
area in Hong Kong compared to a bare roof control site.

17.2.6 Impact of Urban Green Space Interventions on Equity
Factors

There is currently too little evidence to enable us to draw firm conclusions regarding
the impact of urban green space interventions on a range of equity indicators, for
example those from disadvantaged backgrounds, migrants, the elderly, children,
and those with disabilities. Twenty studies were based in disadvantaged neighbour-
hoods, with relatively mixed supporting evidence for urban green space interven-
tions. For those studies that did show a positive intervention effect in disadvantaged
neighbourhoods there is, however, insufficient reported information on whether the
community used, or indeed, benefitted from, the urban green space interventions.
Previous research demonstrating that urban green space may be ‘equigenic’
(Mitchell et al. 2015) (i.e. health benefits associated with access to green space are
strongest among those in disadvantaged populations) suggests that this is an impor-
tant area for future research.

17.3 Lessons Learned and Key Considerations

In summary, there was promising evidence to support the provision of urban green
space interventions for environmental, health and well-being effects. In particular,
there was strong evidence for park-based interventions employing a dual approach
(i.e. a physical change to the urban green space and promotion/marketing pro-
grammes) particularly for increasing park use and physical activity; greening of
vacant lots for health and well-being (e.g. reduction in stress) and social (e.g.
reduction in crime, increased perceptions of safety) benefits; greening of urban
streets particularly for environmental benefits (e.g. increased biodiversity, reduced
air pollution, reduction in illegal dumping); and roof gardens for managing storm
water impacts. There was promising evidence to support the provision of roof gar-
dens for environmental benefits (temperature), which has an impact on climate
change.
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Case Study: Woods in and Around Towns, Multiple Locations, Scotland,
UK

Led by Forestry Commission Scotland, this greening intervention targets
deprived urban areas within Scotland. The intervention aims to enhance qual-
ity of life for local residents by restoring nearby wooded green spaces and
improving access to these sites. The intervention sites undergo practical
upgrades such as creating and maintaining paths and trails, providing seating
and resting areas, installing signs and trail ‘guideposts’ and implementing
initiatives to improve the safety of the sites through designing and maintain-
ing paths with a clear line of sight. Social engagement is also a key compo-
nent, with intervention sites hosting organised community events such as
group walks, conservation events and family fun days. Analysis of cross-
sectional data from residents living with 500 m of an intervention site has
shown significant increases in visits to the green space, improved attitudes
towards using the green space for physical activity, and greater perceptions of
safety in comparison to a control site. Through implementing interventions in
deprived urban areas this intervention helps to promote equity and provide
health outcomes for those who are likely to benefit the most from green space
access (Fig. 17.4).

Fig. 17.4 The left panel shows the entrance to greenspace before intervention implementa-
tion and the right panel shows post intervention implementation as part of the Woods in and
Around Towns programme, Scotland, UK. (Image: Left panel: Eva Silveirinha de Oliveira,
Right Panel: Sara Tilley OPENspace Research Centre)

There was inconclusive evidence to support urban greenways or trails regardless
of whether there were promotion and/or marketing activities to encourage use of the
greenway/trails. There was limited evidence for park-based interventions that only
involved physical change to the urban green space (i.e. they did not include
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programmes to promote the use of the green space), including pocket parks for
health and well-being benefits, and no evidence (i.e. an absence of studies) for green
walls, allotments/community gardens and urban agriculture-based interventions.
There was a lack of evidence regarding adverse or unintended consequences, the
long-term impact, economic benefits or the differential impacts of urban green
space interventions on various equity indicators. There was also a lack of studies
from low income countries. None of the studies directly assessed their impact on
climate change. This could be due to inadequate observation time to detect such
changes.

The next section outlines recommendations for practitioners (including urban
planners, urban designers, landscape architects, civil engineers, transport engineers,
property developers and public health professionals), policy-makers and researchers
regarding intervening in urban green space. These recommendations were informed
by the evidence review, case studies and discussions at a WHO expert working
group on urban green space interventions.

17.3.1 Practice Recommendations

The following section builds on the previous recommendations by the WHO (2006)
and NICE (2018), Public Health England (2014) and Institute for European
Environmental Policy (IEEP) (2016), and also broadens these recommendations to
incorporate other health, social and environmental outcomes.

The following factors should be considered when designing urban green space
interventions:

1. Given the complex social and economic dynamics that occur at scale, implemen-
tation of green infrastructure requires both a multi-disciplinary (urban planning,
landscape architecture, civil engineering, ecology, environmental science, urban
design, public health, health economics, environmental science) and multi-sector
(academic, government, nongovernmental organizations, private sector)
approach.

2. Urban green space interventions should be designed with foreseen long-term
impacts from the outset. Those responsible for planning and delivering interven-
tions should ‘design-in’ components that specifically focus on long-term health,
social and environmental effects, ensuring to take direction from the large and
conclusive cross-sectional evidence base in their intervention design.

3. Local communities, and indeed different subgroups within these communities,
use urban green space in a variety of ways. Future interventions need to consider
how the green space may be used and what the needs of the local community are.

4. Engage the local community throughout the design process and across the life
course (i.e. children to older adults) to ensure that their needs are incorporated
into the intervention. This will also encourage community to take ownership for
the urban green space and its future management and maintenance at a commu-
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nity level. Examples of community engagement processes include group work-
shops, roundtable discussions and charrettes.

5. Need to design urban green space interventions that incorporate and maximize
health, environmental and social benefits.

6. Need to use a dual approach that incorporates promotion and marketing of urban
green space as well as changing the physical environment (i.e. more complex
than ‘build it and they will come’), particularly for health and social benefits.

7. Local practitioners need to actively engage with the evaluation process, for
example by engaging with local universities, organisations and the local
community.

17.3.2 Policy Recommendations

Providing and protecting urban green space presents a significant policy opportu-
nity to improve multiple facets of quality of life and the environment with well-
developed and sensitive urban green space interventions. Whilst the evidence
summarised here and in other reviews is sometimes mixed, there is a preponderance
generally supporting the association between urban green space and health, well-
being, and social and environmental outcomes. Policy-makers must also ensure that
any provision or improvement of urban green space is done so through an ‘equity
lens’. The few published economic evaluations of urban green space interventions
are positive. Bird et al. (2014) suggest significant financial savings could be made
as a result of increased numbers of people walking and cycling. Similarly, a model-
ling study suggested that effectiveness estimates as low as a 2% gain in population
physical activity levels would be cost-effective (£18, 411/disability-adjusted life-
year) (Dallat et al. 2014). Although the direct health gains are predicted to be small
for any individual, summed over an entire population they are substantial (e.g.
health value of physical activity in natural environments in England has been esti-
mated at £2.2bn/year) (White et al. 2016).

17.3.3 Research Recommendations

Findings from the recent WHO Regional Office for Europe report (2016) demon-
strate substantial evidence to support the association between urban green space for
environmental, health and well-being impacts, alongside suggested mechanisms of
action. We must now move towards intervention-based research that will help
policy-makers and practitioners. Findings from the evidence review suggest that
areas in need of specific attention include research investigating the impact of urban
green space interventions on equity indicators and economic factors (for more
information, see Kabisch, Chap. 5 this volume). Research should also move beyond
assessing the effects of such interventions on physical activity and usage, towards
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mental and social measures. This type of research has direct policy implications.
Research is needed on the impact of interventions in a variety of green space set-
tings, including low- and middle-income countries. Due to the scarcity of the evi-
dence base, research on the effects of urban green space interventions on climate
change and biodiversity are required. It is imperative that research is provided in a
timely and accessible manner, which has implications for current publication and
funding models. It is important to note the significant cost in undertaking this type
of research. Researchers, practitioners and policy-makers should work together to
devise novel strategies to ensure cost-effective and timely research processes, for
example, exploring the use of ‘virtual’ research experiments. Researchers should
develop relationships with key stakeholders who are responsible for urban green
space provision and maintenance, for example, local authorities and housing asso-
ciations, thus enabling opportunities for rigorous evaluations of urban green space
interventions.

There is a considerable gap in the theoretical basis to guide intervention
approaches, and further, the current intervention approaches largely negate the large
and conclusive cross-sectional evidence base. Future studies should include a more
complete description of their intervention strategies and logic models that describe
the assumed causal pathways by which they affect the outcomes in order to better
understand the underpinning theoretical mechanisms and improve future interven-
tion design. The intervention processes logic model should also be used to inform
and design the evaluation approach.

17.4 Conclusions

Urban green space cannot be seen in isolation from other local government priori-
ties such as transport and housing. It must be framed holistically and viewed as a
complex system in which the interplay between physical, economic, social and
natural ecosystems affects health, behaviours and communities. The growing diver-
sity of our towns and cities is transforming how green space is required and negoti-
ated for health, well-being, and social and environmental benefits. Preserving and
enhancing existing green spaces, and creating new green spaces, is critical.
Significant urban green space investment is made worldwide, and many researchers
and policy-makers alike have gradually shown increased support to implement cost-
efficient and effective urban green space interventions to improve population-level
health, well-being, social and environmental factors. Urban green space interven-
tions can deliver health, social and environmental benefits for all population
groups — and particularly among lower socioeconomic status groups. There are very
few — if any — other public health interventions that can achieve all of this.
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