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ABSTRACT

The doctrine that urban greenery is positively
associated with physical and mental health is widely
acknowledged in landscape and urban planning, but
is not underpinned by specific research findings.
This paper examines how the association between
“greenery” and health has developed through the
history of landscape and urban design, and sets out
the need for clear evidence based research as the
foundation of credible arguments for the provision
of more and better quality greenery in the city. We
discuss the many hypothetical causal pathways
between increased urban greenery and improving
public health, and from a broad literature review we
highlight recent research studies that have found
associations between them. Directions for future

research are suggested.
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1 Introduction

In the cultural, literary, folk and religious histories and traditions of
most peoples, green spaces are linked to spiritual health and well-being.
Green spaces have often been seen as a place to contemplate the

different dimensions of the physical world that point to mechanisms
beyond the senses. In most holy books, paradise is described
metaphorically or literally as possessing splendid rivers, wonderful
vegetation, shade trees and sweet fruits: in the uncorrupted ancient

past and as the reward for righteous people in an afterlife. In ancient
Pharaonic Egypt, for example, religious ideas inspired the landscaping of
gardens and dictated the kinds of plants to be grown in them. Many of
the plants had symbolic significance. Trees were sacred to certain deities,
for example, the date palm to Re and to Min, the doum-palm to Thoth,
the sycamore fig to Hathor and the tamarisk to Osiris'"!. In ancient
Chinese culture, the Taoist human-nature interrelationship and its
potential harmony is expressed in early royal gardens symbolizing long
life and the search of an elixir. Chinese medicinal traditions stem from
this harmonic view of the world in the use of plants and food. Chinese
scholar gardens drew inspiration from extensive landscape references
and have been utilized to create defined spaces for the spiritual and
intellectual pursuits of a utopia and physical well-being'”. Operating at
a larger scale, imperial cities such as Chang’an and Beijing are oriented
on principles of Fengshui, the cosmic and landscape forces believed to
promote physical and spiritual health as well as prosperity. The Summer
Palace in Beijing and other imperial retreats express similar ideas,
integrating with surrounding landscape and intentionally designed for
pleasure, relaxation, health and wellbeing.

Explicit association of greenery with general and particular aspects
of physical health is comparatively more recent. The development of
concepts of public space and the need for dedicated places for recreation
and social interaction in 19th Century western industrializing nations
was driven as much by concerns for public health and moral wellbeing,
as by aesthetic concerns. New York’s Central Park offers a dramatic
representation of these origins, where designers Frederick Law Olmsted
and Calvert Vaux explicitly embraced public health as an argument
for the park’s creation”’. Olmsted himself went on to be leader of the
U.S. Sanitation Commission before returning to landscape design at the
conclusion of the American Civil War. In the English context, where the
processes of industrialization had earlier beginnings, historically royal
and private green spaces were transformed to public parks in the service
of public health throughout the 19th and 20th Centuries'.

Within the discipline of landscape architecture, Clare Cooper
Marcus’ work starting in the mid-1990s on therapeutic gardens linked
horticultural practices and health care practices such as occupational
therapy, emphasizing the importance of designed landscapes in the
recovery and treatment of patients”®’. In their 2014 book Therapeutic
Landscapes: An Evidence-based Approach to Designing Healing Gardens
and Restorative Outdoor Spaces, Marcus and Sachs'”! compile scientific

evidence to support designers and policy makers to create therapeutic
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landscapes and call for landscape architecture to embrace evidence-
based design.

In this paper we take stock of the doctrine of healthy greenery by
asking two questions, addressed in sections 3 and 4 respectively: what
are the hypothetical causal pathways between urban greenery and
health, and what is the evidence that greenery can improve health? We
start, however, with a short preamble on the methodology for such

investigations.

2 Methodology

Professional landscape architects, urban designers and planners
tend to work with doctrines. The idea that “green is healthy” is a
received doctrine, as we have illustrated above. It has scientific support
but it is almost too established a doctrine to require detailed scientific
investigation. But if we were to want to understand the science behind
it, perhaps to challenge or defend it or to be more specific about health-
greening effects, how should we go about it?

The weaknesses of much current research on the subject include: 1)
subjective measurements, 2) the over-reliance on case studies as a research
design, 3) small sample size in survey designs, 4) lack of prospective
time-series data, 5) lack of individual effects analysis, 6) accessibility
to green space typically being measured using very crude metrics based
on Euclidean (straight-line) distance, and 7) the effects of green space
typically being measured only at a single, arbitrary spatial scale.

We address each of these briefly in the following, and point to the
way forward for stronger research designs in establishing the health
effects of alternative configurations, quantities and quality of green

infrastructure.

2.1

Both health outcomes and landscape interventions are often
measured subjectively. City dwellers are asked how well or how happy
they feel and landscape is rated subjectively by surveyors or by survey
subjects. The more expert the surveyors and the more standardised and
pre-tested the survey instruments are, the more reliable and valid the
data and the results. But subjective measurements introduce a great
deal of noise (unexplained errors) and it is nearly always better to use
objectively recorded data. Density and configuration of greenness can
be measured from high-density remote-sensed imagery. Health data can
be measured from well-founded public health or epidemiology studies.
The latter are vital if the study is to be taken seriously by medical
research and practice communities as well as landscape and planning
communities. Objectively measuring landscape quality is intrinsically
problematic because “quality” is always specific to a particular set of
values.

2.2
Case study designs in landscape / health research are generally
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appropriate for two purposes: generating hypotheses and refuting
hypotheses. “Going deep”, for example, in a study of a mountain village
where many people live exceptionally long lives, or a notably well-
landscaped neighbourhood where residents consistently claim health
and wellbeing benefits of their green surroundings, may well yield ideas
that help build generalised principles, i. e. theory. “Going deep” cannot
be relied upon on its own to test such principles, however, because with
a case-study design, we cannot be sure that it is the greenery and not
other factors that account for the stated relationship with health and
wellbeing. It may, for example, be due to the housing history of the
population living in the neighbourhood, or the inherent genetics of the

mountain village population.

2.3

To test theory, you need research designs that control for other
variables that might impact on health and wellbeing, normally by
cross-sectional, or better, longitudinal surveys. To convincingly test the
independent effects of landscape configuration on health, controlling for

multiple other confounding variables, large surveys are needed.

2.4

Even with a large-N study, however, it may not be possible to say
much about causality; only about strength of association. To move
from a statement that “an increase of tree density of X is significantly
associated with an reduction of Y in the odds of obesity” to “an increase
of tree density lowers the odds of obesity through encouraging more
walking” requires more than correlation analysis. It requires convincing
logic of the direction of hypothesised causality and it is strengthened by
additional analysis of intermediate steps in the suggested causality. So we
need to know, for example, that the negative association between tree
density and odds of obesity is not due to a systematic tendency for “lean”
people (with a low body mass index) to move into areas with high
densities of trees. It also helps to establish scientifically that tree density
is positively associated with the propensity to walk, controlling for
other factors. The most feasible way of providing evidence of causality
is longitudinal studies supported by case studies and cross-sectional
correlation studies. The case studies suggest causal hypothesis that
can be tested; the cross-sectional studies demonstrate the associations;
and the time-series analysis demonstrates that health follows exposure
to greenery. This is demanding in practice and most theory in this
area relies only on cross-sectional associational studies supported by
case studies, with the direction of causality left unevidenced, partially

evidenced through logic, or merely asserted.

2.5

Many geographical studies of landscape and health can be criticised,
if not undermined, by two methodological problems, both related to
aggregation. The so-called ecological fallacy (EF), arises when attributes
of a group of subjects are attributed to each individual. So we make

generalisations on the basis of aggregated data, which we apply to

011



THHRERUAZ S M TASUR IR a2 [ TG dlid R /Nl
RS [AHERAR AR & MR TT RE SRR R AR AR . SR A
AT RO T FATITE RN DAL W0 75 3 22 1T B O TRl v e et
BRI 7 ¥R T ittt , B — AL B AT S a0
P, FFAETTRERS L T e A AR o

2.6

BN (i FE AN SR OB 2 (A AR SR T M AT 2, A BT ATSE AT
o XHHRAWIURAERER . AT R EA, Sgh ]
RERRIER . ARH X 48 0] T TA R A T I B U B s BT B R AIZ8UR,
NI LB R JE . FERZE . AT A LA W 4 2 AT PR i
R, DR, WSS R 2% R G ISEC RN I 283230 T 5., fnZS [kt
W3R (sDNA ) BAnzs Al fgvkamiet

2.7

2 2 [ RUBEHEAT I 2% A B B AT 2047 fe i o MA U PRYTT
Z— (WETTIEIR ATt 2 AT Fp ST AR ) o Xt fe AR AR i il
W 0 2 BN — MR EF 75 BN, AR R RORE, 17E R
AIRES AR ED B AT T LA R AT SR AR 5 SRTIT AR Y
RUE B TE, NSRS EE B 7Ty [FRE, 2
P AR BOR RUE I A b 5 2 P AT e LA e, (A5 )R
RUEHIPAT AR, B R AESIE A AN 2K, BAE
THATHS.

W — PR DT 08 2 T B3R T S  E AT s s gE — R, AR
SR (0, X— & B RTEA A SRRSO — (@R 5 i ik
o REEAGEN T AR SRR . RO E NI P B 2R
SeRE SR AT WA et EdE . H AT A FE ARG T 207 IR 2 5
X RS GU T s T IR % o X PLPAEAR 5 B T LA AR
MR 2SI sE 2 e BATARX B—FhOh G atant . @RS
Rk (A R AL SR BT T

3 it SRBRIVRIZEERXREMWL?
B SCRRIA T 3T A SR AR A 28 TR 2RI B . fEAR TS
Hr, FATERX — BRIV E LA BRI TR, T IO 14N T TR

FEHT IR S ARG — AT YA . XTI A E R, B
AP (RS2 15 2 EORBR T 25 S Y IR R AL R FT 4 2R . AR

012

individuals, whatever their similarity to the mean profile of the group.
The so-called modifiable area unit problem (MAUP), arises because a
set of statistical correlation results is always specific to the spatial unit
of aggregation used to organise data. Aggregating individuals by a finer
or a coarser spatial framework is likely that the model coefficients will
be different. “How different?” is the question. Both methodological
problems can be avoided by modelling individual effects. That is,
creating a study database of individual variables and avoiding, where

possible, aggregate data.

2.6

To measure associations between health and greenery, you have to
quantify accessibility. This is traditionally done using Euclidean distance.
The more detailed the geographical scale of analysis, the less likely this is
to be accurate. It is far better to measure distance from identified access
points on a network, since urban movement happens on a network. It is
even better to distinguish between car, pedestrian and public transport
networks. Studies should therefore use network GIS data and network
connectivity tools such as sDNA® and Space Syntax'”!,

2.7

Conducting the network accessibility measurements and analysis
at multiple spatial scales is one way of addressing the MAUP (and its
equivalent in network analysis). It is also a good way of capturing the
multiple impacts of green infrastructure. For example, at a very local
level, street trees may have a measurable positive effect on the odds
of walking for non-commute purposes; while measured at a coarser
scale, they may have no measureable effect on commute-based walking.
Similarly, the density of park land may be associated with more walking
at a coarse level of analysis but have a negative impact on local walking
because big parks prevent barriers to safe and convenient pedestrian
movement.

Designing a methodologically robust research investigation is a
matter of chance and opportunity as much as research skill. However,
the scene is currently set in favour of well-founded landscape-health
studies. Most funded health studies are large: they need to be to
achieve the statistical power required by the funders. There is currently
a lively interest in healthy environments among public health and
epidemiological scientists. This makes it likely that landscape hypotheses
can find their way into large medical cohort studies. This, we suggest,
is the way forward for studies attempting to establish evidence for the

associations between greenery, health and wellbeing.

3 What Are the Hypothetical Causal Pathways Linking Green
Space and Health?

The literature is replete with hypotheses about the health-giving

benefits of greenery in cities. In this section we deconstruct the received

doctrine of healthy greenery by exploring a set of principal hypotheses
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and assertions, organized under fourteen headings. These are not
mutually exclusive as the impact of greenery on health is multifacetted
with many factors interacting with each other in combination and
opposition. The main aim of the section is to identify the principal paths
by which urban greenery might influence the individual and public
health of cities. The following section goes on to consider the direct
relationships between greenery and different kinds of health as reported

in published scientific studies.

3.1
Green spaces can moderate extreme atmospheric temperatures,
thereby lowering attendant health risks. They can reduce urban

heat island effects™”

not only within a particular space, but several
hundred metres outside!""’. In a study of Merseyside, UK, for example,
temperatures were found to be 7°C lower on average in areas where
vegetation cover was >50%, compared to urban areas where the
vegetation cover was <15%. " Recent research in Tel Aviv showed

that the presence of trees resulted in a significant cooling effect of air
temperature ranging between 1°C in a heavily trafficked street to 4°C in
a small garden of 0.15 hm”.""*'Urban heat waves are responsible for
summer deaths in many countries and long-term heat stress has other

impacts on health.

3.2

Green spaces can enhance thermal comfort through evaporative
cooling. Coder reports that as much heat is dissipated on a fifth of an
acre house lot (approximately 809m?2) with 30% vegetation cover, as
running two central air conditioners''*’, Moreover, a 17% reduction
in building cooling can be achieved by active evapotranspiration from

trees. Urban forests have a distinct cooling effect on the city "'

[16]

and green
spaces have been shown to reduce heat stress' *. Urban greenery has

also been shown to positively influence precipitation in dry cities such as
Beijing""”\. Although effects vary with vegetation type (evapotranspiration
in trees > woody shrubs > grass), time of year, and size and configuration
of the green space, active evaporation makes an important contribution
to health both by reducing atmospheric temperature and by reducing
the amount of harmful emissions produced from the excess usage of air

conditioning units.

3.3

Greenery reduces glare in urban spaces in hot climates and may be
expected to have benefits in respect of ocular health. Glare is not only
a problem of direct solar radiation, but of reflections of the sun from
buildings constructed of glass and light coloured materials. Trees in

particular are important in screening and creating shade."*!!"”!

3.4
Trees can direct airflow and mitigate the effects of wind.”” Wind
flow is a function of wind speed, wind profile and turbulence."”! Trees

block winds that can bring winter health hazards, especially for the
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elderly in cold climates, and block summer winds in desert climates.
They can also be planted to funnel airflow. Both vertical and horizontal
concentrations of foliage can change airflow movement. In cold weather
areas, trees can be strategically placed around buildings to act as
windbreaks, and against wind and snow to reduce heating costs by as
much as 25%"”"*?. Elderly people are prone to reduce heating to cut
costs, so such significant reduction of heating demand is likely to be

lifesaving in some circumstances.

3.5

Urban greenery generates vital oxygen for the city. Plants have a vital
role in absorbing carbon dioxide from the air and producing oxygen
during the daytime, contributing to the process of air purification.
The amount of oxygen produced per acre depends on factors such as
density, species, foliage diameter, plant health and rate of growth. Urban
greenery in United States is estimated to produce approximately 61
million tonnes of oxygen annually, which is considered to be enough
to offset the annual oxygen consumption of approximately two-thirds
of the U.S. population.”” A typical adult consumes 175kg of oxygen
annually, while a healthy mature ash tree (approx. 9.0 m high), for
example, can produce nearly 113kg of oxygen annually, which means
that two trees can supply the annual oxygen demand of an adult

person.”

3.6

Greenery can reduce air pollutants and particulates''. Urban
forests, such as China’s Great Green wall, (Three-North Shelter Forest
Program, —Jtfji4/"#k), improves the urban air quality by slowing air
flow and allowing particulate materials to settle to the ground. They
can also remove gaseous pollutants by absorbing them with normal
air components through leaf stomata. It has been estimated that 9%
of particulates can be removed when air passes across deciduous trees
and 13% when it passes across evergreen trees. Pollutants that may be
partially controlled by trees include nitrogen oxides, sulphur dioxides,
carbon monoxide, carbon dioxide, ozone and small particulates (<10
microns). Green spaces have also been noted as making significant

contribution to methane uptake. **

3.7

Greenery can help capture air, soil and water borne contaminants
so that they can be treated effectively. Phytoremediation, “the use of
plants to clean up or remediate contaminated soil, sludges, sediments,
and ground water through contaminant removal, degradation””"** has
been widely used in Europe and North America in the last 20 years, to
address problems of polluted former industrial and mining sites. As a
natural and passive form of environmental remediation, it can have both
aesthetic and economic advantages when compared to other clean-up

technologies.
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3.8
Green foliage (and rough ground surface) attenuates noise over
distance, providing both audio and mental health benefits. Walls of trees

P31 and by reflecting and absorbing sound,forest

act as noise isolators,
trees can decrease noise by 7.0 dB per 30.48 m width (compared to
15 dB for solid walls).""* They have also been found to have a strong

effect on the perception of noise'™”!

. Wind passing through tree leaves
also provides white noise, which can mask man-caused sounds and
relieve stress. Gidlof-Gunnarsson and Ohstrom"”” found that better
access to green space reduced exposure to long-term noise nuisances
which promoted well-being and reduced the prevalence of stress-related

psychosocial symptoms.

3.9

Green spaces preserve floral and faunal biodiversity, with plausible
mental health and well-being effects. Britain’s first Victorian parks,
such as Birkenhead Park (1847) and Crystal Palace Park (1854), were
built as a facsimile of nature to provide rich, stimulating places for
rest and relaxation as a refuge for inhabitants of the industrial city"*;
a vision that has been repeated in public parks in cities around the
world.”**! Unfortunately, many parks are managed for ornamental
effect (with many exotic species), which suppresses biodiversity and
ecological relevance. Contact with the perceived naturalness of the park,
underpinned by desires to preserve the natural ecology, and personal
beliefs in sustainable principles (green credentials), all contribute to
feelings of well-being. Since the Ecological Movement in the 1970s
there has been an increasing interest in ecologically based landscape
treatments for urban sites, which now encompass many landscape
urbanism proposals and projects for the adaptive reuse of redundant
infrastructure. Remnant areas of natural landscape (forests, river
corridors, etc.) in the city, vegetation in publicly inaccessible areas such
as along major road and rail corridors, and landscape based sports
grounds such as golf courses, also add to the ecological diversity of the
city, especially where these can be linked within a network of urban

green spaces.””

3.10

Green spaces provide a sense of nature, linking the biophysical world
with the urban environment. Seeing plants grow and observing the
natural cycle of life in the rhythm of the seasons, particularly deciduous
tree leaf growth and fall, flowering and fruiting, plausibly brings mental
health and wellbeing benefits to urbanites. Conversely, limited exposure
to these natural environments and processes can result in a “nature-deficit
disorder” associated with depression, obesity and limited attention
capacity in children.”® Green spaces allow children to play energetically
and interact with a natural environment, enhancing mental well-being,
as well as day-to-day health. Activities such as building “dens” are
especially important for behavioural / motor fitness development"*”*%]
though the “touching nature” experience so often denied to high density

urban children. Significant benefits to mental and physical health from
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contact with trees have been recorded, particularly for the mentally and
physically disabled (leading to the ideas of eco-therapy / horticultural

therapy / tree assisted therapy).*"*?

3.11

Urban green spaces are increasingly being seen as landscapes for
food production. Gardening is a therapeutic activity, and urban dwellers
can derive social and psychological benefits from their interaction with
nature and more positive association with sustainable living. Urban
farms create valuable opportunities for healthy, vigorous outdoor activity
in the city. Urban farming in residual spaces is a growing movement in
western cities. The movement is on a larger scale in the shrinking cities
of Eastern Europe and rust-belt North America. In Chinese cities, rapid
urban expansion often leaves tracts of farmland marooned within the
new city, and for a transitional period the extant rural community co-

exists with the new city.

3.12

Green spaces have ideological and spiritual importance, which may
impact on mental and physical health. “Landscape is seen as a symbol
of the values, ideals, aspirations, hopes and dreams of a culture. People
encode and decode landscape meanings about the culture, its underlying
philosophies, and its self-perception. The landscape is the physical
expression of the culture, and its hopes and dreams”™’. When it comes
to the symbolic meanings of green spaces elements, Motloch suggests
that green spaces have historically been symbolic places of meditation
and contemplation. Managed green space has traditionally been symbolic
of wealth and power (private estates, royal parks, church and temple
grounds), compared to remnant natural landscapes near cities, such as

forests, which even today are commonly considered as places to fear.'*”

3.13

Green spaces are thought to lessen stress and casual aggressive
behaviour resulting from it, with possible impacts also on mental
health and wellbeing. Greenery helps people to relax and renew,
which consequently reduces aggression and violence. Van den Berg et
al."** noted that proximity to green space reduces stress levels. Green
spaces also bring people together outdoors, increasing surveillance and
discouraging criminal acts. Parks have been seen as possible venues for
anti-social behaviour (drugs, prostitution, physical assault) and found
to generate fear in women.*' However, large areas of urban green space
have been noted to increase feelings of social security and sense of

*Tand to contribute positively to social inclusion.*”!

community
A study in London found that the most highly valued open spaces were
those that enhanced the positive qualities of urban life; the variety of
opportunities and physical settings; and sociability and cultural
diversity.*" Furthermore, the well-maintained and groomed appearance
of garden spaces surrounding houses and apartments enhances
territoriality and is a cue to criminals that owners and residents care

about their property and watch over it and each other, which has been
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shown to deter criminals and increase safety."*” In their study Kuo &
Sullivan reported that residents living in greener surroundings report
lower levels of fear, fewer incivilities, and less experience of aggressive

and violent behaviour.™”

3.14
Trees in roadside planting strips and medians can reduce accidents.

PO uggest that urban street trees can create vertical

Recent arguments
walls that frame streets and are important in give directional cues and
in guiding the movement of motorists. They help drivers to assess their
speed and provide a defined edge to the carriageway that leads to speed
reductions. Trees create a better distinction and separation between the
motorists’ environment and that shared with pedestrians, improving
feelings of pedestrian safety. Even in the case of driving errors, street
trees help deflect or stop the motorist from taking human life. Many
studies of street safety comparisons indicate significant reductions in
run-off-the-road crashes and overall crash severity when street tree
sections are compared with equivalent treeless streets.””*"!

Studies such as these provide a wealth of evidence supporting
the proposition that prevalence of greenery and even its specific
configuration has measurable association with multiple phenomena that
may be expected to correlate with and contribute to the health of city

dweller.

4 What Scientific Evidence Has Been Established in
Directly Linking Green Space to Health?

A survey of cities participating in the WHO European Healthy Cities
Network has highlighted the stark cross-country disparity in accessibility
to green space. In an international study of selected cities, almost all
of the Northern European residents of Brussels, Copenhagen and
Glasgow could access neighbourhood green space within 15 minutes,
while only 47% of those in the cities of Bratislava and Kiev could do
s0’%. Older cities tend to have a lower proportion of green space than
those that have been laid out since public green space has been main
stream in urban planning. The balance between public and private green
space and large and small public green space can vary greatly. London,
for example, has a very high proportion of private green space and a
significant proportion of the public green space is associated with large
parks (>20 hm?)."”'In the following, we survey a selection of studies
that help found a more systematic scientific evidence base of the health
effects of landscape interventions.

In a study of the physical activity of 1,281 residents of
Rockhampton, Queensland, Australia, Duncan and Mummery reported
that respondents having the nearest parkland beyond a network distance
of 0.6 km had a 41% higher odds of achieving recommended levels of
daily physical activity compared to those with parkland within that
distance”®. Conversely, respondents with direct route connectivity to

the nearest parkland were 41% less likely to achieve sufficient levels of
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physical activity than those who resided in areas having indirect route
connectivity to parkland.

Giles-Corti et al. also found that good access to large attractive
public open space was an encouragement to walk"”,

In a longitudinal study, conducted over a period of eight years
on 3,173 children aged 9 to 10 from 12 communities in Southern
California, Wolch et al. reported that both the area of park space within
a 500 m buffer and the number of recreation programmes within a 10 km
buffer of children’s homes were beneficially associated with weight
outcomes'*’’,

Nielsen and Hansen employed self-reported measures of distance to
eight categories of green areas, as well as frequency of visits to them'®",
They reported that proximity to publicly accessible green areas, as well
as access to a private garden or a shared green area at the dwelling was
associated with less stress and lower likelihood of obesity. However, the
frequency of utilization of green areas in the study could not explain the
association between green areas and health. This suggests that the health
value of some kinds of greenery at least is a kind of “reservation value”
— it is enjoyed without actually being used. This unexplored hypothesis
has potentially important implications for landscape architecture.

A related underlying issue is that recreation in green spaces tends
to be passive, i.e. walking, which may be duplicated in the journey to
get there. The proximity and attractiveness of public open spaces is
not necessarily associated with public open space related walking.'*”

In addition, organized sports (active recreation) are often not in green
spaces. In high density cities like Hong Kong, active recreation is seldom
in green spaces as the intensity of use of recreational spaces demands
hard surface covers.

Kaczynski et al. studied the relationship between the potential of
a park being used for physical activity and adjacent land-use diversity
and found that land-use mix may act as a disincentive to park use'*’'.
They reported that parks located in neighbourhoods with low land-use
diversity but with a higher number of facilities were significantly more
likely to have been used for physical activity compared to those having
high adjacent land use diversity and high facilities.

Several studies have found associations between the amount of
greenery and propensity to walk. Maas et al. noted that people with a
greener environment (including agricultural and natural green) within a
1.0 ~ 3.0 km radius enjoyed better self-perceived general health!®". The
relationship between green space and health was observed to be stronger
for people with a low socio-economic status, as well as for youth and
the elderly.

Troped et al. measured the landscape greenness within a 1.0 km
buffer of a respondent’s home in terms of the average Normalized
Difference Vegetation Index (NDVI) score calculated from satellite
imagery'®. Interestingly, their greenness score was inversely associated
with physical activity. The relative influence of green space upon physical
activity was perhaps subordinated in this study by the presence of highly
dense and intricately connected urban form.

Tilt et al. examined the impact of both objectively measured and self-
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reported destination accessibility and vegetation upon walking trips and
Body Mass Index (BMI)'**!. Objective measurement of greenness was
again based on NDVI scores. Both objective accessibility and subjective
greenness were positively associated with walking trips per month.
Respondents residing in areas of high accessibility and high NDVI
measured greenness reported lower body mass index.

Although such studies are subject to discrepancies between perceived
greenery and objectively measured greenery, there is a consistent finding
of associations between amount of green space and propensity to walk.
Perceived measures of green (typically what is visible from the road) has
been found to be a good predictor of intention to engage in physical
activity for urban residents."*”

Besides promoting physical activity, evidence suggests that exposure
to green spaces also contributes to improved mental health outcomes via
diminishing stress and providing opportunities for recovery, as well as
enhanced levels of physical activity and social cohesion.'**""!

In a study conducted in Dutch cities, de Vries et al. reported a
decrease in the number of symptoms comparable with a decrease in age
by five years with every 10% increase in quantity of green space in the
neighbouring environment.!”"!

A study of the relationship between green public areas and
longevity among 3,114 senior citizens reported that living in areas with
walkable green spaces was positively associated with longevity over the
subsequent five-year period."””

In another study, comprising 953 randomly sampled respondents
from nine Swedish cities, Grahn and Stigsdotter reported independent
association between the utilization of urban open green spaces and self-
reported experiences of stress after adjusting for the respondent’s age,
gender and socio-economic status. The distance to public urban open
green spaces and access to a garden were identified as the key factors in
the study.””!

Pretty et al. highlighted the importance of green exercise, reporting
that exercise in pleasant environments has a greater effect on
cardiovascular health measures of blood pressure and measures of
mental health than exercising elsewhere!””. More oxygen within green
environments make them a better place for both active and passive
recreation, and green spaces tend to be much less contested than other
spaces available for recreation in the city.

A study of 1,895 adults in Adelaide, Australia, reported that better
perception of neighbourhood greenness was associated with 1.37 and
1.60 times higher odds of reporting improved physical and mental
health respectively in reference to respondents having poorer perception
of neighbourhood green. This direction-specific finding sits well with
the idea that green space is valued for its “reservation value”: the
perceived absence of greenery correlated with poorer reported health,
while the perceived presence of greenery did not correlate so strongly
with positive reported health. In the same study, perceived greenness was
independently associated with walking for recreation, social capital and
local sense of community.”*!

A large-scale study, conducted in England, reported that the
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populations exposed to greener environments exhibited lower levels of
income-deprivation-related health inequalities in all-cause mortality and
mortality from circulatory diseases."” The incidence rate ratio for all-cause
mortality for the most income-deprived quartile was 1.93 times higher as
compared to the least deprived in least green areas, while the same ratio was
relatively low, only 1.43 times higher, in the greenest areas.

Older adults, in a study conducted in Bogota, Colombia, reported
a beneficial association between self-rated health and more than 8% of
the land being covered by public parks paces. !

In a meta-analysis of ten UK studies involving 1,252 respondents,
Barton and Pretty reported that acute short-term exposures to facilitated
green exercise had a significant beneficial effect on both self-esteem
and mood, independent of duration, intensity, location, gender, age and
health status.””

A 12-year prospective study of older adults of Caerphilly, South
Wales found no significant association between street network distance
to nearest green space and BMI subsequent to adjusting for land
use, street network accessibility and individual-level covariates.”* A
cross sectional study found that greenness measured by mean NDVI
within a 500 m buffer was only mildly associated with lower risks of
psychological distress; however, the association was lost after adjusting

for built environment variables."””'®"!

5 Conclusions: Improving the Evidence-base for Landscape
Planning in China

One conclusion from this review is that we need more greenery
and more green spaces in our cities. This is important to establish from
evidence such as that reported in the kind of studies reviewed above, but
it is not the end of the story. Where might better evidence take us that
received doctrine cannot?

For a start, a stronger evidence base that draws on public health
and epidemiology studies may draw public health agencies and other
interests into the call for greener cities. If urban landscape is seen
as a public health intervention as much as it is a planning or design
consideration, then we may expect to see more greenery in our cities.
This alone is a good reason to pursue an ever more sophisticated
research agenda, looking at the associations between “greenery” and
“health”. For even greater policy purpose, the analysis needs to be taken
further in terms of health economics and urban economics. For example,
we want to know: what are the costs of providing more greenery and
green space, offset against the economic value of the measurable health
benefits.

As it is seldom possible to increase significantly the amount of
green space within an established city due to competing demands for
space, we need evidence for a variety of re-engineering interventions.
These include: mandating minimum amounts of green space within
new and comprehensively re-developed districts (as may be found in

many rapidly expanding cities in China); making the green space we
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have more effective by improving its quality, sustainability, accessibility,
and three-dimensionality; improving the functionality, efficiency, size,
and connectedness of a city’s entire green space system, for example,
Singapore’s Park Connector Network'®', and investing meaningfully

in the infrastructure necessary to support greenery on buildings. Hong
Kong has recently mandated 20% green cover on all new building
developments, for example, which for most sites can only be in the form
of green roofs or vertical greening."*”

Evidence also needs to go beyond a focus on aggregate and per-
capita quantities of green space. Indeed both total and per capita
green space measures are rather blunt indicators of actively health-
inducing greenery. Imagine two extremes. If all the green space in a city
were found in just one large park, then the amount of actively-health
enhancing green space would be significantly limited by the friction of
distance. It would be limited to those living near the big park. At the
other extreme, if the same total quantity of green space were distributed
in many small green spaces, none of which on its own is big enough for
more than a few people to sit out in, then in spite of the quantity, the
city’s green space might have minimal health-inducing effects because of
quality issues.

So distribution becomes an important issue. How should a given
amount of greenery be distributed through a new development, a
neighbourhood or an entire city? A study currently underway by some
of the authors has found that the probability of making a walking-
based trip in London is inversely related to the density of green space,
controlling for other influences. The more green space within a local
area, the less likely Londoners are to walk. This study will go on to
measure the direct effect on obesity, and we expect that we may find
that the density of local green space has a positive relationship with
obesity: the higher the density, the higher the probability of obesity
(higher BMI), controlling for other influences. The pattern is a result,
we think, of the effect of large parks on walking. Large parkland areas
on the edge of London inhibit walking because they are insecure places
in which to walk alone and are crossed only by intermittent paths. By
contrast, we have found in our London study, that the density of street
trees is positively associated with the probability of walking. In another
UK study, we found that the further away elderly people live from green
space, the lower the odds of being obese, controlling for other factors.
This, we think, is because elderly people in the UK do not generally walk
to a park to exercise. They are more likely to sit down once they have
arrived and enjoy the view and the social activities. The obesity-related
benefits of a visit to the park for these people seem to come principally
from walking to and from the park.

So a more detailed scrutiny of the evidence shows that there are
subtle and nuanced associations between urban green space and health,
especially important being the spatial-distribution and size-distribution
of green spaces. The per capita measures that have long guided urban
designers, planners and landscape architects are only a very coarse
indicator of the received benefits of greenery. They may not even be a

good indicator for more specific health-inducing landscape interventions.
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Indeed, they may not even be a very good indicator of general health
inducing interventions. Consider what a per-capita green space index
actually means. A 3.0 km® park in a city of 300,000 provides 10 m” per
person. The measure means nothing of any behavioural significance. A
large urban park is typically one of a city’s most important public goods,
technically meaning an asset that is co-consumed by many people at
the same time such that one person’s enjoyment does not diminish the
enjoyment of others. Technically, all 300,000 people consume the entire
3.0 km?, not a pro-rated portion of it. The latter (pro-rata consumption)
would only be the case if the park were completely congested; such is
the case in some central London parks, for example, or popular holiday
resort beaches where each person ends up with a space not much more
than that necessary for a deck-chair and a bit of surrounding circulating
area. Likewise linear parkways can be very sizeable but have far less
range of programs due to their narrow shape. The seasonal Paris Plage,
an artificial beach on the banks of the River Seine, has, due to its
congested nature, over time been progressively partitioned into privately-
consumed spaces allocated by user-fees for out-door restaurants, deck-
chairs, entertainment spaces and so on. Only with congested “public”
spaces does it make sense to measure supply by pro-rata indicators.
This leads to another important area of research in health and
greenery: how should green spaces best be managed to optimize their
health benefits. Supply (by design and construction of parks and
other green areas) is one thing; another and equally important issue
for sustained health benefits is ownership and management, both of
which can affect functionality and performance of green open space.
Many cities in China have an oversupply of open space. The vast
tracts of hard and green public spaces built in the past 30 years are
arguably not sustainable. They are too expensive to maintain and their
size, configuration and quality reflects the aspirations of city leaders
and designers more than the needs of the urban population. This will
change. These spaces will evolve. The public realm will shrink and the
private realm will expand. How best to guide this process of adaptation,
densification and privatisation of China’s massive urban public realms
over the next 30 years? And how to do this in a way that is consistent
with a healthy urban population? LAF

NOTE

HKUrbanLab is the new “trading name” of the University of Hong Kong’s Faculty of Architecture research and outreach
programs. It draws together the research and teaching energies of landscape scholars, architects, planners, urban
designers, conservation scholars, real estate and construction managers to explore how to better understand, design,
produce, govern and manage cities of the 21st century. Being located at one of the epicentres of the Asian urbanization
phenomenon, it has a strong emphasis on high density city research and we have joined forces with Faculty of Medicine, The
University of Hong Kong, to develop the important research agenda reviewed in this paper. We invite partnership with other
centres of excellence as we explore the measurable associations that green space and other urban design and morphological
elements have on individual health, not only in terms of gross quantity and quality effects, but in terms of detailed urban
design and configuration. In doing this we are developing sophisticated network models of cities to identify the influence of all
kinds of accessibility measures on health, including density of, distance to, shape of, homogeneity of, greenness of, and type
of, green space. We aim to work with research studies using very large numbers of subjects; medical data sourced by medical
researchers; landscape data at a fine scale derived from satellite and other remotely-sensed sources; objective measures of
built environment configuration and accessibility modelled from topological models of road, pedestrian and public transport
networks; 3D models of buildings, infrastructure and terrain; time-series data for both health and built environment; and
accessibility measures taken at multiple spatial scales; all supported by qualitative studies. As such, we aim, with our
partners around the world, to lay down an evidence base for healthy green cities that will guide designers, developers,
policy-makers, investors and urban managers in shaping the high-density cities of Asia for the 21st Century and beyond. We
welcome expressions of interest to cooperate in truly path-breaking urban research.

VOLUME 3/ISSUE 1/ FEBRUARY 2015

REFERENCES

[
[21

[3]

[4]

[5]

[6]

[7]

18]

191
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

SRS /18X

Wilkinson, A. (1998). The Garden in Ancient Egypt. London: Rubicon Press.
Chen, X., Wu, J. (2009). Sustainable landscape architecture: implications

of the Chinese philosophy of “unity of man with nature” and beyond.
Landscape Ecology, 24, 1015-1026.

Rosenzweig, R. & Blackmar, E. (1992). The park and the people: A history
of Central Park. New York: Cornell University Press.

Jordan, H. (1994). Public Parks, 1885-1914. Garden History, 85-113.
Marcus, C. C. & Barnes, M. (1995). Gardens in Health Care Facilities: Uses,
Therapeutic Benefits, and Design Considerations. Martinez, CA: The Center
of Health Design.

Marcus, C. C., Barnes, M. (eds.) (1999). Healing gardens: Therapeutic
benefits and design recommendations. Hoboken, NJ: John Wiley & Sons.
Marcus, C. C., Sachs, N. A. (2014). Therapeutic landscapes: An evidence-
based approach to designing healing gardens and restorative outdoor
spaces. New York: Wiley.

Chiaradia, A. J., Crispin, C., Webster, C. (2012). sDNA: A software for spatial
design network analysis. Retrieved from http://www.cardiff.ac.uk/sdna/.
Space syntax. Retrieved from http://www.spacesyntax.com/.

CABE. (2004). The value of public space: How high quality parks and public
spaces create economic social and environmental value. London: CABE.
Retrieved from http://webarchive.nationalarchives.gov.uk/20110118095356/
http://www.cabe.org.uk/files/the-value-of-public-space.pdf.

Rollof, G. (2006). Twenty nine reasons for planting trees [Online]. Retrieved
from http://nfs.unl.edu/documents/communityforestry/29ReasonsForPlan
tingTrees.pdf.

Whitford, V., Ennos, A. R. & Handley, J. F. (2001). “City form and natural
process” — indicators for the ecological performance of urban areas and
their application to Merseyside, UK. Landscape and Urban Planning, 57,
91-103.

Shashua-Bar, L., Hoffman, M. (2000). Vegetation as a climatic component in
the design of an urban street: An empirical model for predicting the cooling
effect of urban green areas with trees. Energy and Buildings, 31, 221-235.
Coder, R. D. (1996). Identified benefits of community trees and forests.
University of Georgia.

Simpson, J. R. (1998). Urban forest impacts on regional cooling and heating
energy use: Sacramento County case study. Journal of Arboriculture, 24,
201-214.

Lafortezza, R., Carrus, G., Sanesi, G., Davies, C. (2009). Benefits and well-
being perceived by people visiting green spaces in periods of heat stress.
Urban Forestry & Urban Greening, 8, 97-108.

Zhang, C. L., Chen, F, Miao, S. G., Li, Q. C., Xia, X. A. & Xuan, C. Y. (2009).
Impacts of urban expansion and future green planting on summer
precipitation in the Beijing metropolitan area. Journal of Geophysical
Research: Atmospheres (1984-2012), 114.

Federer, C. A. (1976). Trees modify the urban microclimate. Journal of
Arboriculture, 121-127.

Woolley, H. (2003). Urban open spaces. London: Spons Press.

Caborn, J. M. (1965). Shelterbelts and Windbreaks. London: Faber & Faber.
Akbari, H. (2002). Shade trees reduce building energy use and CO2
emissions from power plants. Environmental Pollution, 116, S119-5126.
Heisler, G. M. (1986). Energy Savings With Trees. Journal of Arboriculture,
12,113-125.

Nowak, D. J., Dwyer, J. F. (2007). Understanding the benefits and costs

of urban forest ecosystems. In: Kuser, J. E. (ed.) Urban and community
forestry in the northeast. New York: Springer.

Mcpherson, E. G., Simpson, J. R., Peper, P. J., Gardner, S. L., Vargas, K. E.,
Qingfu, X. (2007). Northeast Community Tree Guide: Benefits, Costs, and
Strategic Planting. Albany, CA: U.S. Department of Agriculture. Retrieved
from http://www.fs.fed.us/psw/publications/documents/psw_gtr202/psw_
gtr202.pdf.

Escobedo, F. J., Kroeger, T., Wagner, J. E. (2011). Urban forests and
pollution mitigation: analyzing ecosystem services and disservices.
Environmental Pollution, 159, 2078-2087.

Groffman, P. M., Pouyat, R. V. (2009). Methane uptake in urban forests and
lawns. Environmental Science & Technology, 43, 5229-5235.

Salt, D. E., Smith, R., Raskin, I. (1998). Phytoremediation. Annual Review of
Plant Biology, 49, 643-668.

US EPA. (1999). Phytoremediation Resource Guide. EPA 542-B-99-003.
Washington, DC: U.S. Environmental Protection Agency. Retrieved from
http://www.epa.gov/tio/download/remed/phytoresgude.pdf.

Papafotiou, M., Chronopoulos, J., Tsiotsios, A., Mouzakis, K., Balotis,

G. (2004). The impact of traffic noise control in an urban park. Acta
Horticulturae, 643, 277-279.

Pathak, V., Tripathi, B. D., Mishra, V. K. (2008). Dynamics of traffic noise in a
tropical city Varanasi and its abatement through vegetation. Environmental
Monitoring and Assessment, 146, 67-75.

Chinh, L. D., Gheewala, S. H., Bonnet, S. (2007). Integrated environmental
assessment and pollution prevention in Vietnam: the case of anthracite

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

[32]

[33]

[34.

[35

[36]
[37]

[38]

[391

[40

[41]

[42

[43

[44

[45]

[46]

[47

[48]

[49

[50

[51

[52]

[53]

[54]

[55]

[56]

[57

[58

[591

production. Journal of Cleaner Production, 15, 1768-1777.

Ding, Y.-C., Zhou, J.-X., Li, H. & Li, Y.-P. (2004). Investigation of Traffic Noise
Attenuation Provided by Tree Belts. Highway, 12, 204-208.
Gidl6f-Gunnarsson, A., Ohrstrom, E. (2007). Noise and well-being in urban
residential environments: The potential role of perceived availability to
nearby green areas. Landscape and Urban Planning, 83, 115-126.

CABE SPACE. (2006). Making contracts work for wildlife: How to encourage
biodiversity in urban parks. London: CABE. Retrieved from http://www.lbp.
org.uk/downloads/Publications/Management/making-contracts-work-for-
wildlife.pdf.

Goddard, M. A, Dougill, A. J. & Benton, T. G. (2010). Scaling up from
gardens: biodiversity conservation in urban environments. Trends in
Ecology & Evolution, 25, 90-98.

Tate, A. (2013). Great city parks. Taylor & Francis.

Kong, F., Yin, H., Nakagoshi, N. & Zong, Y. (2010). Urban green space network
development for biodiversity conservation: Identification based on graph
theory and gravity modeling. Landscape and Urban Planning, 95, 16-27.

Louv, R. (2008). Last child in the woods: Saving our children from nature-
deficit disorder. Chapel Hill, NC, Algonquin Books.

Fjortoft, I. (2004). Landscape as playscape: The effects of natural
environments on children’s play and motor development. Children Youth
and Environments, 14, 21-44.

Sobel, D. (2002). Children’s special places: Exploring the role of forts, dens,
and bush houses in middle childhood. Detroit, Michigan: Wayne State
University Press.

Gathright, J., Yamada, Y., Morita, M. (2006). Comparison of the physiological
and psychological benefits of tree and tower climbing. Urban Forestry &
Urban Greening, 5, 141-149.

Gathright, J., Yamada, Y. & Morita, M. (2008). Tree-assisted therapy:
therapeutic and societal benefits from purpose-specific technical
recreational tree-climbing programs. Arboriculture and Urban Forestry,
34,222.

Motloch, J. L. (2001). Introduction to Landscape Design. New York: John
Wiley & Sons.

Van Den Berg, A. E., Maas, J., Verheij, R. A. & Groenewegen, P. P. (2010).
Green space as a buffer between stressful life events and health. Social
Science & Medicine, 70, 1203-1210.

Madge, C. (1997). Public parks and the geography of fear. Tijdschrift voor
economische en sociale geografie, 88, 237-250.

Maas, J., Verheij, R. A,, De Vries, S., Spreeuwenberg, P., Schellevis, F.

G. & Groenewegen, P. P. (2009). Morbidity is related to a green living
environment. Journal of Epidemiology and Community Health, 63, 967-973.
Swanwick, C., Dunnett, N. & Woolley, H. (2003). Nature, role and value of
green space in towns and cities: An overview. Built Environment, 29, 94-
106.

Burgess, J., Harrison, C. M. & Limb, M. (1988). People, parks and the urban
green: a study of popular meanings and values for open spaces in the city.
Urban Studies, 25, 455-473.

Kuo, F. E. & Sullivan, W. C. (2001). Environment and crime in the inner city
does vegetation reduce crime? Environment and Behavior, 33, 343-367.
Bratton, N. J. & Wolf, K. L. (2005). Trees and Roadside Safety in the

US Urban Settings. In: Proceedings of the 84th Annual Meeting of the
Transportation Research Board, 2005. Transportation Research Board of
the National Academies of Science, Washington, DC.

Mok, J.-H., Landphair, H. C. & Naderi, J. R. (2006). Landscape improvement
impacts on roadside safety in Texas. Landscape and Urban Planning, 78,
263-274.

Dixon, K. K. & Wolf, K. L. (2007). Benefits and Risks of Urban Roadside
Landscape: finding a livable, balanced response. In: 3rd Urban Street
Symposium: Uptown, Downtown, or Small Town: Designing Urban Streets
That Work, 2007, Seatle, Washington, DC.

Dumbaugh, E. & Gattis, J. (2005). Safe streets, livable streets. Journal of
the American Planning Association, 71, 283-300.

Naderi, J. R. (2003). Landscape design in the clear zone: The effects of
landscape variables on pedestrian health and driver safety. In: 82nd Annual
Conference Proceedings of Transportation Research Board 2003, TRB,
Washington, DC.

Burden, D. (2006). 22 Benefits of Urban Street Trees [Online]. Retrieved
from http://www.ufei.org/files/pubs/22BenefitsofUrbanStreetTrees.pdf.
Tsourou, C. (1998). Urban planning and health: Implications of the WHO
strategy for all for urban planning in Europe. PhD Thesis. Venice Institute of
Architecture, University of Venice.

Steiner, Frederick R., Kent Butler, American Planning Association.
Planning and urban design standards. (2012). Hoboken: John Wiley & Sons.
Duncan, M. & Mummery, K. (2005). Psychosocial and environmental
factors associated with physical activity among city dwellers in regional
Queensland. Preventive Medicine, 40, 363-372.

Giles-Corti, B., Broomhall, M. H., Knuiman, M., Collins, C., Douglas, K., Ng,

023

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[711

[72]

[731

[74]

[75]

[76]

[771

[78]

[791

[80]

[81]

[82]

K., Lange, A. & Donovan, R. J. (2005). Increasing walking: how important

is distance to, attractiveness, and size of public open space? American
Journal of Preventive Medicine, 28, 169-176.

Wolch, J., Jerrett, M., Reynolds, K., Mcconnell, R., Chang, R., Dahmann, N.,
Brady, K., Gilliland, F,, Su, J. G. & Berhane, K. (2011). Childhood obesity and
proximity to urban parks and recreational resources: A longitudinal cohort
study. Health and Place, 17, 207-214.

Nielsen, T. S. & Hansen, K. B. (2007). Do green areas affect health? Results
from a Danish survey on the use of green areas and health indicators.
Health and Place, 13, 839-850.

Koohsari, M. J., Karakiewicz, J. A. & Kaczynski, A. T. (2013). Public Open
Space and Walking The Role of Proximity, Perceptual Qualities of the
Surrounding Built Environment, and Street Configuration. Environment and
Behavior, 45, 706-736.

Kaczynski, A. T., Johnson, A. J. & Saelens, B. E. (2010). Neighborhood land
use diversity and physical activity in adjacent parks. Health and Place, 16,
413-415.

Maas, J., Verheij, R. A, Groenewegen, P. P., De Vries, S. & Spreeuwenberg,
P. (2006). Green space, urbanity, and health: how strong is the relation?
Journal of Epidemiology and Community Health, 60, 587-592.

Troped, P. J., Wilson, J. S., Matthews, C. E., Cromley, E. K. & Melly, S.
J.(2010). The Built Environment and Location-Based Physical Activity.
American Journal of Preventive Medicine, 38, 429-438.

Tilt, J. H., Unfried, T. M. & Roca, B. (2007). Using objective and subjective
measures of neighborhood greenness and accessible destinations for
understanding walking trips and BMI in Seattle, Washington. American
Journal of Health Promotion, 21, 371-379.

Leslie, E., Sugiyama, T., lerodiaconou, D. & Kremer, P. (2010). Perceived and
objectively measured greenness of neighbourhoods: Are they measuring
the same thing? Landscape and Urban Planning, 95, 28-33.

Ulrich, R. S. (1984). View through a window may influence recovery from
surgery. Science, 224, 420-421.

Hartig, T., Evans, G., Jamner, L. D., Davis, D. S. & Garling, T. (2003). Tracking
restoration in natural and urban field settings. Journal of Environmental
Psychology, 23, 109-123.

PRETTY, J., PEACOCK, J., SELLENS, M. & GRIFFIN, M. 2005. The mental
and physical health outcomes of green exercise. International Journal of
Environmental Health Research, 15, 319-337.

De Vries, S., Verheij, R. A., Groenewegen, P. P. & Spreeuwenberg, P. (2003).
Natural environments - Healthy environments? An exploratory analysis

of the relationship between greenspace and health. Environment and
Planning A, 35, 1717-1731.

Takano, T., Nakamura, K. & Watanabe, M. (2002). Urban residential
environments and senior citizens' longevity in megacity areas: The
importance of walkable green spaces. Journal of Epidemiology and
Community Health, 56, 913-918.

Grahn, P. & Stigsdotter, U. A. (2003). Landscape planning and stress. Urban
Forestry and Urban Greening, 2, 1-18.

Sugiyama, T. & Ward Thompson, C. (2008). Associations between
characteristics of neighbourhood open space and older people’s walking.
Urban Forestry & Urban Greening, 7, 41-51.

Mitchell, R. & Popham, F. (2008). Effect of exposure to natural environment
on health inequalities: an observational population study. The Lancet, 372
(9650), 1655-1660.

Parra, D. C., Gomez, L. F., Sarmiento, O. L., Buchner, D., Brownson,

R., Schimd, T., Gomez, V. & Lobelo, F. (2010). Peceived and objective
neighbourhood environment attributes and health related quality of life
among the elderly in Bagota, Columbia. Social Science & Medicine, 70,
1070-1076.

Barton, J. & Pretty, J. (2010). What is the Best Dose of Nature and

Green Exercise for Improving Mental Health? A Multi-Study Analysis.
Environmental Science and Technology, 44, 3947-3955.

Sarkar, C., Gallacher, J. & Webster, C. (2013). Built environment
configuration and change in body mass index: The Caerphilly Prospective
Study (CaPS). Health & Place, 19, 33-44.

Sarkar, C., Gallacher, J. & Webster, C. (2013). Urban built environment
configuration and psychological distress in older men: Results from the
Caerphilly study. BMC Public Health, 13, 695.

Sarkar, C., Webster, C. & Gallacher, J. (2014). Healthy Cities: Public Health
Through Urban Planning. Cheltenham, UK: Edward Elgar Publishing.

Tan, K. W. (2006). A greenway network for Singapore. Landscape and Urban
Planning, 76, 45-66.

The Government of the Hksar. (2013). Sustainable Building guidelines.
PNAP No.: APP-152 Hong Kong: Buildings Department, The Government
of the HKSAR. Retrieved from http://www.bd.gov.hk/english/documents/
pnap/APP/APP152.pdf





