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Abstract
Domestic gardens provide a significant component of urban green infrastructure but
their relative contribution to eco-system service provision remains largely un-quantified.
‘Green infrastructure’ itself is often ill-defined, posing problems for planners to ascertain
what types of green infrastructure provide greatest benefit and under what circumstances.
Within this context the relative merits of gardens are unclear; however, at a time of greater
urbanization where private gardens are increasingly seen as a ‘luxury’, it is important to
define their role precisely. Hence, the nature of this review is to interpret existing information
pertaining to gardens /gardening per se, identify where they may have a unique role to play
and to highlight where further research is warranted. The review suggests that there are
significant differences in both form and management of domestic gardens which radically
influence the benefits. Nevertheless, gardens can play a strong role in improving the
environmental impact of the domestic curtilage, e.g. by insulating houses against temperature
extremes they can reduce domestic energy use. Gardens also improve localized air cooling,
help mitigate flooding and provide a haven for wildlife. Less favourable aspects include
contributions of gardens and gardening to greenhouse gas emissions, misuse of fertilizers and
pesticides, and introduction of alien plant species. Due to the close proximity to the home and
hence accessibility for many, possibly the greatest benefit of the domestic garden is on
human health and well-being, but further work is required to define this clearly within the
wider context of green infrastructure.
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1. Introduction
Recent research has highlighted the positive role urban green infrastructure can
provide in terms of ecosystem services (de Groot et al., 2002; Tratalos et al., 2007) and health
agendas (Tzoulas et al., 2007). Yet, urban green infrastructure (parks, public green space,
allotments, green corridors, street trees, urban forests, roof and vertical greening, private
gardens) covers a range of landscape types of varying complexity and morphology. Do all
hold equal value? Domestic gardens are quoted as an important component of green
infrastructure (e.g. Loram et al., 2007), but their specific contribution is rarely assessed, and
hence their relative value within the wider urban green space is difficult to quantify. For
example, in terms of green space provision for the future should urban planners be
prioritising private gardens around building stock, or rather, invest in more open, communal
green spaces? Therefore, the aims of this review are to examine the evidence relating private
domestic gardens to ecosystem service provision, to understand how form, function and
management of gardens may influence the extent of that service, and to identify where further
research is required. The relationship between the domestic garden and the four broad strands
of ecosystem service function (provisioning, regulating, cultural and supporting; MA, 2003)
are incorporated, although much of the literature focuses mainly focuses on the first three of
these. We anticipate that the existing data on gardens highlighted here, in addition to new
research initiatives, will help to provide a greater precision to existing models relating green
infrastructure to human and ecosystem ‘health’ (Tzoulas et al., 2007).

2. What is an urban domestic garden?
For the purpose of this review we define the private domestic garden as the area
adjacent to a domestic dwelling, which itself is either privately owned or rented. A key
4

element is that the resident/s have autonomy over the garden, albeit they may wish to
delegate responsibility to others (professional designer, hired gardener etc.). We attempt to
differentiate and exclude, ‘open’ green space and communal gardens, for example where
management may be by committee, or at the discretion of a housing association or local
authority. Conversely, locations that have been ‘guerrilla gardened’, i.e. public areas that
have been illegally planted by individuals are also omitted, despite these often reflecting
individual autonomy, self-expression etc. We also exclude public parks and gardens, although
their design may in many ways reflect those of private domestic gardens. Similarly, allotment
sites where local bylaws may influence what may / may not be grown also fall outside our
definition. Lastly, the emphasis has been on urban gardens and their role, rather than
encompass large rural gardens where the dividing line between garden and extensive
landscaped estate can be difficult to distinguish.
In highly urbanised societies up to 90% of the population reside in urban areas, and in
cultures such as the UK 87% of households have access to a domestic garden (Gibbons et al.,
2011). Depending on age and location of cities, domestic gardens contribute between 22 and
36% of the total urban area (Gaston et al., 2005; Mathieu et al., 2007), and perhaps as much
as 3-4% of total land mass (Alloway, 2004; Gibbons et al., 2011). Similarly, they constitute a
significant proportion of the urban green space, more than 50% in Dunedin, New Zealand,
(Mathieu et al., 2007) and 35- 47% in the UK (Loram et al., 2007). Urbanization, however, is
decreasing the proportion of area dedicated to gardens (Mathieu et al., 2007; Smith, 2010),
through infill development, i.e. existing gardens being sold for development, or newer
housing stock having smaller gardens.
Gardens are highly heterogeneous in form and function. At one extreme, they may
comprise a few square meters of multi-layered diverse vegetation to, at the other, large areas
of single dimension paving with no vegetation at all. Loram et al. (2007; 2008) reported that
5

domestic garden size varied between 3.6 m2 and 2290 m2 within UK cities, with median
garden size between 96 m2 and 213 m2. Housing type and density influences the proportion of
green space available (Whitford et al., 2001). Although these authors did not differentiate
between private gardens and other local green space, namely communal lawns, street trees /
roadside verges or vegetated pedestrian pathways the data are illustrative of how housing age
and type can influence presence and access to local green space. The highest proportion of
surrounding green space was associated with 1930’s era semi-detached houses (57%),
intermediate with the modern low rise flats (30%) and lowest with the modern terraced
housing (13%) (Whitford et al., 2001). Grass was the dominant green cover but the
percentages varied (32.6%, 14.4% and 6.1%, respectively); trees covered 11%, 0.3%, and
0.9% respectively. Within domestic gardens lawns constitute 60% (UK, Gaston et al., 2005)
or 55% (New Zealand, Mathieu et al., 2007) of the area. In the USA, lawns (private, public
and sports turf) cover between 8 and 16 million ha, far surpassing land coverage of major
crops, (e.g. cotton, Robbins et al., 2001).
Greater housing density is linked to smaller garden sizes, but not necessarily less
urban green space (Smith et al., 2009). Socio-economic variables (e.g. population and
housing density, education, home ownership) were apparently better predictors of the extent
and the type of vegetation cover in private gardens than solely biophysical variables (e.g.
rainfall, soil fertility, solar radiation etc., Luck et al., 2009). Larger domestic gardens (Smith
et al., 2005), those associated with older properties (Hope et al., 2003), or with higher income
or tertiary-educated residents tend to have proportionally more vegetation, greater diversity of
plants, and more complex garden styles (Daniels and Kirkpatrick, 2006).
Front and back gardens often differ in character, with visual impact more important in
front gardens, with the back used for functional purposes; this is, however, probably an
oversimplification and an outdated concept (Daniels and Kirkpatrick, 2006). For example,
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UK trends over the last decade suggest that vegetation and aesthetic character have been lost
from the front garden, due to off-road parking (Perry and Nawaz, 2008). Irrespective of
location, vegetation is being replaced in favour of ‘low maintenance’ hard standings such as
patios or decked areas (Smith, 2010).

3. Garden vegetation, temperature regulation and energy conservation
The relationship between green infrastructure and the mitigation of the urban heat
island effect is currently under close scrutiny (Takebayashi and Moriyama, 2007; Alexandri
and Jones, 2008; Huang et al., 2008), as climate change models highlight the increased
likelihood of heat waves (Meehl and Tebaldi, 2004). Modelling approaches suggest that
increasing the proportion of green space within the urban matrix, can reduce surface, and
hence air temperatures. Gill et al. (2007) suggest a 10% increase in urban green infrastructure
would negate the 4oC increase predicted for Manchester, UK over the next 80 years. Type of
urban green infrastructure and even plant species (Blanusa et al., unpublished), however, are
likely to affect this cooling potential.
Urban trees are considered a major factor in providing cooling, via shade and evapotranspiration, and are estimated to offer over 950 MJ (almost 270 kWh) cooling per day, per
tree, due to evapo-transpiration effects alone (Huang et al., 1990). The extent to which
gardens contribute to cooling is unclear. Domestic gardens account for 25% of the nonwoodland trees in the urban matrix (Davies et al., 2009). Akbari et al. (1997) predicted that
up to a quarter of the cooling effect by urban trees in USA cities may relate to garden/street
trees contributing to direct cooling of the adjacent buildings. This will vary depending on the
tree size, species, maturity, and architecture (Simpson, 2002), but more detailed research is
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needed to understand which type of buildings benefit from which trees, and to determine
specific requirements for a range of scenarios.
Reducing the energy load on buildings by shading and evaporative cooling can reduce
the reliance on / improve efficiency of, mechanical air conditioning units. US data suggest
that strategic positioning of plants could reduce domestic buildings’ energy consumption by
20-40% (Akbari et al., 1997; 2001; Huang et al., 1990). However, it was also suggested that
greater savings may be accomplished if highly reflective building surfaces were used instead
(Akbari et al., 2001); it is of interest therefore, to evaluate plants with a particularly high
albedo within this context.
Despite the potential for urban vegetation to provide cooling, effectiveness relates to
soil water availability. As climate change events reduce summer precipitation (for Europe)
and heat waves exacerbate soil moisture deficits (IPCC, 2007), cooling through evapotranspiration is likely to be compromised. For example, the cooling potential of turf is
strongly linked to watering (McPherson et al., 1989). Hence, greater scrutiny is required in
future research to elucidate the relative cooling associated with shade, albedo and evapotranspiration.
Beyond trees, a wider range of vegetation has potential to improve cooling, e.g.
through planting next to, or on, a building. Sufficiently robust data are still lacking for green
facades, especially as different mechanisms are used to irrigate them. Recent work with turf
applied as vertical greening, however, showed that this reduced interior surface temperatures
by > 2oC (Cheng et al., 2010). Green roofs also reduce interior temperatures through
improved insulation via the substrate as well as the potential for evaporative cooling
(Santamouris et al., 2007; Sailor, 2008). There is a suggestion that the strategies to conserve
energy in temperate climates cannot be generalized, due to the “complex interactive effects of
shade and wind reduction” (McPherson et al., 1988). Indeed, Bowler et al. (2010) point that
8

there are insufficient data to provide specific recommendations. At the garden level,
vegetation can influence the energy loads on individual buildings, but how this impacts on air
temperatures across the wider urban environment is unclear. There also remain unresolved
issues with respect to the scale on which urban climate parameters and vegetation are
measured and how they are compared (Stewart, 2011).
In terms of winter temperature regulation and energy savings there is much less
information available, although preliminary studies are encouraging (e.g. 17% saving in
energy, Liu and Harris, 2008).Vegetation around houses enhances winter energy saving by
reducing the velocity of air over buildings (‘wind break’), removing draughts and minimizing
temperature differences between existing and incoming air (McPherson et al., 1988). Careful
planting design is paramount to ensure that wind tunnels are not directed towards the house,
and that maximum solar gain is retained in winter (Knowles, 2003).

4. Carbon balance
Little information specifically identifies the role of the domestic garden in carbon
dynamics, but the effectiveness of garden plants and soils for carbon storage will strongly
depend on design (types of vegetation and coverage, see Figure 1), management, and the
longevity of plantings. An average of 2.5 x 103 g m-2 of carbon is stored in domestic gardens
with 83% in soil (to 600mm depth), 16% in trees and shrubs and only 0.6% on average in
grass and herbaceous plants (Jo and McPherson, 1995). Indeed, there may be as much carbon
stored within the top 100mm of soil profile alone, as in the entire vegetation biomass above
ground (e.g. compare data for forests and forest soils, Figure 1). Soil carbon storage,
however, is reduced by soil disturbance during replanting as organic matter is oxidized
(Bolinder et al., 2007). Gardens that mimic forest or low maintenance meadow landscapes, or
9

follow practices aligned with permaculture principles e.g. minimum soil cultivation, low
chemical use, heterogeneous vegetation, use of recycled water and organic matter are likely
to have the least impact in terms of CO2 release (Pouyat et al., 2002; Favoino and Hogg,
2008). These suggestions, however, require testing in the domestic garden context. Even
practices designed to aid carbon sequestration, such as tree planting, may have surprisingly
long pay-back times. Due to the embedded energy associated with tree production and the
volume of soil CO2 released during planting, newly planted trees have been estimated to
become ‘carbon neutral’ only after 3-10 years (Nowak and Crane, 2002; Schlosser et al.,
2003).
Gardening is often promoted as an environmentally-friendly pastime, but this notion
may be questioned when the intensity of garden activities are considered. Today’s gardeners
rely greatly on mechanized tools, synthetic fertilizers and pesticides (with high embodied
energy, see section 5). In addition, potable water use has an energy load associated with its
cleaning and distribution, and use of ‘hard’ landscaping materials bring their own embedded
carbon, as well as the energy in growing and retail of nursery plants.
Perhaps the lawn provides the greatest illustration of the diverging attitudes to
gardening in this respect with, at one extreme, naturalized grassland (meadows) having a low
environmental footprint, in contrast to a heavily-maintained sward (Qian and Follett, 2002;
Trudgill et al., 2010). The former requires a single annual cut, in contrast to high frequency
mowing associated with formal lawns (e.g. weekly during optimum growth). Although
accurate estimations of carbon use through mowing are difficult to attain (Reid et al., 2010),
Jo and McPherson (1995) suggest petrol-powered mowing releases 1.5-fold the carbon
sequestered by the lawn itself. Two stroke engines particularly are considered detrimental
with a 7-fold higher by-product emission compared to four stoke engines (Volckens et al.,
2008). Intensively-managed lawns are also associated with high fertilizer and herbicide inputs
10

(and in warmer, affluent countries, high water use – see section 7). Despite this, where
urbanisation results in housing development on land previously degraded or heavily
cultivated, the creation of a lawn can help replace soil organic carbon originally lost through
oxidation (Zirkle et al., 2011).
Longer-lived woody plants can provide greater carbon sequestration than annual
plants due to reduced tillage and storage in biomass. Comparison between five shrub species
indicated carbon storage in biomass ranges from 4.7-7.2 x 106 g carbon ha-1, and atmospheric
carbon uptake ranges from 0.56-0.80 x 106 g carbon ha-1 year-1 (Jo, 2002). Total carbon
sequestered in urban trees in the USA is estimated to be 700 x 1012 g (Nowak and Crane,
2002). Assuming that the ratio of garden to street / parkland trees in the USA is similar to that
of the UK (i.e. 25%), this may equate to 175 x 1012 g of carbon sequestered in urban garden
trees. This could be an over-estimation as garden trees are often smaller than parkland
specimens. Caution is required, however, as these data do not include carbon emissions
associated with tree maintenance which can lead to a negative life-time carbon balance
(Nowak et al., 2002); carbon sequestration is usually modelled on a small unit basis (ha)
(Brainard et al., 2006) and involves numerous assumptions and uncertainties when scaled up.
While there is a significant volume of carbon in garden trees, it is minor compared to
the carbon stored in the world’s forests (359 x 1015 g carbon, Dixon et al., 1994). This also
needs to be viewed in light of total amount of excess carbon that needs to be sequestered
annually to mitigate climate change, 1.8 ± 1.4 x 1015 g CO2e (Dixon et al., 1994) [CO2e being
the amount of all greenhouse gases, when converted into equivalent units of carbon dioxide].
Therefore, although increasing the number of urban trees provides a range of environmental
benefits, justifying new plantings solely to offset global deforestation, or fossil fuel
emissions, seems irresponsible.
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5. Garden chemicals
Chemicals, primarily fertilizers and pesticides, have widespread use (e.g. 50-74% of
all homeowners in the UK and USA respectively, Robbins et al., 2001; Grey et al., 2006).
Their application, particularly on lawns, is apparently linked to home property values, with
more affluent residents using them more frequently (Robbins et al., 2001). In the USA, local
by-laws encourage the use of garden chemicals and promote intensive management (e.g.
lawns regularly mown and weed free, Robbins et al., 2001; Clayton, 2007).
The production/use of artificial fertilizers contribute significantly to greenhouse gas
emissions (Howarth et al., 2002), with impact being particularly high from nitrogen fertilizer
production based on the Haber-Bosch process. In contrast, manufacture of phosphate and
potassium fertilisers is 20-fold less energy intensive. Composted organic matter offers a
lower carbon cost alternative for supplementing nitrogen than using an inorganic nitrogen
fertiliser NH4NO3 (Lillywhite and Rahn, 2008). Lawn fertilizer use in particular affects
greenhouse gas emissions (Livesley et al., 2010) with lawns emitting up to 10 times more
N2O than neighbouring agricultural grassland. The higher emissions are thought to be due to
the higher irrigation rates and soil temperatures found in urban lawns (Bijoor et al., 2008).
Garden pesticides are significant contributors to USA’s non-point source water
pollution (Robbins et al., 2001). Surface run-off, although not specifically quantified for
domestic gardens, can include chemicals as well as particulate matter that can contribute to
the pollution of watercourses (Overmyer et al., 2005). Parts of the gardening community are,
therefore, encouraging lower chemical use and organic approaches, largely due to concerns
over environmental issues. For example, the use of organic composts (green waste and spent
mushroom) to support pest (e.g. aphid) control by encouraging predatory species (e.g. spiders
12

and beetles) has shown some success (Bell et al., 2008). Furthermore, green spaces
themselves can reduce pollution through capture of particulates and dissolved pollutants
(Davis et al., 2001), although effectiveness will depend on the properties of the pollutant and
the magnitude of benefits is yet to be assessed in the domestic context.

6. Run-off and flooding
Gardens provide storm attenuation ‘services’ to the urban matrix. Vegetation, trees
especially, intercept intense precipitation, hold water temporarily within their canopy thus
reducing peak flow and easing demand on urban drains (Xiao and McPherson, 2002). In
addition, vegetation mitigates flood risk by increasing infiltration into the soil reducing
surface flow (Dunne et al., 1991). Despite these advantages, hard paving in domestic gardens
is increasing. Perry and Nawaz (2008) found a 13% increase in impervious surfaces over 30
years in the city of Leeds UK, 75% of which was due to paving of residential front gardens;
this was linked to more frequent and severe flooding in the area. Pauleit and Duhme (2000)
found that lower density housing with gardens had 3-fold less storm water run-off than higher
density stock. The benefits of vegetated front gardens have been recognised by the UK
planning system; from 2008 permission is required for impermeable paving (Anon, 2009).

7. Water use
Gardens are frequently associated with heavy water use, particularly during periods of
dry weather. The proportion of potable water used for the domestic garden escalates with
increased aridity. In western Australia, 56% of domestic water use is associated with
domestic gardens (Syme et al., 2004). Similar values were found for Barcelona, Spain; on
average, 30% of household water use is consumed within the garden, and this rises to 50%
13

during the summer (Domene and Sauri, 2006). Climate change will increase demand for
garden water in temperate regions, although surprisingly few studies have investigated details
of this. Mulching flower beds minimises moisture evaporation and has the added benefit of
limiting gaseous emissions (Livesley et al., 2010). In lawns, organic vs intensive style of turf
management can reduce water consumption up to 10-fold (Morris and Bagby, 2008).
Water use in the domestic garden needs to be systematically assessed. Despite moves
to increase efficiency of garden water use (e.g. seep hose irrigation), greater attention to
water storage (e.g. water butts) and grey water use, it is likely, that potable water use in the
garden will become increasingly restricted. This is partly due to increased water demand, e.g.
greater housing density, climate change, and the carbon associated with mains water supply
(Strutt et al., 2008).

8. Peat
The use of peat in gardens, and horticulture in general, is controversial due to habitat
destruction and carbon emissions linked with peat extraction (Alexander et al., 2008), despite
the fact that the majority of peat harvested is consumed by power stations (Alanne and Saari,
2006). Peat used as a soil conditioner and as potting medium for the English amateur garden
market was 2.03 x 106 m3 in 2009 (Anon, 2010a), a consumption rate that has led the UK’s
government to propose stopping garden peat use by 2020 (Anon, 2010a).

9. Air quality
Although urban trees are often cited as removing aerial pollutants (e.g. Yang et al.,
2005; Nowak et al., 2006; Jim and Chen, 2008) and garden trees (and other vegetative forms)
no doubt contribute to capturing overall pollutant loads, recent research suggests that
14

relatively wide belts of woodlands are required to elicit measurable benefits (Pataki et al.,
2011). Domestic gardens therefore may have only a minor role in helping mitigate point
pollutant sources such as roads, or industrial outlets. Some plants are also considered to be
strong emitters of biogenic volatile organic compounds, implying their role in contributing to
the formation of photochemical smog in the urban environment (Niinemets and Peñuelas,
2008; Peñuelas and Staudt, 2010). On balance, there is a high level of uncertainty about the
role of the urban vegetation in air pollutant removal (Pataki et al., 2011); this is the case even
more so for domestic gardens where there is no direct evidence available.

10. Biodiversity
Fifty years ago there was a widespread belief that gardens, highly managed and
dominated by alien plants, provided few resources for native animals (Elton, 1966). However,
as published reports of wildlife in domestic gardens began to accumulate, it became clear that
the value of urban gardens for biodiversity may be substantial (Davis, 1978; Vickery, 1995).
Indeed, some declining species, once common in low-intensity farmland, are now more
abundant in urban areas, and particularly in domestic gardens (Gregory and Baillie, 1998).
For some bird species, urban gardens support a significant fraction of the total UK population
providing valuable habitat and supporting some nationally important sub-sets of species
(Chamberlain et al., 2009). In a comprehensive study, Owen (2010) revealed that her rather
ordinary garden in Leicester (UK) was visited over a 30-yr period by around a quarter of all
the insect species recorded from the entire country. By focusing for just three years on one
family of parasitoid wasps (Ichneumonidae), Owen discovered 15 species new to the UK and
four previously undescribed species. Gardens are such a good habitat for hoverflies
(Syrphidae) that here they greatly outnumber their supposed wasp mimics (Azmeh et al.,
15

1998). The BUGS project which surveyed 61 domestic gardens in Sheffield, UK (Smith et
al., 2006a; Thompson, 2007), confirmed Owen’s conclusion that private gardens, taken
together, might reasonably be described as the UK’s most important nature reserve. The
BUGS project also demonstrated that neither small size nor isolation from countryside seem
to be a problem; small, city-centre gardens support much the same invertebrate wildlife as
large, suburban ones. Other recent research has tended to endorse this view; in Manhattan,
New York, gardens with sunny, flower-rich patches supported diverse pollinator communities
(Matteson and Langellotto, 2010), and in Toronto, small ‘microcosms’ (soil-filled pots, with
or without vegetation) introduced into gardens recruited plants, seeds and invertebrates in
much the same way as those placed in grassland or forest (Sperling and Lortie, 2010).
The widespread perception of 50 years ago that gardens are of little wildlife value was
clearly mistaken, but what sort of wildlife is supported by gardens? Gardens seem to be used
by only a small proportion of mammals, although this minority may be very frequent garden
visitors (Baker and Harris, 2007). Nor are the invertebrates that frequent gardens in large
numbers a random selection. Among butterflies, whose ecology can be predicted with some
certainty from the biology of their larval host plants (Dennis et al., 2004), it is clear that
garden butterflies are largely generalist, mobile species, and that specialist, sedentary species
are only rarely able to make use of urban gardens (Bergerot et al., 2010; Owen, 2010).
Similarly, gardens sustain very large populations of a small group of ubiquitous, generalist
bumblebees, while rarer specialists are confined to less-disturbed semi-natural habitats
(Goulson et al., 2006).
Pessimists point out that the rather generalist, mobile and adaptable nature of garden
wildlife means it is the fraction most likely to survive anyway, with or without the assistance
of gardens and gardeners. Conversely, even these adaptable species are not always able to
survive in the most intensively farmed landscapes: see, for example, the extraordinarily ‘poor
16

bee’, fauna of Dutch arable land (Kleijn et al., 2001), and the evidence that pollinators in
general are increasingly beleaguered in agricultural landscapes outside gardens (Cussans et
al., 2010). While gardens will never replace species-rich semi-natural habitats, they are
nevertheless a useful complement to such habitats and, moreover, increasingly provide urban
residents with their only close encounters with the natural world.

11. Plant composition and pest species
Gardeners have always been drawn to exotic and unusual plants, and even today plant
hunters search for unusual genotypes that can be introduced into the garden trade. This results
in a large proportion of non-native plant species, selected genotypes (varieties) or accidental
or intentionally bred hybrids (Smith et al., 2006b) in the garden; increasingly many of these
‘exotic’ garden plants are traded internationally (Smith et al., 2007). Historically, the garden
trade has introduced a wide range of alien plant species (e.g. Reichard and White, 2001), a
number are now invasive weeds, e.g. Acacia spp. in South Africa (Kull et al., 2007), Clematis
vitalba in Australia and New Zealand (Williams and West, 2000), resulting in huge costs
associated with eradication, e.g. over 34 bn US $ in the USA (Olson, 2006). Increasing
international trade in plants also introduces non-native pest and pathogen species (Henricot
and Gorton, 2005; Tubby and Webber, 2010). In the UK, the ornamental trade can account
for 90% of human-assisted introductions of plant pests (Smith et al., 2007) and 53% of new
plant pathogens have been recorded on ornamental plants, compared to only 15% on native
species (Jones and Baker, 2007).
The high diversity of plant species in gardens may also encourage invertebrate or
pathogen species to jump host. This is supported by evidence that plants uncommon in the
wild, but frequently cultivated, may be more susceptible to invertebrate herbivores in
17

gardens; for example, at least nine species of moth (Lepidoptera) larvae have been recorded
feeding on Potentilla fruticosa in a UK urban garden (Owen, 2010) but in the wild no moth
species had been recorded exploiting this plant (Thompson et al., 2003).
Climate change and associated impacts on the urban environment, e.g. heat islands,
seem to be encouraging species survival and migration. Some pests that normally require the
protected conditions of a glasshouse can now survive outdoors, while other pests may
become more prevalent. Icerya purchasi (cottony cushion scale) has been long known as an
occasional pest in UK glasshouses (Green, 1931), but it is now a problem on outdoor plants
(Watson and Malumphy, 2004). Heat island and allied abiotic stresses have also been linked
to a higher incidence of a pest species, such as clearwing moth, Podesia syringae, on
Fraxinus pennsylvatica; providing evidence that elevated urban temperatures can alter
species composition and pest abundance (Cregg and Dix, 2001).

12. Gardens, health and well-being
Gardening as a pastime is often seen as a form of ‘retreat’, but also relates to
ownership, identity and the ability to interact with nature (Clayton, 2007; Gross and Lane,
2007). Therefore, the gardens influence on an individual’s well-being may relate in part to
that individual’s attitude to gardening. The health (and allied social) benefits associated with
engagement with the green space are now well documented (e.g. Hartig et al., 2003; St Leger,
2003; van den Berg et al., 2010) and largely centring on the attention restoration theory
(ART) (Kaplan, 1995), or the psychophysiological stress recovery theory (PSRT) (Ulrich et
al., 1991). Cited benefits are wide ranging and include improvements in pain relief, blood
pressure, heart rate, less frequent illness, improved cognitive function (Hartig et al., 2003;
Tzoulas et al., 2007). In contrast, other studies suggest that generic links between health and
18

green infrastructure are weak (Lee and Maheswaran, 2011), or the response is dependent on
factors such as sample population studied (Ottosson and Grahn, 2005), the form, extent or
quality of the green infrastructure (Milligan and Bingley, 2007; Mitchell and Popham, 2007),
the nature of the ‘green’ activity undertaken (Barton and Pretty, 2010) or ancillary factors
such as ease of access, degree of motivation or perceptions of safety (Lee and Maheswaran,
2011).
Some studies on green infrastructure include domestic gardens / gardeners within the
experimental methodology employed, but many do not. Indeed, some that attempt to relate
health and proximity to green space, actually exclude the private garden, as the resolution of
the GIS systems employed fail to adequately account for them (Maas et al., 2008). So where
do gardens and gardening fit in terms of the generic relationship between green space and
health? Those studies that primarily focus on gardening (or activities that are directly
analogous) highlight the benefits such as reduced mortality, higher bone density, lower blood
pressure and cholesterol levels (Walsh et al., 2001; Milligan et al., 2004). Gardening can help
reduce the risk of the onset of dementia (Simons et al., 2006) and aid those suffering from it
(Lee and Kim, 2008). To maximize health benefits, Magnus et al. (1979) claim that
consistent, moderate exercise throughout the year is advantageous; hence regular ‘all season’
gardening should be encouraged. Regular physical activity can reduce risk of coronary heart
disease, ischemic stroke, Type 2 diabetes, hypertension, osteoporosis, anxiety, depression and
certain types of cancer (Park et al., 2009). Gardening is one of a number of pastimes that are
linked with encouraging greater physical activity, including sustaining long-term engagement
through opportunities for creativity, communication and self-expression (Blair et al., 1991).
The intensity of physical activity, however, will vary with type of gardening activity, age and
ability of participant (Dallosso et al., 1988).
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Despite the body of evidence supporting gardening as a healthy and restorative
pastime, it is not risk free. Over a 30 day period, Powell et al. (1998) suggested that 2.1
million USA citizens (1.1% of the population) could suffer injury in the domestic garden.
Gardening activities have been blamed for increased incidence of injury through misuse of
tools (especially lawn mowers, van Duijne et al., 2008), dermatitis (McMullen and
Gawkrodger, 2006), and certain pathogens (O'Connor et al., 2007). Although these negative
factors can be substantial, they appear to be out-weighed by the advantages cited in relation
to increased physical activity and perceived restorative effects.

13. Domestic gardens in a cultural context
Although community gardens, particularly city orchards or allotments have been
linked to improving social capital (Glover et al., 2005) and large ‘landscape’ or ‘heritage’
gardens are imbued with historical and cultural significance (e.g. Turner, 2011), the role of
the urban private garden is more ambiguous. The domestic garden can be seen as an
extension to the household (Alexander, 2002), and therefore a forum for family (and friends)
to interact and spend leisure time. Positive memories of childhood are often linked with the
family garden (Gross and Lane, 2007) and provide strong place attachment (Brook, 2003).
One of the possible causes for an increase in gardening within western societies in recent
years is that it may be seen as an anti-dote to anxieties and perceived risks associated with
changes in lifestyle, including the development of technology, globalization and wider
environmental degradation (Bhatti and Church, 2004). This relates back to the garden being a
place where an individual can exert control, where perhaps this ability has been lost in other
societal institutions and the political system. Domestic gardens at the interface between the
home and public space are also considered to be places of real ambiguity, with a range of
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conflicting paradoxes, e.g. between consumerism and environmentalism (Bhatti and Church,
2001; 2004; Longhurst, 2006). In contrast to community gardens, the design of some private
gardens may act intentionally as a barrier to the wider environment and society (Alexander,
2002). The tall, stone boundary walls and deep hedges placed at the perimeter of 18th Century
Victorian villa gardens (UK) are perhaps epitomising a highly class-conscious society.
The practical uses that a domestic garden is put to, may also strongly reflect culture or
historical context. During World War Two, increased numbers of domestic gardens in the UK
were used for food production, a trend that has repeated itself during subsequent periods of
economic austerity, when food prices have risen (Lang, 1999, Carney, 2011). Also recent
migrants from rural to urban environments may see the domestic garden primarily as a land
resource for providing food and not as an aesthetic feature per se (Head et al., 2004). Indeed,
Risbeth (2005) argues that attitudes to domestic gardens can be strongly cultural, with white,
middle class residents in the UK appreciating the privacy and security offered by a private
garden, whereas “Bengali and Afro-Caribbean participants play out their scenes in cafés,
kitchens, streets and parks – never their back gardens”. Although attitudes to gardens per se
may vary, an interesting juxtaposition is that one of the key elements within them, i.e.
flowers, have universal appeal and can be a unifying factor across cultures (Risbeth, 2005).

14. Gardens as therapeutic landscapes
Increasingly, the broad principles relating health and green space are being
acknowledged by policy makers e.g. World Health Organisation (Edwards and Tsouros,
2006) Greenspace Scotland (Croucher et al., 2007) and the Faculty of Public Health, UK
(Anon 2010b) but practitioners are this still left with the dilemma as to what sort of
landscapes and facilities should be provided? Do all green landscapes and activities hold
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similar health benefits? Part of the problem is that green space has often been ill-defined in
terms of specific components, scale or extent. Perhaps the infinite variability in natural
landscapes may explain some of the inconsistencies in the data linking green space to wellbeing. Essentially, there is an argument that not all forms of green space act in the same way
(Lee and Maheswaran, 2011), with corresponding implications for the role of domestic
gardens and their design (Ottosson and Grahn, 2005; Ivarsson and Hagerhall, 2008). Despite
conceptual models being developed to relate green infrastructure to health (e.g. Tzoulas et al.,
2007), these too are dependent on the details associated with each type of green space being
present to fully test the models, and help define relative benefits.
In terms of ‘attention restoration’ (stress relief) gardens are thought to facilitate some,
or all, of the components identified with the ART (Ivarsson and Hagerhall, 2008). They may
be particularly important in the prevention and recovery from illness, due to their general
accessibility within an urban matrix (providing the opportunity for exercise and engagement
with nature, quite literally, at many people’s ‘back door’). Surprisingly few studies though
have focused on the private domestic garden and gardeners (Gross and Lane, 2007). In
contrast, most reported studies relate to community gardens, or the value of gardens /
gardening for those with defined health-related problems (Milligan et al., 2004; Park et al.,
2009). In reality, the majority of those who garden may do it in relative isolation or in small
groups, and may not be consciously doing so from a health benefit perspective. Therefore
more research is required to categorize the benefits and drawbacks for the ‘average gardener’
and ideally, within the specific context of the domestic garden.
In their study on the restorative value of different landscapes, Ivarsson and Hagerhall
(2008) indicated that landscapes with a high level of natural features, rather than e.g. urban
elements, provided greatest restoration. Even within natural features hierarchy was evident
(Herzog et al., 2003). Flowers and water had a higher correlation with quality of life traits
22

than animals, trees, hills, natural aromas or sounds (Ogunseitan, 2005). Interestingly, Barton
and Pretty (2010) too found enhanced health benefits when ‘green exercise’ was performed
within sight of water. If certain natural features are more beneficial than others from a health
perspective, then those gardens that incorporate them may enhance the positive psychological
responses (Stigsdotter and Grahn, 2002). Even for individuals not suffering health problems,
design of garden may be important in offsetting stress associated with work, commuting,
family life etc., but this warrants further investigation. It is also true though, that health per se
may not be at the forefront of most gardeners objectives; aesthetic desires and functional
criteria will also determine garden design (Chen et al., 2009). Furthermore, domestic
gardeners usually have a large element of control over the design and management of
gardens, and this can be linked with other positive psychological experiences including selfesteem, feeling of achievement and fulfilment of talent and skill.

15. Conclusions
Domestic gardens are undoubtedly an important component in many people’s lives,
but attitudes towards them are not uniform. To some, they are an essential element of life
providing opportunity for engagement with nature, self-actualisation, creativity or well-being;
to others, they are at best a parking lot, or worse, represent an additional chore to an already
busy lifestyle.
The environmental benefits of gardens appear mixed. Domestic gardens help provide
improved thermal comfort to their residents, have potential to reduce domestic energy
consumption and minimize storm run-off. They also clearly provide much needed habitat for
wildlife within the urban environment, but management issues may result in gardens
contributing to greenhouse gas emissions rather than offsetting them. Their role in sustainable
23

use of resources may veer to the negative side of the equation (use of water, pesticides,
fertilizers, etc.); in some countries garden activities have been directly responsible for the
introduction of invasive species, with huge consequences for native biodiversity and the
economics associated with eradication measures. This report highlights a number of areas
where future research should be targeted, but such future studies need to embrace the fact that
domestic gardens, as with the wider green space, are variable, and the effects / influences of
contrasting garden styles need to be incorporated into any methodology.
Perhaps the gardens’ greatest benefit (to humans at least) is the potential to provide a
forum for exercise, and to facilitate respite from stress. As outlined, green spaces appear to
provide a range of benefits linked with health and well-being, but more specific information
is required about whether and where the domestic garden fits in with some of these broad
conclusions and to challenge some of the generic assumptions that all green spaces act in the
same way. This is important, as western society faces the challenges of a more sedentary
lifestyle, greater incidences of obesity and increasing occurrence of mental health problems.
If domestic gardens do indeed provide a fundamental role in promoting physical exercise and
well-being, then they are ideally placed to address these issues directly due to their relative
accessibility for much of the population. This has implications for the planning process, as
currently many new housing developments omit private gardens and prefer to incorporate
communal green areas, or only provide minimal private garden space. Conversely, there may
be little point in every house having a garden if their potential is not realised. Educational
processes may be required to encourage engagement, especially as society becomes
increasingly displaced from the natural world and food cultivation, but evidence is required
of the clear benefits before such activity could be undertaken.

24

Acknowledgements
We are grateful to the Plant for Life Initiative (sponsored by the European Union and
the Horticultural Trades Association, UK) and the Royal Horticultural Society UK for
supporting this study.

References

Akbari H, Kurn DM, Bretz SE, Hanford JW. 1997. Peak power and cooling energy savings of
shade trees. Energy and Buildings 25, 139-148.
Akbari H, Pomerantz M, Taha H. 2001. Cool surfaces and shade trees to reduce energy use
and improve air quality in urban areas. Solar Energy 70, 295-310.
Alanne K, Saari A. 2006. Distributed energy generation and sustainable development.
Renewable and Sustainable Energy Reviews 10, 539-558.
Alexander C. 2002. The garden as occasional domestic space. Signs 27, 857-871.
Alexander PD, Bragg NC, Meade R, Padelopoulos G, Watts O. 2008. Peat in horticulture and
conservation: the UK response to a changing world. Mires and Peat 3, 1-10.
Alexandri E, Jones P. 2008. Temperature decreases in an urban canyon due to green walls
and green roofs in diverse climates. Building and Environment 43, 480-493.
Alloway BJ. 2004. Contamination of soils in domestic gardens and allotments: a brief
overview. Land Contamination & Reclamation 12, 179-187.
Anon. 2009. Guidance on the permeable surfacing of front gardens. Department for
Communities and Local Government, London, UK. p 1-28.

25

Anon. 2010a. Monitoring of the horticultural use of peat and progress towards the UK
biodiversity Action Plan target. In: Department for Environment Farming and Rural
Affairs, London, UK. p 1-19.
Anon. 2010b. Great Outdoors: How our natural health service uses green space to improve
wellbeing - An action report. Faculty of Health, London, UK. p 1-18.
Azmeh S, Owen J, Sorensen K, Grewcock D, Gilbert F. 1998. Mimicry profiles are affected
by human-induced habitat changes. Proceedings of the Royal Society of London
Series B-Biological Sciences 265, 2285-2290.
Baker PJ, Harris S. 2007. Urban mammals: What does the future hold? An analysis of the
factors affecting patterns of use of residential gardens in Great Britain. Mammal
Review 37, 297-315.
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.
Bell JR, Traugott M, Sunderland KD, Skirvin DJ, Mead A, Kravar-Garde L, Reynolds K,
Fenlon JS, Symondson WOC. 2008. Beneficial links for the control of aphids: the
effects of compost applications on predators and prey. Journal of Applied Ecology 45,
1266-1273.
Bergerot B, Fontaine B, Renard M, Cadi A, Julliard R. 2010. Preferences for exotic flowers
do not promote urban life in butterflies. Landscape and Urban Planning 96, 98-107.
Bhatti M, Church A. 2001. Cultivating natures: Homes and gardens in late modernity.
Sociology-the Journal of the British Sociological Association 35, 365-383.
Bhatti M, Church A. 2004. Home, the culture of nature and meanings of gardens in late
modernity. Housing Studies 19, 37-51.

26

Bijoor NS, Czimczik CI, Pataki DE, Billings SA. 2008. Effects of temperature and
fertilization on nitrogen cycling and community composition of an urban lawn. Global
Change Biology 14, 2119-2131.
Blair D, Giesecke CC, Sherman S. 1991. A dietary, social and economic evaluation of the
Philadelphia Urban Gardening Project. Journal of Nutrition Education 23, 161-167.
Bolinder MA, Andren O, Katterer T, de Jong R, VandenBygaart AJ, Angers DA, Parent LE,
Gregorich EG. 2007. Soil carbon dynamics in Canadian Agricultural Ecoregions:
Quantifying climatic influence on soil biological activity. Agriculture Ecosystems &
Environment 122, 461-470.
Bowler DE, Buyung-Ali L, Knight TM, Pullin AS. 2010. Urban greening to cool towns and
cities: A systematic review of the empirical evidence. Landscape and Urban Planning
97, 147-155.
Brainard J, Lovett A, Bateman I. 2006. Sensitivity analysis in calculating the social value of
carbon sequestered in British grown Sitka spruce. Journal of Forest Economics 12,
201-228.
Brook I. 2003. Making Here Like There: Place Attachment, Displacement and the Urge to
Garden. Ethics, Place & Environment 6, 227-234.
Carney M. 2011. Compounding crises of economic recession and food insecurity: a
comparative study of three low-income communities in Santa Barbara County.
Agriculture and Human Values DOI 10.1007/s10460-011-9333-y, 1-17.
Chamberlain DE, Cannon AR, Toms MP, Leech DI, Hatchwell BJ, Gaston KJ. 2009. Avian
productivity in urban landscapes: a review and meta-analysis. Ibis 151, 1-18.
Chen B, Adimo OA, Bao Z. 2009. Assessment of aesthetic quality and multiple functions of
urban green space from the users' perspective. The case of Hangzhoo Flower Garden,
China. Landscape and Urban Planning 93, 76-82.
27

Cheng CY, Cheung KKS, Chu LM. 2010. Thermal performance of a vegetated cladding
system on facade walls. Building and Environment 45, 1779-1787.
Clayton S. 2007. Domesticated nature: Motivations for gardening and perceptions of
environmental impact. Journal of Environmental Psychology 27, 215-224.
Cregg BM, Dix ME. 2001. Tree moisture stress and insect damage in urban areas in relation
to heat island effects. Journal of Arboriculture 27, 8-17.
Croucher K, Myers L, Bretherton J. 2007. Transforming urban spaces. The links between
greenspace and health: A critical literature review. Greenspace Scotland Research
Report. p. 1-61.
Cussans J, Goulson D, Sanderson R, Goffe L, Darvill B, Osborne JL. 2010. Two beepollinated plant species show higher seed production when grown in gardens
compared to arable farmland. Plos One 5, e11753.
Dallosso HM, Morgan K, Bassey EJ, Ebrahim SB, Fentem PH, Arie TH. 1988. Levels of
customary physical activity among the old and the very old living at home. Journal of
Epidemiology and Community Health 42, 121-127.
Daniels GD, Kirkpatrick JB. 2006. Comparing the characteristics of front and back domestic
gardens in Hobart, Tasmania, Australia. Landscape and Urban Planning 78, 344-352.
Davies ZG, Fuller RA, Loram A, Irvine KN, Sims V, Gaston KJ. 2009. A national scale
inventory of resource provision for biodiversity within domestic gardens. Biological
Conservation 142, 761-771.
Davis AP, Shokouhian M, Sharma H, Minami C. 2001. Laboratory Study of Biological
Retention for Urban Stormwater Management. Water Environment Research 73, 5-14.
Davis BNK. 1978. Urbanisation and the diversity of insects. In: Mound LA, Waloff N,
editors. Diversity of Insect Faunas. Oxford: Blackwell. p 126-138.

28

de Groot RS, Wilson MA, Boumans RMJ. 2002. A typology for the classification, description
and valuation of ecosystem functions, goods and services. Ecological Economics 41,
393-408.
Dennis RLH, Hodgson JG, Grenyer R, Shreeve TG, Roy DB. 2004. Host plants and butterfly
biology. Do host-plant strategies drive butterfly status? Ecological Entomology 29,
12-26.
Dixon RK, Brown S, Houghton RA, Solomon AM, Trexler MC, Wisniewski J. 1994. Carbon
pools and flux of global forest ecosystems. Science 263, 185-191.
Domene E, Sauri D. 2006. Urbanisation and Water Consumption: Influencing Factors in the
Metropolitan Region of Barcelona. Urban Studies 43, 1605-1623.
Dunne T, Zhang W, Aubry BF. 1991. Effects of rainfall, vegetation, and microtopography on
infiltration and runoff. Water Resources Research 27, 2271-2285.
Edwards P, Tsouros A. 2006. The solid facts. Promoting physical activity and active living in
urban environments. Copenhagen, Denmark: World Health Organisation. p. 1-55.
Elton CS. 1966. The Pattern of Animal Communities. London: Methuen.
Euliss Jr NH, Gleason RA, Olness A, McDougal RL, Murkin HR, Robarts RD, Bourbonniere
RA, Warner BG. 2006. North American prairie wetlands are important nonforested
land-based carbon storage sites. Science of The Total Environment 361, 179-188.
Favoino E, Hogg D. 2008. The potential role of compost in reducing greenhouse gases.
Waste Management Research 26, 61-39.
Gaston KJ, Warren PH, Thompson K, Smith RM. 2005. Urban Domestic Gardens (IV): The
Extent of the Resource and its Associated Features. Biodiversity and Conservation 14,
3327-3349.

29

Gibbons S, Mourato S, Resende G. 2011. The amenity value of English nature: a hedonic
price approach. London, UK: Spatial Economics Research Centre (SERC), London
School of Economics and Political Sciences.
Gill SE, Handley JF, Ennos AR, Pauleit S. 2007. Adapting cities for climate change: the role
of green infrastructure. Built Environment 33, 115-133.
Glover TD, Parry DC, Shinew KJ. 2005. Building relationships, accessing resources:
mobilizing social capital in community garden contexts. Journal of Leisure Research
37, 450-474.
Gough CM, Fritz EA. 2009. Management and social indicators of soil carbon storage in a
residential ecosystem, Midlothian, VA. Virginia Journal of Science 60, 181-194.
Goulson D, Hanley M, Darvill B, Ellis J. 2006. Biotope associations and the decline of
bumblebees (Bombus spp.). Journal of Insect Conservation 10, 95-103.
Green EE. 1931. Observations on British Coccidae. XIII. Entomologist’s Monthly Magazine
67, 99-106.
Gregory RD, Baillie SR. 1998. Large-scale habitat use of some declining British birds.
Journal of Applied Ecology 35, 785-799.
Grey CNB, Nieuwenhuijsen MJ, Golding J, Team A. 2006. Use and storage of domestic
pesticides in the UK. Science of the Total Environment 368, 465-470.
Gross H, Lane N. 2007. Landscapes of the lifespan: Exploring accounts of own gardens and
gardening. Journal of Environmental Psychology 27, 225-241.
Hartig T, Evans GW, Jamner LD, David DS, Garling T. 2003. Tracking restoration in natural
and urban field settings. Journal of Environmental Psychology 23, 109-123.
Head L, Muir P, Hampel E. 2004. Australian backyard gardens and the journey of migration.
Geographical Review 94, 326-347.
Henricot B, Gorton C. 2005. Plant Pathogens on the move. Microbiology Today 32, 100.
30

Herzog TR, Maguire CP, Nebel MB. 2003. Assessing the restorative components of
environments. Journal of Environmental Psychology 23, 159-170.
Hope D, Gries C, Zhu W, Fagan WF, Redman CL, Grimm NB, Nelson AL, Martin C, Kinzig
A. 2003. Socioeconomics drive urban plant diversity. Proceedings of the National
Academy of Sciences USA 100, 8788-8792.
Howarth RW, Boyer EW, Pabich WJ, Galloway JN. 2002. Nitrogen use in the United States
from 1961–2000 and potential future trends. AMBIO 31, 88-96.
Huang L, Li J, Zhao D, Zhu J. 2008. A fieldwork study on the diurnal changes of urban
microclimate in four types of ground cover and urban heat island of Nanjing, China.
Building and Environment 43, 7-17.
Huang YJ, Akbari H, Taha AA. 1990. The wind shielding and shading effects of trees on
residential heating and cooling requirements; Proceedings of the Winter meeting of
the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc:
Atlanta, GA (USA). p. 22.
IPCC, 2007: Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II
and III to the Fourth Assessment Report of the Intergovernmental Panel on Climate
Change [Core Writing Team, Pachauri, R.K and Reisinger, A. (eds.)]. IPCC, Geneva,
Switzerland, 104 pp.
Ivarsson CT, Hagerhall CM. 2008. The perceived restorativeness of gardens - Assessing the
restorativeness of a mixed built and natural scene type. Urban Forestry & Urban
Greening 7, 107-118.
Jim CY, Chen WY. 2008. Assessing the ecosystem service of air pollutant removal by urban
trees in Guangzhou (China). Journal of Environmental Management 88, 665-676.
Jo H-K. 2002. Impacts of urban greenspace on offsetting carbon emissions for middle Korea.
Journal of Environmental Management 64, 115-126.
31

Jo H-K, McPherson EG. 1995. Carbon storage and flux in urban residential greenspace.
Journal of Environmental Management 45, 109-133.
Jones DR, Baker RHA. 2007. Introductions of non-native plant pathogens into Great Britain,
1970-2004. Plant Pathology 56, 891-910.
Kaplan S. 1995. The restorative benefits of nature - toward an integrative framework. Journal
of Environmental Psychology 15, 169-182.
Kleijn D, Berendse F, Smit R, Gilissen N. 2001. Agri-environment schemes do not
effectively protect biodiversity in Dutch agricultural landscapes. Nature 413, 723-725.
Knowles RL. 2003. The solar envelope: its meaning for energy and buildings. Energy and
Buildings 35, 15-25.
Kull CA, Tassin J, Rambeloarisoa G, Sarrailh J-M. 2007. Invasive Australian acacias on
western Indian Ocean islands: a historical and ecological perspective. African Journal
of Ecology 46, 684–689.
Lang T. 1999. The complexities of globalization: The UK as a case study of tensions within
the food system and the challenge to food policy. Agriculture and Human Values 16,
169-185.
Lee ACK, Maheswaran R. 2011. The health benefits of urban green spaces: a review of the
evidence. Journal of Public Health 33, 212-222.
Lee Y, Kim S. 2008. Effects of indoor gardening on sleep, agitation, and cognition in
dementia patients—a pilot study. International Journal of Geriatric Psychiatry 23,
485-489.
Lillywhite RD, Rahn CR. 2008. True cost of using fertilizers on the land. Horticulture
week(17 April), 37-38.
Liu Y, Harris DJ. 2008. Effects of shelterbelt trees on reducing heating-energy consumption
of office buildings in Scotland. Applied Energy 85, 115-127.
32

Livesley S, Dougherty B, Smith A, Navaud D, Wylie L, Arndt S. 2010. Soil-atmosphere
exchange of carbon dioxide, methane and nitrous oxide in urban garden systems:
impact of irrigation, fertiliser and mulch. Urban Ecosystems 13, 273-293.
Longhurst R. 2006. Plots, plants and paradoxes: contemporary domestic gardens in Aotearoa
New-Zealand. Social & Cultural Geography 7, 581-593.
Loram A, Tratalos J, Warren PH, Gaston KJ. 2007. Urban domestic gardens (X): the extent &
structure of the resource in five major cities. Landscape Ecology 22, 601-615.
Loram A, Warren PH, Gaston KJ. 2008. Urban Domestic Gardens (XIV): The Characteristics
of Gardens in Five Cities Environmental Management 42, 361-376.
Luck G, Smallbone L, O’Brien R. 2009. Socio-Economics and Vegetation Change in Urban
Ecosystems: Patterns in Space and Time. Ecosystems 12, 604-620.
MA (Millennium Ecosystem Assessment). 2003. Ecosystems and human well-being: a
framework for assessment. Washington, DC: Island Press.
Maas J, Verheij RA, Spreeuwenberg P, Groenewegen PP. 2008. Physical activity as a
possible mechanism behind the relationship between green space and health: A
multilevel analysis. BMC Public Health 8, 206.
Magnus K, Matroos A, Strackee J. 1979. Walking, cycling, or gardening, with or without
seasonal interruption, in relation to coronary events. American Journal of
Epidemiology 110, 724-733.
Mathieu R, Freeman C, Aryal J. 2007. Mapping private gardens in urban areas using objectoriented techniques and very high-resolution satellite imagery. Landscape and Urban
Planning 81, 179-192
Matteson KC, Langellotto GA. 2010. Determinates of inner city butterfly and bee species
richness. Urban Ecosystems 13, 333-347.

33

McMullen E, Gawkrodger DJ. 2006. Physical friction is under-recognized as an irritant that
can cause or contribute to contact dermatitis. British Journal of Dermatology 154,
154-156.
McPherson EG, Herrington LP, Heisler GM. 1988. Impacts of vegetation on residential
heating and cooling. Energy and Buildings 12, 41-51.
McPherson EG, Simpson JR, Livingston M. 1989. Effects of 3 landscape treatments on
residential energy and water-use in Tucson, Arizona. Energy and Buildings 13, 127138.
Meehl GA, Tebaldi C. 2004. More intense, more frequent, and longer lasting heat waves in
the 21st century. Science 305, 994-997.
Milligan C, Bingley A. 2007. Restorative places or scary spaces? The impact of woodland on
the mental well-being of young adults. Health & Place 13, 799-811.
Milligan C, Gatrell A, Bingley A. 2004. 'Cultivating health': therapeutic landscapes and older
people in northern England. Social Science & Medicine 58, 1781-1793.
Mitchell R, Popham F. 2007. Greenspace, urbanity and health: relationships in England.
Journal of Epidemiology and Community Health 61, 681-683.
Morris J, Bagby J. 2008. Measuring environmental value for natural lawn and garden care
practices. International Journal of Life Cycle Assessment 13, 226-234.
Niinemets U, Peñuelas J. 2008. Gardening and urban landscaping: Significant players in
global change. Trends in Plant Science 13, 60-65.
Nowak DJ, Crane DE. 2002. Carbon storage and sequestration by urban trees in the USA.
Environmental Pollution 116, 381-389.
Nowak DJ, Crane DE, Stevens JC. 2006. Air pollution removal by urban trees and shrubs in
the United States. Urban Forestry and Urban Greening 4, 115-123.

34

Nowak DJ, Stevens JC, Sisinni SM, Luley CJ. 2002. Effects of urban tree management and
species selection on atmospheric carbon dioxide. Journal of Arboriculture 28, 113122.
O'Connor BA, Carman J, Eckert K, Tucker G, Givney R, Cameron S. 2007. Does using
potting mix make you sick? Results from a Legionella longbeachae case-control
study in South Australia. Epidemiology and Infection 135, 34-39.
Ogunseitan OA. 2005. Topophilia and the quality of life. Environmental Health Perspectives
113, 143-148.
Olson LJ. 2006. The Economics of Terrestrial Invasive Species: A Review of the Literature.
Agricultural and Resource Economics Review 35, 178-194.
Ottosson J, Grahn P. 2005. A comparison of leisure time spent in a garden with leisure time
spent indoors: On measures of restoration in residents in geriatric care. Landscape
Research 30, 23-55.
Overmyer JP, Noblet R, Armbrust KL. 2005. Impacts of lawn-care pesticides on aquatic
ecosystems in relation to property value. Environmental Pollution 137, 263-272.
Owen J. 2010. Wildlife of a Garden: A Thirty-Year Study. London: Royal Horticultural
Society.
Park S-A, Shoemaker CA, Haub MD. 2009. Physical and Psychological Health Conditions of
Older Adults Classified as Gardeners or Nongardeners. HortScience 44, 206–210.
Pataki DE, Carreiro MM, Cherrier J, Grulke NE, Jennings V, Pincetl S, Pouyat RV, Whitlow
TH, Zipperer WC. 2011. Coupling biogeochemical cycles in urban environments:
ecosystem services, green solutions, and misconceptions. Frontiers in Ecology and the
Environment 9, 27-36.
Pauleit S, Duhme F. 2000. Assessing the environmental performance of land cover types for
urban planning. Landscape and Urban Planning 52, 1-20.
35

Peñuelas J, Staudt M. 2010. BVOCs and global change. Trends in Plant Science 15, 133-144.
Perry T, Nawaz R. 2008. An investigation into the extent and impacts of hard surfacing of
domestic gardens in an area of Leeds, United Kingdom. Landscape and Urban
Planning 86, 1-13.
Pouyat R, Groffman P, Yesilonis I, Hernandez L. 2002. Soil carbon pools and fluxes in urban
ecosystems. Environmental Pollution 116, S107-S118.
Powell KE, Heath GW, Kresnow M-J, Sacks JJ, Branche CM. 1998. Injury rates from
walking, gardening, weightlifting, outdoor bicycling, and aerobics. Medicine &
Science in Sports & Exercise 30, 1246-1249.
Qian YL, Follett RF. 2002. Assessing soil carbon sequestration in turfgrass systems using
long-term soil testing data. Agronomy Journal 94, 930-935.
Reichard SH, White P. 2001. Horticulture as a pathway of invasive plant introductions in the
United States. BioScience 51, 103-113.
Reid SB, Pollard E, Sullivan DC, Shaw SL. 2010. Improvements to lawn and garden
equipment emissions estimates for Baltimore, Maryland. Journal of the Air & Waste
Management Association 60, 1452-1462.
Risbeth C. 2005. Gardens of ethnicity. In: Kingsbury N, Richardson T, editors. Vista: The
culture and politics of gardens. London: Frances Lincoln. p 191.
Robbins P, Polderman A, Birkenholtz T. 2001. Lawns and toxins - An ecology of the city.
Cities 18, 369-380.
Sailor DJ. 2008. A green roof model for building energy simulation programs. Energy and
Buildings 40, 1466–1478.
Santamouris M, Pavlou C, Doukas P, Mihalakakou G, Synnefa A, Hatzibiros A, Patargias P.
2007. Investigating and analysing the energy and environmental performance of an

36

experimental green roof system installed in a nursery school building in Athens,
Greece. Energy 32, 1781-1788.
Schlosser WE, Bassman JH, Wandschneider PR, Everett RL. 2003. A carbon balance
assessment for containerized Larix gmelinii seedlings in the Russian Far East. Forest
Ecology and Management 173, 335-351.
Schuman GE, Janzen HH, Herrick JE. 2002. Soil carbon dynamics and potential carbon
sequestration by rangelands. Environmental Pollution 116(3), 391-396.
Simons LA, Simons J, McCallum J, Friedlander Y. 2006. Lifestyle factors and risk of
dementia: Dubbo Study of the elderly. MJA 184, 3.
Simpson JR. 2002. Improved estimates of tree-shade effects on residential energy use.
Energy and Buildings 34, 1067-1076.
Smith C. 2010. London: Garden city? London: London Wildlife Trust, Greenspace
Information for Greater London, Greater London Authority. 12 p.
Smith C, Clayden A, Dunnett N. 2009. An exploration of the effect of housing unit density on
aspects of residential landscape sustainability in England. Journal of Urban Design
14, 163–187.
Smith RM, Baker RHA, Malumphy CP, Hockland S, Hammon RP, Ostojá-Starzewski JC,
Collins DW. 2007. Recent non-native invertebrate plant pest establishments in Great
Britain: origins, pathways, and trends. Agricultural and Forest Entomology 9, 307326.
Smith RM, Gaston KJ, Warren PH, Thompson K. 2005. Urban domestic gardens (V):
relationships between landcover composition, housing and landscape. Landscape
Ecology 20, 235-253.

37

Smith RM, Gaston KJ, Warren PH, Thompson K. 2006a. Urban domestic gardens (VIII):
environmental correlates of invertebrate abundance. Biodiversity and Conservation
15, 2515-2545.
Smith RM, Thompson K, Hodgson JG, Warren PH, Gaston KJ. 2006b. Urban domestic
gardens (IX): Composition and richness of the vascular plant flora, and implications
for native biodiversity. Biological Conservation 129, 312-322.
Sperling CD, Lortie CJ. 2010. The importance of urban backgardens on plant and
invertebrate recruitment: a field microcosm experiment. Urban Ecosystems 13, 223235.
St Leger L. 2003. Health and nature – new challenges for health promotion. Health
Promotion International 18, 173-175.
Stewart ID. 2011. A systematic review and scientific critique of methodology in modern
urban heat island literature. International Journal of Climatology 31, 200-217.
Stigsdotter UA, Grahn P. 2002. What Makes a Garden a Healing Garden? Journal of
Therapeutic Horticulture 13, 60-69.
Strutt J, Wilson S, Shorney-Darby H, Shaw A, Byers A. 2008. Assessing the carbon footprint
of water production. American Water Works Association Journal 100, 80-91.
Syme GJ, Shao QX, Po M, Campbell E. 2004. Predicting and understanding home garden
water use. Landscape and Urban Planning 68, 121-128.
Takebayashi H, Moriyama M. 2007. Surface heat budget on green roof and high reflection
roof for mitigation of urban heat island. Building and Environment 42, 2971-2979.
Thompson K. 2007. No nettles required. The reassuring truth about wildlife gardening.
London: Transworld.

38

Thompson K, Austin KC, Smith RM, Warren PH, Angold PG, Gaston KJ. 2003. Urban
domestic gardens (I): Putting small-scale plant diversity in context. Journal of
Vegetation Science 14, 71-78.
Thuille A, Buchmann N, Schulze E-D. 2000. Carbon stocks and soil respiration rates during
deforestation, grassland use and subsequent Norway spruce afforestation in the
Southern Alps, Italy. Tree Physiology 20, 849-857.
Tratalos J, Fuller RA, Warren PH, Davies RG, Gaston KJ. 2007. Urban form, biodiversity
potential and ecosystem services. Landscape and Urban Planning 83, 308-317.
Trudgill S, Jeffery A, Parker J. 2010. Climate change and the resilience of the domestic lawn.
Applied Geography 30, 177-190.
Tubby K, Webber J. 2010. Pest and diseases threatening urban trees under a changing
climate. Forestry 83, 451-459.
Turner T. 2011. European Gardens: History, Philosophy and Design. Abingdon, UK:
Routledge. 416 p.
Tzoulas K, Korpela K, Venn S, Yli-Pelkonen V, Kazmierczak A, Niemela J, James P. 2007.
Promoting ecosystem and human health in urban areas using Green Infrastructure: A
literature review. Landscape and Urban Planning 81, 167-178.
Ulrich RS, Simons RF, Losito BD, Fiorito E, Miles MA, Zelson M. 1991. Stress recovery
during exposure to natural and urban environments. Journal of Environmental
Psychology 11, 201-230.
van den Berg AE, Maas J, Verheij RA, Groenewegen PP. 2010. Green space as a buffer
between stressful life events and health. Social Science and Medicine 70, 1203-1210.
van Duijne FH, Kanis H, Hale AR, Green BS. 2008. Risk perception in the usage of
electrically powered gardening tools. Safety Science 46, 104-118.

39

Vickery ML. 1995. Gardens: the neglected habitat. In: Pullin AS, editor. Ecology and
Conservation of Butterflies London: Chapman and Hall. p 123-134.
Volckens J, Olson DA, Hays MD. 2008. Carbonaceous species emitted from handheld twostroke engines. Atmospheric Environment 42, 1239-1248.
Walsh JME, Rogo-Pressman A, Cauley JA, Browner WS. 2001. Predictors of physical
activity in community-dwelling elderly white women. Journal of General Internal
Medicine 16, 721-727.
Watson GW, Malumphy CP. 2004. Icerya purchasi Maskell, cottony cushion scale
(Hemiptera: Margarodidae), causing damage to ornamental plants growing outdoors
in London. British Journal of Entomology and Natural History 17, 105-109.
Whitford V, Ennos AR, Handley JF. 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.
Williams JA, West CJ. 2000. Environmental weeds in Australia and New Zealand: issues and
approaches to management. Australian Ecology 25, 425–444
Xiao Q, McPherson EG. 2002. Rainfall interception by Santa Monica's municipal urban
forest. Urban Ecosystems 6, 291-302.
Yang J, McBride J, Zhou J, Sun Z. 2005. The urban forest in Beijing and its role in air
pollution reduction. Urban Forestry and Urban Greening 3, 65-78.
Zirkle G, Lal R, Augustin B. 2011. Modelling carbon sequestration in home lawns.
HortScience 46, 808-814.

40

Figure 1. Typical carbon levels (g x 106 ha-1) stored in soils (upper 100mm only) and
vegetation. Garden vegetation types compared to forest vegetation, including less densely
planted urban forests.

Data derived from Jo and McPherson, 1995; Thuille et al., 2000; Schuman et al., 2002;
Nowak and Crane, 2002; Euliss et al., 2006; Gough and Fritz, 2009.
NOTE:
1. Soil data shown is normalized for upper 10 cm of soil profile only, to facilitate comparisons.
Total soil carbon storage, however, will be considerably greater in soils that have deeper
organic profiles. For example, deeper root zones associated with prairie or meadow
vegetation may increase soil organic matter by 3-4 fold over domestic lawns.
2. Values depicted are examples to provide relative scales only. In situ values vary considerably
based on soil type, temperature, precipitation and density of vegetation.
3. ‘Urban Forest proportional’ relates to a scenario where the discrete, separate sections of urban
forestry join and provide continuous cover across the urban matrix (Nowak and Crane, 2002).
Carbon sequestration would be greater than conventional non-thinned forests because:
a. Planting densities are less thus allowing individual trees to access more light /
atmospheric CO2.
b. Average tree size is larger resulting in greater carbon storage within individual trees.
c. There are greater localized concentrations of CO2 in urban environments due to
anthropogenic factors.
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