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Abstract: In the context of urban land-use growth and the consequent impacts on the environment,
green spaces provide ecosystem services for human health. The ecosystem services concept synthe-
sises human–environmental interactions through a series of combined components of biodiversity
and abiotic elements, linking ecological processes and functions. The concept of green infrastructure
(GI) in the urban context emphasises the quality and quantity of urban and peri-urban green spaces
and natural areas. In dense urban contexts, the applications of GI are limited and not applied to the
potential urban spaces such as roofs and gardens. Often, roofs are characterised by impermeable
paved surfaces with negative effects on human well-being, whereas garden designs do not consider
social needs and environmental interactions. The role of urban stressors or the urban context as a
driving force or pressure of urban green space is not always well understood and employed in the
planning of green spaces. This is partly due to a knowledge gap between different science disciplines
that operate on different scales, from single processes of the plants (which focus on plant responses
to environmental stresses affecting human well-being) to urban ecosystems (which focus on the
biodiversity and urban space planning–human well-being relationship). This can create a paradox,
as green spaces that are not adequately designed might not produce the expected effects. In this
paper, an overview of benefits and limitations of applying the ecosystem services approach when
designing green spaces is presented. The focus is on the main urban ecosystem services provided by
green roofs and community gardens such as GI that can represent strategies to provide ecological
and social multifunctionality to waterproofed surfaces connected to the buildings and low-exploited
gardens being the main areas that affect dense urban settlements, and thus, increasing the ecosystem
services in the urban environment, such as reducing the Urban Heat Island, as well as flooding
events. Specifically, the paper highlights (i) feedback between ecological processes and functions that
support ecosystem services, (ii) urban environmental stresses in relation to disservices that these can
create for human well-being and (iii) key issues that should be considered in the planning and design
of urban ecosystem services. Such a new vision of urban ecosystem services highlights the need to
look at GI as an active part of the urban space design in the built environment.

Keywords: urban green roofs; community gardens; ecosystem services and disservices; transdisci-
plinary approach; multifunctional land use

1. Introduction

Urban land use is the main cause of environmental impacts at both local and global
scales [1]. Even though it represents only 2% of global land use, about half of the world’s
population lives in urban areas and most of the industrial activities are located here [1,2]. In
2019, the urban population in the European Union was already 75% of the total population,
while the ratio in North America was 80% and in Asia it was about 40% [3]. The number
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of cities with at least one million inhabitants will be almost duplicated until 2030: in 2000,
the amount was 371 and it is predicted to rise to 706 in 2030 [4]. Approximately 90% of
urban growth happens in developing countries, and Asia will have more than 60% of the
urban population of the world by 2050. Additionally, the number of megacities (with over
10 million inhabitants) will grow, especially in Asia and Africa [5].

The use of green infrastructure (GI) is mainly based on the conditions that the city
is experiencing: the size of the city, how fast it is growing, the economic situation and
opportunities to support the green approach in urban renewal. In an ideal situation, GI
has two different components, hubs and links, where the hubs are based on different
kinds of green areas (for example public spaces, parks, forests etc.) and the links are
the interconnections between the areas facilitating the flow of ecosystems, working as
green corridors [6,7]. Another aspect is what kind of role urban GI has in urban planning;
many rapidly growing cities are already lacking sufficient green spaces and infrastructure.
Oijstaeijen et al. [8] claimed that the main reasons for not adapting urban GI in planning
relate to a lack of knowledge regarding its costs, benefits and impacts [9].

One option to manage the lack of GI has been the launching of different systems
to support a sufficient number of green areas, namely the Green Space Factor (GSF) or
Biotope Area Factor (BAF) [10] or Green Index monitoring inspired by different models and
organisations, such as the World Health Organisation (WHO) [11,12]. The development of
green area factors started in the city of Berlin in 1984; since then, several greater cities have
been adapting different models developed to meet their local needs.

Urban land-use may produce adverse effects on the land energy budgets and bio-
geochemical cycles. This is due to the capacity of the city to be a sink of carbon and
nitrogen and to simultaneously increase their concentrations [13–15]. Activities carried
out in urban areas emit carbon dioxide (CO2), which is responsible for global climate
change [16]. Furthermore, pollution has negative effects on human health at the local
scale. Epidemiological studies have shown that increased concentrations of ozone (O3) and
particulate matter (PM) levels are associated with an increase in mortality due to respiratory
and cardiovascular diseases [17,18]. Urbanisation, with the constructions of buildings,
roads, squares, waste treatment etc., thus represents an important driving function of the
weather and climate conditions [1,19]. Urban areas usually experience increased air and
surface temperatures with respect to the surrounding rural area known as the Urban Heat
Island (UHI) phenomenon [20,21]. The UHI increases with the growth of urban areas and
industrialisation [22] as a direct consequence of structural and land cover changes from
free space (natural or agricultural land) to the high density of urban structures, such as
buildings, roads, paved squares etc. This is due to the increased heat-absorbing surface,
the increase in heat production from anthropogenic sources, the stagnation of air, pollu-
tants and heat and the reduction of vegetation evapotranspiration [17,23,24]. The main
negative consequences of UHI include human discomfort and health, increased energy
consumption during the summertime and impaired air and water quality [17,25–29]. The
UHI also affects air quality because of the increasing energy consumption with elevated
gas emissions. Moreover, high temperatures facilitate the formation of tropospheric O3,
a harmful pollutant generated as nitrogen oxides react with volatile organic compounds
(VOCs) during the daytime [30,31]. Finally, the growth of impervious surfaces, combined
with an increase in the frequency and intensity of precipitation events, makes urban areas
more vulnerable to flooding [32–36].

It is expected that the urban population will reach 70% of the total human population
by 2050 [4]; therefore, this will produce an increase in urban areas with a potential increase
in the demand for natural resources [37], particularly energy and water, with negative
effects on human health [38]. It is, thus, necessary to develop models, strategies and
policies of urbanisation that are able to increase the quality of human life in urban areas
and mitigate the impact at both a local and global scale [23,39,40].
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Scope of the Paper

Urban green spaces are widely recognised to mitigate the land use impact of urban-
isation [41,42] and represent “publicly owned and accessible open spaces within urban
and peri-urban areas that are wholly or partly covered by considerable amounts of veg-
etation” [43,44]. They include forests, road trees, trees in parks, gardens and nature
conservation areas [45]. Parks, public gardens, road trees etc. are intrinsic elements in
urban planning as there are specific indications in urban plans that regulate the relationship
between green and built spaces [45]. The concept of ecosystem services synthesises human–
environmental interactions that link biophysical structures and ecological functions with
goods and services that are useful to humans [37,46,47] (Figure 1). The next aim is stim-
ulating the creation of green spaces that are functional to the development of ecosystem
services within the areas that are often designed in a monofunctional way, such as built
spaces or grey infrastructures. For this purpose, it is important to understand the ecological
functions that can be developed considering the integration of natural-based solutions
in built environments or grey infrastructures, and the relative benefits or disservices that
may derive from them, considering the interaction of the vegetation and context and their
purpose.

Figure 1. Schematic illustration of the concept of ecosystem services (inspired by de Groot et al. [46,47]), representing
benefits and values for human well-being, deriving from plants and/or biophysical structures and functions implemented
in green spaces.

In this context, the scope of this paper is to provide an overview of the benefits and
limitations of applying an ecosystem services approach in designing GI, focusing on green
roofs and community gardens. Many roofs are characterised by impermeable surfaces that
have a direct effect on UHI, due to their vulnerability to flooding and energy consumption,
and indirect effects on emission gases. The gardens of private and public spaces, such as
closed gardens with ornamental vegetation, are often planned without considering the
direct interaction between vegetation species, environmental matrix and social activities
and needs. This produces a poor efficiency in the use of urban space [26–32]. Therefore,
the integration of solutions with roofs and gardens can create GI which can represent
strategies to provide ecological and social multifunctionality to waterproofed surfaces
connected to the buildings and low-exploited gardens being the main areas that affect
dense urban settlements. Therefore, stimulating an inclusive design of ecosystem services
can help to increase the well-being of the population and reduce the negative impacts of
urbanisation [17,38].

Moreover, the role of urban stressors or the urban context as a driving force of urban
GI is not always well understood and employed in the planning of green spaces. This
is partly due to a knowledge gap between different science disciplines that operate on
different scales, from single processes of the plants (which focus on plant responses to
environmental stresses affecting human well-being) to urban ecosystems (which focus
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on the biodiversity and urban space planning–human well-being relationship). This can
create a paradox, as green spaces that are not adequately designed might not produce the
expected effects.

The design of green spaces to increase ecosystem services needs to adapt different
scientific disciplines at different ecological and urban scales, such as single plant interac-
tions with the surrounding environmental matrix, or the relationship of the vegetation
with the municipality (macro-scale), neighbourhood (meso-scale) and individual buildings
(micro-scale) [40,45,48]. Therefore, the green space has to be planned crossing various
disciplines at a different survey scale to reduce the gap in the knowledge of single sectors
or expertise.

Such an approach is based on a new transdisciplinary vision of urban ecosystem
services that is not limited to the simple introduction of vegetation in urban areas but
makes vegetation an active part of the urban space design, focusing on its effect on human
well-being. Therefore, the intent here is to also provide a vision of the potential interactions
between abiotic and biotic components that can affect individual plants in the urban
context, as that can influence the ability of the vegetation to support the ecosystem services
at different scales.

2. Materials and Methods

Following the illustration in Figure 1, a review has been carried out to identify the
main ecosystem services supported by urban green spaces with a focus on green roofs
and urban community gardens. The aim is to show a link between ecological functions,
ecosystem services and benefits for human health. This can be useful in the ecological
urban planning of green spaces, such as mitigation actions focused on introducing specific
human benefits to reduce urban land use impacts.

The review was performed following the procedure suggested by Moher et al. [49].
Specifically, the initial identification was done by searching for articles using the Scopus,
Web of Science and Science Direct platforms in addition to the articles known to the authors.
The search was carried out in early 2020. The keywords searched were green infrastructure,
ecosystem services, urban ecosystem services, green spaces, green roofs, urban garden,
urban agriculture and community gardens. Moreover, to consider issues related to the
connection between human health and not well-planned vegetation in urban areas, other
keywords were used, such as environmental stressors, ecosystem disservices, vegetation
stressors, abiotic stressors and secondary metabolites. Only papers written in the English
language were considered. The screening of the outputs was manually performed to first
remove duplicates, and then by checking the abstract, methodology and conclusions; only
those fitting the topic of the paper were selected as eligible.

The analysis is presented in Section 3 (Results). First, a synthesis of the ecosystem
services by urban green spaces is provided (Section 3.1), with a focus on green roofs
(Section 3.2) and community gardens (Section 3.3). Ecosystem disservices related to the
unsuitable use of vegetation are discussed in Section 3.4, providing examples related
to pollution and to vegetation responses to environmental stressors. The Economics of
Ecosystem and Biodiversity (TEEB) classification has been used to classify the services
and is based on four categories: from 1 to 6 provisioning services; from 7 to 15 biological
services; from 16 to 17 habitat services; and from 18 to 22 cultural and amenity services [46].
The final discussion is presented in Section 4, first focusing on the current use of green
technologies in industrial areas with perspectives for an increasing use, and then providing
planners with a framework tailored to the ecological planning of GI. Conclusions are given
in Section 5.

3. Results
3.1. Ecosystem Services Provided by Urban Green Spaces

Table 1 summarises the main ecosystem services and related human benefits provided
by urban green spaces. Specifically, urban green spaces reduce the heat-absorbing surface,
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increase solar protection, enhance cooling by shading and evapotranspiration (which help
to mitigate the microclimate in the urban area), represent a sink for pollution, mask noise,
filter out environmental pollutants by improving air quality and increase natural water
retention [23,36,50–53]. Therefore, ecosystem services directly linked with urban green
spaces are air filtration (gas regulation; carbon sequestration), micro-climate regulation,
rainwater drainage (water regulation or stormwater management) and sewage treatment
(waste treatment), the mitigation of disturbance regimes, with the increase of species
diversity and composition, and cultural and educational values [9,54–56].

Urban green spaces also decrease stress to visitors, increase property values and make
urban areas more attractive [31]. The interactions of people with green spaces promote
psychological wellness, improve mood and attention and reduce stress and anxiety [57–59].
Other services such as food production and erosion control could have lesser value in the
urban context, but may be considered relevant in metropolitan or regional areas [55,60–62].

Positive effects of green space on the direct and indirect production of ecosystem
services are still not well acknowledged [47] and new perspectives can be opened by the
implementation of new technologies. For instance, dendrochemistry is a consolidated
tool for detecting the release of contaminants from human activities over time and is
applicable to tree sprawl that has been present for many years in the urban context, for
example [89]. Consequently, the urban ecosystem characterised by trees can offer important
spatial-temporal information that is classifiable as services and benefits (not included in
the TEEB classification) that can be incorporated into urban planning processes [89–91].

Table 1. Example of the main ecosystem services provided by green spaces in urban areas considering the TEEB classification
(from 1 to 6 provisioning services; from 7 to 15 biological services; from 16 to 17 habitat services; and from 18 to 22 cultural
and amenity services), with selected references useful for a further reading. The table was structured following the ecosystem
services classification and the link between ecological processes and benefits developed by de Groot et al. [46,63].

Ecological Processes Ecosystem Services Benefits Selected
References

Energy flow from solar
radiation into edible
plants and animals

1—Food Fruits
Small scale subsistence [58,61,64–67]

Influences on material and
energy flow of the

ecosystem in
biogeochemical cycles
(CO2, ozone layer etc.)

7—Air quality regulation Reduction of the respiratory and
cardiovascular illnesses and allergies

[9,17,18,31,44,58,
67–75]

Evapotranspiration 8—Climate regulation
Increase of shade and thermal comfort

Reduction of heat-related illnesses
Reduction of greenhouse gas emissions

[9,17,31,44,58,65,
67,70,72–82]Increase of surface albedo

Flood prevention
11—Water treatment

Reduction of disturbance events
Increasing run-off volumes

Discharge rates

[9,17,36,44,58,65,
67,70,83,84]

9—Moderation of disturbance
events

Filtering, retention and
storage water 10—Water regulation

Accumulation of organic
matter

12—Erosion prevention
13—Maintenance of soil

fertility
Maintenance of soil productivity [44,58,65,75]

Living space suitable for
wild plants and animals’
growth and reproduction

14—Pollination
15—Biological control

16—Maintenance of life cycles
of migratory species

17—Maintenance of genetic
diversity

Support biodiversity and genetic diversity [9,44,58,61,65–
67,73]



Land 2021, 10, 105 6 of 25

Table 1. Cont.

Ecological Processes Ecosystem Services Benefits Selected
References

Attractive landscape
elements 18—Aesthetic information Promotion of green lifestyles

Increase of community engagement
Provision of recreational green spaces

Reduction of anxiety
Positive effect on behaviour

Attentional restoration
Reduction of mental fatigue

Improvement in cognitive functions, and
ability to perform tasks
Aesthetic appreciation
Increased inspiration

Increased recreational activities
Improve the quality of physical function

and/or health

[17,44,55,57,58,65–
67,73,85–88]

Diversity in the
recreational use of the

urban space

19—Opportunities for
recreation and tourism

Diversity in the values of
cultural and artistic

natural elements

20—Inspiration for culture,
art, and design

Diversity in the values of
the spiritual and historic

natural elements
21—Spiritual experience

Diversity in the values of
nature with scientific and
educational implications

22—Information for cognitive
development

However, the provision of ecosystem services in public urban spaces is not sufficient to
guarantee the quality of human life in growing cities. Private actions in private space need
to take social responsibility; for example, by developing urban elements integrating func-
tional biodiversity that is able to support ecosystem services to reduce the environmental
impacts and increase human well-being [2,56,92,93]. It is important to apply multifunc-
tional land use actions to guarantee the simultaneous use of space for human activities
such as housing, and ecosystem services production such as stormwater retention, energy
conversion and habitat creation, involving both the public and private sectors [94].

Private actions are, among others, related to green roofs development and agricultural
urban community gardens, as discussed in the following subsections (Sections 3.2 and 3.3).

3.2. Green Roofs

Green roofs represent a strategy to transform the sealed and solar radiation heat
surfaces of a rooftop into multifunctional ecological spaces [94]. In general, a green roof
consists of vegetation, growth medium (substrate) and many other layers (drainage layer,
waterproofing membrane etc.) to prevent negative effects of the interaction between
vegetation and building structures and the healthiness of the building [95,96]. Considering
the thickness of the substrate and the type of vegetation that it can sustain, green roofs are
classified as follows [96]:

• “Extensive green roof” with a substrate thickness lower than 15 cm and a weight
of up to 100 kg/m2. It can be “single-course extensive”, with a thickness of 10 cm
and characterised mainly by grass vegetation, or “multi-course extensive”, with a
thickness of 15 cm and characterised by a mix of grass and shrubs;

• “Intensive green roof”, with a thickness larger than 15 cm and an average weight of
up to 1000 kg/m2. It can be distinguished into “semi-intensive”, with a thickness from
20 cm to 30 cm, and “intensive”, with a thickness larger than 30 cm.

The first type can support grass and shrubs, whereas the second can support shrubs
and low trees [94,97–99].

Green roofs are natural-based solutions used in public and private buildings to in-
crease ecosystem services with positive effects on energy consumption, urban heat island
impacts and greenhouse gas generation in urban areas [56,100]. Table 2 summarises the
main ecosystem services and the related human benefits they provide.

The intensive green roof can produce more ecosystem services and better sustain
human health in the city with respect to extensive ones, emphasising the use of public
spaces and raising aesthetic expectations. However, it needs more building structural
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support, with costs related to its realisation and maintenance [94,96,101]. On the other
hand, the extensive green roof presents less weight, does not require irrigation and has
lower capital and maintenance costs; therefore, this is the most commonly used [23,101,102].
It has also been proven to be effective in mitigating floods. Indeed, it was estimated that
it has the capacity to reduce the stormwater volume from 50% to 60% of total annual
precipitation [103,104].

Table 2. Ecosystem services and main environmental benefits provided by green roofs, with selected references useful for a
further reading. See Table 1 for details.

Ecological Processes Ecosystem Services Benefits Selected
References

Energy flow from solar
radiation into edible plants

and animals
1—Food Fruits

Small-scale subsistence [23,101,105–111]

Influences on material and
energy flow of the ecosystem

in biogeochemical cycles
(CO2, ozone layer etc.)

7—Air quality regulation

Evacuation of air pollutants such as
particulate matter, carbon dioxide,

nitrogen dioxide, carbon monoxide and
sulphur dioxide

Carbon sink
Reduction of carbon footprints

[65,96,101,110,112–
114]

Evapotranspiration

8—Climate regulation

Mitigation of heat flux into the building
Reduction of energy demand for space

climate conditioning
Mitigations of the urban heat island effect

Increase of thermal comfort
Reduction of urban energy consumption

Reduction of carbon footprints
Decrease of cooling and heating

[65,94,101,110–119]
Increase of surface albedo

Flood prevention
Filtering, retention and

storage water

11—Water treatment Reduction of stormwater volume
Decrease of the burden of the water

treatment facilities
Improvement of rainwater use

[23,65,94,101,103,
104,110–112,120–

122]
9—Moderation of disturbance

events

10—Regulation of water flows

Living space suitable for wild
plants and animals’ growth

and reproduction

14—Pollination
15—Biological control

16—Maintenance of life cycles
of migratory species

17—Maintenance of genetic
diversity

Provision of habitat for insect and
animals

Implementation of vegetation
biodiversity and improved landscape

[65,94,101,110–
113,123–125]

Attractive landscape features 18—Aesthetic information

Relaxation and recreation
Provision of recreational space
Decrease of the noise pollution

[65,87,101,110–
112,126]

Diversity in the recreational
use of the urban space

19—Opportunities for
recreation and tourism

Diversity in the values of
cultural and artistic natural

elements

20—Inspiration for culture, art
and design

Diversity in the values of the
spiritual and historic natural

elements
21—Spiritual experience

Diversity in the values of
nature with scientific and
educational implications

22—Information for cognitive
development

Introducing vegetation onto the roof may help to increase biodiversity in urban areas.
However, since green roofs are artificially created habitats with different environmental
conditions with respect to natural conditions, such as high radiation and temperature,
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the use of autochthonous vegetation may be difficult to apply and not always feasible.
Therefore, the use of green roofs has to disregard conservation actions that require the use
of local vegetation because it could make this strategy ineffective and expensive. Different
vegetation can be planned: officinal plants, aromatic plants, fruits etc. with the idea to create
widespread urban gardens. This could be a characterising element of a neighbourhood
and a point of attraction. In this perspective, green roofs could become enjoyable areas for
social activities [56].

The green roof can mix built and green areas and the multifunctionality, in this case,
represents the capacity to produce a stratified use of the urban space passing from the
mono-functional use of specific urban space into integrating different functionalities that
are capable of increasing ecological and social human well-being (an example is provided
in Figure 2). However, to incorporate green roof technology into urban strategies around
the world, it is crucial to develop solutions that are able to reduce the costs of installation
considering the roof weight limitations and appropriate management practices [109].

Figure 2. Example of overbuilding (left) which would benefit from strategies using green roofs (right).

New Frontiers of Green Roofs

Recently, hybrid photovoltaic (PV) green roofs have been proposed as a new per-
spective of the natural-based solution in the green roof industry, since they enhance the
electrical yield [101,127]. The vegetation can reduce the surrounding temperature of PV
panels, while at the same time being less exposed to the sun by PV panels. The increase
in the energy efficiency of PV green roofs has been estimated to range from 1.3% to 8.3%
compared to the traditional installation of PV systems [128–130].

In this perspective, an important example is represented by the solution introduced
from the Korea Institute of Civil Engineering and Building Technology. It developed a
“green-blue roof” that provides the possibility to introduce a green area and water storage
in the roof in one solution. The roof is characterised by a vegetation layer on the water
layer. This solution can store more water, decreasing the runoff and avoiding flash flooding
effects, and can store the water that can be employed for domestic use [131,132].

The recent project idea proposed by Semeraro et al. [56], starting from the surface
of the existing roof-top, suggested the possibility of designing a green roof, such as a
phytodepuration system, for the grey water for a building with 26 flats. The idea started
from the consideration that using the roof space to introduce the photovoltaic system is not
sufficient to meet the energy needs for each apartment. On the other hand, the surface of
the building is sufficient to create an engineered habitat provisioning ecosystem services,
such as water treatment for the reuse of grey water in the building. The use of recycled
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water, for example for the toilet flush, can save 35% of clear water, as well as the benefits
reported in Table 2. This can reduce the use of clear water in those geographical regions
with a scarcity of water, mainly in the summer. The main differences from the green-blue
roof and the green roof for water treatment are in the choice of vegetation, in the latter case
with selected vegetation that is able to support the phytoremediation.

These extreme solutions can be reconsidered when analysing natural resource avail-
ability in the future. For instance, the World Resources Institute estimated that there will
be a reduction in water availability for human use in many parts of the world by 2050 [133].
These events have not happened to date, although the first real water crisis occurred in
Cape Town between 2017 and 2018, when the population lived on 50 litres of water per
day; the inhabitants were forced to adapt their daily habits, and the main security problem
was water theft.

3.3. Community Gardens

The concept of urban community gardens is generally linked to the practice of growing
crops in urban and peri-urban areas [134–136]. It provides food products, as well as
aromatic and medicinal herbs, ornamental plants etc. [134]. Urban agriculture does not
have a fixed dimension or preferable urban space but can be performed in any shape and
in different places, such as brownfield sites, roofs, greenfield sites (i.e., parks, gardens)
etc. [137,138]. In the urban context, agriculture can represent a multifunctional land-use
strategy [139], because it can integrate agriculture activities with social and ecological
function purposes [140].

In the context of biodiversity loss, food insecurity and social alienation due to urbani-
sation, urban community gardens can represent sites for urban residents to reconnect with
nature in a social environment creating common spaces and new forms of community
interaction and corporations [137,141]. Ecosystem services and related benefits for human
well-being are summarised in Table 3.

Specifically, urban community gardens contribute to ecological sustainability by pro-
viding agroecosystems that can improve soil quality and reduce soil erosion rainwater
runoff [142–144]. They can also impact on climate change/urban microclimates and stim-
ulate the productive reuse of urban organic waste, thus reducing the urban resource
footprint [145]. The social and economic goods and benefits of community gardens include
increasing access to fresh fruits and vegetables, building community ties and community
economic revitalisation, and regenerating vacant, neglected, or disturbed urban spaces.
The community gardens are useful for promoting a sense of individual well-being and
health in urban areas where there is social isolation and cultural diversity, promoting
cross-cultural communication. Moreover, community gardens can improve cultural and
educational ecosystem services by connecting people to the cycles of the earth, biodiversity
and natural processes and improving people’s practical gardening skills [146–149].

Community gardens can reinforce people’s relations using food production, such
as the urban activity of social and cultural connections, by bringing together diverse
groups of people, stimulating the sharing of agricultural and culinary knowledge, and
creating stronger bonds in the community [150]. Community gardens are also considered
“participatory landscapes” of resistance to racism and marginalization through collective
work and self-reliance [151–153].
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Table 3. Ecosystem services and main environmental benefits provided by urban community gardens, with selected
references useful for a further reading. See Table 1 for details.

Ecological Processes Ecosystem Services Benefits Selected References

Energy flow from solar
radiation into edible plants

and animals
1—Food

Fruits
Small-scale subsistence

Food security
Raising awareness of the inhabitants

Food production and processing
Energy consumption and production

[137,139,141,144,148,
154–164]

Influences on Material and
energy flow of the ecosystem

in biogeochemical cycles
(CO2, ozone layer etc.)

7—Air quality
regulation

Evacuation of air pollutants such as particulate
matter, carbon dioxide, nitrogen dioxide,
carbon monoxide and sulphur dioxide

Carbon sink
Reduction of carbon footprints

[139,142–
145,158,163,165,166]

Evapotranspiration 8—Climate
regulation

Mitigation of the urban heat island effect
Increase of thermal comfort

Reduction of urban energy consumption
Reduction of carbon footprints linked to

the food
Decrease of cooling and heating loads

Reduction of gas emissions for food supplying

[65,142–145,165,166]
Increase of surface albedo

Flood prevention
Filtering, retention and

storage water

11—Water treatment
Reduction in stormwater volume

Stormwater retention
[65,144,165]9—Moderation of

extreme events

10—Regulation of
water flows

Accumulation of organic
matter

12—Erosion
prevention

13—Maintenance of
soil fertility

Retention of soil nutrients
Organic waste and production of compost [65,139,158,163,164]

Living space suitable for wild
plants and animals’ growth

and reproduction

14—Pollination
15—Biological

16—Maintenance of
life cycles of

migratory species
17—Maintenance of

genetic diversity

Provision of habitat for insect and animals
Implementation of vegetation biodiversity

Improvement of landscape agrobiodiversity of
plants grown

[65,139,141,154,155,
157–159,162,163,165]

Attractive landscape features 18—Aesthetic
information Relaxation and recreation

Provision of recreational space with safety and
security perception

Horticultural practices and maintenance
Community support, funding and volunteer

management
Cultivating psychological well-being

Constructing Community
Building social bonds

Breaking down social barriers
Cleaning up vacant lots

Reclaiming the city
Cultural identity

[65,137–
139,141,144,154–
156,158–160,162–

164,167]

Diversity in the recreational
use of the urban space

19—Opportunities
for recreation and

tourism

Diversity in the values of
cultural and artistic natural

elements

20—Inspiration for
culture, art and

design

Diversity in the values of the
spiritual and historic natural

elements

21—Spiritual
experience

Diversity in the values of
nature with scientific and
educational implications

22—Information for
cognitive

development
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New Frontiers for Urban Community Gardens

The new frontiers for urban community gardens are to combine food and urban
design to produce material pushed from strong synergies between waste production in
the building and the capacity of urban community gardens to recycle urban waste, such
as organic matter, wastewater and waste heat [141]. This combination can develop an
urban system that is able to reuse residential or industrial waste resources with benefits
including food production for local consumption and the reduction of the consumption of
natural resources [164]. This strategy can be achieved by creating a low or even “no-input
system” around a sustainable food infrastructure [168,169] that produces a “closed-loop
entity” in terms of waste recycling that is able to reduce pollution [164]. The connection
of urban needs, ecological and productive activities at the scale of the building is a strong
ambition that can support the sustainability of the cities, reducing the environmental
impacts generated by urban waste [164,170,171].

Urban community gardens could also be used as a strategy to provide a temporary
new functionality to spaces which are no longer able to meet current social and economic
needs (those areas are often fenced and prey to devastation and misuse, such as illegal
housing and drug dealing). For instance, in Baltimore, the urban community gardens
began as vacant spaces that were considered “crime-ridden eyesores”. Residents worked
together to change the status of the neighbourhoods, transforming these abandoned spaces
into community gardens, clearing the lots of rubble, mowing the weeds and eliminating
trash and drugs. The residents stated that community gardens made their neighbourhoods
safer and more stable [162].

3.4. Counterbalancing Ecosystem Disservices

Urban ecosystems can support functions with negative effects for human well-being
called ecosystem disservices [172,173] (some of those are summarised in Table 4). For
example, trees can cause problems such as allergies generated by pollens, leaves blocking
stormwater drains, roots cracking pavements, trees falling along avenues, causing material
damage to things and people, and residents’ fearing increased crime [174,175]. These
can produce several urban issues related to safety and security, health, mobility and the
environment [176]. Specifically, green roofs and urban community gardens can have
negative effects on human health, therefore creating ecosystem disservices if they are not
adequately designed. For example, in urban areas nitrogen, phosphorus, potassium and
other nutrients may accumulate in garden soils [177] due to the indiscriminate application
of fertilisers, polluting urban stormwater runoff or the emission of exhaust gases of different
natures [141].

The distinction between ecosystem services and disservices is not absolute, but highly
dependent on the combination of ecological processes that characterise the vegetation, the
purpose of the green spaces and the application of the ecosystem services design. Moreover,
ecosystem services may be affected by several factors, such as age, education, cultural
values, attitudes, health conditions, knowledge of the person making the evaluation and
context of reference [178]. Therefore, a choice of plant species that does not consider the
context and the stakeholders involved could produce unintentional results.

For example, hemp can be used in agricultural activities to produce raw materials for
different uses, therapeutic oils etc. Hemp also has a high capacity to absorb heavy metals
from the soil. The absorption of soil and air pollutants represents an ecosystem service,
since the ability of some plant species—including edible species—to efficiently absorb and
accumulate pollutants such as heavy metals can be successfully applicable in planning
specific green urban areas for phytoremediation [179–181]. However, for agricultural
purposes, the absorption of heavy metals can be considered a disservice because it could
lead to unusable products if they have high concentrations of metals [182].
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Table 4. Examples of disservices provided by urban GI (modified from Gómez-Baggethun and Barton [173] and von Döhren
and Haase, [183]), with selected references useful for a further reading.

Ecosystem Functions Disservices Examples Selected References

Photosynthesis Air quality
problems

Emission of the volatile
organic compounds (VOCs)

Concentrations of particulate
matter (PM)

[184–188]

Vegetation biomass growth Blockage of landscape view
Limit of the scenic views by
trees located in front of the
windows of the buildings

[189]

Flow of floral
gametes such as pollen Allergies and/or intoxication Allergic reactions [50,73,172,187,190–192]

Plants aging Accidents
Break up of trees and branches

falling in roads causing
damage of matter and people

[189]

Dense development of the
plants Fear and stress Dark green areas perceived

unsafe [193,194]

Decomposition and biomass
root fixation Damages to infrastructure Breaking up of pavements [73,172]

Habitat provision for animal
species

Habitat competition with
humans

Abundance of undesired
species Introduction of

invasive species
Contamination of crops with

pathogenic organisms or
residues of

agrochemicals and other
pollutants through

contaminated soil, water
or air

Animals/insects perceived as
scary, unpleasant and/or

disgusting
Animal species can be vectors

of diseases (e.g., avian
influenza, rabies)

Population development of
invasive species

[73,134,140,193,195–197]

Water supply

Decrease in water
quality/quantity

inappropriate drawing of
water sources threat of local

water sources or underground
water contamination

due to uncontrolled treatment
of fertilisers, pesticides or rich

manure
from animals

Amount of water used for
plant growth

Water pollution

[50,134,140,141,177,187,192,
195–198]

Soil erosion
Poor environmental

conditions of land, further
depletion of soil quality

Use of fertilisers that can alter
the quality of the soil [135,140,195,197]

Planning Community Gardens to Avoid Disservices

The benefits of urban community gardens are mainly limited to crop species with
both compact growth and rapid cycling [198,199]. Generally, the horticultural species
suggested for urban community gardens are lettuce and leafy green vegetables. Other
vegetables of eligibility are carrots, zucchini, peppers, tomatoes and onions, but other
species can be chosen based on specific secondary metabolites that are important for
human health [200,201]. Plant sources of carbohydrates (e.g., potatoes) and proteins (e.g.,
legumes) can also be included in planning urban gardens. In planning urban gardens, a
balance of pros and cons should be considered (e.g., the cultivated vegetables should be
safe and nutritious). The main factors impacting on the agricultural urban space design are:
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exposure to pollutants (type, concentration, distance from the source, length of exposure),
meteorological conditions, plant species with reduced capacity of accumulation of toxic
substances and soil properties (Figure 3). For example, the exposure to pollutants such as
SO2 (sulphur dioxide), NOx (nitrogen oxides such as nitrite, nitrate etc.) or a variety of
hydrocarbons can cause accumulation as surface deposits either in the soil or on the leafy
parts of plants. Exposed leaves start to lose their colour and turn brown; eventually, plant
growth will be severely impaired.

Figure 3. Representation of pollution stress for the vegetation employed in urban community
gardens. An inadequate design of GI can influence the quality of urban green spaces due to the
presence/production of environmental stressors and the related capacity to provide ecosystem
services.

Furthermore, excessive lead (Pb) accumulation in plant tissues severely impacts impor-
tant physiological and biochemical functions, resulting in altered uptake of microelements,
and stomatal closure inducing a deficient CO2 uptake. Leafy, tuberous vegetables and
beans tend to accumulate higher concentrations of lead than cereals and fruit crops such
as tomatoes [202,203]. For example, Zhou et al. [204] investigated the heavy metal accu-
mulation in different vegetable species to assess the human health risks derived from the
consumption of these vegetables. The highest concentration of heavy metals was reported
in leafy vegetables, more than stalk vegetables, root vegetables, solanaceous species and
legumes, whereas the lowest accumulator was melon, indicating that these species are
more suitable for cultivation on urban soil.

Some ecosystem disservices can be due to the interaction of plant-environmental
stressors (Figure 3). In fact, the exposure to environmental and/or abiotic stresses is an
important stimulus to produce a number of “chemical responses” in plants, which are the
direct biochemical products of their metabolism. Examples of metabolites produced by
plants as a defence response with protective and ecological functions, but potentially toxic
or anti-nutrient for animals and humans, are some alkaloids, cyanogenic glucosides or
some organic acids such as oxalates [205–208]. For example, cyanogenic glucosides are
chemical compounds produced by plants for self-defence from stressors, whose ingestion
in high amounts can cause intoxication in animals and humans [207]. However, they
are normally found in several plants, most of them with edible parts, such as almonds,
apples, apricot, plums and peaches, particularly in the seeds of such fruits. The cyanogenic
glucosides can be produced following nitrogen supply of soil (i.e., with nitrogenous fer-
tilisers) and stressful growth conditions induced by environmental factors, such as light,
temperature and drought [208]. Therefore, it would be important to exclude the use of
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edible plants that are strongly affected by this interaction in common gardens in very
polluted neighbourhoods or streets.

Therefore, ecosystem disservices due to the interaction of plant-environmental stres-
sors can create a paradox, because if green spaces are not adequately designed in relation
to the context, they can also have negative effects on the quality of the green space and the
capacity to produce services.

4. Discussion

An analysis of the existing literature highlights that green roofs and community
gardens are a good strategy for developing ecosystem services such as air quality and
climate regulation, the mitigation of extreme events and regulation of water flows, thus
reducing the negative impacts produced by the impervious surfaces that mainly causes UHI
and flooding events. Green roofs and community gardens can also promote vegetation
biodiversity, create biodiversity connections between habitats for insects and animals
(Figure 4), improve mental and physical health etc. In growing cities, where there is
the presence of different cultures, community gardens seem to provide an important
contribution to the reduction of racism and social problems.

Figure 4. Example of how simple holm oak plants positioned on the balcony can be used by bees
for foraging.

However, the design of GI must also consider appropriate plants based on the purpose
to be achieved and the problem to be addressed, as well as the energy and material flow that
can arise between plants and the surrounding environment. Such energy and material flows
characterise the ecological functions that are the basis of ecosystem services and disservices
which may produce benefits or negative effects on human well-being, respectively. In this
sense, vegetation should not be considered a simple element of street furniture but as an
element interacting with the environment.

Currently, the application of green roofs and community gardens is sporadic and often
linked to single buildings and private actions. There are some examples around the world
of the applications combining green roofs and community gardens with grey infrastructures
or examples linked with specific social and economic activities (https://www.greenme.it/
abitare/bioedilizia-e-bioarchitettura/tetti-verdi-nel-mondo-green-roof/) (Figure 5).

Despite the consolidated scientific knowledge on the enormous benefits that GI can
produce if appropriately designed, in rapidly growing cities, planners and decision-makers
do not pay enough attention to its development. For example, the industrial sector still
has a poor appreciation of the benefits of green technologies [25,99]. The industrial area
represents a built environment located on the boundary of cities or, in some cases, absorbed
by cities, and represents a big impermeabilisation of the urban surface compared to the
dimension of cities. Figure 4 shows that such areas present few green areas in many cities.
As for green roof technologies, the industrial sector is probably scared off by the initial cost

https://www.greenme.it/abitare/bioedilizia-e-bioarchitettura/tetti-verdi-nel-mondo-green-roof/
https://www.greenme.it/abitare/bioedilizia-e-bioarchitettura/tetti-verdi-nel-mondo-green-roof/
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of installation compared to the standard roof construction, not considering the long-term
benefits in saving energy and management cost [209].

Figure 5. Images showing the situation of some famous green roof (base maps from Google Maps).

Many countries, such as Germany, Canada and the United States, have forecast
incentives to push the use of green technologies [113] such as green roofs. However, these
incentives cannot represent the solution, because in their absence, companies will lose
interest in adopting green technologies. Furthermore, the incentives can alter the market
because the companies can adopt the solutions indicated by the incentives, and not just the
best solution for the problem at hand. Thus, the incentives could produce an inefficient
result or solutions that are not desirable [210]. Furthermore, they do not solve the problem
of the absence of green areas in already existing industrial areas, which currently occupy
the main urban area, and therefore, influence the generation of impacts on human health.
Indeed, in the red area of Figure 6, it is possible to note the low presence of green spaces
and the absence of green roofs on the whole. The use of green technologies in the industrial
sector should instead be driven by a sustainable approach for industrial processes. The
land use changes associated with industrialised areas must produce a mutual advantage
for ecological, social and economic aspects [211,212]. Therefore, it is important to develop
strategies and green solutions that can represent an investment for the companies to
improve management business processes incorporating ecosystem services for reducing
the cost and producing benefits for local populations. In this regard, it would be useful
to develop economic tools that make it possible to quantify the added value produced by
ecosystem services for companies. There have been different attempts to develop toolkits
to estimate the monetary value of GI [8], but they are still under development.

It is clear that planning GI must be implemented through a transdisciplinary approach,
which involves different experts from different disciplines, such as biologists who operate at
different ecological scales ranging from single plants to the entire ecosystem, and planners
who can operate at different urban scales, ranging from micro-, to meso- and macro-
scales [40,87,213]. It is crucial to generate interactions and the exchange of ideas between
different disciplines through a multi-scale approach to maximise the benefits. Moreover,
the planning must involve both institutional decision-makers and individual stakeholders
who work on the regeneration of cities to develop an awareness of the social, ecological
and economic benefits provided by GI. Planners have to consider green spaces as a social
ecological system where there is a strong interaction between environmental conditions,
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economic purposes and social needs to identify ecosystem services issues. The ecological
planning of GI in an urban space is not trivial but needs to consider specific questions
following a specific framework, which can be seen in Figure 7.

Figure 6. Images showing the situation of the green spaces in industrial areas in cities where economic
incentives for the installation of green roofs have been developed (base maps from Bing Maps).

Figure 7. Schematic flow chart tailored to the ecological planning of green infrastructure.
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5. Conclusions

The present paper, starting from a general analysis of ecosystem services and benefits
provided by GI, focuses on green roofs and urban community gardens as important
strategies that are able to reduce the ecological footprint of urban areas in terms of energy
resources consumption, waste recycling and food production. Of course, the dimension
and shape of the engineered habitat can influence the capacity to support biodiversity and
ecosystem services [45], but in the context of green roof and community gardens in urban
areas, these can be secondary aspects as they are good alternatives to hyper-waterproofed
surfaces or those with low ecological and social value. Moreover, the integration and
promotion of GI in private spaces are important for amplifying the benefits that these
solutions can bring to urban systems because many small solutions added together, and
added to those made in public spaces, can have a holistic effect on mitigating urban impacts.

Such strategies are discussed from a new point of view that takes into consideration
not only the simple introduction of vegetation for mitigation strategies but looks at the
vegetation as an active part of the design of the urban space to maximise benefits and
minimise negative effects. We are aware that the review is not exhaustive and a further
analysis of the co-creation processes involving scientific and non-scientific stakeholders
in relation to the challenge(s) at stake is foreseen; this aspect is indirectly considered by
including some papers that used the stakeholder’s involvement to analyse the ecosystem
services and benefits provided by GI. Furthermore, an important aspect to consider is time,
because human needs, scientific research, technology and environmental and urban policies
evolve; therefore, ecological functions producing ecosystem services and disservices can
evolve with them.

It is expected that this review opens to a new vision calling for a transdisciplinary
approach focused to different scales, from single physiological processes of the vegetation
to the neighbourhood and city scale involving scientists, decision-makers and business
companies to choose the right GI system in the right place.
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