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Abstract: Urban Food Production (UFP) initiatives are expanding worldwide to enhance urban food
production while contributing to the development of sustainable cities in a three-bottom perspective
(environment, society, economy). Although the sustainability aspects of UFS have been addressed
in the literature, there is a need to set a sustainability framework for UFP based on the concepts
and the understanding of the stakeholders as a basis for quantifying their sustainability and for
developing effective policy-making. This paper evaluates the concepts of the UFP sustainability from
a stakeholders’ perspective through participatory methods and network analyses. Two different
workshops were organized in the city of Bologna (Italy), where mind-mapping exercises to define the
environmental, economic and social sustainability elements of UFP were performed. This bottom-up
approach unveiled a comprehensive and complex vision of sustainable UFP, the relevance of certain
sustainability elements and key aspects to take into consideration for the development of UFP and
effective policy-making. The existence of bidimensional and tridimensional concepts indicated
priorities, synergies and trade-offs among the dimensions of sustainability. The multi-scalar nature
of UFP suggested that specific policies can be supported by global schemes (e.g., Sustainable
Development Goals) and that UFP can be a local tool for democracy and equity at lower scales.

Keywords: urban food systems; urban agriculture; participatory research; sustainable development
goals; sustainability; policy-making; network analysis

1. Introduction

The growing urban population and the environmental awareness of the globalized food system
has led to the expansion of urban food production (UFP) through the reincorporation of agriculture
in cities and the promotion of alternative supply-chains [1–4]. In particular, UFP has sprouted up
around cities of developed countries seeking the enhancement of urban food security and social justice
as well as the mitigation of the environmental burden associated with urbanization and globalized
consumption [4–8]. More specifically, awareness of the entire food supply-chain has recently increased,
with local food production gaining relevance in the sustainable development agenda of cities [9].

The multifunctionality of UFP has resulted in the diversification of initiatives, from commercial
high-tech farms to community-led social initiatives, with substantial variant contribution to urban
sustainability among them [10–12]. Palmer [4] indicated that urban agriculture is a priority in urban
planning to address multiple issues, although the measurement of the overall contribution of UFP to
sustainability is still a gap. With the aim of supporting policy-making around UFP, there is a need to
provide quantitative information that can identify the overall contribution of diverse UFP typologies
to sustainability, thereby identifying the most adequate developments for the specific urban needs to
be addressed.
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1.1. Quantifying the Sustainability of UFP

Diverse contributions of UFP to environmental, economic and social sustainability have already
been identified in the literature [13,14]. However, only a small number of studies have assessed the
sustainability of UFP from a quantitative perspective. With reference to the quantification of UFP’s
contribution to sustainability, a list of available literature has been compiled in Table 1, including
quantitative studies dealing with the benefits and impacts to the three sustainability dimensions.
To date, most of these studies have focused on the quantification of the environmental impact of
urban agriculture case studies, whereas the literature on social and economic sustainability studies
is still limited. The quantification of environmental sustainability has been performed for multiple
studies, from the system to the national level, paying particular attention to the comparison with
conventional food production [15–22]. Life cycle assessment (LCA) and carbon footprint methods
have been employed most frequently in these studies. The environmental balance of UFP has also been
upscaled at the city or national level, evaluating theoretical scenarios of UFP development [7,23,24].
These studies were aimed at answering whether UFP is more environmentally advantageous than
imported foods as well as determining the city-scale impact of these new local products. Some studies
have approached the contribution of UFP to society. The quantification of the social dimension of
sustainability has mostly been approached from a food security perspective [25–28], e.g., quantifying
the amount of local food that could be produced in UFP. Some authors have also evaluated the impact
of urban agriculture in the food diets of citizens who are gardeners and thus, the positive impacts
on their health [29,30]. Finally, the economic dimension of UFP has rarely been evaluated in the
literature. Sanyé-Mengual et al. [16,17] and Dorr et al. [31] combined LCA with life cycle costing (LCC)
to integrate the environmental and economic dimensions of sustainability for case studies of rooftop
agriculture. The economic profitability of emerging types of UFP have also been evaluated for vertical
farming [32].

Table 1. Quantitative studies on evaluating the sustainability of urban food production (UFP), type of
urban food system (UFP), location, sustainability dimension and method employed.

Study Scale UFP Type Location Dimension Method

[7] National - United Kingdom Environment LCA

[23] City - Lisbon, Portugal Environment LCA

[18] City Diverse Boston, United
Stated (USA) Environment LCA

[33] City Rooftop garden Singapur,
Singapur Environment Food production

Carbon emissions

[28] City Community rooftop
garden Bologna, Italy Society Food self-supply

[25] City Diverse Cleveland, USA Society Food self-supply

[34] City Vacant land gardens Manila, the
Philippines Society Food security

[35] City Rooftop greenhouses Barcelona, Spain Society
Environment

Food self-supply
LCA

[26] City Vacant land gardens Oakland, USA Society Food security

[36] City Rooftop agriculture New York, USA Society Food security

[27] City Vacant spaces Boston, USA Society Food security

[37] City Community gardens Philadelphia, USA Society Food security

[38] City Community gardens Camden, USA Society Food security

[29] Household Community gardens Michigan, USA Society Food diet
Survey
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Table 1. Cont.

Study Scale UFP Type Location Dimension Method

[39] Household Community & Home
gardens Denver, USA Society Food diet

Survey

[40] Household Community & Home
gardens San José, USA Society Food diet

Survey

[41] Household
System Home gardens Padua, Italy

Environment
Economy
Society

LCA
LCC

Food security

[42] Household Home gardens Chicago, USA Environment Agrobiodiversity

[43] System Rooftop garden Barcelona, Spain Environment LCA

[19] System Suburban greenhouse Beijing, China Environment LCA

[15] System Suburban farm Sydney, Australia Environment LCA

[20] System Community
supported agriculture Sacramento, USA Environment LCA

[31] System Rooftop garden Paris, France Environment
Economy

LCA
LCC

[17] System Rooftop greenhouse Barcelona, Spain Environment
Economy LCA & LCC

[21] System Rooftop greenhouse Barcelona, Spain Environment LCA

[44] System Aquaponics Venice, Italy Environment LCA

[22] System Aquaponics Padua, Italy Environment LCA

[45] System Peri-urban
agriculture Seville, Spain Environment LCA

[46] System Rooftop garden Paris, France Society Food production

[47] System Rooftop garden Paris, France Environment
Society

Ecosystem services
Food production

[32] System Vertical farming Quebec, Canada Economy Profitability

[48] System Aquaponics United States Society
Economy

Food security
Income

Job creation

LCA: Life Cycle Assessment; LCC: Life Cycle Costing.

The environmental potential at the city-scale of UFP at the city-scale has been evaluated by
different authors [7,23,24,33] who have reported contrasting results. Goldstein et al. [24] accounted
for the potential production of urban food in Boston and the avoided carbon footprint, which would
not represent a substantial reduction of the city-scale carbon footprint. These results suggested that
UFP may not be a shifting point in the design of low-carbon cities, although UFP can support healthier
lifestyles and the local economy. Kulak et al. [7] also found that the carbon emission reduction of
UFP would be rather low for the United Kingdom, but insisted that UFP showed a greater potential
than urban green spaces and thus, UFP would be a more carbon efficient planning element towards
achieving low carbon cities. On the other hand, studies evaluating the avoided impact of promoting
local food production through UFP at the city scale indicated a great contribution to climate change
mitigation, such as for Singapore [33] or Lisbon [23]. When evaluating the contribution of UFP to the
social sustainability of cities, studies have focused on the food production capacity and the resulting
impact on food security and food self-sufficiency. Studies in Bologna (Italy) [49], Cleveland (United
States) [25], Manila (The Philippines) [34], Boston (United States) [27], Oakland (United States) [26]
and Barcelona (Spain) [35] agreed on the potential of vacant spaces for producing local food to have
significant impact at the city scale in terms of self-sufficiency capacity. Other studies quantified the
current contribution of UFP forms at the city scale (e.g., Philadelphia [37], Camden [38]).

At the household level, quantitative studies have focused on health improvement due to dietary
changes when engaging in UFP activities. Alaimo et al. [29], Litt et al. [30] and Algert et al. [40]
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quantified the changes in the vegetables and fruit uptake of household members, in terms of number
of daily portions, before and after participating in community gardens or having their own home
garden. Sanyé-Mengual et al. [41] assessed the sustainability potential of home gardens from a food
security perspective, where the assessed home garden represented economic savings for the household
and satisfied the annual vegetable requirements of between 1 and 2 people.

Several studies have quantified the environmental impact of UFP activities from a life cycle
perspective, with the aim of quantifying the environmental burden of initiatives that may have
a lower resource efficiency compared to large-scale conventional farming due to small-scale constraints.
The results depended mostly on the type of UFP and the geographical location. Studies in warm
climate areas highlighted the efficiency of UFP cases and the potential environmental benefits from
minimizing the distance between producers and consumers (i.e., reduced transport, packaging and
food losses) [16,17,21,45,50]. On the contrary, studies in mild climate cities found that the UFP
typology and the productivity of the system would determine whether UFP has environmental benefits
compared to conventional food systems [18,31]. Finally, Forchino et al. [44] and Maucieri et al. [22]
investigated the environmental impacts of aquaponics, where the production of fish and vegetables
are integrated, paying attention to different production techniques [44] as well as the potential use of
aquaponics as an educational tool [22]. On the other hand, Grard et al. [47] quantified the ecosystem
services provided by rooftop gardens that use organic waste flow from the city as a substrate, thereby
improving urban metabolism and enhancing the local circular economy. While food production
showed similar values compared to other productive systems in the study area, the study highlighted
the potential of rooftop gardens to improve runoff water management in cities due to their high rainfall
retention capacity. In previous studies, Grard et al. [46] have already ascertained the food safety of
rooftop garden products.

The studies evaluating the life cycle costs of urban food mostly revealed that the cost of UFP
falls into the market price range of local or organic products, although some crops can have higher
costs due to low crop yield or the cost of the auxiliary equipment [17,31], or because the total cost
at the consumption point is cheaper when considering the entire supply-chain [16]. Eaves and
Eaves [32] simulated the profitability of a vertical farm in Quebec and obtained slightly more positive
values compared to a conventional greenhouse production. Chang and Morel [51] modelled the
economic viability of 192 strategic scenarios for micro-farms in London to identify best practices
for maximizing economic viability without compromising socio-ecological aspirations, indicating
that strategies involving short-cycle crops and crops with high added-value as well as marketing to
restaurants are more viable. Love et al. [48] compiled data on the food production, income generation
and job creation of commercial aquaponics in the United States.

1.2. The Need for a Bottom-Up Perspective

The topic of sustainable food systems has expanded from food production (issues in agriculture)
to also include also topics regarding food consumption (global issues, diet, nutrition) [9], highlighting
the role of dietary habits as drivers towards sustainable lifestyles [52]. Such a shift has led to society
actively engaging in the definition and achievement of sustainability. Therefore, understanding
the perceptions and values of stakeholders can support the identification of relevant aspects of
sustainability [9,53]. Bottom-up processes can reinforce the development of policies and actions that
are supported and shared by the community [54], thereby enhancing governance and integrating
citizens as being co-responsible and co-creators of a “collaborative development” [9]. In the case of
UFP, Gasperi et al. [55] unveiled the conflicting top-down and bottom-up implementation processes
of urban agriculture in vacant areas in the city of Bologna (Italy), where top-down projects were not
participatory and resulted in unsuccessful initiatives that did not respond to community expectations
and needs.

In this sense, setting a sustainability framework for UFP, where robust scientific approaches are
combined with the concepts and understanding of the stakeholders, could contribute to the current
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approach for quantifying UFP sustainability. The creation of a participatory framework would enhance
a deeper understanding in the investigation of UFP sustainability, where an agreement between
the bottom-up and top-down perspectives can be set. Indeed, participatory processes have already
been used as successful tools to create certification labels for sustainable foods [56–58]. For example,
Mendonça et al. [57] highlighted the role of participatory certification of organic food to support local
food systems, where stakeholders participate in the definition of the certification criteria resulting in
the creation of networks and the exchange of knowledge. In the case of Brazil, such processes also led
to a positive impact at the community level, as better access to healthy food was provided.

1.3. Goal and Objectives

The goal of this paper was to evaluate the conceptualization of UFP sustainability from
a stakeholders’ perspective. The specific objectives were (i) to examine the comprehensive definition of
the environmental, economic and social sustainability of UFP; (ii) to evaluate the interactions among
the three dimensions of sustainability and (iii) to assess the multi-scale nature of the sustainability
of UFP. The discussion deepened by comparing the bottom-up (stakeholders’ point of view) and
top-down (scientific literature) definitions, the policy implications, the power relationships and
the relationhip to global sustainability frameworks, such as the Sustainable Development Goals
of the United Nations. The outputs from this process contributed to the SustUrbanFoods project
(MSCA-IF-708672) (http://susturbanfoods.com), which aims to develop an integrated sustainability
method to assess UFP in a comprehensive way (i.e., three-bottom approach).

2. Materials and Methods

The stakeholders’ definitions of the sustainability elements of UFP were assessed through
a participatory process and were systematically evaluated by employing a network analysis.

2.1. Participatory Research Design

The participatory research design process was employed to identify the sustainability elements
that stakeholders associate with UFP. The process was developed in the form of stakeholder workshops
where the global project was presented, practitioners of the city illustrated different initiatives and
exercises in groups were proposed.

During the workshops, three different exercises were conducted (Figure 1). As a first step,
the participants identified the elements tied to the environmental, economic and social sustainability of
UFP through mind-mapping. The participants were asked to differentiate between positive (benefits),
neutral and negative (impacts). Three pieces of cardboard, one for each sustainability dimension,
were provided for this purpose, as sustainability was divided into its three dimensions. As previous
informal communications with some participants unveiled a potential misunderstanding between
environmental sustainability and sustainability as a whole, the three dimensions of sustainability were
differentiated to avoid the exclusive focus on aspects regarding environmental sustainability and to
promote the consideration of the social and economic dimensions. As a second step, the participants
proposed quantitative indicators to evaluate such elements and complemented their proposal by
adding a set of indicators already used in the literature, provided by the organizers. Finally,
the participants valued a list of environmental and socio-cultural ecosystem services and ranked
their importance for the evaluation of UFP.

2.2. Participants

Two different meetings were organized in the city of Bologna (Italy) with 51 participants attending
(Appendix A). The first meeting included UFP stakeholders in Bologna representing four groups:
administration and associations; urban garden managers and practitioners; UFP-related companies
and co-ops; and researchers on food systems. The second workshop was held within a course on urban
agriculture from the ERASMUS+ Urban Green Train project with 31 students participating, including

http://susturbanfoods.com
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university students, practitioners and representatives from local administrations from Germany, Italy,
France, The Netherlands, Serbia and Brazil.Sustainability 2018, 10, x FOR PEER REVIEW  6 of 19 
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Figure 1. Workshop exercise to support the mind-mapping process, and examples of results in the
participatory research design.

2.3. Data Analysis

This paper presents the analysis of the first stage of the participatory process by paying attention
to the definitions of sustainability provided by the stakeholders (i.e., citizens involved in any stage of
the design, development and implementation of UFP). The resulting materials from the workshops
were digitalized and evaluated through network analysis. The resulting network of elements of
sustainability and stakeholders’ groups by dimension (i.e., environmental, economic, social) were the
basis for exploring the patterns and relationships between the concepts and the stakeholder groups,
as well as to create a global set of definitions. The employment of network analysis was essential
for performing a systematic and visual assessment of the interactions between stakeholder groups
and sustainability definitions, the existence of bidimensional and tridimensional concepts and the
appearance of isolated discourses. Gephi 0.9.2 software [59] was used for the assessment by applying
the ForceAtlas 2 algorithm [60].

Through network analysis, the centrality and the connectivity of the concepts (i.e., elements of
sustainability) were observed:

• Centrality refers to the stakeholder groups. The centrality in the network highlights the concepts
that are most used by the distinct groups involved in the workshops, thereby showing the most
agreed upon concepts. Thus, the more central a concept is, the larger the number of groups that
have named it.

• Connectivity refers to the sustainability concepts and the frequency of the connection sustainability
element—the stakeholder groups. The connectivity shows how many times a sustainability
element was mentioned in the network in total (i.e., by the different groups), outlining the most
relevant concepts. Hence, the more connections a concept has with the different stakeholder
groups, the more times it has been employed.

3. Results

The complexity of defining the sustainability of UFP was unveiled in the results. A total of
92 elements were employed to define global sustainability, including its three dimensions (environment,
economy and society) (Figure 2a). The understanding of the sustainability of UFP was largely
composed of benefits (62%). The diversity of these elements showed a slightly balanced distribution
among the three dimensions (Figure 2b). However, when the focus was on the importance—i.e.,
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how much a concept was employed by all the stakeholders—both the social (40%) and environmental
(37%) dimensions gained relevance compared to economic elements (23%) (Figure 2b).Sustainability 2018, 10, x FOR PEER REVIEW  7 of 19 
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3.1. An Insight into the Elements of Sustainability

The elements that construct the sustainability of UFP from an environmental, social and economic
perspectives are detailed in this section.

3.1.1. Environmental Sustainability

The global network of elements that comprise environmental sustainability (Figure 3) highlighted
the positive role of UFP in the local ecosystems of cities, climate change mitigation and city design.
The most relevant aspects were associated with the local ecosystem, where “improved biodiversity”,
“micro-climate regulation” and “recycling organic waste” were the most central and connected
elements. As an aspect affecting climate change mitigation, “increased resource-efficiency” was
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the most highlighted benefit of UFP. Finally, the increase of “urban green” by implementing new UFP
experiences was the most important aspect concerning the design of cities.
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Figure 3. Network of elements comprising the environmental sustainability of UFP (green nodes
represent positive elements, while red nodes represent negative elements).

The negative elements were related to the local ecosystem, climate change contribution and
environmental limitations for agricultural activities. Among the diverse elements, the most mentioned
by the stakeholders were “chemical use” and “agricultural negative effects” in general (which mostly
included pollution of soil and water) (Figure 3).

3.1.2. Social Sustainability

The global network of elements that comprised social sustainability (Figure 4) included aspects
concerning the community, culture, education, food access and security, health and empowerment.
Enhanced “social inclusion” and “improved access to affordable food” were the most relevant benefits
of UFP in the social sphere as contributions to culture and food access and security. The main valuable
social aspects regarding the community, education and health were “community building”, “training
opportunities”, “physical activity” and “increased consumption of fruit and vegetables”. The elements
related to the empowerment of the society were the least mentioned ones.

The negative aspects related to the social dimension were less central and less common in
discourses of the stakeholders. The social impacts related to UFP included aspects of community
cohesion, cultural integration, education, health, local design and justice. “Limited community
participation” and potential “health risks” were the most relevant social impacts of UFP as potential
barriers to the settlement of UFP (Figure 4).
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3.1.3. Economic Sustainability

The global network describing the elements employed to define the economic sustainability of UFP
is displayed in Figure 5. The positive aspects encompassed in the economic dimensions of sustainability
were associated with economic development, reduced costs, social justice and the economic fabric
of cities. The most relevant economic benefits were the “reduced costs due to self-production”,
the promotion of a “sort-chain” for food products, the generation of “employment opportunities” and
the creation of “alternative economic models”.

Negative elements related to economic sustainability were associated with employment, property
value, urban redevelopment, elitism, competition and the urban context. In particular, the aspects that
concerned different stakeholders the most and, thus, were most cited were the “limited wage” that
urban gardeners might have due to the limited profit of agricultural activities, the “low profitability”
expected from UFP initiatives and the “need for subsidies” to access resources (e.g., land) and starting
and maintaining the activity (Figure 5).
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3.2. The Pluridimensionality of Sustainability Elements: Synergies and Trade-Offs

The role and interrelations among the three dimensions were evaluated through the employment
of bidimensional and tridimensional concepts by stakeholders that highlighted the existing and
potential synergies and trade-offs between dimensions. Some impacts were mentioned in three
dimensions. Most of them were impacts, i.e., “agriculture negative effects” (e.g., pollution, noise),
“limited property rights” (e.g., short-term contracts) and “health risks” (e.g., air and soil pollution).
Here, trade-offs occurred, as the promotion of an economically feasible UFP can cause negative effects
on the social dimension (e.g., health risks) or environmental risks (e.g., pollution). Finally, “policy” was
indicated as a neutral element of sustainability, affecting all of its dimensions, suggesting that there is
a need to have a legal framework for developing UFP (e.g., certification schemes, plans, programs).

Regarding the socio-environmental intersection, the idea of urban regeneration resulted in
a positive synergy between both dimensions. However, many of the bidimensional elements were
mostly related to negative synergies:

• “Lack of training”: lack of agronomical skills could lead to low resource efficiency and large
environmental burdens,

• “Implementation without considering the local context”: the design and implementation of UFP
initiatives without considering the local resources and the local social needs and expectations
could lead to negative impacts in both dimensions,

• “Land access disparities”: unequal distribution of the limited land available in urban areas could
have negative impacts on the social dimension (e.g., low access to low-income and vulnerable
people) and on the environmental dimension (e.g., preference for economically-profitable
initiatives that can have environmental impacts),
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• “Land access occupation”: the limited land availability in the urban environment and the
occupation and use of urban spaces for UFP could lead to negative outputs in environmental and
social terms, particularly due to land use competition and land access issues.

The intersection with the economic dimension mainly resulted in positive synergies as economic
savings or revenues can emerge from positive externalities. These bidimensional elements were the
added-value from “increased biodiversity”, “local economy” and “diversification” and the economic
savings related to “micro-climate regulation”, “reduced food transportation”, “environmental
externalities” and “reduced food waste”. All of these elements outlined the positive outcomes
from an economic perspective while reducing the use of environmental resources and decreasing
the associated negative impacts. Nonetheless, the environmental conditions that can constrain the
productivity or the scale of UFP (e.g., land availability, small-scale initiatives with low profitability)
were negative aspects for both dimensions.

In the case of the society–economy interaction, economic savings that also benefit the society could
result from “improved access to affordable food”, “reduced cost to self-production”, “reduced costs due
to healthy food”, “food sovereignty”, and added-value was observed in “alternative economic models”,
“employment opportunities”, “ethical work” and “economic redistribution”. However, a trade-off was
observed in this bidimensional interaction, as UFP are related to “gentrification”, where increased
property values in neighborhoods have a negative impact on the society due to displacement.

3.3. Multi-Scalar Sustainability

The stakeholders used concepts that are associated to different scale levels. The scale levels ranged
from the individual to the global effects of UFP, outlining the multi-scalar nature of the sustainability
of UFP, the necessity to identify such scales and the resulting implications. Figure 6 displays how the
elements of sustainability (both benefits and impacts) were distributed among the different scale levels
(individual, project, community, city and global).
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scale level—from global to individual—differentiating between benefits and impacts.

The city scale was the predominant one regarding the sustainability benefits of UFP. Positive
effects were mainly related to the environmental dimension (e.g., improved local ecosystem services,
micro-climate regulation, urban regeneration) and the economic dimension (e.g., employment creation,
new businesses, alternative economic models). However, enhanced global health at the city level was
also indicated as a social benefit. Both the community and individual levels were relevant from the
perspective of benefits. While the community was related to several social benefits (e.g., community
building, self-organization, co-design and participatory design), both positive effects in the economic
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(e.g., reduced costs) and social dimensions (e.g., improved physical and mental health, food access,
training opportunities, food sovereignty) occurred at the individual scale. The global positive effects
mainly occurred in the environmental dimension, in relation to climate change mitigation and global
resource efficiency. At the project level, positive aspects were related to the economic dimension,
including innovation, ethical work and cooperation (e.g., shared production factors).

The sustainability impacts were mainly at the individual and project levels. Negative effects
at the individual level were found in the social (e.g., social exclusion, access disparity) and
economic dimensions (e.g., limited wage, elitism), while impacts on projects occurred in all of the
sustainability dimensions, for example, environmental limitations (environment), lack of training
(social) and small-scale constraints (economic). At the city level, UFP was associated with negative
environmental (e.g., water consumption, soil management), social (e.g., vandalism) and economic
impacts (e.g., monopoly). Regarding the elements associated with the community, limited participation
and engagement (social) or gentrification (economic) were examples.

4. Discussion

The results show the complexity and importance of definitions and use of concepts in UFP
sustainability. In this section, we discuss this broad definition in comparison with the available
literature, the implications in policy and power relationships and the contribution to the global
framework of the UN Sustainable Development Goals.

4.1. Completing the Vision of Sustainability

The comprehensive definition resulting from the stakeholders’ views completed the current vision
of the sustainability of UFP by providing terms and notions beyond the ones present in the current
literature. To discuss to what extent the concepts provided by the participants to define the three
dimensions complemented the current definition of the UFP sustainability, a recent literature review on
the benefits and impacts of urban agriculture was employed as a reference [14]. For the environmental
and social dimensions, the concepts that were most central and connected, i.e., the most relevant
ones, were already present in the literature. Nevertheless, concepts that were less common in the
narratives of the different stakeholders’ groups, and therefore, less central, appeared as new elements
beyond this literature review. In the case of the economic dimension, most of the elements were new
elements, highlighting that the elements regarding the economic sustainability in the literature review
used as a reference [14] mostly approached UFP as a business-oriented initiative (e.g., employment,
training, increased property values, entrepreneurship, financial support, gentrification, limited wage),
and concepts associated with socially-driven initiatives were more limited (e.g., reduced cost due to
self-production), suggesting the need to approach these aspects more deeply.

The elements that were more relevant in the environmental sustainability category were
increased biodiversity and habitat for pollinators, recycling organic waste, micro-climate regulation,
and increased resource-efficiency. Notwithstanding that biodiversity has been linked to UFP due
to the increase of green areas as new habitats, there is a lack of studies quantifying the patterns of
biodiversity and the resulting ecosystem services from them (e.g., pollination) [61]. A recent study [62]
evaluated the presence and abundance of ladybirds as a useful biodiversity tool in integrated pest
management in an urban garden in Bologna (Italy) where the plant species that had a higher abundance
of ladybirds were identified for future urban garden design. UFP has been proved to be a tool that
can increase the recycling rate of organic waste, which can be used as fertilizer and substrate for
food production [31,46]. Moreover, some entrepreneurs are seeking technical solutions to employ
urban waste in food production, such as the use of coffee grounds for fungi production (e.g., La Boite
à Champignons, Paris, France or Rotterzwam, Rotterdam, The Netherlands). This approach is in
line with the EU action plan for a circular economy, which aims to reach a target of recycling 65% of
municipal waste by 2030. The micro-climate regulation of UFP is still under evaluation, although some
authors have referred to studies on green roof effects as proxies. Gasperi [63] evaluated the effects on
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the micro-climate of an experimental rooftop garden in the city center of Bologna, which had a positive
effect on human thermal comfort. Finally, a debate around the increased resource efficiency of UFP
exists in the literature, as the comparison between urban food and conventional food strongly depends
on the production system and the geographical context [16–18,31].

Regarding social sustainability, the most relevant aspects were social inclusion and improved
access to affordable food. In Bologna, where this study took place, several UFP initiatives pursued the
social inclusion of vulnerable communities, migrants and refugees by providing them with training
and paid jobs in business-oriented activities as well as spaces for producing food for themselves. In the
literature, some authors have evaluated the role of UFP in social inclusion [8,64,65], revealing that
while UFP can lead to inclusionary activities for migrants, the effectiveness of them depends on the
local context and policy. Increased access to affordable food has been demonstrated in the literature,
particularly for socially-oriented initiatives where the individuals and the community directly harvest
the food [41,66–68].

Reduced cost due to self-production, short-chain, employment and business opportunities were
the key aspects of economic sustainability. Some authors have evaluated the costs of urban-grown
food, highlighting the dependence on the crops, the cultivation technique and the geographical area
for this to be an activity that provides economic savings to the gardeners. Undoubtedly, UFP promotes
the development of short food-chains by reducing the distance between producers and consumers.
Sanyé-Mengual [69] examined the benefits of UFP supply-chains compared to conventional and
imported food, unveiling the benefits of a reduced transportation, packaging use and retail storage.
Some authors have worked on characterizing and classifying the business typologies that have arisen in
recent UFP development [11,70,71], outlining the multi-functionality of UFP and the need to consider
the local context to achieve successful activities.

4.2. Policy Implications and Power Relations

The network analysis unveiled two common trends in the three dimensions of the sustainability
of UFP. First, the more frequently mentioned elements (i.e., higher connectivity in the network) by
the different stakeholder groups were also the most relevant and central. This fact indicates that the
elements that were more used in the discourses of the different stakeholder groups were also the most
common in the global discourse. Second, this trend was more common when indicating benefits—i.e.,
positive elements, represented in green (Figures 3–5)—than when introducing impacts—i.e., negative
elements, represented in red (Figures 3–5). Hence, the stakeholders showed stronger agreement on the
sustainability benefits of UFP than on the sustainability impacts. In this context, the development of
UFP might focus on the potential sustainability benefits related to UFP initiatives as a common space
of understanding between different stakeholders.

However, the results showed isolation in the network of elements of environmental sustainability
indicating that certain groups had isolated discourses in which they highlighted specific issues and
employed their own concepts. In this case, the “administration” group exclusively used concepts
related to the territory to define the environmental sustainability of UFP, far from the comprehensive
definition that other stakeholder groups used in their narratives, ranging from climate change aspects
to urban planning improvements. Such phenomena can affect the power relationships and policy of
UFP in daily life.

Primarily, contrary definitions between stakeholders that have different levels of power in the
definition, and the implementation of UFP can lead to unsuccessful development of initiatives at the
local level. Subsequently, when detached discourses are held by policy-makers, this can promote
the deployment of policies and programs which cause unequal distribution of public resources and
unfeasible long-term projects. For the case of Bologna, where this participatory process took place,
the current programs related to UFP and the revitalization of vacant lands as a strategy for improving
the urban territory already clashed with the willingness of citizens through top-down projects [55].
These results thus highlighted the relevance of definitions in the local context, where common elements
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might re-address current policy orientations and put together different interests as the basis for new
democratic and long-term policy-making regarding sustainable UFP.

Furthermore, a comprehensive definition of the sustainability elements around UFP might support
the creation of innovative policies that link policy-making with real implementation, a common issue
in UFP development. Cohen and Reynolds [72] evaluated the development of urban agriculture
in New York City, where community members indicated their willingness to be more integrated
into the policy-making process to be able to transfer their realities into effective policy-making.
Sanyé-Mengual et al. [73] found out that stakeholders in Barcelona had several definitions of urban
agriculture, leading to conflicting expectations in the potential development of rooftop agriculture.
Therefore, participatory policy-making with definitions of UFP and their sustainability elements could
promote overcoming such obstacles.

4.3. UFP Contribution to the United Nations Sustainable Development Goals

The global relevance of the sustainability definition of UFP has been discussed by contrasting
the sustainability elements and definitions with the Sustainable Development Goals (SDGs).
The description of the SDGs and their specific objectives in the UN Declaration is here discussed
from the lens of the elements of the sustainability concept described by the stakeholders. The resulting
definition of sustainability showed a great contribution to achieving diverse SDGs. In general,
the contribution of UFP to the SDGs is very broad, and comprehensive quantitative studies are
needed to evaluate the sustainability of UFP beyond the current narrowed assessments available in
the literature that focus on specific aspects, such as the food security potential or the carbon footprint
(Table 1).

The stakeholders highlighted the potential role of UFP in improving poverty and enhancing equal
access to resources, particularly through initiatives that focus on citizens at risk of social exclusion
(e.g., low-income, migrants). Furthermore, the sustainability aspects related to a more resource-efficient
UFP (e.g., addressing climate change mitigation) can effectively contribute to building the resilience
of vulnerable population (SDG 1 “no poverty”). Some of the elements proposed by the stakeholders
highlighted the contribution of UFP to SDG 2 “zero hunger” by enhancing food security, coping
with malnutrition, securing access to natural resources for food production, ensuring sustainable
food systems and recovering and maintaining genetical variability in urban areas. The stakeholders’
definition included the improved mental and physical health of gardeners, diet changes and the
increased food quality associated with UFP as well as improved environmental quality. Such elements
could contribute to SDG 3 “good health and well-being”. The training opportunities and the
environmental awareness and education associated with UFP could contribute to SDG 4 “quality
education”, as suggested by the majority of the stakeholder groups.

Regarding SDG 6, “clean water and sanitation”, stakeholders acknowledged that UFP could have
a positive contribution to water efficiency. The potential impact on SDG 6 would depend on agricultural
practices as organic production can prevent water pollution or technological innovations can promote
circular economy techniques to enhance water recycling and reuse. An increase in local food production
would improve the global energy efficiency by decreasing food transportation and promoting
short-chains, thereby contributing to SDG 7 “affordable and Clean Energy”. The stakeholders stated
that UFP could have positive impacts in the economic dimension of the sustainability and contribute
to SDG 8 “decent work and economic growth”, for example, through the development of the local
economy by creating job opportunities, enhancing innovation and entrepreneurship and promoting
resource-efficient markets. UFP activities oriented towards low-income, youth and social exclusion
risk communities would contribute to specific objectives of SDG 8.

Greater equality in distributing food and access to resources, social inclusion and empowerment
of the society through UFP were specific features of the sustainability definition of stakeholders that
could contribute to SDG 10, “reduced inequalities”. UFP could have a positive impact regarding
SDG 11, “sustainable cities and communities”, as the stakeholders outlined its potential role in
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promoting sustainable urbanization, preserving the natural and cultural heritage, protecting vulnerable
communities, reducing the urban environmental impact and increasing accessibility to green spaces.
The diverse stakeholders highlighted the role of UFP towards achieving SDG 12 “responsible
consumption and production” as UFP could strengthen the efficient use of natural resources, prevent
food waste generation by shortening food supply-chains, reduce the use of chemicals and produced
waste and enhance environmental awareness. Along the same line, the stakeholders agreed that UFP
is associated with increased resilience and climate change mitigation (SDG 13, “climate action”).

Some SDGs were only considered in an indirect way, through the stakeholders’ definition of
the sustainability of UFP. The impact to some SDGs relies on the indirect effect of resource efficiency
and reduced environmental impact to natural environments beyond urban areas, i.e., for SDG 14
“life below water” and SDG 15 “life on land”. Finally, although the stakeholders used sustainability
elements related to some SDGs (e.g., social inclusion, innovation, reduced crime), the contribution
to these SDGs would depend on how UFP is managed, such as for SDG 6 “gender equality”, SDG 9
“industry, innovation and infrastructure”, SDG 16 “peace, justice and strong institutions” and SDG 17
“partnerships for the goals”.

5. Conclusions

This paper contributes to the literature on sustainability and UFP by revisiting the concepts
associated with environmental, social and economic sustainability in order to incorporate the
perspective and narratives of stakeholders. This bottom-up approach unveiled a comprehensive
vision of sustainable UFP, the relevance of certain sustainability elements and key aspects to
take into consideration for the implementation of UFP, the design of effective policy-making and
the development of research studies on the sustainability of UFP that built upon the presented
conceptual framework.

As a novel approach that systematically and visually evaluated the results from participatory
narratives using a network analysis, the identification of bidimensional and tridimensional concepts
and the appearance of isolated discourses unveiled key aspects. The existence of bidimensional
and tridimensional concepts indicated priorities, synergies and trade-offs among the dimensions of
sustainability. This aspect emphasized the need to approach sustainability in a transversal way.

This study provided evidence of the significance of participatory, bottom-up and democratic
policy-making, confirming that isolated discourses of sustainability can lead to unsuccessful plans and
programs. The participation of stakeholders in policy-making can also be vital for the definition of
monitoring indicators.

The multi-scalar nature of UFP suggested that specific policies can be supported by global
schemes (e.g., the Paris Agreement, SDGs) and that UFP can be a local tool for democracy and equity
at lower scales (i.e., community, project, individual). With regard to the SDG scheme, the stakeholders’
definitions and concepts outlined the large contribution of UFP to different goals, highlighting the
potential role of UFP in the design of sustainable cities.
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Appendix A. Workshop Participants

Table A1 details the list of participants in the participatory research workshops.
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Table A1. Participants of the stakeholder meeting and urban green train workshop.

Workshop Group Participant Number

Stakeholder meeting

Administration and
associations

Local government, Regional government, National
agency, Local environmental association 4

Urban garden managers
and practitioners

Managers and gardeners of local realities (Urban
allotment garden, Community garden, Squatted garden)
Representative of citizen-driven food co-op

6

UFP-related companies
and co-ops

Urban agriculture small/medium enterprises (SME),
Association of local food producers, Food production
co-operative manager, Periurban farmer

5

Researchers on food
systems

Researchers from University of Bologna, University of
Macerata and University of Amsterdam 5

Urban Green Train
course workshop

International students
from urban agriculture
pilot course

Applied Science University of South Westfalia (SWUAS) 10

University of Bologna (UNIBO) 4

Institut agronomique veterinaire et forestier de France
(AGREENIUM) 6

Independent students (The Netherlands, Serbia, Italy,
France, Brazil): practitioners and local administration 11

Total 51

References

1. Ackerman, K.; Conard, M.; Culligan, P.; Plunz, R.; Sutto, M.-P.; Whittinghill, L. Sustainable Food Systems for
Future Cities: The Potential of Urban Agriculture. Econ. Soc. Rev. 2014, 45, 189–206.

2. Mok, H.-F.F.; Williamson, V.G.; Grove, J.R.; Burry, K.; Barker, S.F.; Hamilton, A.J. Strawberry fields forever?
Urban agriculture in developed countries: A review. Agron. Sustain. Dev. 2014, 24, 21–43. [CrossRef]

3. Meharg, A.A. Perspective: City farming needs monitoring. Nature 2016, 531, S60. [CrossRef] [PubMed]
4. Palmer, L. Urban agriculture growth in US cities. Nat. Sustain. 2018, 1, 5–7. [CrossRef]
5. Wekerle, G.R. Food Justice Movements: Policy, Planning, and Networks. J. Plan. Educ. Res. 2004, 23, 378–386.

[CrossRef]
6. Morgan, K. Feeding the City: The Challenge of Urban Food Planning. Int. Plan. Stud. 2009, 14, 341–348.

[CrossRef]
7. Kulak, M.; Graves, A.; Chatterton, J. Reducing greenhouse gas emissions with urban agriculture: A Life

Cycle Assessment perspective. Landsc. Urban Plan. 2013, 111, 68–78. [CrossRef]
8. Poulsen, M.N. Cultivating citizenship, equity, and social inclusion? Putting civic agriculture into practice

through urban farming. Agric. Hum. Values 2017, 34, 135–148. [CrossRef]
9. Fabbrizzi, S.; Maggino, F.; Marinelli, N.; Menghini, S.; Ricci, C.; Sacchelli, S. Sustainability and Food: A Text

Analysis of the Scientific Literature. Agric. Agric. Sci. Procedia 2016, 8, 670–679. [CrossRef]
10. Thomaier, S.; Specht, K.; Henckel, D.; Dierich, A.; Siebert, R.; Freisinger, U.B.; Sawicka, M. Farming in and on

urban buildings: Present practice and specific novelties of Zero-Acreage Farming (ZFarming). Renew. Agric.
Food Syst. 2015, 30, 43–54. [CrossRef]

11. Pölling, B.; Mergenthaler, M.; Lorleberg, W. Professional urban agriculture and its characteristic business
models in Metropolis Ruhr, Germany. Land Use Policy 2016, 58, 366–379. [CrossRef]

12. Specht, K.; Weith, T.; Swoboda, K.; Siebert, R. Socially acceptable urban agriculture businesses. Agron.
Sustain. Dev. 2016, 36, 1–14. [CrossRef]

13. Specht, K.; Siebert, R.; Hartmann, I.; Freisinger, U.B.; Sawicka, M.; Werner, A.; Thomaier, S.; Henckel, D.;
Walk, H.; Dierich, A. Urban agriculture of the future: An overview of sustainability aspects of food production
in and on buildings. Agric. Hum. Values 2014, 31, 33–51. [CrossRef]

14. Palmer, A.; Santo, R.; Kim, B. Vacant Lots to Vibrant Plots; Johns Hopkins University—Centre for a Livable
Future: Baltimore, MD, USA, 2016.

15. Hall, G.; Rothwell, A.; Grant, T.; Isaacs, B.; Ford, L.; Dixon, J.; Kirk, M.; Friel, S. Potential environmental and
population health impacts of local urban food systems under climate change: A life cycle analysis case study
of lettuce and chicken. Agric. Food Secur. 2014, 3, 6. [CrossRef]

http://dx.doi.org/10.1007/s13593-013-0156-7
http://dx.doi.org/10.1038/531S60a
http://www.ncbi.nlm.nih.gov/pubmed/26981731
http://dx.doi.org/10.1038/s41893-017-0014-8
http://dx.doi.org/10.1177/0739456X04264886
http://dx.doi.org/10.1080/13563471003642852
http://dx.doi.org/10.1016/j.landurbplan.2012.11.007
http://dx.doi.org/10.1007/s10460-016-9699-y
http://dx.doi.org/10.1016/j.aaspro.2016.02.077
http://dx.doi.org/10.1017/S1742170514000143
http://dx.doi.org/10.1016/j.landusepol.2016.05.036
http://dx.doi.org/10.1007/s13593-016-0355-0
http://dx.doi.org/10.1007/s10460-013-9448-4
http://dx.doi.org/10.1186/2048-7010-3-6


Sustainability 2018, 10, 2175 17 of 19

16. Sanyé-Mengual, E.; Oliver-Solà, J.; Montero, J.I.; Rieradevall, J. An environmental and economic life cycle
assessment of Rooftop Greenhouse (RTG) implementation in Barcelona, Spain. Assessing new forms of
urban agriculture from the greenhouse structure to the final product level. Int. J. Life Cycle Assess. 2015, 20,
350–366. [CrossRef]

17. Sanyé-Mengual, E.; Orsini, F.; Oliver-Solà, J.; Rieradevall, J.; Montero, J.; Gianquinto, G. Techniques and
crops for efficient rooftop gardens in Bologna, Italy. Agron. Sustain. Dev. 2015, 35, 1477–1488. [CrossRef]

18. Goldstein, B.; Hauschild, M.; Fernández, J.; Birkved, M. Testing the environmental performance of urban
agriculture as a food supply in northern climates. J. Clean. Prod. 2016, 135, 984–994. [CrossRef]

19. He, X.; Qiao, Y.; Liu, Y.; Yin, C.; Martin, F. Environmental impact assessment of organic and conventional
tomato production in urban greenhouses of Beijing city, China. J. Clean. Prod. 2016, 134, 251–258. [CrossRef]

20. Christensen, L.O.; Galt, R.E.; Kendall, A. Life-cycle greenhouse gas assessment of Community Supported
Agriculture in California’s Central Valley. Renew. Agric. Food Syst. 2017. [CrossRef]

21. Sanjuan-Delmás, D.; Llorach-Massana, P.; Nadal, A.; Ercilla-Montserrat, M.; Muñoz, P.; Montero, J.I.; Josa, A.;
Gabarrell, X.; Rieradevall, J. Environmental assessment of an integrated rooftop greenhouse for food
production in cities. J. Clean. Prod. 2018, 177, 326–337. [CrossRef]

22. Maucieri, C.; Forchino, A.A.; Nicoletto, C.; Junge, R.; Pastres, R.; Sambo, P.; Borin, M. Life cycle assessment
of a micro aquaponic system for educational purposes built using recovered material. J. Clean. Prod. 2018,
172, 3119–3127. [CrossRef]

23. Benis, K.; Ferrão, P. Potential mitigation of the environmental impacts of food systems through urban
and peri-urban agriculture (UPA)—A life cycle assessment approach. J. Clean. Prod. 2017, 140, 784–795.
[CrossRef]

24. Goldstein, B.P.; Hauschild, M.Z.; Fernández, J.E.; Birkved, M. Contributions of Local Farming to Urban
Sustainability in the Northeast United States. Environ. Sci. Technol. 2017, 51, 7340–7349. [CrossRef] [PubMed]

25. Grewal, S.S.; Grewal, P.S. Can cities become self-reliant in food? Cities 2012, 29, 1–11. [CrossRef]
26. McClintock, N.; Cooper, J.; Khandeshi, S. Assessing the potential contribution of vacant land to urban vegetable

production and consumption in Oakland, California. Landsc. Urban Plan. 2013, 111, 46–58. [CrossRef]
27. Saha, M.; Eckelman, M.J. Growing fresh fruits and vegetables in an urban landscape: A geospatial assessment

of ground level and rooftop urban agriculture potential in Boston, USA. Landsc. Urban Plan. 2017, 165,
130–141. [CrossRef]

28. Orsini, F.; Gasperi, D.; Marchetti, L.; Piovene, C.; Draghetti, S.; Ramazzotti, S.; Bazzocchi, G.; Gianquinto, G.
Exploring the production capacity of rooftop gardens (RTGs) in urban agriculture: The potential impact
on food and nutrition security, biodiversity and other ecosystem services in the city of Bologna. Food Secur.
2014, 6, 781–792. [CrossRef]

29. Alaimo, K.; Packnett, E.; Miles, R.A.; Kruger, D.J. Fruit and vegetable intake among urban community
gardeners. J. Nutr. Educ. Behav. 2008, 40, 94–101. [CrossRef] [PubMed]

30. Bell, A. The Pedagogical Potential of School Grounds. In Greening School Grounds: Creating Habitats for
Learning; Grant, T., Littlejohn, G., Eds.; New Society Publishers: Gabriola Island, BC, Canada, 2001; pp. 9–11.

31. Dorr, E.; Sanyé-Mengual, E.; Gabrielle, B.; Grard, B.J.-P.; Aubry, C. Proper selection of substrates and crops
enhances the sustainability of Paris rooftop garden. Agron. Sustain. Dev. 2017, 37, 51. [CrossRef]

32. Eaves, J.; Eaves, S. Comparing the Profitability of a Greenhouse to a Vertical Farm in Quebec. Can. J. Agric.
Econ. 2018, 66, 43–54. [CrossRef]

33. Astee, L.; Kishnani, N. Building Integrated Agriculture: Utilising Rooftops for Sustainable Food Crop
Cultivation in Singapore. J. Green Build. 2010, 5, 105–113. [CrossRef]

34. Hara, Y.; Murakami, A.; Tsuchiya, K.; Palijon, A.M.; Yokohari, M. A quantitative assessment of vegetable
farming on vacant lots in an urban fringe area in Metro Manila: Can it sustain long-term local vegetable
demand? Appl. Geogr. 2013, 41, 195–206. [CrossRef]

35. Sanyé-Mengual, E.; Cerón-Palma, I.; Oliver-Solà, J.; Montero, J.; Rieradevall, J. Integrating horticulture into
cities: A guide for assessing the implementation potential of Rooftop Greenhouses (RTGs) in industrial and
logistics parks. J. Urban Technol. 2015, 22, 87–111. [CrossRef]

36. Berger, D. A GIS Suitability Analysis of the Potential for Rooftop Agriculture in New York City. Master’s
Thesis, Columbia University, New York, NY, USA, 2013.

37. Vitiello, D.; Nairn, M. Community Gardening in Philadelphia: 2008 Harvest Report; University of Pennsylvania:
Philadelphia, PA, USA, 2009.

http://dx.doi.org/10.1007/s11367-014-0836-9
http://dx.doi.org/10.1007/s13593-015-0331-0
http://dx.doi.org/10.1016/j.jclepro.2016.07.004
http://dx.doi.org/10.1016/j.jclepro.2015.12.004
http://dx.doi.org/10.1017/S1742170517000254
http://dx.doi.org/10.1016/j.jclepro.2017.12.147
http://dx.doi.org/10.1016/j.jclepro.2017.11.097
http://dx.doi.org/10.1016/j.jclepro.2016.05.176
http://dx.doi.org/10.1021/acs.est.7b01011
http://www.ncbi.nlm.nih.gov/pubmed/28636338
http://dx.doi.org/10.1016/j.cities.2011.06.003
http://dx.doi.org/10.1016/j.landurbplan.2012.12.009
http://dx.doi.org/10.1016/j.landurbplan.2017.04.015
http://dx.doi.org/10.1007/s12571-014-0389-6
http://dx.doi.org/10.1016/j.jneb.2006.12.003
http://www.ncbi.nlm.nih.gov/pubmed/18314085
http://dx.doi.org/10.1007/s13593-017-0459-1
http://dx.doi.org/10.1111/cjag.12161
http://dx.doi.org/10.3992/jgb.5.2.105
http://dx.doi.org/10.1016/j.apgeog.2013.04.003
http://dx.doi.org/10.1080/10630732.2014.942095


Sustainability 2018, 10, 2175 18 of 19

38. Vitiello, D.; Nairn, M.; Grisso, J.A.; Swistak, N. Community Gardening in Camden, NJ Harvest Report: Summer
2009; Penn’s Center for Public Health Initiatives: Philadelphia, PA, USA, 2010.

39. Litt, J.S.; Soobader, M.J.; Turbin, M.S.; Hale, J.W.; Buchenau, M.; Marshall, J.A. The influence of social
involvement, neighborhood aesthetics, and community garden participation on fruit and vegetable
consumption. Am. J. Public Health 2011, 101, 1466–1473. [CrossRef] [PubMed]

40. Algert, S.; Diekmann, L.; Renvall, M.; Gray, L. Community and home gardens increase vegetable intake and
food security of residents in San Jose, California. Calif. Agric. 2016, 70, 77–82. [CrossRef]

41. Sanyé-Mengual, E.; Gasperi, D.; Michelon, N.; Orsini, F. Eco-efficiency assessment and food security potential
of home gardening: A case study in Padua, Italy. Sustainability 2018, 10, 2124. [CrossRef]

42. Taylor, J.R.; Lovell, S.T. Urban home gardens in the Global North: A mixed methods study of ethnic and
migrant home gardens in Chicago, IL. Renew. Agric. Food Syst. 2014, 30, 22–32. [CrossRef]

43. Sanyé-Mengual, E. Sustainability Assessment of Urban Rooftop Farming Using an Interdisciplinary Approach;
Universitat Autònoma de Barcelona: Barcelona, Spain, 2015.

44. Forchino, A.A.; Lourguioui, H.; Brigolin, D.; Pastres, R. Aquaponics and sustainability: The comparison of
two different aquaponic techniques using the Life Cycle Assessment (LCA). Aquac. Eng. 2017, 77, 80–88.
[CrossRef]

45. Pérez-Neira, D.; Grollmus-Venegas, A. Life-cycle energy assessment and carbon footprint of peri-urban
horticulture. A comparative case study of local food systems in Spain. Landsc. Urban Plan. 2018, 172, 60–68.
[CrossRef]

46. Grard, B.J.-P.; Bel, N.; Marchal, N.; Madre, F.; Castell, J.-F.; Cambier, P.; Houot, S.; Manouchehri, N.;
Besancon, S.; Michel, J.-C.; et al. Recycling urban waste as possible use for rooftop vegetable garden. Future
Food J. Food Agric. Soc. 2015, 3, 21–34.

47. Grard, B.J.P.; Chenu, C.; Manouchehri, N.; Houot, S.; Frascaria-Lacoste, N.; Aubry, C. Rooftop farming on
urban waste provides many ecosystem services. Agron. Sustain. Dev. 2018, 38, 2. [CrossRef]

48. Love, D.C.; Fry, J.P.; Li, X.; Hill, E.S.; Genello, L.; Semmens, K.; Thompson, R.E. Commercial aquaponics
production and profitability: Findings from an international survey. Aquaculture 2015, 435, 67–74. [CrossRef]

49. Rothwell, A.; Ridoutt, B.; Page, G.; Bellotti, W. Environmental performance of local food: Trade-offs and
implications for climate resilience in a developed city. J. Clean. Prod. 2016, 114, 420–430. [CrossRef]

50. Chang, M.; Morel, K. Reconciling economic viability and socio-ecological aspirations in London urban
microfarms. Agron. Sustain. Dev. 2018, 38, 9. [CrossRef]

51. Vinnari, M.; Tapio, P. Sustainability of diets: From concepts to governance. Ecol. Econ. 2012, 74, 46–54. [CrossRef]
52. Rivera, S.J.; Minsker, B.S.; Work, D.B.; Roth, D. A text mining framework for advancing sustainability

indicators. Environ. Model. Softw. 2014, 62, 128–138. [CrossRef]
53. Laniak, G.F.; Olchin, G.; Goodall, J.; Voinov, A.; Hill, M.; Glynn, P.; Whelan, G.; Geller, G.; Quinn, N.;

Blind, M.; et al. Integrated environmental modelling: A vision and roadmap for the future. Environ. Model.
Softw. 2013, 39, 3–23. [CrossRef]

54. Gasperi, D.; Pennisi, G.; Rizzati, N.; Magrefi, F.; Bazzocchi, G.; Mezzacapo, U.; Centrone Stefani, M.;
Sanyé-Mengual, E.; Orsini, F.; Gianquinto, G. Towards Regenerated and Productive Vacant Areas through
Urban Horticulture: Lessons from Bologna, Italy. Sustainability 2016, 8, 1347. [CrossRef]

55. Nelson, E.; Tovar, L.G.; Rindermann, R.S.; Cruz, M.Á.G. Participatory organic certification in Mexico:
An alternative approach to maintaining the integrity of the organic label. Agric. Hum. Values 2010, 27,
227–237. [CrossRef]

56. Mendonça, M.A.F.C.; Caligiorne Cruz, N.A.; Cardoso, I.M.; Charão Marques, F. Participatory certification
supports local food systems. Urban Agric. Mag. RUAF 2015, 30, 34–36.

57. Home, R.; Bouagnimbeck, H.; Ugas, R.; Arbenz, M.; Stolze, M. Participatory guarantee systems: Organic
certification to empower farmers and strengthen communities. Agroecol. Sustain. Food Syst. 2017, 41, 526–545.
[CrossRef]

58. Gephi Association. Gephi; Gephi Association: Paris, France, 2016.
59. Jacomy, M.; Venturini, T.; Heymann, S.; Bastian, M. ForceAtlas2, a Continuous Graph Layout Algorithm for

Handy Network Visualization Designed for the Gephi Software. PLoS ONE 2014. [CrossRef] [PubMed]
60. Lin, B.B.; Philpott, S.M.; Jha, S. The future of urban agriculture and biodiversity-ecosystem services:

Challenges and next steps. Basic Appl. Ecol. 2015, 16, 189–201. [CrossRef]

http://dx.doi.org/10.2105/AJPH.2010.300111
http://www.ncbi.nlm.nih.gov/pubmed/21680931
http://dx.doi.org/10.3733/ca.v070n02p77
http://dx.doi.org/10.3390/su10072124
http://dx.doi.org/10.1017/S1742170514000180
http://dx.doi.org/10.1016/j.aquaeng.2017.03.002
http://dx.doi.org/10.1016/j.landurbplan.2018.01.001
http://dx.doi.org/10.1007/s13593-017-0474-2
http://dx.doi.org/10.1016/j.aquaculture.2014.09.023
http://dx.doi.org/10.1016/j.jclepro.2015.04.096
http://dx.doi.org/10.1007/s13593-018-0487-5
http://dx.doi.org/10.1016/j.ecolecon.2011.12.012
http://dx.doi.org/10.1016/j.envsoft.2014.08.016
http://dx.doi.org/10.1016/j.envsoft.2012.09.006
http://dx.doi.org/10.3390/su8121347
http://dx.doi.org/10.1007/s10460-009-9205-x
http://dx.doi.org/10.1080/21683565.2017.1279702
http://dx.doi.org/10.1371/journal.pone.0098679
http://www.ncbi.nlm.nih.gov/pubmed/24914678
http://dx.doi.org/10.1016/j.baae.2015.01.005


Sustainability 2018, 10, 2175 19 of 19

61. Bazzocchi, G.; Pennisi, G.; Frabetti, A.; Orsini, F.; Gianquinto, G. Abundance, migration and distribution of
Coccinella septempunctata (Coleoptera: Coccinellidae) in a highly biodiverse urban garden. In Proceedings of
the VI International Conference on Landscape and Urban Horticulture, Athens, Greece, 20–25 June 2016;
Volume 1189, pp. 501–504.

62. Gasperi, D. Urban Horticulture: Reducing Food Miles to Improve Cities Microclimate and Environmental
Sustainability. Ph.D. Thesis, Alma Mater Studiorum—University of Bologna, Bologna, Italy, 2017.

63. Cabannes, Y.; Raposo, I. Peri-urban agriculture, social inclusion of migrant population and Right to the City:
Practices in Lisbon and London. City 2013, 17, 235–250. [CrossRef]

64. Gasperi, D.; Bazzocchi, G.; Bertocchi, I.; Ramazzotti, S.; Gianquinto, G. The multifunctional role of urban
gardens through the XX century. The Bologna case study. In Proceedings of the XI International People Plant
Symposium on Diversity: Towards a New Vision of Nature, Baarlo, The Netherlands, 6 September 2012;
pp. 91–98.

65. Poulsen, M.N.; McNab, P.R.; Clayton, M.L.; Neff, R.A. A systematic review of urban agriculture and food
security impacts in low-income countries. Food Policy 2015, 55, 131–146. [CrossRef]

66. Altieri, M.A.; Companioni, N.; Cañizares, K.; Murphy, C.; Rosset, P.; Bourque, M.; Nicholls, C.I. The greening
of the “barrios”: Urban agriculture for food security in Cuba. Agric. Hum. Values 1999, 16, 131–140. [CrossRef]

67. Kortright, R.; Wakefield, S. Edible backyards: A qualitative study of household food growing and its
contributions to food security. Agric. Hum. Values 2010, 28, 39–53. [CrossRef]

68. Sanyé-Mengual, E.; Cerón-Palma, I.; Oliver-Solà, J.; Montero, J.; Rieradevall, J. Environmental analysis of the
logistics of agricultural products from roof top greenhouses in Mediterranean urban areas. J. Sci. Food Agric.
2013, 93, 100–109. [CrossRef] [PubMed]

69. Van der Schans, J.W.; Lorleberg, W.; Alfranca-Burriel, O.; Alves, E.; Andersson, G.; Branduini, P.; Egloff, L.;
Giacché, G.; Heller, H.; Herkströter, K.; et al. It Is a Business! Business Models in Urban Agriculture. In
Urban Agriculture Europe; Lohrberg, F., Licka, L., Scazzosi, L., Timpe, A., Eds.; Jovis: Berlin, Germany, 2016;
pp. 82–91.

70. Pölling, B.; Sroka, W.; Mergenthaler, M. Success of urban farming’s city-adjustments and business
models—Findings from a survey among farmers in Ruhr Metropolis, Germany. Land Use Policy 2017,
69, 372–385. [CrossRef]

71. Cohen, N.; Reynolds, K.; Sanghvi, R. Five Borough Farm: Seeding the Future of Urban Agriculture in New York
City; Design Trust for Public Space: New York, NY, USA, 2012.

72. Sanyé-Mengual, E.; Anguelovski, I.; Oliver-Solà, J.; Montero, J.I.; Rieradevall, J. Resolving differing
stakeholder perceptions of urban rooftop farming in Mediterranean cities: Promoting food production
as a driver for innovative forms of urban agriculture. Agric. Hum. Values 2016, 33, 101–120. [CrossRef]

73. United Nations (UN). Transforming Our World: The 2030 Agenda for Sustainable Development; UN: San Francisco,
CA, USA, 2015.

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/13604813.2013.765652
http://dx.doi.org/10.1016/j.foodpol.2015.07.002
http://dx.doi.org/10.1023/A:1007545304561
http://dx.doi.org/10.1007/s10460-009-9254-1
http://dx.doi.org/10.1002/jsfa.5736
http://www.ncbi.nlm.nih.gov/pubmed/22674216
http://dx.doi.org/10.1016/j.landusepol.2017.09.034
http://dx.doi.org/10.1007/s10460-015-9594-y
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Quantifying the Sustainability of UFP 
	The Need for a Bottom-Up Perspective 
	Goal and Objectives 

	Materials and Methods 
	Participatory Research Design 
	Participants 
	Data Analysis 

	Results 
	An Insight into the Elements of Sustainability 
	Environmental Sustainability 
	Social Sustainability 
	Economic Sustainability 

	The Pluridimensionality of Sustainability Elements: Synergies and Trade-Offs 
	Multi-Scalar Sustainability 

	Discussion 
	Completing the Vision of Sustainability 
	Policy Implications and Power Relations 
	UFP Contribution to the United Nations Sustainable Development Goals 

	Conclusions 
	Workshop Participants 
	References

