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The main objective of this study is to contribute a framework and to provide an overview

of potential key factors, policies, and barriers associated with the integration of rooftop

urban agriculture (RUA), building on stakeholders’ perspectives in four European cities

(Barcelona, Berlin, Bologna, and Paris). The research was developed in two phases,

namely, a workshop and a survey of stakeholders involved in RUA from the four cities.

Education, environmental, research, technological innovation, food production, and

social factors play an important role in implementing RUA. Productive spaces, cultural

values, social cohesion, social rural-urban links, and the high cost of urban land are

highlighted as factors that “promote” RUA. In contrast, the cost of water and pollution

are major contextual factors that constrain RUA. Policies related to food trade and urban

planning are those that most limit RUA development. Major architectural and technical

barriers related to the limits on building heights, historical buildings, a lack of specific

building codes, building design and roof accessibility were identified. The high cost

of infrastructure and policies that prohibit RUA product sales emerged as economic

constraints. Major differences among the cities studied included the perceived effect

of urban policies on RUA diffusion as well as the perceived relevance of economic and

pollution factors. This study revealed that extensive dissemination and the development

of appropriate information about RUA are needed. The creation of new regulations, as

well as modifications to urban and building codes to support RUA, is also envisaged.

This approach will consider a more flexible land-use policy that allows agriculture to take

place in cities as well as marketing frameworks for RUA products. For future studies, it

would be useful to apply the framework developed in this study to a larger sample. A

study is also needed to confirm hypothetical differences between cities.
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INTRODUCTION

In recent decades, the world population has undergone
revolutionary changes. Population dynamics have resulted in the
rapid growth of the global population since 1950. Today, 55%
of the world’s population lives in urban areas, and according to
projections, by 2050, 68% of the world’s population is expected
to live in cities (United Nations, 2018). Cities, as spaces where
human activity is more concentrated, must develop a key role
in the management of the present and future of humankind
and the development of a more sustainable organizational model
(European Commission United Nations Human Settlements
Programme, 2016).

Land and water systems face the risk of a progressive collapse
of their productive capacity under a combination of demographic
pressure and unsustainable agricultural practices. Intensive forms
of agriculture can cause serious environmental damage, with
food crops also competing for land, water, and energy resources
(Bilan et al., 2018). Factors such as rapid urban growth,
scarce resources, and the effects of climate change contribute
to highly vulnerable food systems (FAO, 2011; Martellozzo
et al., 2014). The COVID-19 pandemic has underlined the
need for modifications and changes in the governance of food
systems. To address food resilience, it has been suggested
that European governments promote local production involving
innovative small-scale initiatives, whose social benefits have been
emphasized by the pandemic (Vittuari et al., 2021). Indeed,
the integration of food production within cities may offer
opportunities to address these challenges (Armanda et al., 2019).

Cities, especially those with a high population density, lack
sufficient space for agricultural uses. In this sense, real estate
speculation and the increase in population density in urban
areas have led to a decrease in the availability of vacant lands
where urban agriculture (UA) may be developed (Gasperi et al.,
2016). Thus, given the multiple benefits in terms of social,
economic, and environmental functions provided by UA and
the growing interest in the creation of sustainable cities with
improved quality of life, city farming, made up of a diversified set
of growing systems and business strategies (Orsini et al., 2020),
is being widely promoted (Taylor and Hochuli, 2017). Among
possible strategies for fostering urban food production, vacant
building rooftops have been proposed as locations where the
transformation from underused to productive spaces may take
place (Orsini et al., 2014; Toboso-Chavero et al., 2018).

Urban Agriculture Benefits and Barriers
In recent years, a growing number of UA projects have been
established on existing buildings, for example, using façades
and rooftops as crop production space (Thomaier et al., 2015).
Rooftop urban agriculture (RUA) can play an important role
in improving adaptation to climate change (De Zeeuw et al.,
2011), can reduce the urban heat island effect (Alexandri
and Jones, 2008; Susca et al., 2011; Lee et al., 2014), and
may ultimately lower energy and greenhouse gas emissions
by decreasing the distance that food products are transported
(Heinberg and Bomford, 2009). Other benefits are also associated
with the integration of disadvantaged population groups and

the promotion of social cohesion (Draper and Freedman,
2010; Lovell, 2010), while also providing economic benefits
within communities.

However, even in the face of such benefits, several concerns
must be addressed for the successful integration of UA in cities
(Fletcher et al., 2012), with urban planning and economic, social,
and environmental issues representing the main challenges.
Policies, regulations, and land-use zoning bylaws can also act
as barriers to UA (Roehr and Kunigk, 2009). Until recently,
many municipalities excluded agriculture or related activities
within their regulations for residential land use. For instance,
until June 2010, the City of Los Angeles (California, USA)
prohibited residents from growing crops in residential-zoned
areas (Fletcher et al., 2012). Restriction on sales of food products
grown in residential areas is also a barrier and major concern,
although exceptions exist. In 2012, the Berkeley Planning
Commission adopted the definition of “Non-Processed Edibles,”
which includes locally produced fruit, vegetables, nuts, honey,
and shell eggs, but not meat, allowing the sale of such items
in residential districts, provided that they meet certain safety
requirements (Fletcher et al., 2012). Other cities were also highly
active in implementing policies to support UA, including New
York City, Washington DC, Chicago, Toronto and Singapore,
where pioneering programs related to food production on
building rooftops were launched. The New York City council
also included the use of rooftops for food production in local
plans (The New York City Council, 2010). Additionally, the city
of Chicago reformed city laws regarding UA, allowing urban
farms on rooftops (Urban Sustainability Exchange, 2011; City of
Chicago, 2020). Globally, North America (81) and Europe (49)
are the world regions with the highest number of RUA projects
(Appolloni et al., 2021).

Rooftop Urban Agriculture Integration in
European Cities
In Europe, the lack of land has led to exploring new ways
to promote horticulture in cities, with pioneering practices of
RUA taking place, for example, in Barcelona, Berlin, Bologna,
and Paris.

In Barcelona (Spain), a pilot rooftop greenhouse (RTG)
started to operate in the ICTA-ICP building of the Universitat
Autonòma de Barcelona in 2014 (Fertilecity, 2018). Other local
examples of RUA include the L’Hort al terrat (Garden on
the roof) program, promoted by the City Council and aimed
at fostering the integrated production of different kinds of
vegetables (Barcelona City Council, 2018b). Additionally, the
recently released Barcelona’s Climate Plan 2018–2030 considers
RUA implementation as a means to mitigate climate change and
improve the quality of life in the city (Barcelona City Council,
2018a). Barcelona will also host the international meeting of the
Milan Pact, becoming the World Capital of Sustainable Food in
2021 (Barcelona City Council, 2020).

In Berlin (Germany), commercial urban farming enterprises
have developed different prototypes and technologies for food
production on buildings (Specht et al., 2016b). The high potential
for integrating RUA was recently detailed (Altmann et al., 2018),
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and RUA projects are already operative, including two open-
air rooftop gardens and one RTG, located on the Humboldt
University building (Tao et al., 2020).

Bologna (Italy) was one of the first cities in Italy to
adopt a local plan for adaptation to climate change. Greening
strategies were proposed to mitigate the effects of urban
heat islands, with the ambitious objectives of integrating 5
hectares of urban vegetable gardens and greening intervention
on ten public buildings (Comune di Bologna, 2014). Although
the actual development was on a smaller scale e.g., three
temporary pilot community rooftop gardens installed on the
10th floor of social housing buildings (Orsini et al., 2014),
new RUA projects are currently being developed, including an
educational rooftop greenhouse at the multifunctional space
SALUS (Pennisi et al., 2020).

Paris (France) has been very active in promoting projects
concerning biodiversity, greening, UA and food initiatives
(Delgado, 2018). According to the Paris Climate Action Plan,
the city promotes UA on roofs of municipal buildings. One
of the objectives is to install 100 hectares of green roofs and
walls, one-third of which will be devoted to urban agriculture
(City of Paris, 2018). Accordingly, the Parisculteurs program was
launched in 2016 for installing urban agriculture on buildings
(Collé et al., 2018).

While the RUA sector is growing steadily in different
European cities, economic, social, environmental, legal,
technical, and architectural limitations are also being identified,
as will be detailed in the following section.

Rooftop Urban Agriculture Barriers in European Cities
Although pioneering RUA projects exist, most suffer from a lack
of promotion, specific laws, legal procedures, and urban codes
(Cerón-Palma et al., 2012; Sanyé-Mengual et al., 2013). Studies
in Barcelona, Berlin, and Bologna developed a preliminary
classification of such barriers (Cerón-Palma et al., 2012; Specht
et al., 2015, 2016a; Sanyé-Mengual et al., 2016; Specht and Sanyé-
Mengual, 2017). Social obstacles include limited acceptance by
users, the conceptualization and perception of UA, by many
stakeholders, that it is not “true” agriculture, and the urgent
need for training qualified technical personnel (Sanyé-Mengual
et al., 2016; Specht et al., 2016a; Specht and Sanyé-Mengual,
2017). Social and health risks have also been repeatedly identified
in several surveys on citizen perceptions (Sanyé-Mengual et al.,
2016, 2018b; Specht and Sanyé-Mengual, 2017). Additionally,
the possible environmental impacts associated with materials
used for the construction of RTG facilities require careful
consideration (Cerón-Palma et al., 2012). The low level of income
generated by RUA products and difficulties in developing a
viable business model were found to be the principal economic
concerns (Palmer et al., 2016; Specht and Sanyé-Mengual,
2017). Technological and architectural barriers included the
visual/aesthetic impact (especially within historical centers),
structural load limitations in buildings, building height limits
according to the building size, and the overall building envelope
(Cerón-Palma et al., 2012; Sanyé-Mengual et al., 2016; Specht
et al., 2016a). Legal challenges range from the lack of RUA
regulations in current urban building codes and the difficulties

in managing food safety protocols and certification schemes
within small-scale farms. While the few studies that have been
conducted have identified the barriers, opportunities, and risks
associated with urban agriculture, there is a gap in identifying
specific policies and key factors that can contribute to or limit
urban agriculture on rooftops.

Approaches for Identifying Rooftop Urban
Agriculture Barriers and Opportunities
Table 1 presents studies conducted to identify barriers and
opportunities for implementing RUA in European cities from the
point of view of stakeholders or citizens.

As revealed in Table 1, Barcelona and Berlin are the cities
where the greatest number of studies have been conducted.
Interviews are the most frequent method used for data collection
(Specht et al., 2015, 2016a; Sanyé-Mengual et al., 2016; Specht and
Sanyé-Mengual, 2017). Most of the key approaches are related
to barriers, opportunities and risk. Regarding related approaches,
two studies identified the level of relevance of benefits and risks
(Specht et al., 2016a; Specht and Sanyé-Mengual, 2017), one study
identified key issues for implementing UA (Specht et al., 2015),
another compared its results on RUA with findings of previous
studies (Sanyé-Mengual et al., 2016), and finally, one study used a
Likert-scale evaluation to identify the degree of social acceptance
of uses of open and green spaces, including RTGs and rooftop
farms in the city of Bologna (Sanyé-Mengual et al., 2016).

Studies that consider data collection methods where
stakeholders interact and share their knowledge and experiences
to address barriers, opportunities, key factors, and policies
regarding the implementation of RUA projects, as well as
quantitative approaches about the frequency and degree of
relevance of such projects, are also lacking. RUA is advancing
driven by local initiatives, affected by both the circumstances
of each location and the restrictions (or support) that exist
in each case. There is, therefore, a crucial need to identify
the key factors, policies, and barriers associated with the
implementation of RUA in cities, especially when there are
recent experiences. The identification of these little-explored
aspects is relevant and helpful to find common factors, collect
constraints, ways to overcome them and propose lines of action.
This would likely help in the development of policies and
programs to promote urban agriculture more efficiently and
overcome constraints. These actions could bring various social,
educational, environmental, and economic benefits in the urban
context, as well as contribute to building more resilient cities.

The present study includes four cities from different
European regions where incentives to support RUA have
recently emerged and projects have already been built with
different focuses, ranging from social inclusion to technological
development and research. This study primarily elaborates on a
participatory workshop. Participatory workshops are processes
by which communities of practitioners can collaboratively
share knowledge and personal experiences and reflect on the
challenges they face and the methods for addressing them
(Mor et al., 2012). Research methodology workshops aim to
produce reliable and valid data about the domain in question
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TABLE 1 | Studies of barriers and opportunities from stakeholders’ perceptions.

City Data collection Key approach Related approach References

I S Q K R C S

Barcelona • Barriers and opportunities Cerón-Palma et al., 2012

Berlin • Opportunities and challenges • Specht et al., 2015

Barcelona • Barriers and opportunities • Sanyé-Mengual et al., 2016

Berlin • Benefits and risks • Specht et al., 2016a

Berlin and Barcelona • Risks • Specht and Sanyé-Mengual, 2017

Bologna • Social acceptance • Sanyé-Mengual et al., 2018b

Germany and U.S. • Perception of sustainability, acceptance

factors, and acceptance barriers

Specht et al., 2019

Data collection was performed using interviews (I), seminars of discussion (S), and questionnaires (Q). Related approaches: key factors (K), relevance (R) of benefits and risks, comparison

with previous studies on RUA (C), and scale of acceptance (S).

and regarding forward-oriented processes in addition to fulfilling
participants’ expectations to achieve something related to their
own interests (Ørngreen and Levinsen, 2017). The workshop
cocreates a space for negotiating collaborative meanings, not
just between participants but also between researchers and
participants who discuss, perform, and learn during the
workshop (Ørngreen and Levinsen, 2017).

In this context, the main objective of this research is to
provide an exploratory overview of potential key factors, policies,
and barriers associated with the integration of RUA from
stakeholders’ perceptions in four European cities (Barcelona,
Berlin, Bologna, and Paris). The specific objectives of this work
are (1) to identify key factors for integrating RUA and their
level of relevance, (2) to identify context factors and their
perceived effect on RUA diffusion, (3) to identify policies and
their perceived effect on RUAdiffusion and (4) to identify barriers
to RUA and the frequency with which they occur.

MATERIALS AND METHODS

An exploratory method and non-probability sampling were
used. The results are therefore not to be considered statistically
or demographically representative of stakeholders from
Barcelona, Berlin, Bologna, and Paris. The exploratory
approach was considered appropriate because it offers
preliminary insights into a previously little or unexplored
topic (Hernández-Sampieri, 2014).

Figure 1 shows the workflow, structured in two phases and
seven stages. The first phase consisted of a workshop. The main
goal of the workshop was to obtain an overview of key factors,
contextual factors, policies, and barriers to RUA integration
in cities based on stakeholders’ experiences. The second phase
aimed at identifying, and quantifying, stakeholders’ perceptions
about key factors relevant to integrating RUA, contextual factors
and policies that promote or hinder RUA, and the frequency with
which barriers occur. Within Phase 1, the research included a
definition of the case studies (stage 1), the participant definition
(stage 2), and data collection (stage 3). Phase 2 included key factor
and barrier definitions (stage 4), a second round of participant
definitions (stage 5), data collection (stage 6), and analysis (stage

7). Each of these stages is described in detail in the following
subsections.

Phase 1 Workshop
The first phase consisted of a workshop with international
stakeholders from diverse EU cities. A participatory workshop
was developed to build knowledge concerning to RUA.

Definition of Case Studies
Four cities from Europe, Barcelona, Berlin, Bologna, and Paris
were chosen as case studies, given that they recently hosted
some highly innovative RUA projects aimed at social inclusion,
technological development and research. Among them, policies
for supporting RUA have been implemented only in Paris
(Paris City Council, 2018), whereas in other cities, existing
regulations do not specifically target these kinds of projects
(Cerón-Palma et al., 2012; Orsini et al., 2014; Freisinger et al.,
2015).Table 2 shows a summary of themain characteristics of the
case studies. Barcelona is a compact Mediterranean city (Rueda,
2007; Parés et al., 2013). It has 1.6 million inhabitants in 101
km2 and features a population density of 16,420 inhabitants/km2

(Statistical Institure of Catalonia, 2020), being among the densest
and most compact municipalities in Europe (Barcelona City
Council, 2018a). The lack of land has led to exploring new
ways to promote horticulture in the city, such as the RTG
located on the ICTA-ICP building with a focus on research
for technology innovation (Fertilecity, 2018). The city of Berlin
has 3.7 million inhabitants (Berlin Business Location Center,
2019) who live over a surface of 892 km2 (OECD, 2010) with
a population density of 4,147 inhabitants/km2 (Environmental
Atlas Berlin, 2018). Today, among existing RUA projects, two
rooftop gardens have a particularly social focus, whereas an RTG
for applied research in botany and plant biology can be found at
the Humboldt University building. Bologna is the main city of
the Emilia Romagna Region, situated in northcentral Italy, and
with a population of 394,463 inhabitants in 140.7 km2, resulting
in a population density of 2,802 inhabitants/km2 (ISTAT, 2010,
2021). Paris has 2.2 million inhabitants living on a surface area
of 105 km2. This results in one of the highest urban densities in
the world, reaching values in inner Paris of 20,755 inhabitants
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FIGURE 1 | Workflow for identifying key factors, policies and barriers in RUA projects based on stakeholder perceptions in four European cities.

TABLE 2 | Summary of cases studies.

City Inhabitants (million) Population density (inhabitants/km2) Rooftop urban agriculture projects

Technological development Research Social inclusion

Barcelona 1.6 16,420 • • •

Berlin 3.7 4,147 • •

Bologna 0.4 2,802 •

Paris 2.2 20,755 • •

per km2 (INSEE, 2017). The City Council was recently very
active in promoting projects targeting biodiversity preservation,
greening, UA and food initiatives (Delgado, 2018). In 2016 and
2017, the first and second editions of the Parisculteurs program
were launched, creating social inclusion and research spaces
(Collé et al., 2018).

Participants’ Definition
The second stage of the research consisted of the identification
and classification of the UA experts to be involved. This
included UA project developers (e.g., architects, agronomists),

public administrators (with responsibilities in assigning
municipal licenses and developing urban planning strategies),
academics and researchers, and citizens involved in UA
initiatives. Furthermore, relevant stakeholders from the cities
of Barcelona, Berlin, Bologna, and Paris were identified
and invited to define the state of the art of RUA in
their cities.

Data Collection
To collect data from stakeholders, a workshop (Cerón-Palma
et al., 2012) was conducted at the ICTA-ICP building (located
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in Barcelona) in September 2017. During the workshop session,
interventions were recorded by the workshop organizers. The
five stages developed in the workshop for data collection are
described below.

(1) Problem and context. The workshop began with an
introduction about the problem and context of RUA
panorama. This part of the workshop was presented by a
member of the project team who is a lawyer specializing
in environmental issues. As a second step of this phase,
international speakers were presented.

(2) Sharing expertise. International experiences from Barcelona,
Berlin, Bologna, and Paris were shared. The presentations
set the context of key factors, policies, and barriers for
integrating RUA, problems in the target domain, also
RUA projects already built or in the project phase were
presented. Experiences were shared by specialists on UA:
from Barcelona, the Technical Director of the Municipal
Institute of Urban Landscape from the Barcelona City
Council; in the case of Italy, a representative from the
Research Center on Urban Environment for Agriculture
and Biodiversity of the University of Bologna; from Paris,
a member of Agroparistech; and in the case of Berlin, a
master’s student enrolled in the Interdisciplinary Studies in
Environmental, Economic and Social Sustainability program
from the UAB.

(3) Collaborative reflections. A discussion session was held
among the participants. The participants were asked to
reflect and share experiences and perceptions about the
following questions:

• Which are the key factors for integrating RUA?
• Which are the policies that promote RUA?
• What are the barriers to integrating RUA?

(4) Extraction and grouping of features. Key factors, policies,
and barriers from stages 2 and 3 were grouped.

(5) Sharing of results. Findings from the workshop were
presented by the moderator of the session to all
participants and final debate on the results obtained
was developed.

Phase 2 Survey
The research then evolved into a survey, integrating results from
phase 1 (workshop) with a comprehensive literature review. This
phase comprised the four steps described below.

Key Factors and Barriers Definition
Six main categories were identified, namely, urban,
environmental, social, legal, technological/architectural, and
economic barriers and opportunities (Cerón-Palma et al., 2012;
Sanyé-Mengual et al., 2016; Specht and Sanyé-Mengual, 2017;
Nadal et al., 2018).

Participants’ Definition
Experts involved in UA, including project developers, public
administration, academics, and citizen initiatives fromBarcelona,

Berlin, Bologna, and Paris, were identified and invited to
participate in the survey.

Data Collection
Data collection was carried out from November to December
2017. The survey was designed to evaluate stakeholder
perceptions through Likert scales that provided a range
of responses to a series of statements. Five categories
of responses were included (Croasmun and Ostrom,
2011), ranging from 5 to 1. The survey was structured
into six sections: (1) survey description and context, (2)
stakeholder information, (3) key issues for integrating
RUA, (4) factors that hinder or promote RUA, (5) public
policies to promote RUA, and (6) barriers to integrating
RUA. Participants indicated their degree of agreement with
a specific statement regarding the environmental, urban,
social, legal, technological, architectural, and economic
dimensions. Survey sections are further described in
Supplementary Material 1.

Data Analysis
A quantitative analysis of the survey results was performed,
enabling us to define local and global trends in the responses and
overall perceptions of the stakeholders.

RESULTS

Phase 1 Workshop
The workshop was attended by 34 stakeholders, grouped by
project developers (3), public administrators (6), academics (23),
and those involved in citizen initiatives (2).

International Experiences of Urban Agriculture:

Berlin, Bologna, Paris, and Barcelona
Figure 2 shows a summary of the results (see complete
data in Supplementary Material 2, Supplementary Table 1).
Increased biodiversity, generation of green spaces, educational,
research and social purposes, environmental CO2 reduction,
building energy optimization, new business generation, and
new technology development were identified as potential key
factors for integrating RUA. Urban planning, building laws,
tax reduction, subsides, educational policies, and local policies,
e.g., the Paris Climate Action Plan, Parisculteurs, and Plan
Local d’Urbanisme de Paris (Paris Local Urban Plan) from
Paris and the Primer Concurs de Cobertes Verdes (First Green
Roof Contest) from Barcelona, were identified as policies
that potentially “promote” and are related to RUA. Potential
barriers identified included legal gaps, lack of a specific legal
framework, building codes, administrative processes, restrictions
on food sales, urban codes, health risks, historical building
codes, rooftop accessibility difficulties, building designs, building
structural features (overloading), high costs of infrastructure,
climatic conditions, residents opposed to agricultural roofs on
their buildings, lack of economic benefits, cost of water, firemen
codes, food-free distribution, economic crisis, and a lack of interest
by society.
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FIGURE 2 | Key factors, policies, and barriers regarding RUA projects according to stakeholder perceptions in four European cities.

Phase 2 Survey
Survey to Identify Potential Key RUA Factors and

Barriers
Thirty stakeholders responded to the survey. Figure 3 shows
the distribution of participants and their field of expertise
regarding UA, made up of five participants from Barcelona,
seven from Bologna, six from Berlin, and twelve from Paris.
Fifty percent of the respondents were academics and researchers,
40% of stakeholders were project developers, and 10% were
public administrators.

Potential Key Factors for Integrating RUA
Figure 4 summarizes the key factors identified by more than 50%
of participants (see all information in Supplementary Figures).
Two factors—educational and environmental—were
unanimously perceived as “relevant” by participants from
Barcelona and Berlin. Educational factors refer to the integration

of RUA as a tool for developing educational activities.
Environmental factors include functions such as increasing
biodiversity, generating green areas, reducing CO2, and
mitigating urban heat islands. Research from a multidisciplinary
approach, including agriculture, environmental sciences,
urban planning, architecture and social sciences, technological
innovation related to new forms of UA, food production within
city limits, and social functions are key factors perceived as
“relevant” for integrating RUA.

Context Factors and Their Perceived Effects on RUA

Diffusion
Figure 5 summarizes the contextual factors and global and
local trends that hinder or promote RUA that were identified
by more than 50% of the stakeholders (see all information
in Supplementary Figures). Globally, pollution was the only
factor identified as a condition that “hinders” RUA. Those
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FIGURE 3 | RUA survey participants and their sectors.

FIGURE 4 | Perceived relevance of key factors in four European cities for integrating RUA.

factors that “promote” RUA with the highest agreement (66%)
among stakeholders were cultural values and social rural-urban
links. Local trends showed five context factors perceived as
“promoting” RUA: productive spaces, cultural values, social
cohesion, social rural-urban links, and the high cost of urban land.
The cost of water was perceived as a “hindering” factor to a
similar degree both in Barcelona (75%) and Bologna (71%). There
was some disagreement on the pollution factor; participants
from Bologna (71%) identified it as a “promoting” factor, while
participants from Barcelona andmore than half from Paris (71%)
identified it as a “hindering” factor.

Policies and Their Perceived Effects on RUA Diffusion
Figure 6 presents a summary of policies selected by more than
50% of participants, both globally and by city (see all information
in Supplementary Figures). Five policies were identified in
the target cities as “promoting” RUA. The sustainability policy
obtained greater agreement (79%) among participants from all
cities, followed by the Milan Food Policy Pact (62%). According
to local trends, six policies were identified as “promoting” RUA.
One was found to be common in all cities: policies targeting
sustainability. The remaining five policies targeting financial
incentives, the development of new technologies, education, and
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FIGURE 5 | Context factors and perceived effect on RUA diffusion in four European cities.

FIGURE 6 | Policies and perceived effect on RUA diffusion in four European cities.

food production, as well as the Milan urban food policy pact and
the Parisculteurs program, were identified as “promoting” RUA.
Policies related to food trade were considered to “hinder” RUA
by all the participants from Barcelona and, to a lesser extent, by

the participants from Paris. Policies related to urban planning
were perceived by participants from Barcelona and Paris as
“hindering” RUA and by those from Bologna as a “promoting”
factor, while those from Berlin were “neutral.”

Frontiers in Sustainable Food Systems | www.frontiersin.org 9 September 2021 | Volume 5 | Article 733040



Zambrano-Prado et al. Constrains and Opportunities Rooftop Agriculture

FIGURE 7 | Barriers and perceived frequency with which they appear for integrating RUA in four European cities.

Barriers for Integrating RUA
Figure 7 summarizes the barriers, and the frequency of
their presence, to integrating RUA, both globally and
by city. Only those barriers identified by more than
50% of participants are shown (see all information in
Supplementary Figures). The following section presents
the barriers, by category.

Architectural Barriers
There was no common architectural barrier for any of the
cities studied. Three barriers were identified by stakeholders
from Barcelona as factors that “always” and “almost always”
hinder RUA: prohibition in historical buildings, building codes that
do not consider RUA and building height. On the other hand,
four architectural barriers were perceived as “rarely” or “never”

Frontiers in Sustainable Food Systems | www.frontiersin.org 10 September 2021 | Volume 5 | Article 733040

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Zambrano-Prado et al. Constrains and Opportunities Rooftop Agriculture

hindering RUA by participants from Barcelona and Berlin: that
RUA is prohibited in all new buildings, RUA is prohibited in
existing buildings,RUA is allowed with restrictions on thematerials
used, and building codes that prohibited RUA due to sightline
visibility (from the rooftop to other building).

Technical Barriers
As was the case with architectural barriers, no common
technical barrier was found in any of the cities. Building design
hinders logistics to operate RUA and building design hinders

roof accessibility were identified as “almost always” occurring by
stakeholders from Berlin and Barcelona. Sloping rooftop hinder
RUA was identified as “rarely” appearing by stakeholders from
Barcelona. Competition for the use of roofs was identified by
Paris (67%) and Bologna (57%) stakeholders as a barrier that
“sometimes” appears and by participants from Barcelona (60%)
as only “rarely” appearing.

Economic Barriers
The results showed that there was no economic barrier found
by all cities; however, the high cost of infrastructure was reported
as a barrier that is “almost always” present by participants from
Barcelona (80%) and Paris (58%). Policies that prohibit food sales
were reported by participants from Barcelona as a barrier that
“almost always” occurs. In addition, Barcelona was the only city
that identified barriers as “always” present—policies that prohibit
the free distribution of food—and “rarely” present—the lack of
legislation for sales of food harvested on rooftops.

Social Barriers
As in previous barrier categories, no common social barrier
was found in the target cities. In this group, exclusive access
to rooftop food and projects and lack of interest by society were
identified as social barriers that are “rarely” present; the presence
of residents who do not want rooftop agriculture in their building
was identified by respondents from Barcelona as a barrier that
“sometimes” appears.

Urban Planning Barriers
Again, in this category, no common barrier was found among
all cities. However, the results showed that the lack of a legal
framework for agricultural land use in the city was identified
by stakeholders from Barcelona and Berlin as “almost always”
and “sometimes” present, respectively. An urban planning
zoning ordinance that prohibits agricultural land use in the
city was perceived as “almost always” an issue by stakeholders
from Barcelona.

DISCUSSION

This study has provided an exploratory overview of key factors,
contextual factors, policies, and barriers associated with the
integration of RUA based on stakeholders’ perceptions in four
European cities. It contributes to the literature on stakeholders’
perceptions of RUA using a framework that can be applied
extensively in EU cities. These perceptions likely shape the
development of RUA agriculture practices and projects. One

of the contributions was the identification of differences and
similarities of four European cities. In the following sections, the
most relevant factors, policies, and barriers that may promote or
hinder the integration of RUA are discussed.

Potential Key Factors for Integrating RUA
Technological innovation, food production and research were
factors identified in this study as relevant for integrating RUA
that had not been previously reported (Cerón-Palma et al.,
2012; Sanyé-Mengual et al., 2016; Specht et al., 2016a; Specht
and Sanyé-Mengual, 2017). This is likely due to the increasing
relevance of RUA in the cities involved in the study, thanks to
recent supporting policies and the development of new RUA
projects, allowing stakeholders to identify both existing and new
key factors. The research factor, scarcely addressed in the previous
literature, was repeatedly mentioned, possibly as a result of the
involvement of academics in the study. RUA, therefore, seems to
be an opportunity for developing research projects. Other factors
identified in the study that have also been previously mentioned
in the literature include environmental purpose, social community
building and educational functions of RUA (Sanyé-Mengual et al.,
2016; Specht et al., 2016a). A relevant contribution concerns the
perception about the economic factor perceived as “little relevant”
(67%) by the stakeholders from Berlin and “not relevant” (80%)
by participants from Barcelona, despite the proven evidence on
the crucial role that economic considerations may play in the
viability of RUA initiatives (Cerón-Palma et al., 2012; Specht et al.,
2016a; Specht and Sanyé-Mengual, 2017).

Context Factors and Their Perceived
Degree of Hindering or Promoting RUA
A relevant contribution is a perspective concerning high urban
land costs which are perceived as a “promoting” factor of RUA.
This posture is the opposite of the study conducted byOrsini et al.
(2020) about urban agriculture and was not identified in previous
RUA studies (Cerón-Palma et al., 2012; Specht et al., 2015, 2016a;
Sanyé-Mengual et al., 2016). This finding could be due to the
expansion of UA experiences in recent years. Cultural values,
social cohesion, the creation of wasted areas into productive spaces
in urban areas, and the interaction of rural activities taking
place in urban areas rather than looking separately, showed
correspondence with previous works where similar factors had
been identified as opportunities for integrating UA (Cerón-
Palma et al., 2012; Sanyé-Mengual et al., 2016, 2018a). One
difference to highlight was regarding pollution, perceived as
both a “hindering” (Barcelona and Paris) and a “promoting”
(Bologna) factor. Previous studies in Barcelona and Berlin had
reported pollution as a barrier for RUA development (Sanyé-
Mengual et al., 2016; Specht et al., 2016a). These differences
could be associated with the field of expertise of the participants;
however, this hypothesis was not addressed in this study, and
a more in-depth analysis is required for its validation. The
perception of RUA has been associated with health risks related
to pollution, although the perceived risks have been partly
negated by the results of scientific analyses (Antisari et al., 2015).
According to a recent study, heavy metal concentrations in
lettuce growing in open-air systems located in high-traffic areas
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of Barcelona are below the EU-legislated level (Ercilla-Montserrat
et al., 2018). However, research on this issue is still recent, and
further empirical evidence is necessary to validate the findings in
different contexts. This study further revealed that stakeholders
perceived the cost of water as a “hindering” factor, which had
not been identified previously (Cerón-Palma et al., 2012; Specht
et al., 2015, 2016a; Sanyé-Mengual et al., 2016; Specht and
Sanyé-Mengual, 2017; Zambrano-Prado et al., 2021). Water for
irrigation of crops can be expensive in urban areas. In addition,
water is an increasingly scarce resource. Different systems can
be implemented to optimize water use, for example, leachate
recirculation or the integration of rainwater harvesting systems.
Thus, special attention and exploration of possible alternatives
are needed.

Policies and Their Perceived Effects on
Hindering or Promoting RUA
Policies related to food trade are a constraint for developing
RUA. As other cities have already identified, restrictions on the
sale of products from urban farms may limit products grown
locally. Some cities (e.g., New York City, Chicago, Toronto) have
addressed this restriction by changing policies and the zoning
code (Fletcher et al., 2012). Barriers regarding architectural and
urban codes were identified in this work. These findings are
not new and still represent legal constraints for RUA, even in
cases where UA is highly compatible with urban development
strategies. A lack of consistency in various legal fields, such as
hygiene and food processing laws, was reported in the previous
literature. Nevertheless, major concerns refer to building laws,
which are considered too strict and difficult to understand.
In this sense, stakeholders perceived various uncertainties and
regulatory gaps (Specht et al., 2016a). In the case of Paris,
the city council has made some changes in the Paris Local
Urban Plan (Paris City Council, 2018) to be more “friendly”
to RUA projects. However, according to the results from this
study, there is still a perception that architecture and urban
planning laws “hinder” RUA development. In addition, financial
incentives, the development of new technologies, education, food
production and local policies such as theMilan urban food policy
pact and Parisculteurs program were identified in this study as
“promoting” RUA. Policies targeting the development of new
technology not found in the previous literature (Cerón-Palma
et al., 2012; Specht et al., 2015, 2016a; Sanyé-Mengual et al., 2016;
Specht and Sanyé-Mengual, 2017; Zambrano-Prado et al., 2021)
were also identified by the stakeholders in this study, possibly
due to the involvement of academics. This finding is relevant for
exploring techniques, procedures, and resource efficiencies for
RUA. The importance of educational benefits has already been
determined in the international literature (Cerón-Palma et al.,
2012; Specht et al., 2015, 2016a). RUA could be integrated as
an educational strategy for promoting environmental education,
considering that many schools currently have meal services
(Nadal et al., 2018) and, according to the main goal of The Global
Education 2030, for developing sustainability competencies as
a core of Education for Sustainable Development (Leicht et al.,
2018). Sustainable benefits have also been extensively recognized

(Cerón-Palma et al., 2012; Specht et al., 2015, 2016a; Sanyé-
Mengual et al., 2016), although their frequency varies across
cities. Contrary to a few years ago, currently in Barcelona, local
environmental policies such as Barcelona’s Climate Plan 2018–
2030 integrate the inclusion of RUA, with the ambitious objective
of reaching 34,100 m2 of green roofs, walls, and facades by 2030.
The Climate Plan 2018–2030 also includes drawing up bylaws to
promote productive roofs and consolidate an annual green roof
contest. In addition to developing the winning projects, which are
not restricted to ornamental plants, projects could also integrate
food production (Barcelona City Council, 2017). Additionally,
the Paris Climate Action Plan (City of Paris, 2018) includes part
of the “Objective 100 Hectares” initiative, one-third of which
will be devoted to UA located on green roofs and walls (City
of Paris, 2018). Differences between cities were found. This is
especially true for the perceived effect of urban policies on RUA
expansion. Assumptions for these differences could be due to the
fields of expertise and personal experience with RUA. However,
to confirm this hypothesis, a broader analysis is required.

Barriers for Integrating RUA
Architectural Barriers
Constraints for integrating RUA in historical buildings and the
limits on the height of buildings according to building codes were
identified in this study as barriers to RUA development but had
not been reported before (Cerón-Palma et al., 2012; Specht et al.,
2015; Sanyé-Mengual et al., 2016), perhaps due to the recent
growth of RUA experiences. Regarding the limits on the height of
buildings, since the implementation of the Parisculteurs program
(Paris), the city council has changed urban regulations to allow
farming on rooftops even when the building exceeds height
limits (Brin et al., 2016). Nevertheless, according to stakeholders’
perceptions, this barrier still applies. In Barcelona, RTGs cannot
be built on some rooftops due to height/volume restrictions
(Metropolitan Area of Barcelona, 2018). Among the constraints
for RUA integration, it was mentioned that building codes did not
consider RUAs and the need for building structure reinforcement.
Indeed, building overloading and the need for reinforcement
(Cerón-Palma et al., 2012; Sanyé-Mengual et al., 2016) are still
major barriers. Currently, many buildingsmay not have a suitable
structure or load-bearing capacity for RUA (Toporova, 2018),
which may also have economic repercussions due to the cost of
building reinforcement and the need for professionals to develop
and execute such projects.

Technical Barriers
Building designs to operate RUA and the difficulties of roof access
were mentioned as factors that “constrain” RUA development.
Cerón-Palma et al. (2012) also identified the complexity of
adapting or renovating existing buildings; in this sense, it is
essential to identify how users would access the roof spaces
considering safety norms. In general, the technical adaptations
necessary to operate RUA can lead to extra costs and limit the
economic feasibility of projects. Competition for integrating other
systems and/or functions on roofs is still present, as reported
in previous works (Cerón-Palma et al., 2012; Sanyé-Mengual
et al., 2016). However, current practice demonstrates that the
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integration of multiple systems/functionalities can also take place
in parallel. In Barcelona, the RTG Lab Fertilecity integrates
a rainwater harvesting system (RWHS) for crop irrigation,
reaching 100% water self-sufficiency (Sanyé-Mengual et al.,
2014). Five RUA projects recently built integrate RWHS and
photovoltaic (PV) systems (Barcelona City Council, 2017). Thus,
RUA, RWHS, and PV systems can coexist, providing significant
benefits (Benis et al., 2018; Toboso-Chavero et al., 2018; Corcelli
et al., 2019).

Economic Barriers
Regarding economic categories, stakeholders perceived that the
high cost of infrastructure is a major barrier; previous studies
also reported this constraint (Cerón-Palma et al., 2012; Sanyé-
Mengual et al., 2016). Such barriers can be addressed with
the support of financial policies and incentives, such as those
already implemented in Barcelona and Paris. However, the initial
investment goes beyond the financial cost, since maintenance
of this kind of infrastructure is also expensive and constitutes
an additional barrier during the operation stage (Zambrano-
Prado et al., 2021). Therefore, for RUA that are successful and do
not turn into short-lived projects, maintenance costs beyond the
initial costs must be studied and considered. Food sales policies
are related to urban land zoning ordinances, and together with
the perception of high-cost infrastructure, can lead investors with
commercial interests to easily lose interest. If there is no specific
legislation for the trade of products grown within the city, it
is difficult to integrate large-scale RUA projects. Fletcher et al.
(2012) recognized restrictions bymunicipalities on sales of locally
grown products in cities. To address this barrier, some cities have
made policy changes, especially in North America. In 2012, the
Berkeley Planning Commission adopted the definition of “Non-
Processed Edibles,” which allowed the production of different
kinds of food products within urban areas and their sale in
residential districts (Fletcher et al., 2012).

Social Barriers
As in previous barrier categories, no common social barrier
was found in the target cities. Compared to other barriers,
social aspects were associated with fewer constraints. The survey
revealed that exclusive access to food growing on rooftops,
exclusive access to developing RUA, a lack of interest by
society in RUA projects and limited acceptance by residents of
RUA on their building are not frequent. However, during the
workshop, stakeholders manifested their concerns about these
social barriers. A risk that large companies may transform
RUA into an exclusively profit-oriented (Specht et al., 2016a)
initiative and, thus, aggravating social disparities in accessing
systems and products (Sanyé-Mengual et al., 2016) have been
identified by stakeholders in the previous literature. These risks
could also be drivers of green gentrification in neighborhoods.
Currently, however, this risk does not seem to be a major concern
among stakeholders.

Economic Barriers
Urban planning codes that do not contemplate urban agricultural
land use are still barriers. Castillo et al. (2013) identified barriers
related to zoning codes, such as a lack of clear ordinances

that are friendly to agriculture. In Singapore, urban planners
included rooftop farms in the definition of urban green spaces
and diversified the classification of agricultural land use, allowing
this activity in urban areas (Diehl et al., 2020). Additionally, cities
in the U.S., such as New York and Chicago, were included (The
New York City Council, 2010; Urban Sustainability Exchange,
2011; City of Chicago, 2020). Of the cities involved in this
study, in Barcelona, the General Metropolitan Plan does not
allow agricultural activities inside the city, effectively making the
commercialization of food produced in the city illegal. In the case
of Paris, programs to encourage UA have been launched, which
may allow agricultural activities in the city, while in Bologna,
the workshop findings indicate that agricultural activities are not
allowed in the city.

CONCLUSIONS

This paper explores the perceived key factors, contextual factors,
policies, and barriers to integrating RUA by ranking their
relevance and the frequency with which they are presented.
It also revisits the concepts associated with environmental,
architectural, technological, social, legal, economic, and urban
planning from the perspective of stakeholders from four
European cities (Barcelona, Berlin, Bologna, and Paris).

In all cities involved in the workshop, policies exist to support
UA, often resulting in RUA experiences implemented by or
involving local government. However, an explicit and singular
public policy for RUA practices is still missing.

Major key factors that promote the development of RUA, not
previously reported, include technological innovation, growing
local food, research activities, and the high cost of urban
land in cities. Major factors that hinder RUA were identified
as the cost of water and pollution (Barcelona and Paris).
The cost of water appears as a new barrier, and thus is a
relevant topic for future studies and for efforts to find ways to
respond to this constraint, including technological innovation,
research, and policy creation. Regarding pollution, the need for
disseminating proper information and conducting a deeper study
on perceptions of the effects of pollution, as well as establishing
quality management and quality control for crop production,
are highlighted.

Policies targeting sustainability were found to be common
in all cities as “promoting” factors. Currently, and contrary to
some years ago, there are already policies that promote RUA for
environmental purposes, such as Barcelona’s Climate Plan 2018-
2030 and Paris Action Climate Plan 2019. However, there is still a
lack of urban, architectural, and product sales regulations for this
kind of infrastructure, which continues to make the integration
of RUAs difficult. Policies related to financial incentives that
are generally included in city policies, the development of
new technologies for crop production systems and buildings,
educational programs, policies for food production within the
city, such as the Milan urban food policy pact and Parisculteurs
program were all identified as “promoting” RUA development.
Limitations on marketing products grown within the city, as
well as urban policies, continue to restrict the integration of the
RUA. The inclusion of RUA in policies focused on climate change
is insufficient. For the expansion and success of RUA projects,
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it is necessary to consider these infrastructures in the different
related codes. The creation of new legislation or modifications to
support RUA is necessary, especially in the South European cities
studied—Barcelona and Bologna. A flexible land use policy that
allows UA in cities must be considered by urban planners as well
as sales of products with production and distribution regulations.
Changing regulatory barriers is a potential opportunity to create
laws and programs to promote and expand RUA.

RUA faces several architectural, economic, and urban
challenges that need to be addressed. The following architectural
factors stand out as impediments: construction licenses in
historic buildings, building codes that do not contemplate
this type of infrastructure and the height limits of buildings
stipulated in construction regulations, usually exceeded by RUA
infrastructure. Two technical barriers were identified as major
constraints: building designs that pose logistical difficulties in
operating RUA and problems with roof access. In the economic
category, the high cost of infrastructure and policies that prohibit
food sales are major constraints. The lack of legislation regarding
agricultural land use and urban zoning ordinances that prohibit
agricultural activities also limit RUA integration.

Architectural and technical barriers can represent higher
investment costs. Both financial incentives and business plans
are needed to develop economically self-sufficient RUA projects.
It was noted that access or exclusivity in projects is not
a major concern. However, it is necessary to consider
risks such as gentrification or commercial purposes and to
study and anticipate these potential risks through legislation.
The integration of urban agriculture must consider the
social, educational, environmental, technological innovation and
research functions that have been described as key factors for its
integration in cities.

Although some differences were found between the targeted
cities, these should be confirmed through more extensive
research. To this end, the framework and set of statements
elaborated here could be used for further data collection, allowing
to analyze and characterize more stakeholder perceptions. Future
research should be conducted on a larger sample of participants
to confirm the empirical differences between cities.
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