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Abstract: Cities, which now host the majority of the global population, are vulnerable to environmen-
tal and socio-economic disturbances, which are likely to increase in number and severity in the near
future. Urban agriculture (UA) could help increase the resilience of cities to a range of pressures and
acute shocks by improving food security and public health, building social capital, and promoting
circular economies. However, comprehensive assessments of its potential are still lacking. Here, we
use a systematic review of the literature on UA in the global North to identify factors that determine
its success in providing resilience benefits, explore challenges that can limit this, and develop a
conceptual model to highlight the ways in which it could be enhanced through research, policy, and
practice. We define the success of UA in increasing city resilience as determined by five factors, which
in turn depend on the amount of institutional and public support for UA, the presence of a sufficient
knowledge base, communication and collaboration among different actors, and resourcefulness in
finding alternative ways to use space and other resources efficiently. We close with a discussion of
specific directions for research and practice based on the conceptual model developed here.

Keywords: food system; urban horticulture; food security; sustainable urban development; global
change; urbanisation; sustainability

1. Introduction
1.1. City Resilience

Hosting the majority of the world’s population, today urban areas are facing an
unprecedented number of threats, including natural disasters, pandemics, terrorism, water
scarcity, poverty, and food insecurity. These risks are exacerbated by climate change,
population growth, and continued rapid urbanisation, and are expected to increase in
number and severity in the near future [1-4]. In addition, most cities” dependence on
global resources has made them highly vulnerable to shocks that can disrupt their current
supply systems, the fragility of which has become obvious following the recent outbreak of
the Covid-19 pandemic [5-10]. Therefore, to prevent an imminent disaster, cities must take
prompt measures to better prepare for future crises.

The term resilience—often defined as “the ability of a system to absorb shocks of
all kinds, and its capacity to adapt to changing conditions without losing any of its key
functions” [11]—has become a buzzword in urban planning, used to describe cities that
can withstand and recover from various disturbances, including those caused by climate
change and socio-economic crises [12-14]. Resilient cities are proposed to be reflective,
resourceful, flexible, redundant, robust, and integrated, characteristics which make them
“safe to fail” (rather than fail-safe) in the face of challenges [15,16]. Since urban areas are
complex, dynamic socio-ecological systems, city resilience is a concept that spans multiple
dimensions and involves various systems and actors [13,17-19]. Appropriate institutional
frameworks with equitable rights and decision-making processes are also argued to be an
important aspect of systems resilience [19].
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1.2. Urban Agriculture and Resilience

As well as serving to meet basic needs, the food system is a key determinant of the
health and wellbeing of society, with poor diets being a main cause of noncommunicable
diseases and related deaths worldwide [20-22]. Thus, securing access to sufficient amounts
of nutritious food for urban populations in the face of disturbance is a fundamental part of
resilience [19,23]. Most cities in the developed world are currently highly dependent on
globalised supplies, which are vulnerable to environmental, economic, social, and geopo-
litical stresses [10,24,25]. As a result, supply disruptions and increasing food prices can
severely impact consumers in urban areas, especially the urban poor [9,26,27]. Increasing
local production and developing shorter supply chains could decrease the likelihood of dis-
ruption to food supplies, enable the development of circular systems, reducing dependency
on external inputs, while diversifying sources can provide “back-up” capacity and, thus,
improve the ability of food systems to react and adapt to shocks [19,24,26,28-30]. There is
growing evidence that urban agriculture can increase city resilience through a number of
mechanisms, including, but not only, through increasing the resilience of food systems.

Urban agriculture (UA)—the production of food, mostly fruit and vegetables, within
urban areas [31,32]—is increasingly recognized for its multiple social and ecological benefits
by city governments around the world [10,33-36]. During World War II, UA played an
important role in increasing food security and boosting national morale in Britain and
the USA, where household fruit and vegetable production was promoted through the
Dig for Victory and Victory Garden campaigns, respectively [7,37]. Following a period of
decline in post-war years, urban agriculture is now enjoying a resurgence of interest in the
global North, which has recently spiked during the Covid-19 lockdowns [6,38—44]. Today,
UA takes various forms, from vegetable plots in private gardens, through allotments and
community farms, to rooftop gardens and edible walls using technologically advanced,
soil-free cultivation methods [45,46]. While peri-urban agriculture (PUA)—the production
of food on the outskirts of cities—is sometimes treated as a separate phenomenon from
UA, the distinction between the two is not always clear-cut [32,47]. For the purposes of
this study, the term UA will be used to refer to all forms and scales of growing food in both
urban and peri-urban areas.

Perhaps the most obvious way in which UA can contribute to city resilience is by increasing
household and citywide food security, especially in terms of micronutrient requirements,
through the provision of fresh produce locally [6,32,34,35,41,46,48-52]. Own-growing, in
particular, can play an important role in supplementing the diets of more disadvantaged
groups who have limited physical or financial access to fresh food [9,23,26,27,53]. However,
importantly, UA can also increase the sustainability of the food system on a larger level,
by enabling the recycling of organic urban wastes as fertiliser and reducing reliance on
mineral fertilisers, which have considerable environmental costs globally [26,30,54-56]. In
addition, making use of spare space in urban areas can increase food production without
devoting more scarce land to agriculture, while certain forms of UA can help protect crops
from adverse weather effects and enable stable year-round production [39,48,56].

Several potential resilience benefits of UA also go beyond the food system. For exam-
ple, promoting public health through improving access to fresh produce and providing a
form of regular exercise [34,57] could reduce the incidence of noncommunicable disease
within the urban population, making cities better able to cope during crises caused by
pandemics, terrorism, or natural disasters. Furthermore, the practice of food growing
can play an important role in building social capital, fostering proactive attitudes, and
collaboration, which are key determinants of the ability of communities to get through
challenging times [15,34,42,52,57-60]. Urban farms can also create jobs and help fight
unemployment and poverty [26,61]. Last but not least, vegetation cover provided by urban
agricultural sites could improve air quality and decrease the urban heat island effect (UHI),
potentially mitigating some of the acute effects of climate change [6,26,62,63].

However, despite growing evidence for UA’s various benefits and increasing recog-
nition of its potential to increase city resilience, it is still unclear how UA’s success in
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providing these benefits could be enhanced. While previous research on UA has predomi-
nantly focused on issues in developing countries, the urgent need to increase the resilience
of cities in the developed world is now also clear. The aim of this study is, therefore, to
assess and conceptualise the success of UA in the global North in order to answer to the
following questions:

1.  What determines the success of UA in promoting city resilience in the global North?
2. What challenges does it currently face that might limit its contribution?
3. How could its benefits be maximised through research, policy, and practice?

2. Methods

To gain a comprehensive understanding of urban agriculture in the context of city
resilience in the global North, a review of the academic literature was carried out. In order
to minimise bias and improve replicability, a systematic approach was taken based on
predefined criteria for the selection of relevant studies. An overview of the selection process
is shown in Figure 1 below. Articles were identified using a combination of keywords
connected by Boolean operators (i.e., AND, OR, and NOT), which could appear anywhere
in the title, abstract, topic, or keywords of papers. Studies focusing on issues in the
developing world and for which full-text was not available in English were excluded.
To control for the quality of sources, only publications in peer-reviewed journals were
considered. In order to ensure that issues are considered from a range of perspectives, no
restrictions on article type, publication date, or journal title were applied.

("urban agriculture” OR "urban farming") AND ("city resilience" OR ) .
"urban resilience") NOT ("africa” OR "developing countries” OR * in English
"developing world" OR "middle east” OR "latin america")

=» in title, abstract, topic or keywords

Database search
Eligibility criteria

+ o full-text available
e peer-reviewed

I

Records identified through
database search

(n=73)

Records excluded due
to unrelated focus

(n=20)

Abstract screening
(n=73)

Records included in this study
(n=53)

Figure 1. Study selection strategy for the systematic literature review.

The following literature database search was carried out in July 2019 through the
University of Sheffield’s StarPlus catalogue:

“urban agriculture” OR “urban farming”) AND (“city resilience” OR “urban
resilience”) NOT (“africa” OR “developing countries” OR “developing world”
OR “middle east” OR “latin america”

Abstracts of all 73 returned articles were read and any nonrelevant search hits (i.e.,
articles not related to the keywords) were manually removed. The remaining 53 papers
were read in full and information related to the specific questions addressed by the study
(i.e., 1. factors determining the success of UA in providing city resilience benefits; 2.
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current challenges for UA; 3. ways in which UA and its benefits could be promoted)
was extracted and organised into emerging themes to characterise the success of UA in
terms of the amount of resilience benefits it can provide, and was used as the basis for the
development of a conceptual framework to illustrate potential pathways through which it
could be promoted.

3. Results
3.1. Bibliometrics

Applying all selection criteria and an initial screening of 73 abstracts (see Methods)
resulted in 53 papers to be reviewed for this study. All reviewed papers were published after
2010 (most between 2013 and 2018) (Figure 2), in 39 different journals with focal subjects
covering a range of topics (mostly related to sustainability, environmental science, and
urban planning and policy, but also public health, geography, architecture, and engineering)
(Figure 3). This reflects the novelty and inherently multidisciplinary nature of this research
area, and also demonstrates the breadth of research that fed into the conceptual model we
present in this study.

101
9-
8
7 4
6
5
4 -
3

Number of studies

2.
1-

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Publication year

Figure 2. Distribution of reviewed studies by publication date.

3.2. What Makes UA Successful?

Based on the reviewed literature, it is proposed that the provision of resilience benefits
by UA in the global North is determined by five factors (Figure 4): its scale (i.e., the amount
of space dedicated to, and number of people engaged in food production in a city); the
efficiency of production (i.e., crop yields per unit cultivated area and resource input); the
extent to which it is integrated into the urban fabric (i.e., links with different urban systems
including food, waste, and education), inclusiveness (i.e., equitable access to growing space
and other resources needed to engage in UA, and to urban-grow food); and human and
environmental safety (i.e., urban-grown produce is safe to consume and practices do not
pollute the city’s water supplies or cause harm to surrounding ecosystems). A range of
potential issues related to the five key aspects of successful UA as proposed here (i.e., Scale,
Efficiency, Integration, Inclusiveness, and Safety) was identified. The aim of the following
section is not to provide an exhaustive list of these, but rather an overview of the different
kinds of challenges that need to be addressed if UA is to play a more significant role in
increasing city resilience.
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Figure 4. Key characteristics of successful urban agriculture (UA) in the context of promoting city resilience.
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3.3. Current Challenges for UA
3.3.1. Scale

Perhaps the most obvious constraint on the scale of UA is the limited availability
of space in cities, which is coupled with the fact that both urban and peri-urban land
is under severe pressure from different contradicting uses, including housing, industry,
infrastructure development, and recreation [38,50,64-67]. Moreover, vacant space in dense
urban settings is often found in small patches among built-up areas, which can prevent
the development of larger farms [68]. Another issue is that not all available space may be
suitable for food production: urban soils can be contaminated [12,18,38], while concrete
cover can make some open areas unsuitable for traditional cultivation methods [62,69].
Although suitable rooftops and vertical spaces could be used to expand UA area [12,30,48,
50,59,64,69,70], it is estimated that the global availability of these is low compared to the
amount of vacant urban land, and, therefore, their contribution may be limited [71], not to
mention possible competition from other roof uses, notably photovoltaics [72].

Nevertheless, it can be argued that in many cases the biggest issue is not the lack of
space per se, but rather its availability for potential growers—in fact, a recent case study has
found that, although there are social and techno-scientific challenges to achieving this in
practice, in theory there is enough suitable growing space in a typical UK city to fully meet
the fruit and vegetable demands of its inhabitants [73]. Several reviewed studies point to a
lack of supportive policies, ownership issues, and prohibitive legal frameworks as being the
main constraints on the scale of UA. On the one hand, measures to safeguard agricultural
land in urban areas are often absent, or only temporary, allowing the fragmentation and
gradual disappearance of farms [13,50,62,74,75]. On the other, expensive land lease and
zoning laws defining land use in different areas can limit opportunities to put more land to
food production, and can sometimes cause the implementation of UA to outstrip policy
and lead to farms being shut down on legal grounds [13,34,39,48,50,58,59,71,76].

Along with the availability of growing space, the level of participation by citizens is
a key factor determining the scale of UA. It has been argued that certain forms of urban
food production are dying out in some parts of the developed world [38]. For instance,
many commercial peri-urban farms in Europe have been abandoned or become inhabited
by people with little interest in agriculture, and studies suggest that the majority of active
growers in some cities are among the elderly [13,18,38,62,72]. Expensive land lease, lack
of security of growing space, potentially high costs of setting up and operating farms in
urban areas (e.g., for building materials, water, fertiliser, and electricity for supplementary
lighting, or circulating water in some nonconventional methods) and limited demand
for urban-grown produce can also be discouraging or prohibitive for those wishing to
start a UA business or social enterprise [30,38,39,48,50,56,71]. Nonetheless, other forms of
UA are becoming increasingly popular. For example, own-growing is enjoying a recent
resurgence of interest in the UK, where higher participation is hindered by dwindling
allotment supply [44,77,78].

3.3.2. Efficiency

It has been argued that, in many cities of the global North, the knowledge of how to
grow food is being lost [38,39,53,79]. A lack of skills among growers can mean that practices
are inefficient [74], which, especially if the availability of growing space is limited, can limit
food provision by UA [39,62]. While alternative practices like aquaponics or hydroponics
can allow for high yields in restricted spaces, these are still in relatively early stages of
development and, thus, not yet well known among the public. In addition, technologically
advanced methods can be quite expensive and may require specialist knowledge, which can
be an issue for own-growers and small businesses and community initiatives that cannot
afford the hiring of professionals [30,48,56,79]. While urban waste water, organic materials,
and energy streams could be exploited to decrease costs and improve the efficiency of
production, the infrastructure and markets for such products are yet to be developed [30].
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3.3.3. Integration

One main challenge in this area is linking urban producers with consumers. Due
to high land prices in more central areas, commercial farms and market gardens are of-
ten established on the outskirts of cities, which can complicate the logistics of reaching
customers [13,50]. Another potential issue for small-scale commercially-oriented projects
is that many supermarket chains only accept fruit and vegetables of certain size and ap-
pearance, making it difficult for producers to secure contracts with them [74]. Restrictions
related to food safety [13] and organic certification of produce (especially when grown
using nonconventional methods) can present further obstacles [72]. Although alterna-
tive distribution systems and retail outlets (e.g., growers” markets) do exist for urban
produce, these are not available everywhere, at least partly due to limited government
support [13,80,81]. In addition, it is often difficult for urban-grown produce to compete
with the low prices available through globalised markets, especially in lower-income neigh-
bourhoods where people cannot afford the alternative [39]. As well as difficult access,
cultural factors might also limit consumer demand for UA produce [72,81].

Another major issue is the widespread lack of comprehensive planning for resilient
urban food systems and, in fact, for food in general: in some countries, there is no govern-
ment department dedicated to food, and even in highly developed European countries
like Sweden, Denmark, or Belgium, explicit strategies for urban food production are
rare [13,65,71,80,82]. Another related issue is that grey and green areas tend to be treated
as distinct systems in urban planning, and so potential synergies that could be achieved
through their integrated management (e.g., water and organic waste could be recycled
to provide a source of irrigation and nutrients, contributing to more resource- and cost-
efficient closed-loop systems, green walls could increase the energy efficiency of buildings
while improving air quality and local microclimate [30]) are seldom exploited [52,83].

3.3.4. Inclusiveness

Urban development patterns in many parts of the global North have led to uneven
distribution of green space, often favouring more affluent areas, making equitable access to
growing space a major issue, especially in urban centres and for low-income or racially
segregated communities [13,38,39,62,65,66,75,77,79,81-86]. In addition, the success of UA
projects is often dependent on networking, social work, and business skills in addition to
horticultural knowledge [13,39,87]. As well as growing space, relevant skills and access
to financial and material resources is also distributed unequally, and even where support
systems exist many people may be isolated from these geographically or due to socio-
economic factors [13,49,79,81,88]. For example, the low-income and the elderly may have
limited access or ability to use digital tools that could facilitate knowledge and resource
sharing [85], which will be crucial for realizing the potential of urban horticulture [73].

Another crucial factor that can limit the positive impacts of UA is unequal financial
and physical access to urban-grown food [64,81]. Many areas lack walkability to urban
farms and alternative food shops, and, for various reasons, local produce tends to have
higher prices than that grown on larger, commercial farms. As a result, purchasing locally
grown fruit and vegetables has become mostly widespread among people in higher-
income groups, and producers in lower-income neighbourhoods often struggle to sell their
produce, which may force them to raise prices, intensifying issues of unequal access to
local food [39,80].

3.3.5. Safety

In some areas, urban soils and groundwater can contain high levels of heavy metals
and other toxic chemicals due to industrial activities, current and past emission from
vehicles or the use of amendment soil delivered from contaminated sites. This is coupled
with a lack of detailed legislation regarding the safety of urban-grown food in some
countries (and even where strict controls exist, domestic practices are not regulated), which
has given rise to concerns over the health effects of consuming potentially contaminated
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produce [12,18,38,72,89,90]. Air pollution near main roads and in urban centres has also
been suggested as a potential health risk to people gardening in these areas [38].

Another possible issue is related to potentially inappropriate domestic agrochemical use.
It has been argued that, as a result of reduced ecological understanding or in an attempt to
enhance yields, some urban growers might use excessive amounts of fertilizers or pesticides,
which could cause harm to the environment or introduce agricultural pollutants into the
city’s water and food supplies—although, due to the lack of monitoring of such residues in
waterways or produce, the reality of these concerns is largely unknown [39,74,91].

3.4. Underlying Factors

While there are a variety of potential issues that can limit the success of UA, there
seem to be some common themes underlying them. These will be discussed in turn here.

3.4.1. Public Support

In modern societies, there is often a cultural bias towards manicured landscapes,
which people might associate with safety and higher quality of life and, thus, may prefer
over green areas with a less tidy appearance, like many UA sites [38,59,86]. Urban food
gardens might even be seen as a sign of poverty or under-development by some, who
might not want to see these near their home or workplace [40]. Part of the reason for this
could be what has been described as an “environmental generational amnesia”, meaning
that many people today fail to reconnect with and understand their dependency on natural
ecosystems [40], and as a result may have little interest in and underestimate the benefits
that spending time in nature and growing their own food can offer. In addition, research
suggests that the concept of urban agriculture—especially its more urban-specific forms,
like aqua- and hydroponics—may be little known and understood among the public, and
certain practices, such as highly engineered cultivation methods or animal farming, may
have low acceptance [72].

Single-family residential gardens take up a significant proportion of open space in
many cities and, thus, hold great potential for increasing UA area [53,62,68,91,92]. However,
this will require public willingness. A key issue can be that even if they are generally
supportive of UA, due to busy schedules characteristic of modern lifestyles, higher levels
of engagement may be outside the comfort zone of most people [59,76]. The importance of
this factor is shown in the huge increase in interest in ‘grow-your-own’ in many countries
during the lockdowns that followed the outbreak of the Covid-19 pandemic (for example,
evidenced by rises in waiting lists for allotment plots in the UK [44,78]), when many people
suddenly had more free time. Voluntary contributions to community gardens also tend
to be limited and unreliable, and few people are likely to be willing to help with product
distribution or provide financial support for projects [72]. The lack of long-term security
of growing space, fees for garden use, difficult access to sites, including perceived access
(e.g., allotment sites are often fenced off from non-members), and potentially insecure
environments (e.g., risk of vandalism or presence of homeless “tramps” near sites) can also
discourage people from getting involved in some forms of UA, while insecure funding
for projects can make those who want to make a living from horticulture reluctant to
start [38—40,50,64,84]. Finally, conflicts amongst users of communal sites—especially if
there is high cultural diversity in the group—have also been suggested as a potential issue
limiting participation [15,64].

Another important social factor affecting the success of UA is the amount of demand
for fresh local produce, which might be limited. Food shopping and consumption patterns
in most parts of the developed world have become supermarketised, and many people
may not give a high priority to sustainability in their product choices, or have a limited
understanding of what constitutes a healthy diet [13,72,80,81]. In addition, reduced choice,
difficult access, an absence of an enabling culinary culture, concerns over the safety of
consuming urban-grown food, and beliefs that local produce—especially if organic—is
always expensive can also make people reluctant to buy such products [48,81].
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3.4.2. Institutional Support

Another key factor that can limit the success of UA is the amount of support for
it from authorities [64,71,74]. Despite increasing recognition of its benefits and poten-
tial importance on various levels of governance [33,36], the fact that food production
is rarely considered as an urban issue, and as a result UA tends to receive little atten-
tion in local council legislation and city planning, is frequently mentioned in the litera-
ture [13,40,50,52,62,65,72,74,80,82,93]. It has been argued that current and potential grow-
ing spaces in municipal ownership are often maintained as reserves for urban development,
while zoning regulations put constraints on expanding UA area [38,52,74]. Many peri-
urban farms might be threatened by urbanisation, and liberalised legislation can sometimes
allow anyone to purchase agricultural land and pursue activities other than farming, which
poses a further threat to how scarce fertile land is used [13,50,52,59]. Regulations related to
producing food in urban areas are also sometimes absent, and in some cases a system of “or-
ganised irresponsibility” may be observed around complex issues like pesticide pollution,
with multiple relevant agencies all assuming it to be another’s responsibility [38,72,74,91].
Furthermore, it has been argued that governments might tend to subsidise export-oriented
food production in order to promote broader national development, a strategy that is in
contrast with building resilience through increasing local self-sufficiency [74,81]. Some
international policies, such as the EU’s Common Agriculture Policy (CAP), also promote
the globalisation of markets and favour larger rural producers [13]. Although strategic
declarations about creating more resilient urban food systems, acknowledging the role of
UA in it, have now been made by many cities [33,94], specific targets and action plans are
still relatively rare [93]—although not absent (see e.g., [95]).

As a result of a lack of effective measures to facilitate their access to resources, smaller
UA businesses may often struggle to compete with larger producers [13,71,74,81,82,86].
While the development of multifunctional UA projects could provide additional income
streams (e.g., through tourism or education), it requires additional investment and can
still be complicated by banks’ reluctance to fund “risky” urban horticulture projects [39] or
contradictions in legislation relating to different activities involved [13,74]. City agencies
have also been argued to take only a small part in efforts to ensure equitable access to
healthy food for more disadvantaged communities—mostly leaving this task to community
groups and NGOs—limiting some of the potential benefits of UA [65].

Lastly, limited governmental budgets and plans for green space development (for
example, in 2016 only 1% of brownfields in England were proposed to be reused as green
space [62]), and the fact that it usually focuses on parks, playgrounds, or urban forests, can
also present a problem for UA, which tends to be given lower priority [13,52,64,79]. In addi-
tion, in larger-scale municipal-led greening initiatives sometimes the most disadvantaged
areas get the least attention, and measures might overlook or even reinforce existing issues
of spatial and social inequality [38,62,65,66,75,79,81,86]. Moreover, the ways in which
green spaces are increasingly incorporated into private development schemes can lead
to “green stealth”, a process of spatial exclusion through privatisation of these areas [62].
Finally, while the concept of promoting resilience through ecosystem services and nature-
based solutions (including UA) are increasingly well-known, the actual incorporation of
these approaches into urban policy and planning is still weak in most parts of the global
North [38,53,63,75,83,86], and may be sidelined in favour of hard engineering solutions that
might provide more immediate results or direct economic returns [15,59,62,71,79,83,87].

3.4.3. Knowledge Base

A likely reason behind sometimes limited municipal attention and policy support for
UA is that, until recently, the quantitative evidence base for its various benefits, including
its current and potential contribution to city resilience, was lacking [52,71,83]. One issue
is that land cover and use characterisation at high resolution can be difficult and very
time consuming, and as a result, such information is often sparse or lacking in sufficient
level of detail [68,71,76]. Estimating the area of rooftops and building facades suitable



Sustainability 2021, 13, 1465

10 of 19

for alternative production methods is also problematic because many factors need to be
taken into consideration (e.g., load-bearing, accessibility, availability of light) [12,71]. In
addition, data from different sources is sometimes inconsistent or difficult to integrate, not
to mention that some essential information might be proprietary [50,71]. As a result of
these factors, data on how much land is, or could be, used for food production in urban
areas is often unknown—although recent research suggests considerable potential [73,96].

Another challenge is that a large proportion of food production in cities takes place on pri-
vate gardens, allotments, and small farms where yields do not normally get recorded [13,50].
Although estimates could be made based on conventional agriculture or mathematical
models, these may not reflect ground level realities [76]. In the UK, the actual productivity
of allotments and gardens has recently been estimated [73,96,97], but in other countries
own-grown crop yields are yet to be quantified adequately to support arguments about
possible levels of local self-sufficiency, and the role of different forms of UA in provid-
ing food security still requires further research [80,82,98]. The economic characterisation
of urban-grown food can also be difficult, as its value is affected by quality, production
methods, and supply-demand conditions [82]. In addition, the safety of consuming urban
produce is often uncertain as the presence of toxic residues in private growing spaces is
seldom monitored. Similarly, the potential risk of agrochemical pollution in cities is largely
unknown, with insufficient toxicity data, debated historical accounts, and mathematical
ecosystem models, and a lack of consensus on what tests and thresholds should be used
complicating its regulation [71,74].

Another potential issue is that cultural services provided by UA are subjective and
difficult—and arguably senseless—to translate into quantitative metrics, making it hard
to provide evidence for these benefits [58,92]. Moreover, ecosystem service provision
by urban food gardens is generally evaluated from the perspective of practitioners only.
Very few studies so far have addressed public perceptions on UA, therefore, the extent
to which an increase in its scale and its different forms would be supported by global
society is not yet clear [72]. In addition, participatory research essential for studying social
factors is time-consuming, and effective study designs can be difficult to create. As a result,
participatory data sources are relatively rare and seldom have inter-annual continuity [50].

Finally, a fundamental problem is that, despite the growing popularity of the concept,
it is still somewhat unclear what resilience actually means for urban planning and policy,
let alone UA'’s role in it [17,79,85]. These uncertainties, combined with the fact that UA
sites do not usually provide direct economic benefits to local authorities, can make them
reluctant to increase the provision of growing space, and can limit the effectiveness of
measures intended to promote UA practice [71,92].

3.4.4. Communication and Collaboration

Another key factor that can limit the success of UA is a lack of communication and
collaboration among researchers, policy-makers, and communities. Multiple authors argue
that weakened social bonds and a decreased sense of participation, characteristic of modern
urbanised societies, have resulted in decreased informal learning and exchange of knowl-
edge among individuals and groups—importantly between generations—making the social
memory of UA vulnerable [13,39,75,85,98]. In addition, limited connection and collaboration
between individual initiatives and agents working across larger scales can present a barrier
to knowledge and resource sharing, and to building a critical mass on debate [13]. The
potential reluctance of smaller UA initiatives to work with larger companies or institutions,
or accept advice from external experts, can be a problem because a lack of support from
stakeholders with better access to information and resources (for example, councils could
act as “anchor institutions” to provide security for community-based urban horticulture
businesses [73]) can limit the success of projects [13,38,50,52,79,86,99]. In particular, the
spread of alternative UA practices can be hindered by a lack of willingness to collaborate, as
well as by proprietary control of knowledge and tools for innovation [85,87]. For instance,
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most rooftop greenhouse projects currently operate in isolation, which likely limits their
success and technological development [48].

A lack of communication between municipalities and communities, and views that
scientific knowledge is superior to non-scientific, local knowledge can also mean that the
latter is overlooked in making plans and policies related to UA practice and the provision of
growing space. Although it could be argued that a synergistic interaction between govern-
ments and citizens is sometimes over-idealised [76], the issues of local practitioner groups
often cannot be addressed through traditional institutional regulatory instruments [18]
and measures devised without a sufficient understanding of the local context might not
be well-received by the public, or even have unintended negative consequences, like in-
creasing social or spatial inequalities [64,75,87,99]. For example, top-down approaches to
mobilizing citizens can lead to the exclusion of less vocal communities [64,75], and there is
evidence that government attempts to make people cultivate abandoned areas may not be
effective if these people do not feel attachment to the gardens allocated to them [15,34].

Another issue is that the science and policy of climate change adaptation, environ-
mental protection, agriculture, food systems, and public health tend to be disconnected
across a range of institutions and government departments [49,62]. This puts UA in a
difficult position, since, due to its multifunctional nature, it is not fully in the domain of
any particular agency. Instead, its different aspects concern a number of sectors, in all of
which it may be given relatively little attention. Complex issues like city resilience and
urban agriculture’s role in it can also have different understandings, which, combined with
limited information sharing and coordination among different government departments,
can result in contradicting policies. Current resilience plans often have multiple contrasting
goals, overarching city-wide strategies are rare, and possible synergies between different
plans (such as opportunities to link green space development with improving urban health
and living conditions) are seldom exploited [49,52,62,74,79,80,85]. In addition, possible
opposition grounded in political differences can make it more difficult to reach a consensus
between parties and mean that legislation generally emerges slowly [38,76,79,98], whilst
dominant policy discourses and entrenched urban planning practices can be inhospitable
for new frameworks [52].

Finally, limited knowledge exchange can also be observed within research. For in-
stance, while multi- and interdisciplinary approaches to evaluating ecosystem services are
becoming increasingly popular, there is still a shortage of such projects. Multifunctionality
is often poorly covered in assessments of urban green spaces (for example, combining green
space mapping with related health and wellbeing data), with most studies dealing with
only one service from the perspective of one type of stakeholder [71,76,92]. In addition,
urban resilience and ecosystem service research rarely involves stakeholders [50], and
might not focus on the most deprived areas where increased provision of green space,
including UA sites, is most needed [52]. Another important problem is that, in many cases,
research findings are not communicated sufficiently to relevant planners, policy-makers,
and practitioners, or are not directly transferable to real life settings [53]. City resilience and
ecosystem service frameworks might also lack specific guidelines or fail to take existing
administrative and governance structures as a starting point, which can make them difficult
to operationalise [52].

3.4.5. Contextual Diversity

The last underlying challenge identified is the fact that there can be considerable
differences between, and even within, cities in key factors affecting urban agriculture and
the types of resilience benefits it can provide [76]. These include geographic constraints on
food production (e.g., climate, soil, and groundwater properties) [12,82], landscape features
and land cover characteristics (e.g., amount of brown or green vs. grey area, urban built
form) [12], land ownership [12,82], costs of key items (e.g., labour, land rent, materials) [71],
pressures on land use [82], institutional designs and policies (e.g., tax treatments, subsidies,
regulations) [71], cultural factors that affect practice, public perceptions of different forms
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of UA, and demand for urban produce [34,50,66,75,84,91]. Such wide contextual diversity
can limit the transferability of research and policy approaches between different scales and
locations, and makes it difficult to find solutions for promoting UA that are appropriate
across space [13,99]. It also means that the cost and effort of implementing certain measures
will likely vary between locations. In addition, the development of locally suitable actions
may be hindered by the fact that municipal plans need to conform to larger regional,
national, and international policies [76].

3.5. Pathways to Promoting UA

Based on the reviewed literature, it is proposed that the overall success of UA in
increasing city resilience depends on the amount of institutional and public support for it,
the presence of a sufficient knowledge base to guide policy and practice, communication
and collaboration among different actors, and resourcefulness in finding locally appropriate
solutions and alternative ways to use space and other resources efficiently. Figure 5 shows
a conceptual diagram illustrating how these factors could promote key aspects of UA
through a number of direct and indirect mechanisms.

ban Agriculture for City Resilience

Large-scale
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Figure 5. Pathways to promoting urban agriculture (UA) for increased city resilience: five key aspects of successful UA (top

of figure), factors that determine UA’s success in increasing city resilience (objects below), and main mechanisms through

which these can contribute to different aspects of UA (arrows; all represent promoting effects).

People’s ability and motivation to engage in UA and related activities is a crucial
factor determining its success. In fact, since a significant portion of space in cities is owned
or managed by private individuals and local user groups [92], it could be argued that the
scale and impact of urban agriculture is ultimately a function of the level of participation
from citizens. Nonetheless, the public’s contribution is limited without the support of
local governments, which have a crucial role in creating enabling policy frameworks and
facilitating access to land, funding, and information. It should be noted that there is a
bidirectional relationship between public and institutional support for UA. On the one
hand, high public demand for growing space and locally grown food can trigger increased
attention and support from governments in the form of different policies and urban
development plans, which can promote the integration, inclusiveness, and safety of UA.
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On the other, awareness raising, community engagement, and provision of growing space
can increase public interest and participation in UA-related activities, which in turn can
increase the scale of the practice. To facilitate such a synergistic relationship, it is important
that effective communication takes place between communities and local governments.

Through generating an evidence base to underlie the amount of both institutional
and public support and the effectiveness of policy and practical measures, research plays
a fundamental role in determining the success of UA, potentially having downstream
positive effects on all of its five key aspects. In order to have a real impact, as well as the
creation of knowledge, its communication to government administrators, practitioners, and
the general public is also crucial. Researchers have a responsibility in increasing key actors’
awareness of issues around urban agriculture and resilience, the importance of actions
being taken, and how they can contribute. Thus, outreach, education, and good research—
policy dialogue are essential. Last but not least, resourcefulness is important for finding
effective and locally appropriate solutions, the success of which is greatly dependent on
knowledge exchange and collaboration among practitioners and between researchers and
communities [14,40,85]. Finally, there is a positive feedback relationship between the scale
of UA and the amount of knowledge potentially available on it, completing a virtuous
cycle of research, science communication, and collaborative action.

4. Discussion

The importance of increasing the resilience of our cities has become clearer than ever
after the recent global Covid-19 outbreak. Achieving greater resilience is a complex challenge
and, while related research and policy often focus on engineering solutions [15,62,87], it is
arguably as much a social issue as it is a technological one. Despite growing evidence for its
various benefits, urban agriculture’s contribution to city resilience is a fairly new concept in
academia, and our understanding of its role and potential is still limited. At the intersection
of multiple dynamic urban systems, UA faces a number of socio-economic, environmental,
and technical issues. Thus, increasing its success requires the support of a range of actors
(including governments, nongovernmental organisations, researchers, industry, and the
general public), as well as holistic, interdisciplinary, and inter-institutional approaches
combining knowledge and insights from different areas [12-15,59,62,66,76,85,86].

4.1. Directions for Policy and Practice

In complex urban systems, planners and policy makers have to address a wide range
of issues and prioritise different goals [12,18,30,38,49,52,62,63,65,66,82,85,86]. In order to
be able to compete for cities’ limited resources, UA must receive enough attention and
support from governments. City authorities need to recognise agriculture as an important
urban land use, devise appropriate policy frameworks, and incorporate UA into their
different agendas (such as green space planning, food, wellbeing, and education), paying
particular attention to spatial and socio-economic equality [13,30,59,66,76,86]. There is also
a need for better integration among sectors and initiatives and more clarity around the
responsibilities of different actors [30,62,66,74,80,88,99], and for strategic declarations to be
complemented with action plans that include specific, measurable objectives [64,66,93].

Local governments should improve access to growing space, information, and funding
for UA-related projects [13,62,64,80], as well as to local produce (e.g., through promotion of
farmers’ markets [18]). Since much potential growing space in urban areas is in the private
domain, it is also vital that UA be promoted as a business, social enterprise, or recreational
activity among various groups and individuals. Therefore, increased support for local
stakeholder-led innovation [69], active citizenship and self-organisation [40,58,64,69,75,87],
promotion of domestic food production and community farming [40], awareness raising
and educational programmes (e.g., on healthy and sustainable diets, horticulture, and
the environment) [14,18,62,69,72,80], public engagement (e.g., through hiring “commu-
nity organisers”) [15,62,64,85], and development of multistakeholder communication and
collaboration platforms [64,66,76] will be important.
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Finally, since the wide contextual diversity that exists between locations may preclude
one-size-fits-all solutions, it is important that locally appropriate measures are designed based on
a holistic consideration of the environmental, economic, and social setting [18,76,79,82,93]. Green
Infrastructures and Nature-based Solutions could be appropriate tools to support integrated
planning of urban green space [53,58,62,63,65,66,86], while Strengths, Weaknesses, Oppor-
tunities, and Threats (SWOT)-type assessment frameworks [83,100] supported by partici-
patory approaches to planning and management [14,15,53,58,62,64,65,72,76,85,88,98,101]
and geospatial information and communication technologies [12,76] could be useful in
identifying the specific challenges and opportunities that exist in each city and points
where interventions might be the most effective.

4.2. Directions for Research

Greater institutional support for UA and effective enhancement of its resilience bene-
fits require a better understanding of and larger evidence base for its contribution. More
research is needed on the current and potential area of UA in different cities, its ecosystem
service provision capacity (including food, climate change mitigation and various social
benefits) and how this varies with type of practice (e.g., traditional soil-based vs. technolog-
ical cultivation methods), and environmental and socio-cultural factors (e.g., acceptance of
different forms of UA, motivations to participate in UA-related activities, demand for urban-
grown produce). In particular, research taking a whole-system perspective and innovative
multidisciplinary approaches will be essential [62,76,93]. Examples of research methods
suggested in the reviewed literature include GIS-based models (e.g., for land cover, use,
ownership, and ecosystem service provision) [62,76,92,100]; life cycle analysis (e.g., of alter-
native food supply chains) [80]; field surveys (e.g., of soil quality, current cultivated areas,
and crop types) [71,89]; computational modelling of different scenarios [39,76]; synthesis
of interdisciplinary information [12,86]; place-based research [99]; surveys and interviews
(with both practitioners and the general public) [50,66,71,92]; participatory research (in-
cluding higher education—-community partnerships, bottom-up data collection, and online
crowd-sourcing, e.g., for mapping unused spaces in urban areas) [15,39,50,76,99]; and
development of better indicators and tools for measuring both quantitative and qualitative
aspects of resilience [15,92,93].

As well as filling knowledge gaps, it is equally important to create real-world solutions
that can help increase the success of urban agriculture. Therefore, research should also focus
on developing communication channels (e.g., digital platforms) and affordable and user-
friendly tools to facilitate knowledge- and resource-sharing and different practical aspects
of UA projects [87], designing alternative solutions for dealing with space and resource
constraints (e.g., ponics technologies, green walls and roofs) [71,99], and understanding
how institutional actors can best support various initiatives and engage people from
different backgrounds in UA-related activities [15,62,85]. Finally, there needs to be a greater
emphasis on effective science—policy dialogue and communicating research findings to
different audiences [12,15,17,62,66,79,92,99].

4.3. Relevance and Limitations of the Study

The potential role of UA in increasing city resilience in the developing world has been
reviewed by de Zeeuw et al. [61]. This study adds to existing knowledge by identifying the
factors that determine UA'’s successful contribution to city resilience in the global North,
using a systematic approach. Furthermore, the conceptual model we present highlights
some key pathways to enhancing the resilience benefits of UA, and could serve as a basis
for the development of (e.g., SWOT-type) assessment frameworks to assist policy-makers
and urban planners in devising locally appropriate and effective strategies. The research
and policy directions we identified could further contribute to the success of these efforts.

Nonetheless, some limitations of the study are recognised. First, a single literature
database was used to identify relevant publications in English, which means that some
potentially important work that was only available elsewhere, in other languages, or which
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did not include the search terms used here may not have been considered. Second, due to
the qualitative nature of the study, some degree of subjectivity might be inevitably present
in the interpretation and synthesis of findings.

5. Conclusions

Urban agriculture (UA) could increase city resilience in the global North against var-
ious environmental and socio-economic disturbances, which are expected to increase in
frequency and severity in the near future. However, its current and potential contribution
to this has been little understood. The aim of this study was to conceptualise the success
of UA and identify the pathways through which its resilience benefits can be enhanced.
It is proposed that the success of UA in increasing city resilience is determined by five
factors: its scale, the extent to which it is integrated into the urban fabric, its inclusive-
ness, the efficiency of food production, and human and environmental safety of practices.
These factors in turn depend on the amount of institutional and public support for UA,
the presence of a sufficient knowledge base to guide policy and practice, communication
and collaboration among different actors, and resourcefulness in finding alternative ways
to use space and other resources efficiently. Increasing its contribution to city resilience
requires more research on the current and potential area, ecosystem provision capacity
and social factors affecting UA, joined-up thinking and collaboration among governments,
researchers and communities, and creative, context-specific solutions based on a compre-
hensive assessment of local conditions. Despite a number of challenges, through innovative
solutions, flexible and integrated approaches to urban planning, and taking collective and
local ownership of issues, most apparent space and resource constraints could be overcome,
and urban agriculture could form an integral part of the resilient cities of our future. By
conceptualising this rather complex topic, identifying some key issues that exist, and
providing directions for research, policy, and practical courses of action, it is hoped that
this study will contribute to these efforts.
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