Cell Reports
Sustainability

Urban agriculture matters for sustainable

development

Graphical abstract

QUALITY GENDER DECENT WORK AND
EDUCATION EQUALITY ECONOMIC GROWTH
&
9 Mwewimone. 10 hwanes | 18 Sie 1D Gwe 17 Meveas
0 e
s C O &
<
£
} Six leveraging opportunities:
~ 1. Safe, nutritious, and fresh food; 2. Knowledge and literacy;
3. Ecosystem services, biodiversity, & environmental benefits;
o] 4. Social inclusion; 5. Employment and income;
5 6. Psychological well-being
% . 12 16 PEACE, JUSTICE
2| (+ &-)linkages Savomclon | | S
o £
g cO Y,
©
£
=3 Four hurdles:
1. Exclusive to the privileged groups;
@ 2. Contamination, pollution, & health hazards;
2 3. Water security;
.E 4. High energy and input usage
3 vite B oo 14 Fovwe
ks E )©
Highlights

e Urban agriculture does not inherently contribute to
sustainability

e Urban agriculture can positively impact many SDGs but
negatively affect some

e Six opportunities and four hurdles are behind SDG and urban

agriculture linkages

e Resolving the hurdles enhances urban agriculture’s
contributions to sustainability
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In brief

This study holistically investigates the
positive and negative impacts of urban
agriculture on the Sustainable
Development Goals (SDGs). Its findings
indicate that urban agriculture is linked to
all SDGs, with 142 and 136 targets having
positive and negative sentiments. Six
opportunities and four hurdles are behind
these linkages. Urban agriculture does
not inherently contribute to sustainability.
Its impacts rely on the adoption of
specific practices. Realizing urban
agriculture’s social, economic, and
environmental functions to accelerate
SDG progress requires leveraging the
opportunities and tackling the hurdles.
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SCIENCE FORSOCIETY Urban agriculture, i.e., farming activities within and around cities, provides many so-
cial, economic, and environmental benefits. However, it can also have negative impacts. We show that urban
agriculture is linked to all Sustainable Development Goals with more positive impacts than negative ones. Six
opportunities and four hurdles are behind these impacts. Urban agriculture can be more sustainable by
leveraging these opportunities and tackling the hurdles.

SUMMARY

Urban agriculture can contribute to sustainable development. However, a holistic investigation is lacking to
comprehend its positive and negative impacts on the Sustainable Development Goals (SDGs). Our system-
atic analysis of around 1,450 relevant publications on urban agriculture, screened from 76,000 records, fills
this gap. We map and analyze the text in the literature for each SDG target and its associated positive or nega-
tive sentiments. Here, we report our results highlighting that urban agriculture is linked to all SDGs, with 142
and 136 targets having positive and negative sentiments. The mapped positive sentiments are around double
the negative ones. We identify six leveraging opportunities urban agriculture provides for sustainable trans-
formation with four hurdles to be resolved. Urban agriculture does not inherently contribute to sustainability.
Its impacts rely on the adoption of specific practices. Realizing urban agriculture’s social, economic, and
environmental functions to accelerate SDG progress requires tackling the hurdles.

INTRODUCTION

Various farming activities prevail globally within cities and their
surroundings, collectively termed urban agriculture. These
activities encompass crop cultivation, horticulture, agroforestry,
beekeeping, livestock rearing, and aquaculture.’ They are
ground-based or building-integrated with or without space condi-
tioning.>> These activities contribute to urban food security by pro-
ducing 5%-10% of global food' and employing 25%-30% of peo-
ple living in urban areas.” Besides food, urban agriculture has

Gheck for
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multiple economic, environmental, and social functions.>® These
functions include livelihoods, health benefits, social space, green
infrastructure, biodiversity, and ecosystem services.® However,
consuming urban-produced food could pose health risks due to
soil and water contamination.'® Moreover, urban agriculture per
se might not have multiple functions contributing to sustainability.
Sofar, limited studies have investigated the opportunities and hur-
dles of urban agriculture for sustainable development.

Countries adopted the 2030 Agenda for Sustainable Develop-
mentin 2015, consisting of 17 goals and 169 targets to transform
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our world into a sustainable and resilient path.11 So far, no coun-
try is on track to meet all the Sustainable Development Goals
(SDGs)."? Achieving the 2030 Agenda would positively impact
the lives and livelihoods of billions of people and tackle the exist-
ing socioeconomic and environmental crises. Doing so requires
accelerating global sustainable development efforts based on
understanding the roles of various sectors to leverage synergies
and tackle trade-offs. For example, climate actions, food system
transformation, energy transition, and urban transformation are
crucial for the rapid progress of the SDGs.'®>™"® Urban agricul-
ture, with multifunctionality, has the potential to impact sustain-
able development positively. However, this potential must be
explored and accounted for comprehensively.'®

Understanding urban agriculture’s positive and negative
impacts on and linkages to the SDGs would help identify
existing leveraging opportunities and hurdles to be resolved
for accelerating sustainable development efforts. Studies
apply quantitative, qualitative, or knowledge co-creation
approaches to investigate these impacts and linkages."” Be-
sides understanding them, qualitative methods and knowl-
edge co-creation enable deciphering mechanisms behind
the impacts and linkages.'® Thus, promoting urban agriculture
to contribute to the SDGs requires an evidence synthesis of its
multiple functions linking to sustainable development. So far,
urban agriculture reviews have focused on limited aspects,
e.g., income, food security, crop productivity, and environ-
mental benefits.?%'9-?? A holistic and robust evidence synthe-
sis encompassing urban agriculture’s role in accelerating sus-
tainable development is lacking.

We fill the above-highlighted research gaps by conducting a
literature analysis to understand the impacts of urban agricul-
ture on the SDGs (see experimental procedures for details).
Our analysis uses Pradhan and colleagues’ systematically
searched and screened literature on urban agriculture.® They
screened 76,000 initial records on urban agriculture using a
machine learning-supported approach, which resulted in
1,455 relevant full texts. We apply a text analysis approach
supplemented with in-depth manual analysis to systematically
map the text in the urban agriculture literature to each SDG
target. For this, we adopt the SDG search queries from the
Aurora Universities Network®® and convert them to Corpus
Query Language. We extract SDG-related text in the urban
agriculture literature by applying these queries using the “cor-
pustools” package in the R programming language.>* Next,
we conduct a sentiment analysis to determine if the extracted
text highlights urban agriculture’s positive or negative associa-
tions with SDGs using R’s “tidytext” package. Lastly, we
conduct an in-depth manual analysis of the extracted text
and its sentiments, assessing and referring to the relevant
document. In doing so, we compile the reasons behind urban
agriculture’s positive or negative impacts on SDGs and related
leveraging opportunities and hurdles.

Our study highlights that urban agriculture does not inherently
contribute to sustainability, although it positively impacts many
SDGs. The urban agriculture literature refers to more SDG tar-
gets with positive than negative sentiments. Leveraging oppor-
tunities and tackling hurdles associated with urban agriculture
would enhance its contribution to sustainability.
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RESULTS

Urban agriculture and SDGs
We map 17 SDGs and 143 out of 169 targets in the urban agricul-
ture literature (Figure 1). This mapping reflects a broader connec-
tion between sustainable development and urban agriculture.
However, their appearances in the literature vary, ranging from
60 to 12,000 times for the goals and from one to around 6,000
times for the targets. SDGs 2 (zero hunger), 11 (sustainable cities
and communities), and 12 (responsible consumption and pro-
duction) are the top three goals mapped in the urban agriculture
literature, appearing at least 2,000 times. These appearances
highlight urban agriculture’s potential associations in making cit-
ies more sustainable, ensuring food and nutrient security, and
promoting alternative consumption and production. However,
the top 10 mapped targets, appearing at least 500 times, also
belong to other goals, namely, SDGs 1 (no poverty), 6 (clean wa-
ter and sanitation), 13 (climate action), and 15 (life on land). They
include targets 1.1 (eradicate extreme poverty), 2.4 (sustainable
food production and resilient agricultural practices), 6.3 (improve
water quality, wastewater treatment, and safe use), 11.7 (provide
access to safe and inclusive green and public spaces), 13.1
(strengthen resilience and adaptive capacity to climate-related
disasters), and 15.1 (conserve and restore terrestrial and fresh-
water ecosystems). These findings show broader linkages be-
tween urban agriculture across various SDGs and their targets
besides the goals related to cities and food systems.
Regarding sentiments, urban agriculture is more positively
than negatively linked to SDGs (Figure 2). The mapped texts
with positive sentiments are around double the negative ones,
considering more than two words associated with these senti-
ments (see experimental procedures for details). All 17 goals
are positively and negatively linked to urban agriculture, with
more positive than negative ones, except for SDG 3 (good health
and well-being). Studies highlight risks associated with food pro-
duced in urban areas, resulting in more negative sentiments for
SDG 3. Urban agriculture has positive sentiments with 142 tar-
gets and negative sentiments with 136 targets. By analyzing
the mapped text manually, we narrow these positive and nega-
tive associations to 81 and 51 targets. It is because words with
positive or negative sentiments do not necessarily mean there
are such connections. Thus, we assess, synthesize, and inter-
pret the resulting associations to understand urban agriculture’s
impacts on SDGs, extracting the reasons behind these senti-
ments (Tables S2 and S3). Table S3 elaborates on the reasons
behind urban agriculture’s positive and negative impacts on
SDGs at a target level. They include leveraging opportunities
provided by the positive effects and hurdles to be resolved due
to the negative ones of urban agriculture on sustainable
development.

Leveraging opportunities for SDGs

Urban agriculture mainly has positive impacts on many SDGs: 1,
2, and 4 (quality education); 5 (gender equality); 8 (decent work
and economic growth); 9 (industry, innovation, and infrastruc-
ture); 10 (reduced inequalities); 11, 12, 13, 15, and 16 (peace,
justice, and strong institutions); and 17 (partnerships for the
goals). They represent the three sustainability pillars—society,
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economy, and environment—highlighting urban agriculture’s
opportunities for broader sustainable development beyond
enhancing food security. Table S3 details the reasons and mech-
anisms behind the positive associations of urban agriculture with
SDGs at a target level. Here, we distill six factors behind these
opportunities based on the most frequently compiled reasons
for the positive impacts with some examples (Tables 1, S2,
and S3).

Safe, nutritious, and fresh food

Urban agriculture can produce and provide safe, nutritious, and
fresh food within walking distance, positively impacting several
SDGs, including ten targets (Table 1). By providing opportunities
to produce their food, urban agriculture contributes to reducing
food inequalities and malnutrition among underprivileged groups
(targets 2.1, “universal access to safe and nutritious food,” and

Number of SDGs
10000 +
5000 4+

10004+

Number of Targets
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Figure 1. Frequency of SDGs and targets map-
ped in the urban agriculture literature

We mapped the connection between SDGs and urban
agriculture with a systematic analysis of around 1,450
relevant full texts screened from 76,000 initial records.
The bar height represents the frequency in the log
scale, i.e., the number of times an SDG or target is
mapped in the relevant full text. The targets, e.g., 1.1,

100+ 1.2, and 1.3, are mentioned in the outer ring of the bars

in (B). Table S3 provides the full names of SDGs and
targets.
104

2.2, “end all forms of malnutrition”). Exam-
ples of this contribution include an increased
intake of healthy foods by black residents in
Washington DC (USA),?® reduced malnutri-
tion of children from underrepresented
groups in Uganda, Bangladesh, and the
Philippines,”® and provided essential micro-
nutrients, e.g., Fe, Zn, Mo, |, and Ca, in
Ghana.”® Urban farmers generate income
by producing healthy and nutritious foods,
25001 reducing poverty (target 1.1, “eradicate
extreme poverty”). For example, the Food
and Agriculture Organization recognizes
urban agriculture for sustainable poverty
alleviation and food security, pointing to its
role in improving the livelihoods of urban
residents.?” Further, allotment gardens are
an additional source of urban food. They
can serve as a means to alleviate poverty
by supplementing household food supply,
reducing food costs, and enhancing food
self-sufficiency.”® Increased physical activ-
ities of hobby urban gardeners improve their
health, lowering healthcare costs associ-
ated with an unhealthy lifestyle.”® Producing
and consuming local food decreases food
miles and associated food wastage (target
12.3, “halve global per capita food waste™).
For example, rooftop greenhouse cultivation
in Barcelona (Spain) shows reduced food
miles, resulting in lower packaging costs and less food
waste.>??" By composting, urban agriculture can use wasted
food and agricultural residues to improve soil productivity and in-
crease crop yield,**** contributing to target 12.4, “responsible
management of chemicals and waste.”

Knowledge and literacy

Urban agriculture can improve urban populations’ knowledge
and literacy (SDG 4) on food and nutrition, science and mathe-
matics, environment and climate change (SDG 13), and respon-
sible consumption and production (SDG 12). Table 1 provides
the SDG targets associated with this leveraging opportunity.
One of the main goals of urban agriculture initiatives is to create
environmental awareness and education.®* For example, a
study in Baltimore (USA) highlights the role of urban agriculture
in providing city residents with opportunities to learn the

5000+
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Figure 2. Negative (left) and positive (right) sentiments associated with the SDGs and targets mapped in the urban agriculture literature
The darker color bar depicts the frequency of the mapped texts with positive or negative sentiments, considering more than two words associated with these
sentiments (see experimental procedures for details). The light color bar represents the share of positive or negative sentiments among the targets within an SDG.
It consists of the targets, e.g., 1.1, 1.2, and 1.3, with a share higher than 5%. Table S3 provides the full names of SDGs and targets.

provenance of food and to grow their food.** Combining nutrition
lessons with school gardening improves students’ knowledge of,
preferences for, and consumption of fruit and vegetables in Pre-
toria (South Africa).® Participation in school gardening increases
students’ scores on science achievement tests, according to
studies in the USA.®” Urban agriculture initiatives in Singapore
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use social media platforms to raise public awareness of sustain-
able food practices (targets 12.6, “encourage companies to
adopt sustainable practices and sustainability reporting,” and
12.8, “promote universal understanding of sustainable life-
styles”).*® A study in Hamburg (Germany) highlights citizens
learning about the effects of climate change (target 13. 3, “build
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Table 1. Leveraging opportunities and hurdles associated with urban agriculture, contributing to the achievement of various SDGs
SDG targets SDG targets

1.1,1.4,21,2.2,2.c, 8.2, 11.2, 1.2,1.5,1.a,1.b,2.2,4.1,5.4, 5.3,
12.3,12.4, and 12.7 10.2, 13.3, 16.5, and 16.b
4.1,43,4.6,12.6,12.8, 13.3, 1.3,24,33,36,3.9,6.2,84,11.1,11.2,
and 15.7 11.b, 12.4,12.5, 14.2, 15.1, and 15.4

2.4,25,39,6.1,7.2,84,9.1,11.1, 6.1,6.3,6.4,11.6, 13.1, 14.1, and 14.3
11.2,11.3,11.4, 11.5,11.6, 11.7, 11.b,

12.1,12.2, 13.1, 13.2, 13.b, 14.1, 14.2,

14.3,14.4,15.1, 15.2, 15.3, 15.4, 15.5,

15.6, 15.8, and 17.8

1.b, 5.1,5.4,5.5, and 10.2

Leveraging opportunities Hurdles

exclusive to the
privileged groups

Safe, nutritious, and
fresh food

Knowledge and literacy contamination, pollution,

and health hazards
Ecosystem services,
biodiversity, and
environmental benefits

water security

Social inclusion high energy and

input usage

2.1,238,7.2,7.3,11.3,and 12.2

Employment and income 12,1.3,15,1.a,23,4.4,5.3,6.2, others 1.1,1.4,25, 2.c, 8.1,12.1,15.2, 15.3,

8.1,8.3, 85, 8.6, 8.9, 8.10, 9.2,
9.3, 10.1, 12.b, and 17.1

3.4 and 16.1
6.4, 11.a, 12.5, and 17.7

Psychological well-being
Others

15.5,15.7, and 15.8

We distill these opportunities and hurdles based on the most frequently compiled reasons behind the linkages between urban agriculture and SDGs in
Table S3. “Others” consists of opportunities and hurdles linked with a few targets. They are partnerships, self-consumption, land tenure issues, illegal
trade, recycling and reuse, urban renewal, water use efficiency, and ecosystem disservices. See Table S2 for the short names of the targets.

knowledge and capacity to meet climate change”) by partici-
pating in urban agriculture.®® It also helps to acquire relevant
technical and vocational skills (target 4.3, “equal access to
affordable technical, vocational, and higher education”), poten-
tially leading to future employment and income. For example,
Scrubby Hill in Tasmania and a community greening program
in Sydney (Australia) allow local communities to develop horticul-
tural and landscaping skills to ensure employment, education,
and career opportunities.’® Further, urban agriculture activities
like foraging can play a role in urban ecosystem planning and
management. Proper management and regulation of these activ-
ities can discourage poaching and trafficking of protected spe-
cies by raising awareness and promoting sustainable harvesting
practices,”’ contributing to target 15.7, “eliminate poaching and
trafficking of protected species.”

Ecosystem services, biodiversity, and environmental
benefits

Urban agriculture is a part of urban green space (SDG 11),
providing habitat for biodiversity and various ecosystem
services (SDG 15), including noise reduction and improved air
quality, and positively contributing to 32 targets (Table 1). For
example, urban agriculture can create ample open spaces
around housing developments, contributing to better housing ty-
pologies and living conditions*® (target 11.1, “safe and afford-
able housing”). Community urban gardens can act as inclusive
and accessible green areas in cities, promoting social interaction
among locals and improving the quality of life**>** (target 11.7,
“provide access to safe and inclusive green and public spaces”).
Further, using agroforestry techniques in urban agriculture con-
tributes to increased terrestrial carbon stocks*® and improved
soil-based carbon sequestration as a climate change response
(target 13.2, “integrate climate change measures into policies
and planning”). Urban agriculture initiatives that convert waste
and unused land into green spaces foster synergies between
ecosystem services and climate regulation.’® If sustainable

practices are adopted, urban agriculture could reduce chemical
and material use and waste generation and save other natural
resources (target 12.2, “sustainable management and use of
natural resources”).*”**® Utilizing soil enrichment and land resto-
ration techniques, urban agriculture can also combat desertifica-
tion (target 15.3, “end desertification and restore degraded
land”). Urban agriculture can be a part of green system integra-
tion to extend the life of physical infrastructure (target 9.1,
“develop sustainable, resilient, and inclusive infrastructures”).*®
Further, urban gardens have been demonstrated to be instru-
mental in preserving urban forests, thereby contributing to biodi-
versity conservation®®® (target 15.1, “conserve and restore
terrestrial and freshwater ecosystems”). The emerging practices
of using ecological urban planning, called eco-tech cities, with
more people using information communication and technology,
encourage responsible living and green infrastructure, including
urban agriculture (target 17.8, “strengthen the science, technol-
ogy, and innovation capacity for least developed countries”).
Such city projects are distributed worldwide, e.g., Milton (Can-
ada), Waitakere (New Zealand), Helsinki (Finland), and Arcosanti
(USA), which could improve energy and land resource use effi-
ciency and increase the awareness of urban challenges.°
Social inclusion

Urban agriculture can promote social, economic, and political
inclusion (SDG 10) for all, positively contributing to five targets
(Table 1).°"°% It helps community building,®® reduces social ex-
clusion, offers opportunities for alternative urban lifestyles,***"
increases social cohesion,*® and fosters active civic participa-
tion.* For example, a study from Bologna (ltaly) highlights urban
agriculture as a new community meeting point, providing an op-
portunity to reactivate relationships, cooperation, and solidarity,
resulting in social inclusion and community building,®° contrib-
uting to target 10.2, “promote universal social, economic, and
political inclusion.” Further, prioritizing communities in urban
growth strategies through urban agriculture can help overcome
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the cycle of poverty and social vulnerability. Civic investments,
often in education and other social infrastructure, play a key
role in such strategies,®' contributing to target 1.b “create pro-
poor and gender-sensitive policy framework.” Urban agriculture
also promotes gender empowerment (targets 5.1, “end discrim-
ination against women and girls”; 5.4, “value unpaid care and
promote shared domestic responsibilities”; and 5.5, “ensure
full participation in leadership and decision-making”). It helps
change women’s traditional roles and power within a family
with increased participation in household decision-making.®? Ur-
ban agriculture can also raise awareness of violence and
discrimination against women.®® It provides an alternative polit-
ical space where women can share and voice various oppres-
sion they experience,®® generating awareness and leaders.
Employment and income

Urban agriculture would create new jobs and income, contrib-
uting to many SDGs, including 19 targets (Table 1). It provides
lower-income families with an additional source of income and
savings for emergencies or crises,®® reducing poverty (target
1.2, “reduce poverty by at least 50%”)?:°°°" and inequality
(target 10. 1, “reduce income inequalities”). Stimulating busi-
nesses that sell locally produced fresh food may attract private
investors for infrastructures for urban agriculture,*® helping local
communities to generate income and create jobs®® (target 8.2,
“promote policies to support job creation and growing enter-
prises”). However, a huge initial cost associated with large-scale
agriculture systems and land competition for other uses may
discourage investors.*®*® The added income and jobs would
also enhance urban farmers’ access to banking, insurance,
and other financial services for their farming and way of life
(target 8.10, “universal access to banking, insurance, and finan-
cial services”). In patriarchal societies where women are often
restricted from working outside the home, urban agriculture,
including indoor farming and home gardening, would provide
employment opportunities for women (target 5.a, “equal rights
to economic resources, property ownership, and financial ser-
vice”). These opportunities can foster financial independence
among women and contribute to narrowing the gender-based
wage and employment gap.”®”" Furthermore, urban agriculture
can promote modern farming techniques and advanced technol-
ogies to maximize crop production in limited spaces (target 9.2,
“promote inclusive and sustainable industrialization”),”® e.g.,
aquaponics, rooftop greenhouses, and vertical farming systems.
At a national level, public awareness of the ecosystem services
provided by urban gardening and green space could be a new
source of domestic tax revenue (target 17.1, “mobilize resources
to improve domestic revenue collection”). For example, a South
Korean study highlights Seoul inhabitants’ increased willingness
to pay to enhance biodiversity in urban green spaces.”®
Psychological well-being

Urban agriculture also promotes psychological well-being by
lowering stress levels and increasing social interaction, contrib-
uting to a few SDGs, including two targets (Table 1). For
example, a study of adult cancer survivors participating in urban
gardening highlights improved mental health (target 3.4, “reduce
mortality from non-communicable diseases and promote mental
health”) due to reduced daily stress levels and an increased
sense of a deep spiritual connection to nature.”* They also

6 Cell Reports Sustainability 7, 100217, September 27, 2024
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mentioned that the garden offers a venue for meeting and
exchanging ideas and feelings, as well as a way to improve social
networking. Besides improving mental health, urban agriculture
can lower crime and gun violence (target 16.1, “reduce violence
everywhere”) by promoting interaction, community involvement,
and public presence.”® Mainly, urban green space significantly
improves residents’ sense of community safety. The green areas
in the urban setting encourage social interaction, community
engagement, and public presence, which has positive psycho-
social effects and reduces crime and violence.”®

Hurdles to be resolved

Depending on practices, urban agriculture can also negatively
impact sustainable development, mainly SDGs 3, 6, 7 (affordable
and clean energy), 11, 12, 14 (life below water), and 16. These prac-
tices include excessive agricultural inputs (e.g., water, energy, fer-
tilizers, and pesticides), soil and water contamination, and non-
mindful consideration of social injustices and inequalities. They
create hurdles to leverage opportunities urban agriculture pro-
vides for broader sustainable development. Table S3 details the
reasons behind the negative impacts of urban agriculture on
SDGs at a target level. Here, we distill four factors behind these
hurdles based on the most frequently compiled reasons for the
negative impacts with some examples (Tables 1, S2, and S3).
Exclusive to the privileged groups

Urban agriculture initiatives will negatively impact several SDGs,
including 12 targets (Table 1), if they do not address social injus-
tices and inequalities. Doing so will hinder the realization of
Leave No One Behind, a transformative SDG pledge, and exac-
erbate social exclusion (SDG 10) and discrimination (SDG 16).
For example, neglecting social inequalities while implementing
urban agriculture can reinforce the cycle of poverty and exclu-
sion.”® Without an adequate financial mechanism, the privileged
group might have an advantage over others in securing funds for
urban agriculture, in contrast to target 16.b “promote and
enforce non-discriminatory laws and policies.” For instance, in
New York City (USA), urban agriculture initiatives led by white
people reported raising more money to sustain their operations
than initiatives led by people of color.”” Promoting urban agricul-
ture could also lead to gentrification, displacing poor inhabitants
and redistributing public investment and community capital to-
ward the wealthiest part of the urban population.”® This displace-
ment is opposite to target 10.2, “promote universal social, eco-
nomic, and political inclusion.” Further, the privileged group
might also influence urban agriculture policies to benefit them,
excluding others’ needs. For example, another study in New
York City (USA) highlights communities expressing concern
about the proposed changes to municipal-level urban agriculture
policy as they disregard communities of color and low income.”®
Similarly, school garden programs are more likely to be a part of
schools in wealthy neighborhoods than those of lower socioeco-
nomic backgrounds.®” It would leave children from low-income
communities behind in acquiring knowledge and literacy
(target 4.1, “free primary and secondary education”) from
school gardening. Furthermore, urban agriculture might create
additional unpaid work on the top of care and domestic work
of women®® with negative impacts on target 5.4, “value unpaid
care and promote shared domestic responsibilities.”
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Contamination, pollution, and health hazards

Urban agriculture could also be linked to contamination and
pollution, resulting in health hazards and negative impacts on
various SDGs, including 15 targets (Table 1). The main reasons
behind the contamination and pollution are agriculture in or
near industrial areas, urban pollution, contaminated water for irri-
gation, and heavy pesticide use. Consuming foods grown in
polluted soil can cause a severe risk to human health (target
3.9, “reduce illness and death from hazardous chemicals and
pollution”). Arsenic (As), cadmium (Cd), chromium (Cr), mercury
(Hg), lead (Pb), copper (Cu), zinc (Zn), and nickel (Ni) are the
heavy metals most frequently found in polluted urban soil, which
crops and plants could uptake. For example, studies highlight
exceeding the permissible limit of Pb, As, and Cd concentrations
advised by the World Health Organization (WHO) and the Food
and Agriculture Organization of the United Nations (FAO) in ur-
ban vegetables in Bangladesh.®%®' Crops and vegetables also
absorb particulate matter containing heavy metals and polycy-
clic aromatic hydrocarbons suspended in the polluted urban
air. Consuming these contaminated foods can cause cancer
and harm the liver, kidneys, brain, bones, and Iungs.82 Besides
heavy metals, food grown in urban areas is more likely to be
contaminated with bacteria if wastewater is used for irrigation.
For example, high levels of microbial contamination, including
fecal coliforms, fecal streptococci, and Clostridium perfringens,
were found in the leafy vegetables in urban gardening at Porto-
Novo (Benin).?® Urban agriculture could also foster waterborne
diseases, e.g., malaria, by providing habitat in the irrigation sys-
tems for vector insects to breed, challenging target 3.3, “fight
communicable diseases.”®" Studies also highlight risks of road
safety (target 11.2, “affordable and sustainable transport sys-
tems”) and potential traffic accidents (target 3.6, “reduce road
injuries and deaths”) due to urban agriculture, mainly related to
poor visibility>> and road verge gardens.®® Furthermore, com-
posting for urban agriculture can lead to ammonia generation
and acidic leachate. Also, urban farmers may improperly use
chemical fertilizers and herbicides without awareness, nega-
tively impacting target 2.4, “sustainable food production and
resilient agricultural practices.”

Water security

Without adequate management, promoting urban agriculture
would be a water security concern, negatively impacting several
SDGs and seven targets (Table 1). Using groundwater and
municipal water to irrigate urban agriculture could result in over-
exploitation of the aquifer,’® inefficient freshwater supplies®’ (tar-
gets 6.1, “safe and affordable drinking water,” and 6.3, “improve
water quality, wastewater treatment, and safe reuse”), and ten-
sions related to water use. Excessive use of fertilizers and pesti-
cides in urban agriculture would pollute water. Thus, disposing of
wastewater from urban agriculture without treatment could
degrade water quality, including groundwater,®® and pose a
threat of agrichemical to microbiological contamination.®® Doing
so can result in contaminated drinking water sources,’® pose
health risks, cause harm to marine ecosystems (targets 14.1,
“reduce marine pollution,” and 14.3, “reduce ocean acidifica-
tion”),°" and pollute water bodies and ecosystems.’>°® Urban
agriculture management, including compost production and
specific inputs, e.g., wood and peat, can also cause the eutrophi-
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cation of water bodies due to leaching.’’ Urban agriculture on
soils containing polycyclic aromatic hydrocarbons can harm hu-
man health and the environment, possibly contaminating marine
ecosystems if they enter the sea through runoff or leaching.®
These potential negative impacts of urban agriculture are also
against target 11.6, “reduce the environmental impact of cities.”
Further, urban agriculture may also stress the city’s water sour-
ces and supply, hindering its ability to adapt and be resilient to
natural hazards (target 13.1, “strengthen resilience and adaptive
capacity to climate-related disasters”).®’

High energy and input usage

Urban agriculture could negatively impact many SDGs, including
six targets (Table 1), because of high energy and input uses.
Conditioned urban agriculture demands energy to regulate and
maintain optimal environmental conditions, including lighting,
temperature, and humidity control.”® This energy demand could
impact climate change more than conventional agriculture.”® It
could also increase reliance on non-renewable energy sources®®
(targets 7.2, “increase global percentage of renewable energy,”
and 7.3, “double the improvement in energy efficiency”). For
example, heated greenhouse-produced tomatoes in Boston
(USA) have potentially higher impacts on climate change and
non-renewable resource depletion than imported ones.’
Rooftop urban agriculture also competes with solar panels for
valuable space.®” Unsustainable urban agriculture, as opposed
to target 12.2, “sustainable management and use of natural re-
sources,” has issues with excessive use of pesticides, fertilizers,
and water, resulting in health risks and environmental prob-
lems.®® For high-tech urban farming, lacking these inputs would
limit urban agriculture’s contributions to targets 2.1, “universal
access to safe and nutritious food,” and 2.3, “double the pro-
ductivity and incomes of small-scale food producers.”°

DISCUSSION

Our systematic text analysis highlights more positive than nega-
tive impacts of urban agriculture on sustainable development
beyond food security. Leveraging these positive impacts could
enhance urban agriculture’s contribution to sustainability. How-
ever, resolving hurdles generating urban agriculture’s negative
impacts is crucial for maximizing the benefits from the positive
ones. Thus, our study brings several novelties and insights into
urban agriculture’s transformative opportunities to promote sus-
tainable development, including the hurdles to be resolved.

First, our study synthesizes a holistic understanding of the im-
pacts of urban agriculture on SDGs at the target level. Advancing
the existing studies,’®?""%° we compile evidence from the
literature on multiple benefits of urban agriculture across
social, economic, and environmental dimensions and its limita-
tions. Promoting urban agriculture could positively impact
SDGs 1, 2, 4,5, 8, 9, 10, 13, 15, and 17. However, the current
urban agriculture practices could also negatively impact SDGs
3, 6, 7, and 14, with both positive and negative impacts on
SDGs 11, 12, and 16. These findings underscore that
the inherent contribution of urban agriculture to sustainability
is contingent on specific practices. Nevertheless, urban agricul-
ture presents numerous transformative opportunities to foster
broader sustainable development.
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Second, we extract the key factors leading to the positive im-
pacts of urban agriculture and its transformative opportunities
from the existing literature. Promoting sustainable urban agricul-
ture would help leverage these opportunities for making prog-
ress across SDGs. Our systematic text analysis synthesizes
these opportunities, fragmented across the literature. For
example, urban agriculture can produce safe, nutritious, and
fresh food within and nearby cities, potentially providing a larger
share of urban vegetable demand.’®'~'%® Doing so generates
employment and creates additional income for urban inhabitants
and farmers.'%*%° Besides food, urban agriculture provides
various ecosystem services' and harbors biodiversity.*3106-198
It would generate knowledge and literacy on various aspects,
including healthy diets, environmental issues, and sustainabil-
ity.>*36:199 Urban agriculture promotes social inclusion and com-
munity building’'® and enhances psychological well-being."""
Compiling these opportunities urban agriculture provides is
crucial for a holistic understanding to leverage them for acceler-
ating SDG progress.

Third, our evidence synthesis emphasizes that resolving hur-
dles behind urban agriculture’s negative impacts is crucial for
leveraging transformative opportunities. For example, the
health benefits of urban-produced fresh food can only be ob-
tained by tackling the issues of soil and water contamination,
urban pollution, and overuse of pesticides. Failure to address
these issues may lead to adverse health consequences from
consuming urban-produced food. The social benefits of urban
agriculture risk being compromised if policies favor privileged
groups and neglect considerations of gender, ethnicity, and
other aspects of intersectionality.''® Ensuring the environ-
mental benefits of urban agriculture necessitates sustainable
farming practices. Otherwise, it may inadvertently harm the
environment and ecosystems instead. These practices include
efficient water use for irrigation, proper treatment of waste-
water generated from urban agriculture, efficient energy and
input uses, and combining conditioned urban agriculture with
renewable energy.

Fourth, our text analysis approach systematically helps cap-
ture the mechanisms behind SDG interactions in future studies.
We combine systematic literature screening, mining relevant text
on SDGs, exploring sentiments on the extracted text, and in-
depth manual text analysis for qualitatively understanding the
mechanisms at the target level. In other words, our approach
supplements computer-based analyses with in-depth manual
analysis. Our computer-based programs save time in narrow
down the texts associated with SDGs in the relevant documents.
The in-depth manual analysis of these narrowed-down texts
helps filter miss-classified sentiments and not-so-relevant texts,
assessing, compiling, and synthesizing the positive and negative
links between urban agriculture and SDGs with their underlying
reasons and mechanisms. So far, limited qualitative studies
have investigated SDG interactions by systematically covering
a range of literature’®""® or at the target level.® A robust
understanding of the mechanisms of SDG interactions requires
systematic studies, including evidence synthesis from the
literature.'®

In the meantime, our study also has a few limitations. Our
analyzed literature could have been updated as the initial search
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was done on 15.02.2022. However, this literature covers an
extensive body of literature on urban agriculture, and we also
include recent literature to contextualize our study. There might
still be authors’ bias while extracting the information from the
literature on the impacts of urban agriculture on SDGs. We mini-
mize the biases by using text mining and sentiment analysis
before analyzing them manually. Also, our sentiment analysis is
limited to the word list used to identify positive or negative asso-
ciations. However, words with positive or negative sentiments
do not necessarily mean there are such connections. We
address this limitation by conducting an in-depth manual anal-
ysis of the mapped text. Further, we apply the four-eyes principle
to ensure the robustness of the manual analysis based on re-
views by coauthors. We do not focus on the impacts of SDGs
on urban agriculture, which could be a question for future
research. The achievement of some SDGs could promote sus-
tainable urban agriculture.

In summary, urban agriculture can have broader positive so-
cial, economic, and environmental impacts by implementing
sustainable practices. These practices are essential to resolve
its current negative impacts, which include sustainable farming,
addressing urban pollution, and ensuring social justice and fair-
ness. Furthermore, the issues of land ownership, accessibility,
and availability could hinder the successful implementation
and sustainability of urban agriculture initiatives. These issues
are mainly related to rapid urbanization, unfavorable policies,
and a high value of urban land."'*""® A high installation cost is
another challenge to promoting urban agriculture, e.g., in the
case of conditioned one. Therefore, leveraging urban agricul-
ture’s social, economic, and environmental benefits requires
sustainable practices and tackling these challenges. Specific
practices to promote urban agriculture can be context-specific
and vary across urban areas, which is a topic for further investi-
gation and innovation."'®

EXPERIMENTAL PROCEDURES

Data

Our analysis makes use of two datasets. The first is the data on relevant liter-
ature on urban agriculture. Since identifying relevant literature from databases
is daunting, we base our analysis on recently searched and screened literature
on urban agriculture by Pradhan and colleagues.® They identified 76,000 re-
cords of urban agriculture literature by systematically exploring the two well-
established databases—Web of Science and Scopus. They applied a broad
keyword search strategy with words “*urban* or city or cities” and “agricultur*
or garden* or farm* or food” and “form* or type* or typolog* or class* or cata-
gor* or kind*” in the title, abstract, or keywords. They applied a machine
learning-supported approach to screen the records by reading their titles, ab-
stracts, and keywords. This approach includes screening a subset of records
to select relevant documents manually, using this subset to train the super-
vised machine learning algorithms for prioritizing documents likely to be rele-
vant from the remaining records,'"” re-training the algorithms while screening
documents, and using stopping the screening when it is unlikely to remain to
identify more than 5% of relevant documents.'® In doing so, they collected
and screened the complete text, i.e., portable document format (PDF), of the
relevant documents, resulting in 1,455 relevant full texts. We use these PDFs
for our analysis.

We develop search query data for mapping SDGs in the relevant documents
at the target level (Table S1). For this, we adopt the search queries provided
by the Aurora Universities Network.”® The provided search queries comprise
sub-queries for each SDG target, constructed with keywords, boolean, and
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proximity operators and tailored to the Scopus Query Language. We con-
verted these queries to Corpus Query Language. Doing so enables us to apply
these queries using the corpustools package in the R programming language.
We also adjust the proximity operator to locate one word within an increased
distance of another after testing different word distances. Since we analyze the
textin PDFs containing up to three columns, it is essential to increase the word
distance. A short word distance will not map the relevant text to SDGs if it is in
the following line, separated by columns. By contrast, a long word distance
may also map SDGs to irrelevant text. Table S1 contains the developed
SDG search queries used for our analysis.

Text analysis

Our text analysis consists of computer-based programs and in-depth manual
analysis. It starts by mapping each SDG target in the relevant documents using
the corpustools package in R.>* Our mapping focuses on understanding how
well different SDGs and targets are represented across the literature. This
mapping is followed by a sentiment analysis to determine urban agriculture’s
positive or negative association with SDGs. We supplement these computer-
based analyses with in-depth manual analysis to assess and synthesize the
mapped text, referring to the relevant documents. Our computer-based
programs help to narrow down the texts associated with SDGs in the relevant
documents without the need to read the full articles, saving time and
resources. The in-depth manual analysis addresses the limitations of com-
puter-based programs in text analysis. Computer-based programs might
miss-classify sentiments and extract not-so-relevant texts in terms of the
objective of a search query. Thus, our text analysis approach consists of three
steps.

First, we map SDGs in the relevant documents at the target level using the
corpustools package in the R. The package provides text analysis in a toke-
nized text format, breaking up a given text into units called tokens.?* Since
our search queries are based on words, we tokenize individual words. We
map each SDG target to each relevant document based on the search queries
by applying “search_features” and “get_kwic” commands of the package.
Using these commands, we extract 50 tokens for each query search result
to have enough text for further manual analysis. These tokens are the text in
the relevant document mapped to an SDG target. Compiling these extracted
texts, we obtain a database of the mapped text for each SDG target from
the relevant documents. In addition to these tokens, the database consists
of the document’s identification number, the mapped text’s page number,
and the search query. We count the frequency of the mapped text per SDG
and target to capture how well different SDGs and targets are represented
across the literature.

Second, we conduct a sentiment analysis to determine if the mapped text
highlights urban agriculture’s positive or negative association with SDGs using
the tidytext package in R. It provides a list of words associated with different
sentiments. Since the words “sustainable,” “sustainability,” “poor,” and
“poverty” are used to describe some SDG targets and are not necessarily
associated with positive or negative sentiments, we exclude them from the
list. Afterward, we update our database using the command “get_sentiments”
from the package to obtain positive or negative sentiments associated with the
mapped texts and the words behind these sentiments. We consider positive
and negative associations when the words behind these sentiments are
more than two words. We further use the text mapping and sentiment analysis
results to manually assess and compile the reasons behind urban agriculture’s
positive or negative impacts on SDGs.

Third, we conduct an in-depth manual analysis of the mapped text and its
sentiments to understand the reasons behind urban agriculture’s positive or
negative impacts on SDGs. Since the map texts are fragmented, we refer to
the relevant document and assess and synthesize the sentences behind these
map texts. We distribute the SDGs among the coauthors for the manual anal-
ysis, with a coauthor responsible for at least one SDG. Based on our in-depth
manual analysis, we extract the reasons behind urban agriculture’s positive or
negative impacts and compile them for each SDG target. We exclude the map-
ped texts unrelated to SDGs and urban agriculture during our manual analysis.
We apply the four-eyes principle to ensure the robustness of the manual anal-
ysis. A coauthor, not responsible for that SDG, reviews the extracted reasons
behind the impacts. Lastly, we extract leveraging opportunities provided by
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the positive linkages and hurdles to be resolved due to the negative associa-
tion of urban agriculture with sustainable development based on the most
frequently compiled reasons at the target level.

RESOURCE AVAILABILITY

Lead contact
The lead contact is Prajal Pradhan: p.pradhan@rug.nl.

Materials availability
No specific material was used for this study.

Data and code availability

Search query data for mapping SDGs is provided as a supplemental item
(Table S1). Other data reported in this paper will be shared by the lead contact
upon request. This paper does not report the original code. Any additional in-
formation required to reanalyze the data reported in this paper is available from
the lead contact upon request.
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