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Introduction
More than half of the global population lives in urban areas 
that predominately rely on external supplies of resources 
(e.g., food, water, and energy) and ecosystem services. 
Ecosystem services are defined as benefits people obtain 
from nature, such as flood abatement, climate regulation, 
and landscape recreation. The United Nations projects that 
2.5 billion more people will live on the planet by the mid-
21st century, with disproportionate growth in urban areas 
(Forman and Wu 2016). Urbanization and rising resource 
demands in cities are further exacerbated by environmental 
changes such as climate and land-use change, economic 
fluctuations, and disturbances (e.g., natural disasters such 
as floods and hurricanes). Hence, it is crucial to explore 
pathways to achieve sustainable development in urban 
systems.

Urban agriculture, broadly defined as growing, processing, 
and distributing food related to crops and raised livestock 
directly for the urban market both within and on the fringe 
of urban areas, has been proposed as a viable solution to 
sustainable and resilient urban environments (Lovell 2010; 
Ackerman et al. 2014). Urban agriculture has undergone a 
global political uptick in momentum in recent decades and 
garnered increasing public attractions (Palmer 2018). For 
example, in the United States, urban agriculture began as 
early as the 1890s with community gardens emerging on 
vacant lots and continued with “victory gardens” during 

the Great Depression in the 1940s as promoted by the 
federal government and other public agencies. Movement 
in the 1970s led to the development of community gardens 
to support renewal of urban areas and to vitalize urban 
communities. These movements further expanded to many 
other cities and grew from individual grassroots efforts to 
coordinated programs for addressing issues such as food se-
curity, especially in the “food desert” regions and marginal 
communities. The need to develop urban agriculture is 
heightened in a planetary crisis like the COVID-19 pan-
demic, where global supply chains are disrupted and urban 
residents rely on local food productions (Cappelli and Cini 
2020; Hobbs 2020). Many US cities, like Miami, Florida, are 
now experiencing an accelerated pace of urban agriculture 
development, which is also boosted by national initiatives 
such as Farm Bureau Urban County Farm Coalition and US 
Department of Agriculture Office of Urban Agriculture and 
Innovative Production. Outside the United States, other cit-
ies provide additional examples. Paris, France, for instance, 
opened the world’s largest urban farm (~14,000 m2) to feed 
residents and foster urban resilience (Harrap 2019).

Besides improving food security and enhancing local 
residents’ equitable access to healthy, fresh, and affordable 
food, urban agriculture can also deliver an array of ecosys-
tem services that are often non-tangible, less recognized, 
and under-appreciated. This publication will elaborate on 
multiple ecosystem services provided by urban agriculture 
both within and across urban boundaries. Information in 
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this publication will enrich the general public understand-
ing of urban agriculture, foster public engagement into 
urban agricultural practices, and assist planners and 
decision-makers devising policies for land use, food, 
health, environment and agriculture in urban settings. Here 
we acknowledge that urban agriculture is highly diverse 
(Figure 1) and encompasses different types from the non-
profit community garden to the commercial peri-urban 
farm, and forward into the future, with inspiring prototypes 
of vertical farms (Goldstein et al. 2016). The specific type of 
urban agriculture to a large extent determines the kind and 
combination of ecosystem services that can be delivered.

Ecosystem Services from Urban 
Agriculture Across Scales
In this section, we adopt the Millennium Ecosystem Assess-
ment (MEA 2005) that categorizes ecosystem services into 
provisioning, regulating, and cultural services that directly 
benefit people. Provisioning services are the products 
directly derived from ecosystems such as food, fiber, 
and timber. Regulating services are the benefits obtained 
from regulation of ecological processes such as climate 
regulation, water flow regulation, and pest and disease 
regulation. Cultural services are the non-material benefits 
people obtain from ecosystems including aesthetic values, 
recreation and ecotourism, cultural heritage, educational 
access, etc.

Provisioning Services
Food production: One of the most obvious benefits of 
urban agriculture is with the production of food (e.g., 
fruits, vegetables, honey, poultry, milk, eggs, and other 
produce) in proximity to the consumers. In some cases, 
the food is directly consumed by the producers, improving 
food security for households. In other cases, much of 
the food is distributed through local markets, providing 
disposable income sources for individual residents and 
economic vitality for the community (e.g., commercial 
urban farms) (Lovell 2010). Such production potentials of 
urban agriculture should not be underestimated because 
(1) at present, ~15% of human-consumed food originates
from within and in proximity to urban regions; and (2) a
global analysis revealed that potentially 100–180 million
metric tons of food can be produced with urban agriculture
(Clinton et al. 2018). Recent advances in urban agriculture
also include precision farming (i.e., farm management that
uses information technology to ensure that crops and soils
receive what they need for optimal health and productivity)
and vertical farming (i.e., the practice of growing crops
in vertically stacked layers). These practices incorporate
techniques that can optimize resource use efficiency and
substantially increase yields. They may even be expandable
to include staple crops (e.g., wheat) that are currently not
feasible in the urban setting (Asseng et al. 2020). Besides
increasing food quantity, localizing food production can
also contribute to addressing residents’ diet-related chronic
diseases that result from limited access to healthy, nutri-
tious, and fresh food (e.g., diabetes, obesity, heart disease)
(Orsini et al. 2013).

Regulating Services
Microclimate and air quality regulation: Urban agricul-
ture also has the potential to regulate the urban micro-
climate. For example, through increasing vegetated land 
cover in the urban centers, urban agriculture could mitigate 
the “urban heat island” effect, a phenomenon where air 
temperature in the urban centers is consistently higher than 
in the urban fringes and rural areas due to concentrations 
of pavement, buildings, and other surface structures that 
absorb and retain heat. A review of global cities revealed 
that urban temperature can be reduced by 0.5°C to 4.0°C 
through humidity control and evapotranspiration (i.e., 
processes by which water moves from the ground into the 
atmosphere) related to urban agriculture (Qiu et al. 2013). 
In addition, urban agriculture could deliver air purification 
by absorbing particulate matter, acidic gaseous chemicals, 
and other air pollutants suspended in the atmosphere. 
Previous studies have estimated that 711,000 metric tons 
of air pollutants are removed annually by urban trees 

Figure 1. Left: Urban agriculture along two gradients, infrastructural 
(e.g., uses of technologies) and scale (e.g., size, production capacity) 
to illustrate its diverse forms (from A to F). The size of the blue boxes 
in the left panel indicates the range in which each type of urban 
agriculture potentially lies in the two-dimensional infrastructure/
technology scale gradients. Right: Map of compiled and non-
exhaustive sites of different urban agriculture types in south Florida, 
an area that is experiencing accelerated urbanization.
Credits: Jiangxiao Qiu, UF/IFAS
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(Yang, Yu, and Gong 2008). However, in densely populated 
urban centers, it can be impossible to plant enough trees 
to improve air quality, and under such situations, urban 
agriculture like green roofs and rooftop gardens can also be 
encouraged to provide air purification.

Stormwater retention and management: Through 
increased infiltration (i.e., the process by which water flows 
into the ground) and higher evapotranspiration, urban 
agriculture areas have the capacity to retain stormwater 
and reduce surface runoff and peak flows, as compared to 
built-up and impervious surface areas. Studies have shown 
that green roofs can retain between 52.3% and 100% of 
precipitation, thus reducing the amount of stormwater 
runoff (Berndtsson 2010). Such benefits can be directly 
applicable to urban agriculture through the form of rooftop 
agriculture that has garnered increasing interest in large 
metropolitan regions such as New York City, Portland, and 
Chicago. Other studies also revealed that, if vacant lots were 
converted to urban agriculture and community gardens, 
it could reduce stormwater runoff by 85% (Hankard et al. 
2016). At the global scale, the benefits of potential storm-
water mitigation from urban agriculture are equivalent to 
between 45 and 57 billion cubic meters each year (Clinton 
et al. 2018).

Waste management and nutrient recycling: Urban 
agriculture could contribute to urban waste management by 
providing composting as an alternative means of disposing 
organic waste (e.g., food or human wastes). For example, in 
New York City, in 2009 more than 130 community gardens 
had composting activities, which were integrated with 
the existing city sanitation policy and plans (Azunre et al. 
2019). Studies in Glasgow, Scotland, and Lyon, France, have 
also revealed that an integrated urban agriculture system 
could assimilate between 16.9% and 51.7% of food waste 
(Weidner and Yang 2020). In addition, urban agriculture 
could facilitate the treatment and recycling of wastewater 
by using wastewater for irrigation to conserve water 
and recover nutrients (Miller-Robbie , Ramaswami, and 
Amerasinghe 2017). Lydecker and Drechsel (2010) have 
estimated that vegetable farms in Accra, Ghana, could treat 
the wastewater from ~225,000 households. However, stud-
ies have also raised potential concerns, including increased 
health risks and pathogen and heavy metal contamination 
associated with the uses of untreated wastewater in urban 
agriculture (Ensink, Blumenthal, and Brooker 2008). 
Practices such as regular soil and water testing, soil 
remediation (i.e., procedures to remove contaminants from 
soils), crop selection (e.g., choosing crops with low heavy 
metal accumulation), and proper sanitation measures in 

processing and postharvest handling of food are crucial to 
ensure food safety.

Biodiversity conservation: Urban agriculture can contrib-
ute to biodiversity conservation in urban landscapes that 
are typically highly simplified and intensively developed 
with low levels of native biodiversity (Lin and Fuller 2013). 
Specifically, by providing diverse and structurally complex 
green infrastructure, urban agriculture can serve as critical 
habitat for a range of flora and fauna like native plants, 
insects, birds, vertebrates, and soil invertebrates (Lin, 
Philpott, and Jha 2015). Across the entire urban landscape, 
urban agriculture could enhance biodiversity in adjacent 
locations due to the “spill over” of energy, resources, 
genetics and organisms across habitats, which are key for 
the persistence of diverse species in human-dominated 
landscapes (Blitzer et al. 2012). All these positive effects on 
biodiversity from urban agriculture can further produce 
other ecosystem services, such as pollination from the 
diverse assemblage of bees and butterflies it enables and 
pest regulation from the persistence of diverse natural 
enemies.

Cultural Services
Compared to conventional and rural agriculture, the inte-
gration of urban agriculture into densely populated urban 
areas substantially extends the opportunities to combine 
food production with social-cultural functions and use 
of urban green space (Lovell 2010). These social-cultural 
services of urban agriculture can be challenging to quantify, 
but are vital to improved life quality of urban residents. 
Specifically, urban agriculture can provide landscape 
aesthetics, sense of place, and connections of residents with 
land and nature (Pearson, Pearson, and Pearson 2010). In 
addition, community-based forms of urban agriculture 
could improve social interactions, community building 
(Galluzzi, Eyzaguirre, and Negri2010) and civic engagement 
(Obach and Tobin 2014). Moreover, urban agriculture (e.g., 
community gardens, home gardens, and rooftop gardens) 
also offers a place for indoor and outdoor recreation, as well 
as for achieving personal happiness, wellbeing, and mental, 
psychological, and physical health (Brown and Jameton 
2000; Douglas 2012). Last but not least, urban agriculture 
can also provide a medium for learning experiences, youth 
development, and educational programs. School and com-
munity gardens can be used to guide informed decisions 
about food systems, for instance (Azunre et al. 2019).
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Simultaneous Effects of Urban Agriculture 
on Food, Water, and Energy Resources
Urban agriculture can simultaneously affect food, water, 
and energy resources, all of which are interlinked in their 
flows and consumptions, an interaction known as the food-
water-energy nexus. The food-water-energy nexus refers 
to the intricate linkages among supply and consumption of 
food, water, and energy resources, meaning that actions in 
one sector could influence the other sectors. The impacts of 
urban agriculture on ecosystem services can extend beyond 
the local scale and indeed have important regional and 
global implications for climate mitigation, water and energy 
conservation, and improved environmental footprints 
through the food and resource supply chains (Chang et al. 
2020b; 2020a) (Figure 2). Such cross-scale effects in the 
food-water-energy nexus are often inexplicit and seldom 
considered in the context of urban decision-making. Spe-
cifically, by localizing food production and supply, urban 
agriculture can reduce external food imports and thus 
mitigate energy consumption and greenhouse gas emissions 
associated with the packing, transporting, and storage of 
food along the supply chain, which accounts for up to 75% 
of total energy consumption in the food system (Pimentel 
et al. 2008; Mohareb et al. 2017). In addition, urban agricul-
ture’s effects on the urban heat island and microclimate may 
lower urban energy demands and external energy supplies 
for cooling, thus reducing carbon emissions from energy 
transportation and generation. Energy benefits from urban 
agriculture could further cascade to water savings, given 
that water is often required for cooling power plants in 
generating energy supplies. Indeed, recent comprehensive 
research provided evidence that urban agriculture could 
be an effective strategy to combat climate change through 
increased carbon sequestration and reduced energy use and 
greenhouse emissions (Lwasa et al. 2015). However, these 
sustainability implications would be more meaningful if 
urban agriculture could be scaled up in amount, size, and 
area, instead of being limited to small-scale implementa-
tions (Daigger et al. 2015).

In addition, urban agriculture could reduce irrigation 
needs relative to the traditional large-scale farming. A 
vertical farm, for instance, uses up to 95% less water than 
a field farm (Daigger et al. 2015; Qiu, Bayabil, and Li 
2020). Urban agriculture would also foster water savings if 
water-intensive urban lawns were converted to vegetables 
(Figure 2). For example, research shows that, in the state 
of Florida, >60% of domestic water irrigates lawns, and it 
goes up to 88% in the summer (Haley, Dukes, and Miller 
2007). All these water benefits from urban agriculture are 
non-trivial, given the accelerated drawdown and depletion 

of groundwater across the globe (Aeschbach-Hertig and 
Gleeson 2012; Dalin et al. 2017). Water savings also mean 
that less energy is being consumed to pump and distribute 
water. Further, urban agriculture can also reduce water 
embedded (or “hidden”) in food products (especially water-
intensive crops such as almond and avocado) and lower 
water footprints and impacts to other external food supply 
regions (Zimmer and Renault 2003; Dalin et al. 2017).

Conclusions
This publication adopts a holistic perspective to sum-
marize the portfolio of provisioning, regulating, and 
cultural ecosystem services that can be delivered by urban 
agriculture and their effects across local, regional, and 
global scales through resource supply chains. While certain 
implications of urban agriculture on ecosystem services are 
obvious (e.g., food production, biodiversity), others can be 
intangible and obscure and sometimes dependent upon the 
scale of reference (e.g., local vs. regional and global) and 
the type of urban agriculture. It is important to note that 
(1) there are other vital economic benefits associated with
urban agriculture (e.g., employment, disposable income, tax
revenue, diversified industry base) that are not discussed
at length here but are reviewed elsewhere (e.g., Azunre et
al. 2019); (2) urban agriculture may have potential risks,
tradeoffs, and disservices (e.g., pollution, pests, pathogens,
diseases, health risks), which will require more thorough
investigation on how and the extent to which these risks
can be minimized; and (3) technology and its innovation
and integration with urban agriculture (e.g., vertical
farming, hydroponics) (Chang et al. 2020b; Qiu, Bayabil,
and Li 2020), while beyond the scope of this publication, is
a promising avenue for research and application and can be
critical for ultimately scaling up urban agriculture, reducing
tradeoffs, and archiving the full sustainability benefits from
urban agriculture.

Figure 2. Diagram illustrating the cross-scale effects of urban 
agriculture in the food-water-energy nexus. Panel A illustrates how 
external supply of food to urban areas can lead to associated virtual 
water flows and fuel energy cost related to food transportation. Panel 
B shows how localizing food production in urban areas through urban 
agriculture can lead to benefits on food supply and energy savings, 
but potential costs of water resources.
Credits: Jiangxiao Qiu, UF/IFAS
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