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A B S T R A C T   

The ability for urban ecosystems to deliver provisioning, regulating, cultural, and supporting services is vital for 
the health, sustainability, and resilience of urban environments. The increasing pressures being placed on urban 
environments by global climate change and the need to create sustainable food systems contributes to rising 
interest in green infrastructure and urban agriculture solutions. Yet, few studies have systematically assessed the 
ecosystem service provision of urban agriculture and green infrastructure in parallel. In this systematic review of 
157 peer-reviewed journal articles, we synthesize the benefits and disbenefits of implementing various forms of 
urban agriculture and green infrastructure for the delivery of ecosystem services in urban areas. While both 
provide a diverse variety of ecosystem services, our review suggests that some services are provided more 
prevalently when green infrastructure is solely adopted (e.g., Local Climate and Air Quality Regulation), while 
other services are best delivered when green infrastructure is combined with urban agriculture (e.g., Biological 
Control and Maintenance of Genetic Diversity). Our data also show that ecosystem service delivery is partly 
modulated by the spaces in which urban growing takes place. Community Gardens, Green Spaces, Allotments, 
and Parks are found to be most conducive for diverse service provision, although it is also clear that some 
growing spaces have not been studied as frequently in urban ecosystem service research. We conclude by 
highlighting some key research gaps and priorities for urban ecosystem service research, including a stronger 
focus on under-represented services and growing spaces, the need for more systematic data collection, and the 
value of incorporating ecosystem service assessments into wider suitability and cost-benefit analyses.   

1. Introduction 

Urban environments are increasingly important for delivering 
healthy, sustainable and resilient societies, economies and ecosystems. 
Over the last 40 years, the population residing in cities has more than 
doubled (OECD, 2020). By 2050, current projections forecast that two- 
thirds of the global population will live in cities (United Nations, 
2018). This urbanization is expected to place increasing pressures on 
urban ecosystems to continue delivering key provisioning, regulating, 
cultural, and supporting services to rising populations (Eigenbrod et al. 
2011). Moreover, disruptions to urban ecosystems, like flooding and 
drought, many of which are induced by larger-scale processes such as 
global climate change, heighten the threat to ecosystem service delivery 

and present multiple challenges to urban planners (da Silva et al., 2012). 
These challenges are further exacerbated in cases where urban densifi-
cation or expansion is expected to encroach onto, or otherwise diminish 
the functioning of, urban ecosystems (Barthel et al., 2019). The impor-
tance of protecting these ecosystems and sustaining their services mo-
tivates the need to integrate nature-based solutions. 

One of the trends in urban development and planning decisions over 
the past decade has been the adoption of green infrastructure (Mell, 
2009). This refers to the provision and maintenance of natural and semi- 
natural green spaces within built ‘grey’ infrastructure. In some cases, 
space is set aside for these green spaces; examples include urban plazas, 
pocket parks, sports pitches, and cemeteries. However, acknowledging 
the limited acreage available in many urban environments, hybrid 
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solutions that integrate greenery into, or on, grey infrastructure have 
been developed. For example, green walls and roofs, permeable pave-
ments, and road-side swales. At a larger scale, green infrastructure may 
also comprise canals, shorelines, designated greenbelts, and walking 
trails (EEA, 2011). 

An underpinning principle of green infrastructure is multi-
functionality. The capacity for a single green space to perform several 
services confronts the current urban paradox, where growing demands 
for grey infrastructure, and diminishing acreage for greening, juxtapose 
with an increasing demand for ecosystem services (Landscape Institute, 
2009; Pinho et al., 2016). However, the combination of services that 
each form of green infrastructure may provide is variable. The Millen-
nium Ecosystem Service Assessment (2005) demonstrated that the de-
livery of some provisioning services (e.g., food production) can cause 
unintended declines in other regulating or supporting services (e.g., 
flood control and pollination). As a result, service trade-off decisions are 
necessary when considering which green infrastructures to deploy. 
Evaluating the ecosystem benefits and disbenefits of different green 
infrastructures has therefore become a key focus in urban ecosystem 
service assessments (Tallis et al., 2008; Bennett et al., 2009; Raudsepp- 
Hearne et al., 2010). In recent work, these assessments have accounted 
for not only the delivery of ecosystem services, but their resistance and 
resilience to perturbation, as well as their long-term sustainability 
(Ahern, 2006; Kato and Ahern, 2008; Angelstam et al., 2013; Costanza 
et al., 2017; Russo and Cirella, 2019). 

Food production has often been overlooked within green infra-
structure. For example, in a thorough review of the literature, Wang and 
Banzhaf (2018) synthesize numerous ecosystem service assessments, 
and report 28 different types of services delivered by green infrastruc-
ture. Of those, regulation of water flows, temperature control, accessi-
bility for exercise, and recreation are the most cited services, but the 
provision of food is not mentioned. However, this overlooks a growing 
evidence base demonstrating the widespread benefits of urban agricul-
ture, and the potential contribution urban food growing can make to the 
urgent and pervasive call for food sovereignty (Artmann and Sartison, 
2018; Barthel et al., 2019; Edmondson et al., 2020; Langemeyer et al., 
2021). 

Many modes of urban food growing exist, akin to green infrastruc-
ture. These are often, though not exclusively, categorised in terms of the 
spaces used for cultivation: indoor farms, allotments, community gar-
dens, etc. (Specht et al., 2014). Urban agriculture has become increas-
ingly focused on integrating food production within, and on, existing 
grey infrastructure such as living walls, rooftop cultivation, and balcony 
farms. Where soils are unavailable or inaccessible, soil-less cultivation 
techniques have been deployed. These include hydroponic, aquaponic, 
and aeroponic systems (Sengupta and Banerjee, 2012; Samangooei 
et al., 2016), as well as the use of perlite, shells, and treated wastewater 
growing cultures (Nirit et al., 2006). 

In addition to contributing to food production, it is widely agreed 
that urban agriculture can reduce greenhouse gas emissions (Kulak 
et al., 2013), control microclimates (Oberndorfer et al., 2007), boost 
pollination (Lin et al., 2015), increase biodiversity (Clucas et al., 2018), 
enhance societal relations (Park et al., 2019) and improve human health 
(Brown and Jameton, 2000) and wellbeing (Russo and Cirella, 2019). 
The precise suite of deliverable services can depend on what is culti-
vated and how, the nature of the growing space and location in the 
urban landscape, and how humans engage with it. Here, we use the term 
‘growing space’ to refer to a site where the growing of edible and non- 
edible vegetation can take place (e.g., allotments, residential gardens, 
rooftops). By measuring and monitoring the services delivered by urban 
agriculture across urban space, the capacity for designing for and 
managing ecosystem service delivery is enhanced. Yet, without 
acknowledging the services delivered by other green infrastructure (i.e., 
non-edible), these efforts remain piecemeal at best. 

To date, green infrastructure and urban agriculture have largely been 
discussed separately, despite the manifest parallels between them 

(although see Lin et al. (2017) and Adegun (2017) for recent examples 
where both have been reviewed together). As a result, only a few studies 
(e.g., Russo et al., 2017) have comprehensively assessed the service 
trade-offs between urban greening and urban food growing. This gap in 
our understanding currently constrains our ability to design for and 
manage ecosystem service provision in urban environments. Respond-
ing to this gap is critical to the formation of local, national, and global 
planning policies that aim to safeguard and strengthen the health, sus-
tainability, and resilience of urban environments. 

In this systematic review, we assess the benefits and disbenefits of 
implementing urban green infrastructure and urban agriculture for 
ecosystem service delivery. We aim to address three research questions: 
(1) Which edible and non-edible vegetation types, growing spaces, and 
ecosystem services have been the focus of research to date? (Sections 3.2 
– 3.4); (2) To what extent does vegetation type affect the delivery of 
ecosystem services in urban areas? (Section 3.5); (3) To what extent does 
the growing space affect the delivery of ecosystem services in urban 
areas? (Section 3.6). In answering these questions, we hope to identify 
potential service win-wins for different combinations of edible and non- 
edible growing spaces to help underpin decisions on future urban agri-
culture and green infrastructure development. Furthermore, this review 
will identify the strengths and gaps in our understanding of urban 
agriculture and green infrastructure which will guide future research. 

2. Materials and methods 

We undertook a systematic literature review to robustly synthesize 
the benefits and disbenefits of implementing urban green infrastructure 
and urban agriculture for the delivery of ecosystem services. For the 
purposes of this study, ‘urban agriculture’ does not include livestock, but 
does include fruit, vegetables, cereal crops, nuts, and beans. Hereafter, 
we use the term ‘non-edible growing’ and ‘edible growing’ to refer to 
urban green infrastructure and urban agriculture, respectively. 
Following widely applied protocols of ‘Preferred Reporting Items for 
Systematic Review Recommendations’ (PRISMA), steps were taken to 
minimize bias throughout the identification, selection, and synthesis of 
studies (Moher et al., 2009; Moher et al., 2015). Web of Science (all 
years) and Scopus (all years) were used to search the literature. Within 
the search string, synonyms for first-order ecosystem service categories 
(e.g., regulating, supporting, provisioning) were included, as well as 
those for ecosystem benefits (e.g., service, benefit, function). Urban 
environments at different scales (e.g., urban, city, community) were 
used to prefix broad synonyms for cultivation (e.g., farm, agriculture, 
plant growth). The full search term string is shown in Box 1. Search 
string terms needed to feature in the title, abstract, or keywords for the 
article to be included. In addition, only peer-reviewed articles written in 
English were searched.  

(((“ecosystem” OR “environment*”) AND (“servic*” OR “benefit*” OR “function*” OR 
“good*”)) AND (“regulat*” OR “support*” OR “provision*” OR “deliver*” OR 
“valuati*” OR “evaluati*” OR “supply*” OR “manag*”) AND ((“urban farm*” OR 
“urban agricultur*” OR “urban cultivat*” OR “urban food grow*” OR “urban plant 
grow*” OR “urban green space*” OR “urban garden*” OR “urban edible” OR “urban 
non-edible” OR “urban vegetati*”) OR (“city farm*” OR “city agricultur*” OR “city 
cultivat*” OR “city food grow*” OR “city plant grow*” OR “city green space*” OR 
“city garden*” OR “city edible” OR “city non-edible” OR “city vegetati*”) OR 
(“community farm*” OR “community agricultur*” OR “community cultivat*” OR 
“community food grow*” OR “community plant grow*” OR “community green 
space*” OR “community garden*” OR “community edible” OR “community non- 
edible” OR “community vegetati*”) OR (“indoor farm*” OR “indoor agricultur*” OR 
“indoor cultivat*” OR “indoor food grow*” OR “indoor plant grow*” OR “indoor 
green space*” OR “indoor garden*” OR “indoor edible” OR “indoor non-edible” OR 
“indoor vegetati*”))) 

Box 1: Search string used in this study  

The initial search, conducted in August 2020, yielded a sample of 2,159 
articles, comprising 922 results from Web of Science and 1,237 from 
Scopus. Of these, 824 duplicate results were discarded, assigning 1,335 
results to the first phase of screening. Two key criteria were used to 

D.L. Evans et al.                                                                                                                                                                                                                                 



Ecosystem Services 54 (2022) 101405

3

screen the abstracts. First, the abstract needed to explicitly name an 
urban area, at spatial resolutions no lower than a city. Second, an 
explicit reference to an empirical and/or modelling-based assessment of 
one of more ecosystem services, within one or more growing spaces, was 
required. Following this first phase of screening, 1,082 articles were 
rejected. Of these, 526 failed to meet either criteria, 435 articles met 
criterion 1 but not 2, while 121 articles met criterion 2 but not 1. A total 
of 253 articles were then assigned to a second phase of full-text 
screening. During this second phase, a further 96 articles did not suffi-
ciently meet the criteria above, and were rejected. This included 54 
articles failing to report the results of an ecosystem service assessment, 
15 articles where full texts were either unavailable or not written in 
English, 24 articles that were not based in one or more urban growing 
spaces, two articles that did not include plant growing in the experi-
mental plan, and one article that did not report findings for a named 
urban area. 

A total of 157 articles were subject to manual data extraction. By 
‘manual’ we mean that relevant data were lifted from the article and 
inputted into a database. A complete list of data types extracted, 
including a short description, type of data, and an example can be found 
in Supplementary Information. These data are divided into four main 
categories of data were manually extracted from each article. The first of 
these included bibliographic information (see Columns A–I in Supple-
mentary Table 1). Next, the geographical context of each study was 
manually extracted, including names of locations, their population and 
size, mean annual precipitation, and mean annual temperature (see 
Columns J–R in Supplementary Table 1). The third category comprised 
details of the non-edible and/or edible growing spaces studied. This 
included whether the growing regime was existing or had been specif-
ically established for the study; whether the growing regime was edible, 
non-edible, or both; the name and area of the growing space; and details 
of the vegetation grown including name, mass, volume, and growing 
duration. Derivatives and variations of growing spaces were assigned 
into a standardised category. For example, “rooftop garden”, “green 
roofs”, “rooftop farms” and “urban rooftop” were consolidated into 
“Roof” (see Columns S–AD in Supplementary Table 1). The final cate-
gory comprised details of the ecosystem service(s) investigated. In this 
study, we used ‘The Economics of Ecosystems and Biodiversity’ (TEEB) 
as the principal ecosystem service framework, and supplemented this 
with additions from the ‘Millennium Ecosystem Assessment’ (MEA) 
framework. The data types included within this final category of data 
included the ecosystem service (as it was written in the paper) and the 
associated TEEB/MEA ecosystem service category, and the duration 
over which the ecosystem service was assessed (see Columns AE–AU in 
Supplementary Table 1). For any category of data, if there were any 
ambiguous or vague data in the papers, these were independently 
assessed by a second member on the team, and subsequently discussed. 

In each study, if a studied ecosystem service was observed to be 
delivered in a particular growing space, it was tagged as a provided 
service (see Columns AV–BE in Supplementary Table 1). Of those that 
were found to be provided, some studies also included a statement about 
whether the provision of the service had been enhanced or worsened 
relative to a baseline, or had remained the same (i.e., neutral). This 
baseline often comprised ecosystem service delivery in a non-growing 
space at a different location within the urban environment, or an 

assessment of ecosystem service delivery at the same location, prior to 
the establishment of edible and/or non-edible growing (see Columns 
BF–CI in Supplementary Table 1). 

3. Results and discussion 

Published assessments of ecosystem services for growing spaces in 
urban environments have increased since 2000. Between 2000 and 
2013, our data show that < 10 articles were published annually, and no 
assessment was reported for seven of these years. From 2013, there have 
been > 10 articles published annually, with 2019 reporting the greatest 
number of assessments to date (n = 37). 

3.1. Distribution and geography 

Fig. 1 shows the global distribution of the urban environments 
included within our study. Europe and the Middle East represented the 
largest proportion of studies in our dataset (n = 62) followed by Asia and 
Australia (n = 48), North America (n = 39), sub-Saharan Africa (n = 5) 
and South America (n = 1). 

Of those studies that reported demographic information for their 
named urban areas, the total population was highly positively skewed, 
with the median population being 1,415,700 (see Table 1). For those 
studies that reported the acreage of their studied urban environments, 
which may have included boroughs or districts in some large cities, the 
median area was 396 km2 and was highly positively skewed (Table 1). 

3.2. Vegetation grown 

Each study focused on either edible or non-edible vegetation (n =
121), or described projects that combined both (n = 37; Fig. 2). Of those 
that solely assessed edible or non-edible vegetation, the majority (81%) 
of these were non-edible (n = 98). Non-edible vegetation included trees 
(n = 33), shrubs (n = 20), flowers (n = 1) and/or grass (n = 20) although 
not every record specified these. In the 19% of studies that solely 
assessed edible vegetation (n = 36), the principal vegetation grown 
included vegetables (n = 18) and/or fruit (n = 11). 

3.3. Growing spaces 

Fig. 2 provides a breakdown of studies in the dataset that assessed 
ecosystem services across 17 different urban growing spaces. Parks were 
most commonly studied, with just over two-fifths of records focusing on 
these areas (n = 64). The next most studied growing spaces were 
Community Gardens (n = 44). While Allotments were examined by 9% 
of the dataset (n = 14), only two studies presented analyses for Green-
houses. We also found that there were seven times more studies on the 
Roofs of buildings (n = 14) than Indoor Spaces (n = 2), yet no studies 
had been conducted in underground spaces. Vacant Spaces were 
assessed in 11 studies, with a similar proportion focusing on Roadside 
and Pathways (n = 13), and just under a quarter of the dataset were 
attributed to generic Green Spaces (n = 35). For the majority of cases, 
authors did not elaborate or further specify about the design and spatial 
characteristics of these Green Spaces. 

Table 1 
Geographical data of the urban environments included within our dataset for each region.   

Population Area 
Region Range (millions) Median (millions) Skewness Range (km2) Median (km2) Skewness 

Asia and Australia 48.84  4.40 2.31 99,920 895 4.09 
Europe and the Middle East 11.95  0.52 3.73 5,300 99 4.75 
North America 20.99  0.62 3.06 1,171 535 1.71 
South America *  5.30 * 1,037 875 1.24 
sub-Saharan Africa 3.30  1.96 * * 140 *  
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3.4. Ecosystem services 

In the papers analysed, 19 ecosystem services were assessed covering 
all four categories. The five most commonly studied included Mainte-
nance of Genetic Diversity (n = 48), Local Climate and Air Quality 
Regulation (n = 44), Recreation and Mental and Physical Health (n =
31), Food, Fibre and Fuel (n = 27), and Aesthetic Appreciation and 
Inspiration for Culture, Art, and Design (n = 24), while the five least 
studied comprised Biological Control (n = 7), Spiritual Experience and 
Sense of Place (n = 6), Moderation of Extreme Events (n = 4), Noise 
Management (n = 4), and Disease Regulation (n = 2). A breakdown of 

the number of studies assessed for each ecosystem service can be found 
in Fig. 3. 

Twelve ecosystem services were found to be provided in 100% of the 
instances in which they were assessed. For Regulating, these included 
Pollination, Carbon Sequestration and Storage, Disease Regulation, 
Water Regulation, Noise Management, and Biological Control. For 
Cultural, these included Recreation and Mental and Physical Health, 
Aesthetic Appreciation and Inspiration for Culture, Art, and Design, and 
Spiritual Experience and Sense of Place. For Supporting, these 
comprised Habitats for Species, and Nutrient Cycling, whilst for Provi-
sioning, this included Fresh Water. All ecosystem services were found to 

Fig. 1. Global distribution of the urban environments included within our dataset.  

Fig. 2. Breakdown of growing spaces studied in our dataset for edible (red), non-edible (blue), and both edible and non-edible (orange) vegetation.  
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be provided in ≥ 50% of their respective assessments. 
For 75% of the ecosystem service types studied here, there was at 

least one instance where an enhancement in the service had been 
identified. Enhancements were not recorded at all for Moderation of 
Extreme Events, Societal Relations, and Spiritual Experience and Sense 
of Place. By contrast, Disease Regulation, Local Climate and Air Quality 
Regulation, Water Regulation, and Carbon Sequestration and Storage 
were all found to have been enhanced in more than a third of cases in 
which they were assessed. 

Meanwhile, just over a third of ecosystem service types reported at 
least one instance where the service had worsened. These included four 
Regulating services including Carbon Sequestration and Storage, Dis-
ease Regulation, Erosion Prevention and Maintenance of Soil Fertility, 
and Water Regulation. For Cultural, these included Aesthetic Appreci-
ation and Inspiration for Culture, Art, and Design, and Recreation and 
Mental and Physical Health. For Supporting, Nutrient Cycling and 
Maintenance of Genetic Diversity were ecosystem services where there 
was at least one instance of worsening. Likewise, for Provisioning, this 
included Fresh Water. However, there were some instances in the 
dataset (i.e., in other locations) where these services were shown to have 
been enhanced. 

3.5. Ecosystem services and vegetation grown 

In this section, we present results addressing our second research 
question: to what extent does vegetation type affect the delivery of 
ecosystem services in urban areas? The studies of non-edible vegetation 
indicate that the full range of ecosystem services encountered could be 

provided, i.e., there are no services that are wholly exclusive to edible 
vegetation (Fig. 4). Although the Food, Fibre and Fuel provisioning 
service was largely delivered by food growing, the dataset comprised 
some (<10) instances where non-edible vegetation had been used to 
produce fibre and fuel. While the majority of services were found to be 
provided by edible vegetation, some cultural and regulating services 
were not observed in any of these studies. For instance, food growing 
was not found to provide Cultural Heritage, Moderation of Extreme 
Events, or Noise Management. This could be because food growing in 
urban environments tends to be localized in privately owned or privately 
managed spaces (e.g., rooftops, residential gardens, and allotments) 
where opportunities to foster Cultural Heritage are relatively con-
strained. Egerer and Fairbairn (2018) reported on the increasing number 
of locked gates around individual community garden plots in California, 
as a response to intra-garden theft. Similarly, in the UK, urban food 
production predominantly takes place in private gardens or allotment 
plots managed and assigned by local authorities to individuals (Grafius 
et al., 2020). These particular services were also some of the least 
studied – each accounting for less than 10% of the dataset – and as such 
it may be that the studies for edible vegetation had not addressed these 
services. We also note that the dataset includes more than double the 
number of studies for non-edible vegetation than that for edible. How-
ever, there have been studies which have found privately managed 
spaces (e.g., allotments) to provide cultural services such as recreation, 
learning and teaching about nature, and environmental behaviour 
(Breuste and Artmann, 2015). 

Some ecosystem services were found to be provided more preva-
lently by non-edible growing practices than by edible vegetation. 

Fig. 3. Breakdown of ecosystem services studied in our dataset, grouped into cultural (blue), provisioning (green), regulating (brown), and supporting (pur-
ple) categories. 
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Among others, these included Local Climate and Air Quality Regulation. 
However, the provision of these services is likely to be species specific, 
and partly dependent on the context of the growing space. For instance, 
although grasses and trees have been found to be similarly effective in 
cooling urban areas, grasses may not be as resilient to droughts as 
deeper-rooted trees are in drought-prone locations (Armson et al., 
2012). Moreover, Edmondson et al. (2016) found that trees in non- 
domestic greenspaces, which are generally taller than those found in 
residential areas, provided greater shading (and microclimate regula-
tion) than those growing in domestic gardens. Our dataset also showed 
that non-edible plants can both enhance and worsen Local Climate and 
Air Quality Regulation services. This reflects the complexity of urban air 
quality and microclimate processes and the importance of careful proj-
ect placement when considering these services. For instance, urban trees 
have been shown to worsen air quality by emitting biogenic volatile 
organic compounds and producing wind-dispersed pollen (Grote et al., 
2016). Moreover, other research has shown that trees can also reduce 
local air circulation and concentrate air pollutants (Eisenman et al., 
2019). On the contrary, urban tree canopies may also dilute air pollution 
by modifying air flow (Baldauf, 2017) and removing soluble particulate 
matter via stomatal uptake (Burkhardt, 2010). 

Biological Control and Maintenance of Genetic Diversity were among 
the services more prevalently provided when both edible and non-edible 
vegetation were grown in tandem. Increasing plant diversity to suppress 
pests is an established practice within habitat management (Saldanha 
et al., 2019). Intercropping non-edible companion plants can avert 
generalist natural enemies from targeting fruit and vegetable crops by 
providing alternative food sources and shelter (Parker et al., 2013; 
Gontijo, 2019). Although Maintenance of Genetic Diversity was more 
commonly provided when edible and non-edible vegetation were com-
bined, non-edible plants were more effective than edible varieties at 

enhancing this ecosystem service within our dataset. This may be 
because maximising edible crop yield in space-limited urban environ-
ments does not always provide opportunities for enhancing Mainte-
nance of Genetic Diversity. While many strategies have recently been 
established to incentivise nature-friendly gardening (e.g., wildlife 
friendly gardens), some have called for more research to understand the 
efficacy of these certification schemes for supporting food production 
(Lin et al., 2015). 

3.6. Ecosystem services and growing spaces 

Here, we present results to address our third research question: to 
what extent does the growing space affect the delivery of ecosystem 
services in urban areas? Our analysis suggests that urban growing spaces 
differed in the variety of ecosystem services they provided (Fig. 5). 
Parks, Green Spaces, Community Gardens, and Allotments were the 
most multifunctional, each delivering > 16 different ecosystem services 
from across all four service categories, with Parks providing all of the 
studied services, and enhancing the greatest number of these services 
(Fig. 6a). 

The most prevalently provided services in both Parks and Green 
Spaces were Local Climate and Air Quality Regulation, and Recreation 
and Mental and Physical Health (Fig. 5). In addition, these spaces were 
also the most effective at enhancing Local Climate and Air Quality 
Regulation (Fig. 6a). The provision and enhancement of these regulating 
services in Parks and Green Spaces is consistent with other recent 
ecosystem service reviews (e.g., Giedych and Maksymiuk, 2017), but is 
nevertheless in spite of the biogenic pollutants, such as pollen and vol-
atile organic compounds (VOCs), that can reduce air quality (Salmond 
et al., 2013). However, as Selmi et al. (2016) suggest, the ability for 
Green Spaces to improve air quality is likely to be context specific, and 

Fig. 4. Heat map to show the provision (left), enhancement (centre), and worsening (right) of ecosystem services for edible, non-edible, and edible & non-edible 
vegetation (both). The number of studied instances for each column is shown at the top of the figure. For the ‘Provided’ column, coloured cells represent the 
percentage of studied instances. For ‘Enhanced’ and ‘Worsened’ columns, due to the relatively small nature of the samples, coloured cells represent the number of 
studied instances. 
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dependent, in part, on the species of tree being grown, and the number 
of different pollutant sources below the canopy. Although tree canopies 
have been found to minimize the dispersion of ground-level pollutants 
(Nowak et al., 2018), Parks tend not to be associated with high-polluting 
activities, and the Green Spaces within our dataset largely centred 
around pedestrian zones. Moreover, our dataset reported no instances of 
Local Climate and Air Quality Regulation worsening in Parks, and only 
two instances of worsening in Green Spaces. 

Whilst Maintenance of Genetic Diversity was provided in both Green 
Spaces and Parks, it was found to be provided (and enhanced) more 
prevalently in the latter. Nielsen et al. (2013) found that Parks constitute 
important biodiversity hotspots in urban environments, with larger 
parks giving rise to greater species richness. This is principally because 
of a widely established species-area relationship where larger spaces 
tend to host a greater diversity of habitats. The mean area of Parks re-
ported in our dataset was 787 ha., nearly three times the mean area of 
Green Spaces (287 ha.), which could explain why Maintenance of Ge-
netic Diversity was provided and enhanced to a greater extent in urban 
Parks. 

Maintenance of Genetic Diversity was also found to be notably pro-
vided in Community Gardens (Fig. 5), which accords with previous work 
(Camps-Calvet et al., 2016; Schwarz et al., 2017; Li et al., 2020). In 
comparison with Green Spaces and Parks, Local Climate and Air Quality 
Regulation was provided less prevalently in Community Gardens. 
Nowak et al. (2002) suggested that maintenance activities in intensely 
managed spaces within urban environments may lead to greater emis-
sions, although their study was specifically focused on urban tree 
management, rather than the activities typically observed in Community 
Gardens. 

In contrast, some growing spaces within our dataset provided rela-
tively few (<5) ecosystem services according to the literature. This 
group included Natural Spaces, which has only had two services 
examined – Maintenance of Genetic Diversity and Recreation and 
Mental and Physical Health – as well as Indoor Spaces and Religious 
Spaces, both of which have been observed to provide only two categories 
of ecosystem services, and Greenhouses, observed to provide only one 

service. Only two studies in our dataset assessed ecosystem services in 
Natural Spaces, which explains the relatively small number of reported 
services. However, this could also be due to the inconsistent and inter-
changeable use of the term ‘Natural Space’ in the literature (Nicol and 
Blake, 2000). Some researchers combine both wilderness greenspace 
and designed spaces (e.g., parks and gardens) into the ‘Natural Space’ 
category (Twedt et al., 2016), while others also include bluespace such 
as coastlines, rivers, and lakes (Rugel et al., 2019). For the purpose of the 
current study, parks, gardens and other designed urban greenspace were 
categorized separately, and Natural Spaces solely comprised non- 
designed areas, like open shrublands and nature reserves. 

Indoor Spaces were only shown to serve Local Climate and Air 
Quality Regulation and Food, Fibre and Fuel, which could be similarly 
due to the relative dearth of ecosystem service assessments for indoor 
farming systems. This supports the findings of Goodman and Minner 
(2019), who suggested that there is currently a lack of knowledge about 
indoor agriculture, particularly information that can assist policy- 
makers to understand the social, economic, and environmental bene-
fits. In addition to Local Climate and Air Quality Regulation and Food, 
Fibre and Fuel, there are likely to be other potential benefits provided by 
Indoor Spaces, such as Noise Regulation and Recreation and Mental and 
Physical Health, although further research is required to verify if this is 
the case. 

While Religious Spaces were only evaluated twice in our dataset, it 
was surprising that neither study assessed the provision of cultural 
services, including Spiritual Experience and Sense of Place. Virtually all 
research on sacred sites has been conducted in non-urban areas (Jackson 
and Ormsby, 2017). A meta-analysis of urban ecosystem service valua-
tion studies carried out by Haase et al. (2014) found that less than 2% of 
assessments focused on spiritual services. This has prompted calls for 
more research so that the importance and value of urban sacred sites can 
be communicated to urban planners (Ngulani and Shackleton, 2019). 

3.7. Urban ecosystem services: win–win strategies 

This study has presented edible and non-edible vegetation types, 

Fig. 5. Heat map to show the number of studied instances where ecosystem services were provided in each of the growing spaces studied in this review. The number 
of studied instances for each growing space is shown under each column; the number of studied instances for each ecosystem service is shown at the end of each row. 
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growing spaces, and ecosystem services that have been the focus of 
research to date. We have also investigated the extent to which vege-
tation type affects ecosystem service delivery, as well as the extent to 
which this delivery is governed by the growing space. Having answered 
these questions, here we turn to investigate the ecosystem services 

commonly provided (and enhanced) together in the same growing 
space. As stated by Lin et al. (2017), the development of urban agri-
culture and productive green infrastructure requires win–win strategies 
that maximise both environmental and social benefits. 

Assessing pairwise combinations of ecosystem services in this study, 

Fig. 6. Heat map to show the number of studied instances where ecosystem services were enhanced (top panel) and worsened (bottom panel) in each of the growing 
spaces studied in this review. The number of studied instances for each growing space is shown under each column; the number of studied instances for each 
ecosystem service is shown at the end of each row. 
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eleven services from across the four service categories were frequently 
found to be provided together in the same growing space (Fig. 7). Here, 
we refer only to pairwise combinations that were found more than ten 
times across our dataset. Regulation and Cultural were the only service 
categories to network with three other categories and Local Climate and 
Air Quality Regulation and Erosion Prevention and Maintenance of Soil 
Fertility enjoyed the greatest number of pairs. Both of these services 
were frequently provided with Habitat for Species, and Recreation and 
Mental and Physical Health. Local Climate and Air Quality Regulation 
was also commonly provided in combination with Fresh Water, Food, 
Fibre and Fuel, Carbon Sequestration and Storage, Water Regulation, 
and Pollination. 

One of the mechanisms serving ecosystem service relationships, or 
‘win-wins’, is the effect of common drivers (i.e., interventions that can 
drive change in one or more ecosystem services) (Bennett et al., 2009). 
In our dataset, it is likely that urban greening and/or food growing ac-
tivities catalysed the provision of more than one service simultaneously. 
For example, the tree canopies from urban tree growing are likely to 
have regulated microclimate, through the provision of shading, whilst 
also protecting the ground surface from precipitation, thus preventing 
erosion. 

Turner et al. (2014) found that cultural services were often 

vulnerable to trade-offs with agricultural provisioning services, but still 
able to form synergies with regulating services. Our findings here were 
similar in that we only observed one significant combination between 
Cultural and Provisioning services; instead, there were at least three 
separate synergies between Cultural and Regulating services. 

As Harrison et al. (2014) stated in a similar network analysis, the 
relationships identified here were largely based on the number of times 
these services have been reported to be provided together, rather than 
their functional or hierarchical importance. In addition, this network 
analysis alone could not explain the associations between different 
ecosystem services, nor could it inform us as to whether a pair of services 
reinforce each other. Nonetheless, it highlighted a suite of ecosystem 
services that were most likely to be simultaneously provided in urban 
environments. 

3.8. Gaps in urban ecosystem service research 

This review revealed key knowledge gaps and future research pri-
orities, which can be grouped into: (1) growing spaces and ecosystem 
services requiring further study; (2) the need for more systematic data 
collection and study design; and (3) embedding ecosystem services in a 
wider suitability and cost-benefit analysis for green infrastructure 

Fig. 7. Map showing the extent to which ecosystem services provide other services from each of the four categories. Thickness of line indicates the number of studied 
instances where the two services in question were found to be provided together. Services filled in light blue were only associated with one other service; serviced 
filled in dark blue were associated with more than one service. 
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choices. 
Our dataset highlighted an under-representation of Greenhouses, 

Indoor Spaces, Natural Spaces, and Religious Spaces in urban ecosystem 
service assessments to date. Indoor spaces present an interesting frontier 
for green infrastructure and urban agriculture projects. Innovations in 
indoor growing environments, and the pressures experienced in con-
ventional agricultural systems, are giving rise to increased interest in 
indoor urban farming (e.g., Beacham et al., 2019). Biophilic design – 
where nature is incorporated into the design of the built environment 
(Yin and Spengler, 2019) – is also raising interest in the value of inte-
grating nature in indoor environments for human health and wellbeing 
(e.g., Gillis and Gatersleben, 2015), recognising the large amount of 
time spent indoors by urban populations. Potential increases in the 
prevalence of indoor growing spaces raises questions as to what 
ecosystem services these constructed ecosystems may provide, or how 
they may hinder the delivery of services. This may also stimulate 
research into the ecosystem service trade-offs and win-wins that may 
exist between outside and indoor spaces. 

This review has shown that ecosystem services from all four service 
categories have been assessed in urban environments and did not appear 
to show that any one category in particular has been markedly under- 
researched. This contrasted somewhat with previous work reporting a 
systemic under-representation for one or more of the service categories. 
For example, a similar review by Haase et al. (2014) found that 
approximately 70% of the ecosystem services studied in urban envi-
ronments were either Regulating or Supporting, with only 15% and 11% 
identifying Cultural and Provisioning services, respectively. Neverthe-
less, our dataset shows that some specific services have received less 
attention in urban growing spaces than others. These included Biological 
Control (n = 7), Spiritual Experience and Sense of Place (n = 6), 
Moderation of Extreme Events (n = 4), Noise Management (n = 4), and 
Disease Regulation (n = 2). As Schröter et al. (2017) point out, the 
provision of some of these – particularly Cultural services – are subject to 
individual preferences and cannot be easily assessed or quantified with 
objective data collection. Moreover, some of these may have been 
indirectly assessed through measuring other ecosystem services. For 
instance, Noise Management may have been evaluated through Recre-
ation and Mental and Physical Health, since many studies have found 
associations between urban soundscapes and a human’s psychological 
welfare (e.g., Francis et al., 2017). 

Compiling and analysing the studies within our dataset demonstrates 
the multidisciplinary treatment that urban ecosystem service assess-
ments have received to date. Given the complexity of urban environ-
ments and their ecosystems, this multidisciplinarity is to be expected 
and welcomed. 

Our analysis indicated that ecosystem service research has largely 
taken place at the town- or city-level where experimental design and 
data collection is optimized to suit the characteristics of the study 
location. At this context-specific level, the lack of systematic and 
consistent research protocols is less apparent. However, synthesizing 
data to analyse urban ecosystem services at national and global scales 
commands a need for greater systematic data collection and study 
design (Costanza et al., 2017). While we acknowledge the heterogeneity 
of urban environments, there are some higher-order aspects that would 
benefit from greater methodological consistency. For example, estab-
lishing universally accepted and defined categories of urban ecosystem 
services (such as a classification outlined by Gómez-Baggethun and 
Barton, 2013) would be a useful contribution to the field, as would more 
widely agreed sampling and measurement protocols. This latter point is 
especially relevant for studies that aim to measure instances of 
enhancing and/or worsening ecosystem services, where a baseline 
control needs to be explicitly identified. This aligns with the six key 
challenges for future urban ecosystem services research identified by 
Luederitz et al. (2015), including the need for better clarification of 
definitions, more comprehensive spatial and contextual coverage, and 
greater data transferability. 

Finally, an aspect rarely incorporated by researchers is embedding 
ecosystem service assessments into a wider suitability and cost-benefit 
analysis of urban growing spaces, although it is likely that this is con-
ducted by local authorities prior to authorising green infrastructure (e. 
g., Dow Chemical, see Costanza et al., 2017). For the majority of studies 
reviewed here, only the provision of ecosystem services was measured, 
and only after the urban agriculture and/or green infrastructure had 
been established. Comparatively scarce research was undertaken to 
assess the suitability of the growing environment, nor was there suffi-
cient accounting of the start-up costs necessary to prepare these envi-
ronments for growing. Yet, identifying and quantifying these financial, 
resource, and labour costs is important for allowing the most cost- 
effective growing options to be selected. While cost-benefit analyses of 
different forms of urban greening have been explored (Johnson et al., 
2020), there is still a need to embed these more systematically into 
urban ecosystem service research. Clinton et al. (2018) demonstrate a 
potential methodology for assessing ecosystem services using a quanti-
tative value-based framework which estimates the global value of ser-
vices provided by food growing could be worth as much as $80 to $160 
billion annually. 

4. Conclusions 

The principal aim of this systematic literature review was to assess 
the benefits and disbenefits of urban agriculture and green infrastruc-
ture for ecosystem service delivery.  

• We found that both green infrastructure and urban agriculture are 
similar in their ability to deliver a wide range of ecosystem services.  

• Some regulating services, such as Local Climate and Air Quality 
Regulation, are provided more prevalently when green infrastruc-
ture is solely adopted, while some, such as Biological Control and 
Maintenance of Genetic Diversity, appear more prevalent when these 
are combined with urban agricultural schemes.  

• Our study also showed that the delivery of ecosystem services is 
partly modulated by the spaces in which they are assessed. Adopting 
either green infrastructure or urban agriculture within Community 
Gardens, Green Spaces, Allotments, and Parks is most conducive for 
diverse ecosystem service provision, each delivering > 16 different 
ecosystem services from all four service categories. In contrast, some 
spaces are associated with the delivery of comparatively few ser-
vices. These include Natural Spaces, Indoor Spaces, and Religious 
Spaces, although this is likely due to the fact that these areas have not 
been studied as frequently in urban ecosystem research.  

• Across the four ecosystem service categories, we found eleven pairs 
of ecosystem service combinations that are most frequently provided 
together in the same growing space. Of these, Local Climate and Air 
Quality Regulation, and Erosion Prevention and Maintenance of Soil 
Fertility were most commonly studied together. This analysis high-
lights the need for individual studies to increase the range of 
ecosystem service categories studied if multi-functionality is to be 
understood and managed. 

• Overall, our synthesis highlights some key research gaps and prior-
ities, including a renewed focus on under-represented services and 
growing spaces, the need for more systematic data collection and 
study design, and the added value that would be achieved by 
incorporating ecosystem service assessments of green infrastructure 
and urban agriculture into suitability and cost-benefit analyses of 
decision-making in urban space. 
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