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A B S T R A C T   

Glasgow, Scotland, United Kingdom, has long-term issues with inequalities in health and food security, as well as 
large areas of vacant and derelict land. Urban agriculture projects can increase access to fresh food, improve 
mental health and nutrition, and empower and bring communities together. We investigated the distribution of 
urban agriculture in Glasgow and found that the current configuration of urban agriculture projects is mostly 
located centrally in the city, covering 36 % of the total population (approximately 635,000) within 10-minute 
walking distance. We also found a positive correlation (r = 0.13, p = 0.0003) between the walking travel 
time to the nearest urban agriculture project and the food desert status. To increase urban agriculture access 
across the city, we used the Maximal Covering Location Problem (MCLP) model to optimally situate new urban 
agriculture projects on vacant and derelict land to maximize the covered population. We identified that a 
minimum of 15 new urban agriculture projects could increase the population coverage to 49 % and equalize the 
access disparity to a statistically non-significant level. This research shows that converting vacant and derelict 
land in Glasgow into urban agriculture projects could both help with the city’s problem of vacant and derelict 
land and bring many potential benefits to local communities.   

1. Introduction 

Cities are densely populated areas that often lack space for growing 
food. With most food being brought in from elsewhere, accessing 
affordable healthy food can be a challenge. Although there are varying 
definitions of food security in the literature, the World Health Organi
zation (World Health Organization, 2018) emphasized that food security 
should be composed of three pillars: food availability, food accessibility, 
and knowledge of nutrition and use of food. Food insecurity is experi
enced in food deserts, where it is difficult to access fresh, affordable food 
due mainly to a lack of access to stores that stock these types of food. 

Urban agriculture, in the UK context, often refers to community 
gardens or allotments, spaces where people can grow food (Firth et al., 
2011; White and Bunn, 2017). While urban agriculture projects are 
unlikely to provide all the food required to create a food-secure com
munity, they can assist in achieving the three pillars of food security 
identified by the WHO. Firstly, food can be made more available to 
people if it is grown near their homes. Secondly, there is a low financial 
cost to growing and obtaining this food, making fresh food more 
financially accessible than store-bought produce. Finally, knowledge of 

food and its preparation can be exchanged with others at the community 
garden or allotment as well as events such as workshops, as some urban 
agriculture projects organize. 

Despite the benefits of urban agriculture, the avavaility and acces
sibility of urban agriculture are often limited and unequal arcoss the 
city. For example, Mack et al. (2017) found that in Phoenix, US, most 
urban community gardens are located in highly central areas of the city. 
Similarly, Meenar (2017) found a clustering of areas with high urban 
agriculture access in the central area of Philadelphia, US and lower ac
cess at the edges of the study area. In China, Ding et al. (2022) found that 
the spatial distribution of urban community gardens is uneven due to 
differences in precipitation, temperature, and policies within and be
tween cities. In addition to the issue of food security, there is the Food 
Justice Movement, which is gaining momentum. The Food Justice 
Movement believes that communities have the right to grow and eat 
fresh, nutritious, affordable food (Crossan et al. 2015). Thus, everyone 
should have the choice and resources to grow food. Kneafsey et al. 
(2016) found that projects that support local food growing and 
encourage the growing of exotic crops can advocate food justice. 
Additionally, shared gardening projects can benefit individuals’ 
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relationships with food (Kneafsey et al. 2016). Therefore, increasing the 
avavaility and accessibility of urban agriculture is crucial to promoting 
food security for city residents. 

In this paper, we examined urban agriculture access in the city of 
Glasgow, Scotland, which has long-term issues with inequalities in 
health and food security. There is a well-documented phenomenon 
known as the “Glasgow Effect,” which points to the fact that, in com
parison to the rest of the United Kingdom and Europe, residents of 
Glasgow tend to have a lower life expectancy (Reid, 2011). One 
contributing factor to this is deprivation. Glasgow City Council is the 
second largest (area) Scottish city council, with the largest share of 
deprived areas. For example, the 2020 Scottish Index of Multiple 
Deprivation found that an area in Glasgow City – Carntyne West and 
Haghill, is the second most deprived area in Scotland. Additionally, 
North Barlanark and Easterhouse South, another area of Glasgow City, 
was the fifth most deprived of the 6,976 data zones in Scotland. Glasgow 
also has significant inequalities in the health of people in affluent areas 
compared to poorer areas (Macleod et al. 2019). In areas of high poverty 
in Glasgow, people may face barriers to accessing healthy, fresh produce 
and suffer from food insecurity. 

Glasgow is also confronted with a significant presence of vacant and 
derelict land (VDL). Despite governmental efforts to reduce it, there 
remains 939 ha of VDL in the city, constituting over 3 % of Glasgow’s 
total land area (Glasgow City Council, 2020). VDL often poses safety, 
security, and public health concerns for neighborhoods, potentially 
subjecting residents to additional day-to-day stresses that can have 
direct impacts on physical health, as well as adverse mental and 
emotional consequences (Greenberg et al., 1998; Maantay, 2013; Park 
and Ciorici, 2013). Transforming VDL into urban agriculture projects 
has emerged as an attractive alternative use, with substantial positive 
effects on neighborhood quality of life. This includes enhancements in 
aesthetic appeal, increased community involvement, improved mental 
well-being, greater access to fresh produce, and expanded recreational 
opportunities, among other benefits (Park and Ciorici, 2013; De Sousa, 
2006). 

Consequently, this project aims to apply GIS methods to investigate 
the distribution and accessibility of urban agriculture in Glasgow City, as 
well as its links with existing food insecurity status through a food desert 
index. Additionally, the research aims to determine whether vacant land 
in the city could be utilized to reduce inequalities in urban agriculture 
access and provide more equitable access using spatial optimization 
models. This paper is organized as follows: In Section 2, an expanded 
discussion on the benefits of urban agriculture is presented. Section 3 
describes the data and methods used in this research. Section 4 presents 
the results of the analysis with extensive discussion. The paper con
cludes in Section 5. 

2. Benefits of urban agriculture 

The benefits of urban agriculture are well-recognized. Urban agri
culture has been proven to increase community engagement, improve 
mental well-being, and improve access to fresh food, among other things 
(D’Abundo and Carden, 2009; Hara et al., 2013; McVey et al., 2017; 
Wakefield et al., 2007; McClintock and Duchemin, 2022). In low-income 
neighborhoods, urban agriculture programs improve the perception of 
the neighborhood environment, and have the potential to lower crime 
and depression (Armstrong, 2000). In a case study in Massachusetts, 
McCabe (2014) found that community garden set-up programs are a 
cost-effective tool to help reduce youth crime, stabilize the neighbor
hood, and tackle poor nutrition. Carney et al. (2012) found that com
munity gardening can reduce food insecurity and strengthen family 
relationships. They also found that community gardening can improve 
the diet, for example, by increasing the frequency of vegetable intake per 
day for both adults and children (Carney et al. 2012). While it would be 
challenging to be completely self-sufficient by growing food in the 
Scottish climate, urban agriculture projects have shown to be very 

beneficial to people, particularly in deprived areas. Cumbers et al. 
(2018) noted that community gardens provide an attractive and safe 
space for people to sit outdoors and enjoy in low-income areas of 
Glasgow. Multiple studies have reported on the positive mental well- 
being effects of urban community gardening in various countries 
(Armstrong, 2000; Corrigan, 2011; Koay and Dillon, 2020; Petrovic, 
2019; Wakefield et al., 2007). This was also identified in personal ac
counts from Glasgow community garden volunteers, who said it helped 
them get out of the house and relieve stress (Crossan et al., 2015). 
Similarly, a study on three community gardens in Edinburgh found that 
they were viewed as places with positive mental health and leisure 
benefits (McVey et al., 2018). 

Additionally, urban agriculture projects have proved helpful in 
tackling social and cultural issues and bringing people from different 
countries together (McVey et al., 2018). All the respondents from 
community gardens in Edinburgh who were not born in the UK spoke of 
food production and community engagement being their main reasons 
for getting involved (McVey et al., 2018). Additionally, in Glasgow, 
community gardens have brought people from different countries 
together, strengthening connections in their neighborhood (Crossan 
et al., 2015; Cumbers et al., 2018). This has been found elsewhere, for 
example, in East Harlem, New York (Petrovic et al., 2019). Community 
gardens allow for knowledge exchange about food and cooking, indi
cating that these projects may increase individuals’ knowledge of food 
preparation (Cumbers et al., 2018; McVey et al., 2018). From personal 
accounts, Furness and Gallaher (2018) found that sometimes people 
involved with community gardening already use fresh produce and have 
knowledge of nutrition. Thus sharing produce with the broader com
munity can help spread knowledge and encourage others to get involved 
(Furness and Gallaher, 2018). Wakefield et al. (2007) also found that 
community gardening can improve nutrition. 

3. Data and methods 

3.1. Study area 

Glasgow, UK (55.8642◦ N, 4.2518◦ W) is the most populous city in 
Scotland, with a population of around 635,000 and an area of 175 km2. 
It is located in West Central Scotland (See Fig. 1), along the banks of the 
River Clyde. Glasgow was once an industrial city with textile produc
tion, metal manufacturing, engineering, dye works, and shipbuilding 
providing many jobs (Kivell and Lockhart, 1996; Maantay and Maroko, 
2015). The closures of some of these industries in Glasgow led to pop
ulation declines and the clearance of old houses in the 1970 s and 80 s, 
contributing to large areas of vacant and derelict land (Kivell and 
Lockhart, 1996). Maantay and Maroko (2015) found that in areas with 
higher densities of vacant and derelict land in Glasgow, there are higher 
occurrences of mental health issues such as anxiety, depression, and 
psychosis. Crossan et al. (2015) stated that around 60 % of Glasgow 
City’s population lives within 500 m of vacant land. Whilst this statistic 
is outdated, in 2020, there were 939 ha of vacant and derelict land in 
Glasgow, presenting an opportunity to use this land for improving 
neighborhoods and providing opportunities that can improve people’s 
quality of life. The Vacant and Derelict Land Fund from the Scottish 
Government gave £2.3 million to Glasgow City Council, for the revi
talization of 61 ha of land in 2020/21 (Glasgow City Council, 2020), 
much of which may not have gone ahead due to the COVID-19 
pandemic. The program aimed to develop sites for growing food. 
Thus, it is important to identify which areas require urban agriculture 
projects the most. 

3.2. Data 

The analysis was carried out at the Glasgow City Data Zone (DZ) level 
using the 2011 Data Zone dataset (revised in 2021, Scottish Govern
ment, 2022), as shown in Fig. 1. Current urban agriculture projects were 
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represented using access point data from allotments and community 
garden data from the Ordnance Survey Open Greenspace database. We 
also identified locations of 16 other gardens from a Google search for 
‘community gardens Glasgow’. We obtained the coordinates from 
Google Maps of the area identified as the entrance to the garden from a 
satellite view, similar to Van de Voorde (2017). Vacant and derelict land 
data were obtained from the Vacant and Derelict Land Survey 
(Improvement Service, 2021). Urban agriculture projects and VDL data 
were clipped using a polygon covering Glasgow city and the data zones’ 
surrounding areas. This is because, in reality, people can walk to and 
access areas out of their data zone. To investigate the spatial connection 
between urban agriculture access and food desert status, the E-food 
Desert Index (2020) was used. This composite index takes multiple in
dicators into account, including the proximity to groceries, transport 
and accessibility, neighborhood socioeconomic factors, and E-commerce 
availability (Newing and Videira, 2021). A higher E-food Desert Index 
(and lower decile) indicates that the area has more food desert charac
teristics resulting in a higher level of food insecurity. Road network data 
to calculate accessibility were obtained from OpenStreetMap at geo
fabrik.de. Fig. 2 shows the spatial distributions of the existing urban 
agriculture, VDLs, population density, and E-food desert deciles in 
Glasgow. 

3.3. Methods 

3.3.1. Measuring accessibility to facilities 
In this study, accessibility is considered and measured in terms of the 

travel time to the site of interest. We use road network distance instead 

of straight buffer distance to calculate the travel time. Various studies 
support this decision. Cetin (2015) employed buffer analysis to assess 
accessibility, which yielded less reliable results compared to other 
methods. Wang et al. (2021) conducted a comparison of spatial acces
sibility measures to urban greenspace in Ipswich, Australia, and 
Enschede, the Netherlands. This study concluded that the results of 
measuring accessibility vary depending on the method used. Further
more, using a network-based calculation provides a more realistic 
measure of accessibility than using buffers, as the latter do not take into 
consideration the actual route that would be taken from origin to 
destination (Wang et al., 2021). Mears and Brindley (2019) discussed 
various methods for determining greenspace distribution equity in 
Sheffield. Once again, network-based calculations are recommended, as 
buffer analysis was found to overestimate accessibility, particularly for 
less deprived deciles in their study (Mears and Brindley, 2019). It is 
worth mentioning that there are more complex measures of determining 
accessibility in the literature, such as variants of the two-step floating 
catchment area method (2SFCA, Luo and Whippo, 2012), which take 
into account both demand and supply. However, they are relatively less 
intuitive in terms of the actual accessibility value when compared to 
time- or distance-based metrics. The choice of using travel time as an 
indicator of accessibility in this study is primarily due to its ease of 
interpretation and communication with the local communities and 
policymakers. Furthermore, in our subsequent spatial optimization 
anlaysis, we do consider the population demand. 

Additionally, when evaluating assessibility, various modes of trans
port can be applied, such as walking, cycling, driving, and public 
transportation (e.g., Mallick and Routray, 2001; Zhou et al., 2019; Wang 

Fig. 1. The 746 Data Zones of Glasgow City were used in the study. Contains OS data © Crown Copyright and database right 2022. Contains data from OS Zoomstack 
and Scottish Government. 
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et al., 2022). Many studies use walking as an accessibility measure 
(Mack et al., 2017; Meenar, 2017; Mears and Brindley, 2019). This is due 
to people generally being unprepared to travel long distances to access 
urban agriculture. In this study, accessibility was measured using the 
walking distance and time. This is because walking as a transport 
method does not impose any monetary barriers. A walking time of 10 
min was used to define good access as used in other studies for general 
greenspace access (de Sousa Silva et al., 2018; Williams et al., 2020), as 
well as the measure used as part of the Green Space Index (Fields in 
Trust, 2020). Mears and Brindley (2019) also discuss the varying 
geographic units of analysis that are used in investigating accessibility. 
Their findings suggest that using small-area aggregations is appropriate 
because there is not much difference in results between using the scale of 
household compared to that of the output area, which had an average 
population of 309 (Mears and Brindley, 2019). 

In summary, we used the travel time (walking) as a measure of 
accessibility. A travel time matrix between each data zone and each 
urban agriculture and VDLs was calculated based on OpenStreetMap 
data and a local open source routing machine (OSRM) server using the 
routingpy python package (Nolde et al., 2022). 

3.3.2. Identifying potential sites using spatial optimization models 
Due to the variety of benefits of urban agriculture, there is a growing 

interest in researching ways that urban growing projects can be incor
porated into cities. Some methods for finding suitable sites include 
performing site suitability analysis, visual assessments using remote 
sensing imagery and GIS data, and participatory mapping (Ligmann- 
Zielinska, 2017). However, these methods can be time-consuming, and 
spatial optimization models allow for fast solutions to problems. Spatial 
optimization models also solve single or multiple geographic problems 
whilst considering constraints (Ligmann-Zielinska, 2017; Zhou and Cao, 
2023). There are various optimization models, of which the Maximal 
Coverage Location Problem (MCLP) was applied in this study to maxi
mize urban agriculture project access coverage. The MCLP model de
termines the spatial distribution of a specified number of vacant sites 
(potential urban agriculture projects) that can maximise the coverage of 
population-weighted data zones within a time standard. MCLP has been 
widely used in similar literature. For example, Zhang et al. (2022) used a 
variant of the MCLP model to site gardens to address food deserts and 
urban heat. Mack et al. (2017) used an MCLP model to identify areas of 
vacant land which could be used for community gardens to benefit food 
desert residents in Phoenix, Maricopa County. 

The MCLP location model is specified below and was originally 

Fig. 2. Spatial distributions of the existing urban agriculture (UA) project locations, vacant and derelict land, population density, and E-food desert deciles in 
Glasgow. Contains data from Scottish Government (2020), LGCD (2020), EFDI (Newing and Videira, 2021) and Improvement Service (2021). 
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defined by Church in 1974 (Church and Revelle, 1974; Church and 
Murray, 2018): 

Maximise: 

∑n

i=1
aiyi (1) 

Subject to: 
∑

j∈Ni

xj ≥ yi ∀i (2)  

∑

j
xj = p ∀j (3)  

yi ∈ {0, 1} ∀i (4)  

xj ∈ {0, 1} ∀j (5)  

where 

i: index of data zones (demand points) 
j: index of vacant and derelict land (potential facility points) 
S: maximal acceptable time standard (10-minutes) 
dij: travel time between demand i and facility j 
Ni: {j|dij < S} 
p: number of urban agriculture sites (facilities) to be located 
ai: weight for demand point i (population) 
yi: 1, if a data zone i is covered within S, otherwise assigned 0 
xj: 1, if vacant land j is selected to be a potential urban agriculture 
site, otherwise assigned 0 

The objective function of model (1) is to maximize the total popu
lation of covered data zones. Constraint (2) specifies that if at least one 
vacant site is within the time standard S, the data zone is considered to 
be covered. Constraint (3) is the number of urban agriculture projects to 
be sited on vacant land, whilst constraints (4) and (5) determine 
whether vacant land is selected and if a data zone is covered, respec
tively, using a binary integer condition. Data zones that were more than 
10-min walking distance from urban agriculture (demand points) were 
used as the demand points. The number of new facilities to be located (p) 
was set to vary between 0 and the total number of vacant land to 
establish multiple scenarios. The MCLP model was solved using the spopt 
python library within the Python Spatial Analysis Library (PySAL) (Feng 
et al., 2021; Rey et al., 2022). The data and Jupyter notebooks that 
generated the results are included in the repository: 

https://anonymous.4open.science/r/Glasgow_UA_accessibili 
ty-E21D. 

Due to the non-parametric distributions of the data, Spearman’s rank 
correlation was used to investigate the relationship between travel time 
to the nearest urban agriculture project and the food desert index. The 
Spearman correlation coefficient was initially calculated to assess the 
existing urban agriculture access inequality but also re-calculated for 
each of the p new urban agriculture sites added, which allows us to 
examine the changing relationship when investing in more new sites and 
to provide a validation step as also suggested in Han et al. (2023). 

4. Results and discussion 

4.1. Accessibility to current nearest urban agriculture 

The results show that there is currently unequal access to urban 
agriculture projects across data zones in Glasgow City. The existing 
urban agriculture projects cover approximately 36 % of the total pop
ulation in the City of Glasgow within a 10-minute walking radius. Thus, 
they are unlikely to have the capacity to support all people who are 
interested in using a community garden or allotment. The unequal 

distribution of urban agriculture access was also noted by Meenar 
(2017), who found 40 % of tracts to have high access (<0.25 miles), 42 
% with medium access (<1 mile), and 18 % with low access (>1 mile) in 
Philadelphia. In Glasgow, the best access to current urban agriculture 
was generally in the more central portion of the city (see Fig. 2). This 
agrees with the findings of Mack et al. (2017) and Meenar (2017). There 
could be various reasons for this, which are little discussed in the current 
literature. In Glasgow’s context, due to the center of the city being more 
widely used by tourists, perhaps vacant and derelict land is redeveloped 
quickly to make the area more appealing. This could mean that if there 
are no other proposed uses for VLD land, applications for community 
gardens, even if temporary, may be more likely to be approved than in 
areas further out of the city. However, perhaps there is more demand for 
community gardens in the centre of cities as zones further out are more 
likely to have private gardens than densely populated city centres. This 
is the also case in Sheffield, UK where there is less private green space in 
areas with more public green space (Barbosa et al., 2007). 

4.2. Relationship between urban agriculture projects and food desert 
characteristics 

The Spearman’s rank correlation indicates that there is a statistically 
significant positive correlation between the walking time to the nearest 
urban agriculture project and the food desert index. (r = 0.13, p-value =
0.0001). This result suggests that data zones with more food desert 
characteristics have lower access to urban agriculture compared to data 
zones with fewer food desert characteristics. This finding is similar to 
Mack et al. (2017), who found that most current community gardens in 
Maricopa County, Arizona, USA, were located in areas with access to 
healthy food stores. Thus, the current gardens do not help residents in 
food deserts due to food deserts not being within reach of food outlets 
(Mack et al., 2017). Mack et al. (2017) also found that only 32 % of 
gardens are located within food desert tracts. However, in several areas, 
this study differed from Mack et al. (2017). Firstly, the methods for 
measuring accessibility differed. This study considered the travel time it 
would take to walk to urban agriculture projects, while Mack et al. 
(2017) looked at whether or not the gardens were within or adjacent to 
the tract. Secondly, the measurement of food deserts was different. 
Whilst Mack et al. (2017) looked at the garden’s locations concerning 
healthy food outlets, this study used the E-food Desert index. This index 
is comprehensive and covers multiple factors which can make people in 
an area vulnerable to food insecurity. Whilst the locations of food stores 
are included in the E-food Index as in Mack et al. (2017), the index also 
considers the distance to and accessibility of stores and socioeconomic 
and demographic factors such as income deprivation. This is important 
to consider as a lack of knowledge or dispensable income could limit a 
population’s healthy food consumption even if healthy options are in 
reach. This is similar to Meenar (2017), who used the food insecurity 
and vulnerability index, which considered areas with poor food habits, 
hunger, and food hardship, and areas containing at-risk populations, 
such as those with low income. Meenar (2017) found the opposite of 
Mack et al. (2017) and this study: in Philadelphia, access to urban 
agriculture improves as food insecurity increases. This was suggested 
due to urban agriculture projects being set up as interventions in areas 
where food insecurity and deprivation are prevalent (Meenar, 2017). 
Additionally, Meenar (2017) found that more vacant land is available in 
areas with food insecurity and deprivation; thus, more urban agriculture 
projects are possible in these areas due to the constraints of vacant land. 

It is important to remember that the correlation relationship found is 
global, so this relationship may vary locally across data zones. This 
means that whilst some areas with less food desert characteristics have 
better access to urban agriculture, some actually have poorer access to 
urban agriculture compared to some food insecure data zones. There
fore, it might be beneficial to conduct local Spearman’s rank correlation 
on this data as Wang et al. (2022) used in their study. Though there is no 
extensive literature in this area, the mixed results from these studies 
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indicate that the relationship between urban agriculture projects and 
deprivation characteristics may vary depending on location both within 
and between cities. This is likely because this is not a cause-and-effect 
relationship. As Meenar (2017) states, reasons unrelated to depriva
tion or food insecurity influence whether a urban agriculture project is 
set up, for example, land availability, community capacity, and com
munity interest. Regardless of the socioeconomic background, if the 
population in a city is particularly interested in urban growth, they may 
join together to form community growing projects. Similarly, if there is 
no interest, then it is likely that no urban agriculture will form or thrive. 
As suggested by Meenar (2017), some local councils have schemes to 
increase growing space in the city, particularly in deprived areas. In 
Glasgow, this is the case and may be the reason for the weak correlation 
– due to new growing spaces being created in deprived areas, perhaps 
this has weakened a once stronger relationship of inequality. Thus, it is 
important in urban planning that the distribution of such projects is 
considered because of the variety of benefits for both the environment 
and the people. Due to food injustice in some areas of Glasgow, the city 
needs more urban agriculture projects to equalize access across data 
zones. If this is achievable, this will give residents an equal opportunity 
in having the chance to grow some of their food. 

4.3. The potential of using vacant sites to reduce inequalities in urban 
agriculture access 

Results from the MCLP model are shown in Figs. 3 and 4. Fig. 3a 
shows the overall increase in coverage when new UA projects are added 
to the city, but the overall coverage flats out when more than 100 new 
sites are located. The maximum achievable population coverage is 80.0 
% when considering placing new sites on existing vacant land. More 
interestingly, in Fig. 3b, the Spearman correlation coefficient decreases 
from positive to negative when developing more urban agriculture sites. 
The green region is when the correlation coefficient is insignificant (p- 
value > 0.05). This can be interpreted as the spatial inequality of urban 
agriculture locations being reduced by investing in new urban agricul
ture sites, which reaches a negligible level when placing 15 to 60 sites. 
The spatial inequality becomes significantly (p-value < 0.05) reversed 
when placing more than 60 new sites. The message from Fig. 3a is that 
placing more sites will increase the overall coverage. However, Fig. 3b 
provides a practical guide to prioritizing investment in a budget of 
15–60 new urban agriculture sites if the aim is to reduce spatial 
inequality. 

The results show the potential to increase access to urban agriculture 
projects that can serve Glasgow City residents if vacant land is used for 
this purpose. When converting more vacant land to urban agriculture, 

the coverage will increase from 36 % of the total population to 80.8 %. 
The coverage does not improve when more than 100 gardens are sited. 
This was expected, similar to the findings of Mack et al. (2017), due to 
vacant land being a constraint in the model. Alternatively, if there is 
interest in creating community growing projects, they may need to be 
developed within already used land, for example, parks. This would 
require cooperation from local councils and approval from the local 
community. 

Because it is unlikely that many gardens can or will be placed 
immediately, we evaluated a spectrum of scenarios that can achieve a 
certain coverage and alleviate the existing spatial inequality in urban 
agriculture accessibility. We found that using Spearman correlation as a 
measure of spatial inequality, placing 15 – 60 new sites will reduce the 
correlation between accessibility and food deserts to a statistically 
negligible level (p-value < 0.05). This will help reduce inequalities in 
access to urban agriculture in areas with a high E-food score and low 
food security. We also found that placing more than 60 new sites will 
reverse the existing inequalities though overall coverage will be 
increased; therefore, a balance between coverage and inequality needs 
to be considered. 

Similarly, Zhang et al. (2022) found that there are trade-offs between 
siting community gardens and meeting two separate goals – mitigating 
food insecurity and urban heat. Zhang et al. (2022) also found that using 
a spatial optimization approach in planning is important for avoiding 
clustering of UA and achieving equal access. Similarly, Mack et al. 
(2017), who also used a maximal covering spatial optimization model, 
found that vacant land in Phoenix could be used for UA to serve food 
desert residents more optimally. Suppose gardens were to be sited to 
benefit both areas with food desert characteristics and longer walking 
times to the current urban agriculture. In that case, it might be beneficial 
to incorporate both factors into the model. 

The spatial distribution of 15, 30, and 60 new urban agriculture 
projects and their updated coverage rates are shown in Fig. 4. With 15 
new conversions from existing VDL to urban agriculture, the overall 
population coverage increases to 49 %, with some existing gaps in the 
city center and to the northwest and east of the city improving. The 
northern and south-western parts of the city are being covered when the 
number of new urban agriculture projects increases to 30, with an 
overall coverage rate of 59 %. When 60 new sites were placed, overall 
coverage reached 71 %, and most of the existing gaps were being filled. 
Most of the newly covered neighborhoods are places with existing food 
desert characteristics (compared to the food desert index map in Fig. 2). 

Fig. 3. Changes in the overall population coverage and Spearman correlation coefficient when placing more urban agriculture projects.  
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4.4. Limitations and future considerations 

It is challenging to measure access, and people face more than 
monetary barriers. For example, physical disabilities may make it 
difficult or impossible to use urban agriculture depending on their setup. 
The assumption was made that people would be willing to make a 10- 
min journey to a community garden regularly, which may not be the 
case. The study did not consider which data zones have private gardens, 
which may influence the demand for urban agriculture. The perceived 
safety of the surrounding area was not considered, which can influence 
whether people feel comfortable using a facility (Williams et al., 2020). 
Moreover, the vacant and derelict land survey only considers areas of 
VDL that are > 0.1 ha. However, urban agriculture can range in size. For 
example, the smallest community garden identified by Nettle (2016) in 
Adelaide was only 40 m2, which allowed 15 residents to use it regularly. 
Thus, there could be many viable areas of VDL for placing urban agri
culture projects in Glasgow that are smaller than 0.1 ha. Smaller areas of 
vacant land might have more potential to be long-term urban agriculture 
projects, as they will not be suitable for building on, so they will have 
less competition from other projects. 

The study does not consider the difficulties in developing urban 
agriculture, such as reaching a leasing agreement (Crossan et al., 2015). 
The loss and instability of urban agriculture projects are a big problem, 
and in reality, it would only be worth developing a community garden if 
it could be used for a decent amount of time. Dobson et al. (2020) found 
that the land used for allotments in Glasgow has continually declined 
since the 1950s. Therefore, it is important to include locals’ ideas on the 
best use of vacant land. Getting people involved in decisions about 
setting up projects is important to the benefits are felt by the local 
community, including social inclusion and crime reduction (Spilková 
and Vágner, 2018). 

5. Conclusion 

This study examined inequalities in access to urban agriculture 
(community gardens or allotments) in Glasgow City. The current dis
tribution of urban agriculture projects covers 36 % of the total popula
tion within a 10-min walking distance. Overall, residents of data zones 
with more food desert characteristics have a longer walking time to 
reach the nearest urban agriculture. We investigated the possibility of 
utilizing existing vacant and derelict land to develop new urban agri
culture projects to increase accessibility and reduce inequality. Using 
network analysis, spatial optimization (Maximum Coverage Location 
Problem (MCLP)), and correlation analysis, we identified scenarios and 

locations that can be prioritized when investing in urban agriculture 
projects. Specifically, we found that developing 15 – 60 new urban 
agriculture projects across the city can increase the overall population 
coverage to 50 % − 70 % and reduce spatial inequality to a statistically 
insignificant level. The analytical framework and the results have 
practical implications for addressing food insecurity, vacant land, and 
health well-being concerns for the city of Glasgow. The next step in the 
work will involve communities from diverse groups in future scenario 
building and decision-making by conducting discussions and surveys to 
gain a better understanding of their needs and demands regarding food 
and urban agriculture. 
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