
K. Hawes, Jason, Gounaridis, Dimitrios, Newell, Joshua P., Goldstein, Benjamin 
P., Caputo, Silvio, Cohen, Nevin, Fargue-Lelièvre, Agnès, Poniży, Lidia and Specht, 
Kathrin (2026) Assessing the potential to scale-up urban agriculture in the Global 
North.  Landscape and Urban Planning, 272 . ISSN 0169-2046. 

Kent Academic Repository

Downloaded from
https://kar.kent.ac.uk/114300/ The University of Kent's Academic Repository KAR 

The version of record is available from
https://doi.org/10.1016/j.landurbplan.2026.105657

This document version
Author's Accepted Manuscript

DOI for this version

Licence for this version
CC BY (Attribution)

Additional information
For the purpose of open access, the author(s) has applied a Creative Commons Attribution (CC BY) licence to any Author Accepted 

Manuscript version arising. 

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site. 
Cite as the published version. 

Author Accepted Manuscripts
If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type 
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) 'Title of article'. To be published in Title 
of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date). 

Enquiries
If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record 
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see 
our Take Down policy (available from https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies). 

https://kar.kent.ac.uk/114300/
https://doi.org/10.1016/j.landurbplan.2026.105657
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies


1 
 

Assessing the potential to scale up urban agriculture in the Global North 1 

Abstract 2 

Urban agriculture (UA) is frequently promoted as a pathway to improve urban 3 

sustainability, food security, and resilience, yet cross-city evidence on its scalable, system-wide 4 

impacts remains limited and methodologically inconsistent. We assess the theoretical scaling 5 

potential and food–energy–water (FEW) metabolism implications of expanding low-tech UA 6 

across five Global North cities—London, New York City, Paris, Dortmund, and Gorzów 7 

Wielkopolski—using a harmonized two-part framework. First, we conduct 1-m resolution spatial 8 

multi-criteria suitability modeling, supplemented with sensitivity scenarios. Second, we upscale 9 

empirically derived site-level resource–yield “metabolisms” to quantify potential contributions to 10 

vegetable provisioning, resource demand, and nutrient cycling. Across base scenarios, 12–24% 11 

of city area is suitable for UA, with individual/home gardens comprising the dominant share of 12 

expandable space in every case. Under average observed yields, scaled UA could supply 16–13 

95% of current non-tropical vegetable demand (and substantially more under high-productivity 14 

assumptions), while requiring relatively modest shares of city electricity use but potentially 15 

meaningful shares of potable water in smaller cities. Expanded UA could also absorb more than 16 

100% of current vegetable food-waste streams via composting, indicating strong circularity 17 

leverage. However, participation requirements emerge as a primary constraint: labor availability 18 

and willingness limits feasible realization of these theoretical maxima. Together, results provide 19 

a transferable, cross-city methodology and identify policy-relevant leverage points—especially 20 

enabling home gardening, securing land tenure, supporting new farmers or gardeners, and 21 

pairing expansion with composting and water-harvesting practices—to design context-sensitive 22 

UA scaling strategies.  23 
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Highlights  31 

- UA potential modeled across five diverse US and European case study cities. 32 

- 12–24% of city area is suitable for scaling low-tech urban agriculture. 33 

- Individual home gardens are a key resource for large-scale UA expansion. 34 

- Labor availability, not land, is the primary limit to urban agriculture scaling. 35 

- Scaled UA can absorb over 100% of urban vegetable food waste via composting. 36 

  37 
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1. Introduction 38 

Growing food in cities through urban agriculture (UA) is rapidly expanding across the 39 

Global North (Cohen & Wijsman, 2014). This expansion is driven by both individual and 40 

institutional motivations. Participants report that they draw emotional and physical health 41 

benefits from UA (Kirby et al., 2021; Newell et al., 2022), while non-profits seek to promote 42 

community capacity-building, environmental education, and food security (Reynolds & Cohen, 43 

2016). Although the benefits of farms and gardens on local communities and participants are 44 

well documented (Ilieva et al., 2022), the impact of scaling up UA on cities’ food-energy-water 45 

(FEW) systems remains unclear (Caputo et al., 2020; Newell et al., 2019). Despite this, cities 46 

increasingly promote the practice as a strategy for shoring up food supplies in crisis (Lal, 2020; 47 

Slater & Birchall, 2022), envisioning more sustainable urban material flows (Goldstein et al., 48 

2016), and greening the urban landscape (Limerick et al., 2023). This work explores the potential 49 

for urban agriculture to transform urban FEW metabolisms across contexts.  50 

"Scaling up” assessments (i.e., analysis of the potential growth of UA) have largely 51 

focused on single cities (e.g., Goldstein et al., 2017; Newell et al., 2022), often limiting the scope 52 

of investigation to potential food supply impacts (Ackerman et al., 2014; Hara et al., 2018). The 53 

results of these studies vary widely, casting doubt on the generalizability of their assessments of 54 

UA’s potential. Published studies estimate that production could range from about 7% of fresh 55 

vegetable demand (Hara et al., 2018; Sioen et al., 2017) to well over 100% (Grewal & Grewal, 56 

2012; Saha & Eckelman, 2017).  57 

A potential explanation is urban morphology (e.g., comparing Manhattan to post-58 

industrial Cleveland), but different studies have reported widely differing results for similar 59 

cities (e.g., UA could potentially supply 31% of vegetable demand for Detroit vs. 100% for 60 
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Cleveland), suggesting that methodological differences are responsible for much of this 61 

variation. This variation can hamper the ability to draw generalizable conclusions about the 62 

effects of scaling up UA. Improving methodological consistency can illustrate trends across 63 

cities, such as the influence of urban morphology. Work has assessed the impact of an 64 

assortment of biophysical characteristics of cities on UA potential, including slope, sunlight 65 

availability, land cover, soil suitability, and building type in various combinations. This work 66 

extends this by applying the same method across five different cities.  67 

While some work has attempted to apply the same basic scaling up methodology across 68 

two cities, these assessments have been limited, such as focusing only on public or vacant land in 69 

the urban fabric (Hara et al., 2018; Mendes et al., 2008). Scholars often focus on the differences 70 

between the cities, whether these be in their interpretation or legislation of UA or in their food-71 

production outcomes. This limits our ability to identify generalizable policy implications which 72 

might support or guide multi-city planning efforts and pacts like the Plant-Based Treaty or the 73 

Milan Urban Food Policy Pact (“The Milan Pact,” 2024; The Plant Based Treaty, 2024).  74 

Methodological inconsistencies are compounded by limited data availability on yields 75 

and resource use in UA systems (Caputo et al., 2020), resulting in analyses constrained by 76 

simplifying assumptions like comparing UA yield to conventional agriculture systems (Uludere 77 

Aragon et al., 2019). For instance, the only multi-city assessment of the global potential for UA 78 

scaling up, productivity, and ecosystem services, relied on country-level yields and assumed 79 

material consumption data equivalent to conventional agriculture (Clinton et al., 2018). The 80 

material and social footprints of conventional and urban agriculture vary substantially (Dorr et 81 

al., 2023; Hawes et al., 2024), as do the material and social footprints of different forms of UA in 82 

different climes (Dorr et al., 2023; Mcdougall et al., 2020).  83 
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This variation across types and sites for UA is clouded in many existing analyses by a 84 

disproportionate focus on UA as a solution for vacant or underutilized land (Hara et al., 2018; 85 

Thapa et al., 2021), building on the long history of land reclamation by urban greening groups 86 

(Reynolds & Cohen, 2016). Such work has struggled to capture urban food-producing futures 87 

that embrace food growing at home, in common spaces, and at local businesses — well beyond 88 

the bounds of underutilized or vacant space. In contrast, work on UA in a commercial context 89 

has often focused on high-tech food production, ignoring low-tech farming, which is the most 90 

common (and socially productive) form of UA (Appolloni et al., 2021; Cameron et al., 2012). 91 

Recent work in NYC found that limiting UA to publicly-owned vacant lands severely restricted 92 

access by residents (Limerick et al., 2023).  93 

This paper addresses these gaps, exploring the potential for scaling up low-tech UA in 94 

Europe and the United States using consistent data and methods in five diverse cities 95 

representative of a range of urban typologies (Dortmund, DE; Gorzów Wielkopolski, PL; 96 

London, UK; New York City, USA, and Paris, FR). To support this effort, we built the largest 97 

existing dataset of resource inputs and yields at urban farms, collective gardens, and individual 98 

gardens (c.f., Caputo et al., 2020 for discussion of dataset development). We couple this dataset 99 

with spatial analysis via urban metabolism modeling (i.e., tracking possible changes to material 100 

and social flows – c.f., Newell & Cousins, 2015) to explore the bounds of possible impacts from 101 

low-tech UA expansion. Specifically, we answer three questions:  102 

• To what extent can UA expand, and what key land use or biophysical factors might limit 103 

this across contexts? (Section 3.1)  104 

• What is the scope of expanded UA’s possible effects on cities’ water and energy demand, 105 

food provisioning, and nutrient cycling (i.e., urban metabolism)? (Section 3.2)  106 
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• What level of participation (i.e., labor or volunteerism) is required to support large-scale 107 

UA expansion, and how could this limit the overall impacts of UA? (Section 3.3)  108 

To answer these questions, we model UA from an urban metabolism perspective. In a 109 

metabolism framing, we treat UA as a multi-functional land use, delineating the impacts on 110 

different sectors (e.g., food, water, economy) as additional square meters of UA are added to our 111 

case cities. While we draw on spatial multi-criteria analysis - a common form of scaling up 112 

modeling - to explore different suitability scenarios, we advance these models by harmonizing 113 

heterogeneous data landscapes across the US and Europe. This enables us to understand how 114 

different criteria (i.e., urban characteristics) influence scaling up in our case study cities.  115 

Our results reveal that, even in large, dense cities, low-tech UA can fundamentally 116 

transform food provisioning, water demand, and waste management. Home gardens are the most 117 

important untapped UA resource in all five cities, indicating that homeowners and families may 118 

be understudied constituents for UA scaling policies. But catalyzing them will require a 119 

preciputous increase in participation rates, particularly in the smaller case study cities. In larger 120 

cities, though, large-scale UA expansion could occur with as few as 2-6% of the population 121 

cultivating food at home or collectively. In a hypothetical future where a large number of farms 122 

and gardens do sprout up, we project that there will be important changes in food availability, 123 

food waste recycling, and access to active green space in our case cities. 124 

This paper addresses key limitations in the UA literature, including addressing the 125 

complexity of cross-city analysis, the dynamics of land use and garden management, the 126 

biophysical considerations impacting garden siting, the material metabolism impacts beyond 127 

food, and the participation rates required to enable meaningful impacts on cityscapes and 128 

material flows. We use this analysis to identify opportunities for scaling UA across contexts as 129 
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well as the knowledge limitations that should be addressed to empower planners, innovators, and 130 

decision-makers to more effectively stimulate garden growth.  131 

2. Methods 132 

We examined the future role of UA in five temperate cities from the FEW-meter project: 133 

Dortmund, Gorzów Wielkopolski (herein “Gorzow”), London, New York City, and Paris, chosen 134 

for their diverse urban typologies and UA histories (Section 2.1). FEW-meter researchers and 135 

citizen scientists used social and material surveys, as well as daily logs, to gather data on UA 136 

inputs, outputs, and participant benefits, synthesizing this to document the material and social 137 

metabolism of urban farms, collective gardens, and individual gardens, supplemented by 138 

secondary literature data (Section 2.2). A spatial multi-criteria analysis overlaid land use, land 139 

cover, slope, and sunlight availability layers, harmonizing land use classifications across cities 140 

and using a random forest model to fill Dortmund's land cover gap. Slope and sunlight data 141 

focused on suitable areas for gardens (Section 2.3). Scenarios tested UA expansion limitations, 142 

including exploring how pollution at industrial sites, rooftop structural integrity, tree cover, and 143 

strategic land repurposing might impact land availability. In post-hoc analysis, we summarized 144 

gardens by parcel, filtered areas below size thresholds, and analyzed proximity to residences and 145 

metabolism impacts using QGIS and R (Section 2.4). Limitations include the focus on temperate 146 

cities and consistent UA forms, suggesting further work considering diverse climates and socio-147 

demographic factors (Section 2.5). 148 

2.1. Case study cities: selection, history, and current metabolism 149 

We explore the future role of UA in determining urban metabolisms across five diverse 150 

case study cities. These cities were selected as part of the FEW-meter project (Caputo et al., 151 
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2020), an interdisciplinary, international assessment of the impacts of UA on individuals, cities, 152 

and the environment. To do this, the team selected a series of temperate cities across Europe and 153 

North America, aiming to leverage established connections between the research team and urban 154 

farmers and gardeners in these cities to recruit a broad cross-section of UA sites. The cities used 155 

in this study (Appendix Table 1) are a subset of the host cities for the FEW-meter farms and 156 

gardens. This subset was selected because the cities: 1. Are well-known for UA policy and 157 

practice (London, Paris, NYC); 2. Represent a useful cross-section of population, density, and 158 

built environment (skewed towards larger cities); 3. Offer relatively rich data environments for a 159 

consistent analysis (e.g., Nantes was removed because of data restrictions); and 4. Shared similar 160 

climate characteristics. This work defines UA broadly as growing food within the administrative 161 

bounds of a city. Consistent with this definition, we select the planning boundary of each city for 162 

analysis (either the city planning jurisdiction or regional planning jurisdiction).  163 

 164 
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2.2. Site-level metabolism model of urban agriculture 165 

For this work, we employed citizen science to gather data on the inputs and outputs 166 

associated with urban farming and gardening spaces across varied built and social contexts 167 

(Caputo et al., 2020). We documented the material footprint of gardens, including the food 168 

produced and resources consumed (Dorr et al., 2023) as well as the carbon footprints associated 169 

with these resources (Hawes et al., 2024). We also explored participant motivations and 170 

perceived benefits, providing a basis for understanding the local impacts of UA on individuals 171 

and communities (Kirby et al., 2021).  172 

These analyses have been synthesized to produce a material and social metabolism of UA 173 

spaces, documenting the impacts on cities across three common types of UA (Appendix Table 174 

2). Specifically, the synthesis characterized: 1. Urban farms, sites focused on foodproduction that 175 

often sell to local markets; 2. Collective gardens, jointly managed plots often centered on social 176 

benefits and community investment; and 3. Individual gardens, small plots managed by an 177 

individual or family to provide food for the household and serve as a leisure activity. Individual 178 

gardens may be in a private yard or in a larger allotment complex. Urban farms may occur on 179 

commercial properties or on rooftops across the city. We assume based on our experience in the 180 

field that rooftop UA is commercial (i.e., urban farms) due to access constraints that might limit 181 

volunteer participation and community engagement on many rooftops. Since every city had a 182 

different assortment of UA types (e.g., only community gardens in NYC, a mix of allotments, 183 

gardens, and farms in Gorzow), we do not use UA data specific to each city but rather synthesize 184 

the average by type. In other words, we use an average value for individual gardens, collective 185 

gardens, and urban farms for every city. This analysis is supplemented with secondary data from 186 
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literature, specifically for the number of volunteers or employees associated with each type of 187 

site (CoDyre et al., 2015; Mcdougall et al., 2020).  188 

2.3. Spatial Multi-Criteria Analysis 189 

As highlighted by Ridder (2017), systematic cross-case analysis can reveal key 190 

similarities and differences in UA futures. The first step in developing plausible scenarios for the 191 

expansion of UA is therefore to simplify the complex social and biophysical landscape of a city 192 

into consistent components. In spatial multi-criteria analysis, layers representing suitability 193 

criteria are systematically combined, producing a final layer that indicates spaces suitable for the 194 

growth of UA. We integrated four such layers into our models: land use, land cover, slope, and 195 

sunlight availability. All layers were rasterized and resampled to 1m resolution and reprojected 196 

to locally relevant coordinate systems defined in meters. All spatial analysis is conducted in the 197 

OSGEO environment using QGIS graphic interface and select tools from GRASS GIS.  198 

2.3.1. Land Use 199 

Land use refers to an urban space’s primary purpose as defined by its service to society 200 

(e.g., residential spaces, commercial, industrial). Land use, in our analysis, is used to identify 201 

both the feasibility of UA and the type of farm or garden that might be most suitable to inhabit a 202 

space (Appendix Table 3). This constitutes a major simplifying assumption in our analysis; for 203 

example, commercial properties were assumed to host urban farms, while public properties and 204 

multi-unit housing were assumed to host collective gardens. These farm and garden types (urban 205 

farm, collective garden, individual garden) are consistent with the metabolism model derived 206 

from FEW-meter project data, enabling us to model metabolism changes at the city scale.   207 

As part of the modern planning apparatus, most cities systematically catalog land use and 208 

make it available to the public. Because cities’ classification schemes and thematic resolutions 209 
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vary by cultural and institutional context, these data were collected and synthesized to produce a 210 

harmonized land use classification scheme across cities (Appendix A). For example, New York’s 211 

Primary Land Use Tax Lot Output (PLUTO) catalogs eleven land use categories, including 212 

various forms of residential plots, industrial and commercial sites, and public buildings 213 

(Department of City Planning, 2024a, 2024b). In London, land use has historically been 214 

cataloged by Geomni as part of the UKMap program (though as of writing, this dataset has been 215 

archived pending a transition to new data products incorporating additional building-level data - 216 

Seppe Cassettari, 2022). UKMap employs a modified form of the UK’s National Land Use 217 

Specification version 4.4, which provides higher thematic resolution data for most public, 218 

commercial, and industrial sites, but lacks the distinction between types of residential properties 219 

offered by PLUTO.  220 

Such thematic mismatch across cities led to the creation of the FEW-meter land use code 221 

(Appendix Table 3, with city-specific equivalencies also recorded in Appendix), derived for each 222 

city from a combination of spatial data layers. Detailed derivation of land use specifications is 223 

available in Appendix, as part of a broader explanation of land use, land cover, slope, and 224 

sunlight derivation for each city. For example, in NYC, land use classifications at the parcel level 225 

are reprojected, rasterized at 1m resolution, and reclassified per the scheme in Appendix.  226 

2.3.2. Land Cover 227 

Land cover classification seeks to distinguish between different built or natural features 228 

occupying physical space. Like land use, a series of publicly available layers are used to derive 229 

land cover classification. In most cities, these data are made available at high thematic 230 

resolution, often including ecological characteristics of land cover or distinguishing, for example, 231 

bare land from concrete. For the purposes of our analysis, land cover is simplified to distinguish 232 
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between buildings, other artificial structures (e.g., monuments), impervious and pervious ground, 233 

and trees (Appendix Table 4).  234 

Land cover layers underwent the same pre-processing as land use, including rescaling to 235 

1m resolution and reprojection to a suitable coordinate system - a process that is described in 236 

detail in Appendix A. Dortmund is the only city in our study without publicly available land 237 

cover data. However, Germany has published aerial ortho-imagery and other high resolution 238 

remote sensing data, which we used to train a random forest model to classify land cover, 239 

creating an original dataset. Model training is described in detail in the Appendix. 240 

2.3.3. Slope 241 

Recent assessments of urban agriculture report that, while it is possible to build raised 242 

beds into a slope, most ground-based gardens appear in areas with less than a 15% slope (Saha & 243 

Eckelman, 2017) and rooftop gardens should be situated on less than 5% slope for safety 244 

(Berlioz et al., 2020; Saha & Eckelman, 2017). Using digital elevation models and digital surface 245 

models of each city, we derive the ground slope and roof slope for each location (Appendix).  246 

2.3.4. Sunlight availability 247 

Finally, while high-tech farms often rely on artificial light to support plant growth, our 248 

work specifically assesses relatively low-input, low-tech UA spaces, meaning that sufficient 249 

sunlight must be available naturally. Again, using the digital surface models available in each 250 

city, we calculate the average hours of sunlight available across the growing season. Due to 251 

computational constraints, this is not assessed as a constant measure of sunlight availability, but 252 

rather as an integrated average between three months in the growing season - early season 253 

(April), peak sunlight (June), and late season (October). Sunlight maps for each of these points 254 

were derived via the r.sun package in GRASS GIS (Appendix). We assess shading from 255 
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buildings, trees, and variation in ground height. Shading assessment below trees is not possible 256 

using the methods described, but this is explored in the land cover sensitivity assessment 257 

described above.  We focus only on the minimum sunlight required for crop growth, deriving a 258 

binary suitability indicator for spaces receiving at least partial sun (defined as 4 hours on average 259 

through the growing season).  260 

2.3.5. Scenario assessment 261 

These midpoint layers (Land use, Land cover, Slope, and Sunlight) are then used to 262 

define the bounds of the sensitivity scenarios explored in this article (Appendix Table 5). 263 

Scenario maps are produced from the midpoint layers via spatial multi-criteria analysis, 264 

operationalized as spatial overlay via raster algebra. In the base scenario, we explore the 265 

limitations of UA scaling under typical assumptions as derived from the literature. We develop 266 

sensitivity scenarios which test the impact of ignoring slope, ignoring sunlight, or treating trees 267 

as completely obstructing garden space. In all scenarios, rooftop UA is restricted to buildings 268 

less than 30 m high (ten stories) due to concerns over safety and wind speed (Berger, 2013; Saha 269 

& Eckelman, 2017).  270 

2.4. Post-hoc analysis 271 

Gardens are summarized at the parcel level where parcel data are available. In Dortmund 272 

and London, alternative polygons similar to parcels are used. In all cases, we assumed that 273 

individual gardens must be larger than 10 m2 to be considered, while collective gardens and 274 

urban farms must be larger than 100 m2. Although there are exceptions to these thresholds in real 275 

UA, these rules of thumb help to avoid overestimation in what is otherwise a top-down UA 276 

exploration (c.f., Goldstein et al., 2017 for more discussion). Using zonal statistics, we 277 
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summarize the total area per polygon and use the field calculator to generate a new attribute 278 

which filters out areas less than the prescribed threshold.  279 

Using this filtered layer, the total space available for UA is summarized in R, according 280 

to the R Markdown file available in Appendix A. Garden physical distance to residential units 281 

was calculated in QGIS using proximity analysis tools. Final summarization of proximity was 282 

conducted in R. Metabolism analysis of material flows was also conducted according to the R 283 

Markdown file available in Appendix A. Matrix algebra was used to calculate the scale of 284 

metabolism impacts on the city, including comparisons to existing material flows.  285 

2.5. Limitations 286 

Several features of the methodology limit the generalizability of applications of the 287 

findings. First, the case study cities selected for this work were in temperate, northern climates, 288 

building on the availability of primary metabolism data from those and similar cities. Further 289 

work should expand this analysis to cities in semi-arid and arid areas (e.g., Uludere Aragon et al., 290 

2019) as well as warmer and Mediterranean climates (Pueyo-Ros et al., 2024; Pulighe & Lupia, 291 

2016). The typology of urban farms and gardens proposed in this work is also not relevant to all 292 

settings (c.f., discussion of the conceptualization of UA in Osaka, Japan - Hara et al., 2018), and 293 

the consistency of forms across the case study cities was one of the most important 294 

commonalities that made the FEW-meter project possible. On the other hand, the sample of 295 

different types of UA was not consistent across cities, and inter-city variation within the 296 

typology is beyond the scope of our data. Future work could explore a broader sample of these 297 

forms of UA in particular climates, which should enable more detailed analysis of future impacts 298 

of scaling up for particular locations. Finally, this work does not explore willingness to transform 299 

large swaths of land in cities to food production – instead, we treat this as a maximum possible 300 
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expansion exercise, which assumes both willingness and financial support for UA development 301 

(c.f., Fox-Kämper et al., 2023 for discussion of UA in the policy landscape). 302 

3. Results 303 

Our results reveal that urban agriculture (UA) has significant but variable potential for 304 

scaling across Global North cities. Individual gardens represent the largest share of available 305 

space in most cities, particularly in London (78%), though this varies based on urban form and 306 

land use patterns. Ground slope is rarely a limiting factor, but sunlight availability and tree cover 307 

can meaningfully constrain suitable growing space. 308 

Industrial contamination poses a greater challenge in smaller, post-industrial cities like 309 

Dortmund and Gorzow than in larger metropolises. Rooftop agriculture remains a modest share 310 

of potential space in most cities, with NYC being a partial exception due to its abundance of flat 311 

roofs. 312 

In terms of food production potential, smaller cities like Dortmund and Gorzow could 313 

theoretically supply nearly all their vegetable needs, while London, Paris, and NYC could meet 314 

between one-sixth and two-thirds of demand under highly productive scenarios. Energy demands 315 

from UA would remain negligible, but water requirements could be substantial in smaller cities. 316 

Labor availability emerges as a critical constraint. At average work rates, several cities 317 

lack sufficient volunteers to manage all available space. Nevertheless, aggressive scaling could 318 

bring 95–99% of residents within a 15-minute walk of a UA site, broadening access to its social 319 

and health benefits. 320 

 321 
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3.1. Opportunities for and limits to scaling up 322 

While cities’ unique physical and cultural environments have often been cited as limiting 323 

factors in developing generalizable principles for expanding urban food-growing, our results 324 

indicate that some features of UA scaling up are consistent across our case cities. For example, 325 

individual gardens hold the most promise for large-scale expansion of UA across all Global 326 

North cities we studied (Table 1).  327 

Table 1 – Summary of available space for UA across case study cities in base scenario 328 

The city with the lowest proportion of individual gardens is Gorzow, a relatively small, 329 

open city with large swaths of unbuilt land held in common or on industrial sites within city 330 

limits. On the other end of the spectrum, almost 80% of London’s available space is attributed to 331 

individual gardens. While this is consistent with the character of London’s largely residential 332 

outer boroughs, the degree of difference between London and the other large cities is likely 333 

exaggerated by limitations in land use data, which did not differentiate between multi-family and 334 

single-family housing in the UK’s capital.  335 

Sensitivity analysis reveals that ground slope is unlikely to be a key limiting factor in the 336 

scaling up of UA across most cities. Acceptable area for UA on the ground expands by between 337 

8 and 18% when slope is ignored (Appendix Table 6), indicating that, after many centuries of 338 

 
City 

Total 
area of 
city 
(km2) 

City 
area 
suitable 
for UA 
(km2) 

Ground 
area 
suitable 
(km2) 

Roof 
area 
suitable 
(km2) 

Percent of 
city 
suitable for 
UA 

Percent of total UA area… 

On roofs 
Individual 
gardens 

Collective 
gardens 

Urban 
farms 

London 1575 389 376 13.4 24% 3% 78% 9% 12% 

NYC 789 121 106 14.7 15% 12% 66% 24% 8% 

Paris 815 159 149 10.1 19% 6% 60% 30% 9% 

Dortmund 280 55 51 3.9 19% 7% 58% 9% 31% 

Gorzow 85 10 9 0.97 12% 9% 42% 24% 32% 
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building, most urban spaces that might be considered for farms or gardens are relatively level. 339 

This is, of course, likely to vary more in particularly hilly cities or those built in sharp river 340 

valleys (e.g., Pittsburgh, USA). Ignoring sunlight availability produces more dramatic results, 341 

with a ground-based UA expansion of between 15 and 29% (Appendix Table 7). This indicates 342 

that certain low-light crops (e.g., mint, baby lettuce, certain carrots) have a much wider range in 343 

our case study cities. This indicates that artificial lighting (while energy intensive – c.f., 344 

Goldstein et al., 2017) could also expand outdoor UA area substantially, even ignoring the 345 

potential for controlled-environment agriculture indoors, which we do not explore here.  346 

We also find that obstruction from trees could restrict suitable UA spaces in some cities 347 

by almost 35% even with only existing trees (Appendix Table 8). This highlights the importance 348 

of coordination of urban greening strategies across city divisions, where urban trees may be 349 

planned by parks or transportation departments, while urban farming and gardening is 350 

increasingly handed over to offices of UA and food policy councils. In our base scenario, we 351 

assume that trees do not obstruct gardens, since existing evidence from NYC has indicated that 352 

many community gardens coexist with substantial tree cover (Limerick et al., 2023). However, 353 

denser tree cover or alternative species composition could shift this pattern.  354 

3.1.1. Cities vary in the importance of industrial and rooftop sites 355 

Although this work assumes that many gardens will use raised beds to avoid potentially 356 

contaminated soil, there are some parts of cities that are simply unsuitable for growing food or 357 

even public use in general (e.g., brownfields, some industrial sites). If we assume that some 358 

proportion of the identified industrial sites would fall into this category, we can begin to explore 359 

what level of barrier contaminated sites might pose for UA scaling in different cities (Table 2). 360 

Industrial contamination proves to be a central concern in Dortmund and Gorzow, both small to 361 
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medium sized cities with strong industrial legacies. Of course, the relatively low percent of 362 

potential UA space currently listed as industrial in NYC, Paris, and London is not evidence that 363 

soils are essentially safe in other parts of cities. For any large-scale UA expansion, broadly 364 

available soil testing will still be very important because of non-point sources of contamination, 365 

including internal combustion engines and runoff.  366 

Table 2 – Evaluating the importance of industrial sites for scaling up UA* 367 

City Total area of potential 
UA on industrial sites 
(km2) 

% total UA area 
on industrial 
sites 

% ground UA 
area on industrial 
sites 

% roof UA area on 
industrial sites 

London 13.5 3% 3% 4% 
NYC 6.2 4% 2% 21% 
Paris 11.5 6% 5% 22% 
Dortmund 17.6 31% 28% 70% 
Gorzow 2.8 25% 24% 39% 

*Default scenarios assume that industrial space can be used through raised beds or remediation. This sensitivity 368 
analysis is intended to explore the impacts of policies or plans that exclude industrial spaces due to higher risk of 369 
contamination. These policies are intended to protect public health, an important part of UA framing. Therefore, it is 370 
important to note that this sensitivity analysis does not question the importance of such policies but rather makes 371 
explicit the tradeoffs implicit in them regarding space availability.  372 
 373 

The loss of industrial sites had a larger impact on rooftop agriculture than ground-based 374 

UA, likely due to the modern growth of warehouse-style industrial facilities with large, flat 375 

roofs. Of course, we do not have to worry about contamination of existing soil on rooftops. 376 

Instead, this hypothetical connects us to another important question of suitability - the structural 377 

integrity of buildings for rooftop UA. Many modern industrial buildings (e.g., large, skeletal 378 

warehouses) are not built to support meaningful weight on the roof, although in northern 379 

climates, preparation for snow load might render more of these buildings usable (e.g., NYC). In 380 

most of our case study cities, rooftop agriculture comprises less than 10% of available space - 381 

though in NYC, the prevalence of flat roofs in private residences and commercial buildings 382 

pushes it to 12% of available space. Some percentage of this space will be structurally unsuitable 383 
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for rooftop agriculture, though this is impossible to determine with remote sensing alone 384 

(Goldstein et al., 2017). Appendix Table 9 explores the space availability and metabolism 385 

implications of rooftop structural suitability.  386 

3.1.2. The role of parks and parking lots in UA scaling up 387 

Base scenarios in this assessment focused on space without a clear alternative use. Other 388 

literature has proposed reserving some portion of public green space for food-growing (Clark & 389 

Nicholas, 2013) or reclaiming urban outdoor parking lots as city transport patterns shift away 390 

from owner-operated cars (Cervero & Sullivan, 2011; Limerick et al., 2023). Our modeling 391 

reveals that the role of parks and parking in future scaling up is particularly variable across cities 392 

(Figure 1). For example, NYC could increase potential UA space by 50% through conversion of 393 

parks (~3/4 of gained space) and parking (~1/4), but Gorzow is unlikely to expand its total area 394 

available by more than about 13%. Similar analyses for Dortmund were prevented by a lack of 395 

suitable publicly available parcel maps.  396 

Ecosystem functions and social services vary considerably by type of urban green space 397 

(Czembrowski & Kronenberg, 2016; Graça et al., 2018; Grafius et al., 2018), and parking lots 398 

are necessary for accessible mobility, so even in this aggressive exploration of UA expansion, we 399 

do not explore the metabolism impacts of complete park and parking transformation to urban 400 

farms and gardens. Instead, we consider the impacts of shifting about half of the identified park 401 

and parking space to UA. This has the most significant effect in NYC, where widespread parks 402 

and parking areas could add as much as 8,700 hectares as compared to the base scenarios alone. 403 

Results are less substantial in London and Paris, where the parks and parking lots identified 404 

could add about 30% of the previous total.  405 
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 406 

Figure 2 –Space available if parks and parking lots are used as UA sites, as compared to base case 407 

3.2. Metabolism impacts of scaled-up UA 408 

 Although the metabolism results vary by city more than space availability, some 409 

generalizable conclusions still emerge. For example, while water and food supply impacts may 410 

be substantial if cities invest heavily in scaling up urban food production, total UA energy 411 

demand and GDP contribution are likely to remain meagre when investment is focused on low-412 

tech food production of the kind studied here (Table 3). A large-scale investment in UA also 413 

opens unique opportunities across cities for large-scale food waste recycling - even in NYC, 414 

more than two times the current vegetable waste of urbanites could be recycled back into feasible 415 

UA sites. UA can also absorb all rainfall on-site in each city studied, reducing water demand by 416 

between 5 and 20%.  417 

Table 3 - Metabolism implications of large-scale expansion of UA 418 

City 

Total area 
of city 
(km2) 

City area 
suitable 
for UA 
(km2) 

Percent of 
vegetable 
supply 
from UA 

Percent of 
vegetable 
supply from 
UA (highly  
productive) 

Percent of 
potable 
water 
supply 
needed for 
UA 

Percent of 
electricity 
use 
needed 
for UA 

Percent of 
vegetable 
waste 
which 
could be 
absorbed 
as compost 

Percent of 
GDP 
produced at 
UA sites 

0%

20%

40%

60%

80%

100%

120%

140%

160%

180%

Gorzow London NYC Paris

Base	Total Growing	Food	in	Parks Converting	Parking	Lots Both



21 
 

London 1575 389 59% 204% 2.8% 0.3% 507% 0.1% 

NYC 789 121 16% 52% 0.4% 0.02% 224% 0.03% 

Paris 815 159 23% 69% 2.6% 0.1% 292% 0.1% 

Dortmund 280 55 90% 311% 13.5% 0.3% 572% 0.6% 

Gorzow 85 10 95% 304% 14.2% 0.4% 932% 1.8% 
 419 

Food production on UA sites varies by practice, by crop choice, and by gardener 420 

expertise (Dorr et al., 2023). Assuming yields typical of the sites we studied, Dortmund and 421 

Gorzow could supply nearly all their own non-tropical vegetables (e.g., carrots, lettuce, etc.). If 422 

all UA sites in the case study cities were highly productive (as measured by the most productive 423 

sites of each type), it would be possible for Dortmund, Gorzow, and London to produce more 424 

vegetables than currently consumed by citizens, while NYC and Paris could produce between 425 

one-half and two-thirds of their current vegetable demand. Because of seasonal variation in 426 

yield, production on this scale would require historically unnecessary approaches to harvest 427 

scheduling, storage, and marketing of urban crops. This would also require more elaborate and 428 

accessible methods of provisioning urban food, including potential integration into conventional 429 

food marketing systems, institutional acquisition, and expanded sharing programs (Bloom & 430 

Hinrichs, 2011; Mittal et al., 2018; Schreiber et al., 2023)  431 

Perhaps the most dramatic metabolism impact documented is the opportunity to recycle 432 

more than 100% of the vegetable waste generated in each city with urban food growing. Not 433 

only does this reduce nutrient loss to landfills, but this transition to organic nutrient feedstocks 434 

could also result in a net reduction of synthetic nutrient input of thousands of tons across the five 435 

cities (Appendix Table 9). The dependence of UA on organic sources of nutrients may help cities 436 

do their part in addressing a pressing planetary boundary, synthetic nutrient mineral depletion 437 

and environmental pollution (Steffen et al., 2015). Of course, this potential must be balanced 438 
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with careful best practice adoption; compost application rates and leaching potential vary widely 439 

across soils and soil histories (Metson et al., 2025).  440 

3.3. Participation in scaled-up UA 441 

These impacts on the city rely not only on land availability and material inputs for 442 

expanded UA sites, but also extensive volunteer and employee hours dedicated to food growing. 443 

Existing estimates of time spent per square meter of garden or farm per growing season vary 444 

dramatically - from 0.16 hours per square meter for a fast-working gardener in Guelph, Canada 445 

(CoDyre et al., 2015) all the way up to 22 hours per square meter at the least efficient site studied 446 

in Sydney, Australia (Mcdougall et al., 2020). Efficiency varies by person and site – depending 447 

on payment structure and experience, among other things (Dorr et al., 2023; McDougall et al., 448 

2019). So if, on average, the number of hours spent per m2 of garden falls in between these 449 

extremes, to what degree would labor willingness and availability limit this massive expansion of 450 

UA?  451 

To test this, we assume that volunteer labor (4 hours per volunteer) is required for scaling 452 

up individual and community gardens, while full-time paid labor can support urban farms. This 453 

is a simplifying assumption, since many community gardens have one or two paid staff, and 454 

allotment complexes often have paid managers, while urban farms may have volunteer days or a 455 

collection of regular volunteers. Our results indicate that if farmers and gardeners are extremely 456 

efficient (~0.16 hours per square meter), managing all scaled up UA space would require 457 

between 2% (NYC) and 17% (Gorzow) of the population of our case study cities. If farmers and 458 

gardeners took 22 hours per square meter of new UA space, none of our cities would have 459 

enough participants to manage the farms and gardens. Averages reported across multi-site case 460 

studies often fall between 3 and 6 hours per m2 of farm or garden. In this case, it is unlikely that 461 
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Dortmund, Gorzow, or London could fully take advantage of their available space, since they 462 

simply would not have enough volunteers or potential employees. Paris and NYC, meanwhile, 463 

may have enough people to care for the proposed UA spaces at those work-rates, but 464 

participation rates would have to grow precipitously, approaching 50, 75 or even 100%.  465 

Estimation of willingness to participate in urban agriculture needs more research, as well 466 

as the feasibility of substantial portions of the population participating in gardening or farming. 467 

However, one predictor of willingness to participate is often ease of access, and under the 468 

aggressive scaling scenarios explored here, 99% of residential properties lie within a 15-minute 469 

walk of a garden or farm in Gorzow, NYC, and Paris (Appendix Table 10). In London, about 470 

95% of residences are within walking distance of a new UA site. Limitations in the high-471 

resolution land use data in Dortmund prevented its inclusion in this analysis. As evidence 472 

continues to mount for the social and health benefits of UA (Ilieva et al., 2022), expanding 473 

access within walking distance of home is an important indicator of expanding access to the 474 

health and wellness services offered by UA (Limerick et al., 2023). Our results indicate that 475 

near-universal access is possible, even without the level of expansion we model, with strategic 476 

siting on land we document as available (c.f. ibid for further discussion of planning for walking 477 

access to gardens).  478 

Of course, the benefits associated with full-time employment at a garden are different 479 

than those associated with volunteer gardening (Kirby et al., 2021). If we separate out employees 480 

at urban farms from volunteers, we again see differentiation between small/medium and large 481 

cities (Appendix Table 11) as reported in analysis of industrial sites. In Gorzow and Dortmund, 482 

about half as many employees are required as gardeners (for at least the growing season), and 483 

even with a conservative estimate of 0.16 hrs spent per m2, about 5% of the population work full 484 
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time on urban farms – a clearly impractical number, even if the seasonal nature of the work may 485 

make this marginally more plausible. On the other hand, if we assume that employed farmers in 486 

our larger case study cities are highly efficient, the full extent of possible urban farms would 487 

employ less than one-tenth of 1% of the population of London, Paris, and NYC. If we assume 488 

less efficient employees, employment estimates far exceed the available workforce in Gorzow, 489 

Dortmund, and London. Yet, in NYC the number of jobs created if we assume relatively 490 

inefficient labor (~210,000) nearly matches the current (December 2025) number of jobseekers 491 

in the city (New York State Dept of Labor, 2024). This is, of course, a theoretical maximum that 492 

would both require high willingness to participate and extensive job training support. This in no 493 

way suggests that a large portion of unemployed New Yorkers could (should) become farmers – 494 

given this, and the limits on volunteer availability, we argue that labor may ultimately be the 495 

most important limitation to scaling up UA.   496 

4.  Discussion 497 

Our results indicate that scaled up UA could have profound impacts on the material and 498 

social metabolism of cities in the Global North . While it remains unlikely that UA would feed 499 

the city, particularly in an era of unprecedented year-round dietary diversity, exploring the 500 

bounds of UA impacts offers insights into dynamics of scaling that can inform policy design. UA 501 

remains widely popular, and adoption rates are high in areas where additional space is being 502 

made available, while waitlists are long in places where space is restricted (Edmondson, 2024). 503 

Work continues to document the expansive benefits of UA for participants, including healthier 504 

diets (Gulyas & Edmondson, 2024), emotional and physical health benefits (Ilieva et al., 2022), 505 

and local sustainability enhancements (Pueyo-Ros et al., 2024). In this work, we have 506 
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complemented those case studies by identifying overarching trends for scaling up UA across 507 

Global North cities, including three key trends which we explore further here.  508 

4.1. Home gardens - an underexplored UA opportunity 509 

Our analysis confirms the work of others who have indicated that the long-term food 510 

production potential of many Global North cities is intimately linked to the propagation of 511 

gardens on private, single-family residential property (Gulyas & Edmondson, 2024; Mcdougall 512 

et al., 2020). Despite this, little work has been done on policy mechanisms for scaling up home 513 

gardening (Edmondson et al., 2020). Among the most promising findings from the limited 514 

research that has been done in the US, Hunter and Brown found that spatial contagion plays an 515 

important role in determining the spread of home gardens (2012). This indicates that, at least for 516 

frontyard gardens, cities may be able to target early adopter groups and trigger domino-like 517 

spread of gardens in neighborhoods.  518 

Other work has shown, though, that backyards tend to be less similar than frontyards 519 

(Larsen & Harlan, 2006), meaning that adoption of backyard gardens is likely to require 520 

additional incentivization or attitude change. In the Global North, widespread home garden 521 

adoption has tended to follow in the wake of crises, from the famous Victory Gardens of WWII 522 

to more recent pandemic gardens during the peak of the COVID-19 pandemic (Lal, 2020; 523 

Schoen et al., 2021). Although not as prevalent, similar tendencies for home gardening to follow 524 

involvement in local food movements or pro-environmental organizations may indicate that 525 

perceived food or climate system crises motivate some current home gardeners (Schupp & 526 

Sharp, 2012). And perhaps most well-known, gardening in both the Global North and South has 527 

long been associated with responses to economic hardship (Schupp & Sharp, 2012; Taylor & 528 

Lovell, 2014).  529 
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In general, gardens on residential property may partially address one of the most vexing 530 

challenges to UA management: land tenure (Newell et al., 2022). Assuming, of course, that 531 

housing is relatively stable (acknowledging challenges of gentrification and densification, among 532 

others – c.f., Hawes et al., 2022), development pressures and city plans are less likely to disrupt 533 

private gardens than those on vacant land. The challenge for policymakers, then, is to identify 534 

strategies for incentivizing or promoting urban home gardens that do not rely only on perceived 535 

crises, instead encouraging more lasting gardening practices that could make long-term 536 

interventions in urban food systems.  537 

For example, France’s zero net artificialization efforts is testing the balance of increasing 538 

density while retaining important green infrastructure (Delaville & Nolorgues, 2020). Into this 539 

context, UA can offer highly productive, active green spaces that can enhance services for a 540 

denser population within a similar green footprint (Li et al., 2024). Recent work has shown that 541 

current gardeners profess a variety of motivations for their work, including environmental 542 

sustainability, mental and physical health, and time spent outdoors, among others (Kirby et al., 543 

2021). Programs that engage with a wider array of these motivations can tap into the substantial 544 

potential of gardens on individual residential properties (Fox-Kämper et al., 2023). Alternatively, 545 

small-scale exploration of shared management of gardens at private residences has demonstrated 546 

the feasibility of professionally managed garden space at homes (Newman, 2008). Less is 547 

known, though, about the impact of hired garden spaces on homeowners’ behaviors, including 548 

their relationships to local food systems, their investment in garden continuation, or their 549 

participation in FEW system circularity efforts, all of which are crucial to sustainability in 550 

gardening (Hawes et al., 2024).  551 
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Despite this potential, the prominence of home gardens in our modeling does not change 552 

the importance of securing long-term land tenure for community gardens, allotment gardens, and 553 

other social gardening spaces. Private gardens cannot replace many of the community-building 554 

opportunities and other unique benefits offered by these spaces (Kirby et al., 2021). Furthermore, 555 

home-ownership in most of the Global North is racially and socio-economically stratified. This 556 

means that policies focusing exclusively on home owners or even renters in single-family homes 557 

are likely to exclude populations who most benefit from gardening through cultural food 558 

provision or food security enhancement.   559 

4.2. Recruiting and training of new gardeners essential for planning 560 

The individual and community impacts of UA are most marked when community 561 

members develop, maintain, and steward the farms and gardens (Hawes et al., 2022; Reynolds & 562 

Cohen, 2016). This means that planning, design, and implementation will likely continue to be 563 

decentralized, with the role of municipalities to facilitate UA expansion via incentive programs, 564 

land tenure rules, and educational efforts (Fox-Kämper et al., 2023; Lovell, 2010). Building on 565 

past work, which highlighted the massive labor requirements of scaled-up UA (Mcdougall et al., 566 

2020), we find that one of the biggest hurdles for extensive expansion of UA is likely to be 567 

recruiting farmers and gardeners, both paid and volunteer. In other words, our results suggest 568 

that it is perhaps not space, but labor, that will limit adoption of UA at scale in cities. 569 

Recruitments efforts will have to be varied (Kirby et al., 2021) and targeted (Tiraieyari et al., 570 

2019) with diverse engagements of motivations and participant identities.  571 

The most successful recruitment will also likely include some level of education related 572 

to environmental stewardship, food system planning, and local food, building on the strong 573 

emotional attachment felt by current gardeners to their gardens and local food movements more 574 
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broadly (Petrovic et al., 2019). These training efforts recruiting may prove central to the overall 575 

performance of UA in cities. For example, recent work on the carbon footprint of UA has shown 576 

that farm and garden design must account for climate impact up-front and throughout the life 577 

cycle of the sites (Hawes et al., 2024). While this requires city-level efforts to make long-lasting 578 

sites and reused materials available to new farmers and gardeners, it also will rely on educational 579 

efforts highlighting the importance of these best practices and behavior changes.  580 

Gardeners are also, on average, less carnivorous than non-gardeners and more likely to 581 

seek out organic, local produce (Gulyas & Edmondson, 2024) - but it is unclear whether food 582 

system-minded folks seek out gardens, or if gardens create food system-minded citizens. In any 583 

case, a shift towards vegetable-heavy diets is not only critical for healthier city-dwellers 584 

(Edmondson, 2024), it is critical for climate-friendly food systems (Poore & Nemecek, 2018). 585 

The relatively limited evidence is mixed, with UA sometimes showing strong educational effects 586 

(Mitchell et al., 2019) and other times a mixed effect (Petrovic et al., 2019). Further exploration 587 

of the impacts of gardens and gardener training on behavior could prove vital for understanding 588 

the systemic effects of UA scaling cities and ecosystems, especially around climate change. 589 

Likewise, the level of self-sufficiency achieved in the three large cities we studied 590 

depends largely on farmers’ and gardeners’ abilities to outperform yields achieved at many 591 

current UA sites. Recent work by Dorr et al. (2023) found that the most consistent predictor of 592 

enhanced yields was either the grower’s experience or formal training. With this in mind, we 593 

argue that cities can take advantage of the required recruiting efforts to train new growers, which 594 

can both reduce the carbon footprint of new UA sites and enhance their productivity.  595 

4.3. Expanded UA could foster food and water circularity in cities 596 
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Finally, we provide quantitative evidence for the potential role of scaled-up UA in 597 

creating more circular cities. Circularity has often been cited as one of the most important 598 

possible benefits from a turn to UA (Goldstein et al., 2016), but existing evidence suggests that 599 

uptake of circularity remains mixed (Dorr et al., 2023). For example, composting is popular in 600 

nearly every study done on current gardeners (Dorr et al., 2023; Gulyas & Edmondson, 2024), 601 

but rainwater harvesting and use remains uncommon. Our modeling efforts highlight circularity 602 

as one of the most consistent opportunities for sustainability and resilience enhancements 603 

because of scaling up, and other recent work highlights the role of garden access in promoting 604 

circular economy behaviors (Di Fiore et al., 2024).  605 

In an ideal world, expanded UA use of compost could absorb far more food waste than 606 

the current vegetable scrap production in our case study cities. This upscaling faces numerous 607 

challenges, including adequate supply of green waste to accompany food waste, best practice for 608 

compost production and distribution, and judicious application to reduce runoff (Keng et al., 609 

2020; Martínez-Blanco et al., 2010; Metson & Bennett, 2015; Vandecasteele et al., 2016). UA 610 

can also absorb all rainfall on-site in each city studied, reducing water demand by between 5 and 611 

20%. Where possible, rainwater capture on neighboring sites could provide additional water and 612 

reduce overall water demand even further. This is particularly relevant to home gardens, where 613 

organic and liquid waste could be re-used right on site. From a policy perspective, this implies 614 

that resource-efficient UA must be planned for, and policies which encourage material reuse, 615 

composting, and rainwater harvesting (e.g., REUT in France - Mendret, 2022) should accompany 616 

land use and grant programs designed to expand UA (Fox-Kämper et al., 2023; Wissmann et al., 617 

2022).  618 
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5. Conclusions 619 

Urban agriculture is a promising intervention in urban food systems and ecosystems, 620 

offering a combination of material, social, and environmental benefits that continue to capture 621 

the interest of planners and policymakers globally. Despite this, little work has previously 622 

analyzed how scaling up UA might impact a variety of cities. This work addresses this and other 623 

shortcomings of the existing UA scaling literature, employing a combination of case studies to 624 

assess the metabolism impacts of UA in five cities in the US and Europe. This generalizable 625 

approach is not without limitations. Future work should emphasize how these trends interact with 626 

more complete characterizations of urban morphology and policy landscapes. For example, this 627 

work assumes broad land use reform that allows UA across many areas of the city, while this 628 

may prove unacceptable in some cultures or contexts. It also explores challenging or unrealistic 629 

scenarios in the interest of understanding a theoretical maximum for UA, including scenarios 630 

which require more than 100% of a city to volunteer for food growing or scenarios which might 631 

involve many private property owners renovating much of their lawn. 632 

Nonetheless, this theoretical framing provides useful insights into the opportunities and 633 

limitations of UA in future cities. We find that UA could have a substantial impact on food 634 

supplies across contexts, although the impacts may be limited by the labor requirements of UA 635 

and the existing morphology of some particularly dense cities (e.g., NYC). By bridging the gap 636 

between narrow case studies and generalizable principles, this work lays the foundation for a 637 

broader understanding of the generalizable policy and planning characteristics of UA scaling up. 638 

For example, individual gardens are likely to play an important role in UA growth across 639 

contexts, challenging traditional narratives which foreground communal or commercial food 640 

production as the most important subject of policy and planning. We also find that traditional 641 
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concerns like slope and sunlight availability differ in their importance. In older cities, slope has 642 

been leveled over the course of centuries and is unlikely to be an important limiting factor, while 643 

light availability may play a more important role in UA suitability (or at least in restricting crop 644 

choice). This work also reinvigorates labor availability as a critical field of study for UA 645 

scholars. This should consider both volunteer interest and availability of funds to pay employees 646 

in a future where local food becomes cheaper as UA scales up.  647 

By building on the generalizable principles for scaling identified here, future work can 648 

extend both a generalizable theory of UA scaling and a more nuanced understanding of key land 649 

use, built environment, political, and cultural dynamics in particular cities. By demonstrating 650 

how different data environments can be synchronized to produce a cross-city investigation, this 651 

work also establishes a proof of concept for more global assessment of UA potential for 652 

integration into the food system. As humanity strives to reign in resource use and waste 653 

generation, the principles of scaling practice described here can guide advocates, planners, and 654 

policymakers as they seek to unlock UA’s potential and limit its unintended consequences. 655 
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7. Appendix: Scaling up methods and supplemental tables 908 

Appendix contents (each section starts on a new page):  909 

● Appendix summary 910 

● Overview of methods 911 

● Guide to online supplemental materials 912 

● Supplemental tables 913 
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 915 
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Appendix summary 917 

This appendix summarizes the methods used in this manuscript. Most of the 918 

documentation provided here is offered as short descriptions of the files available for permanent 919 

download in DeepBlue Data (a permanent online repository through the University of Michigan). 920 

The version available online during Peer Review also contains methods for a second chapter of 921 

the corresponding dissertation, but they are organized such that reviewers can just ignore 922 

anything labelled “Chapter 2.” After peer review, the supplemental material for only this 923 

manuscript will be made available in a new repository, but since repositories cannot be edited 924 

after depositing, we are taking advantage of the version made public with a previous dissertation. 925 

These methods documents offer a much more detailed, often step-by-step, look at how the 926 

scaling up process worked in this manuscript, and they are not replicated in this print copy out of 927 

concern for space. If you are reading a print version of this document, you can find the full 928 

repository of all relevant methods documents by following this QR code:  929 

 930 

  931 

https://doi.org/10.7302/dzf2-ka93
https://doi.org/10.7302/dzf2-ka93
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Overview of methods 932 

The basic workflow for the scaling task is: 933 

1. Collect data from each city. The data sources (and an assortment of backup data sources) 934 

are described in the “Master Database” spreadsheet.  935 

2. Derive simplified land use, land cover, slope and sunlight availability raster layers (also 936 

called midpoint layers in this dissertation) at 1m resolution. This is detailed 937 

independently for each city in the “Midpoint derivation” folder.  938 

a. Although it is linked in each of the Midpoint derivation document, since the Land 939 

Use Equivalencies spreadsheet is mentioned in text, I want to highlight that it is 940 

also available in the Appendix online SI. The spreadsheet shares the land use 941 

derivation scheme for each city.  942 

3. Create a map of potential gardens, then analyze scenarios – “Potential garden derivation 943 

and post-hoc analysis”:  944 

a. Combine midpoint layers to generate suitability rasters for each scenario.  945 

b. Aggregate gardens into parcels or parcel-like polygons.  946 

c. Post-hoc analysis of scenarios, both based on these polygons:  947 

i. Metabolism analysis: Based on matrix algebra in R (Markdown html 948 

available in DeepBlue) 949 

ii. Proximity analysis: Conducted mostly in QGIS, summary in R 950 

 951 

 952 

  953 



46 
 

Guide to online supplementary materials 954 

Below, the file directory and file summaries are complemented by a systematic overview 955 

of the scaling methodology employed. This is organized in accordance with the supplementary 956 

file directory to make the relationships between files and methods more apparent.   957 

⇒ Appendix A SI: 958 

Top-level folder, including folders for Chapters 2 and 5 (ignore Chapter 2), as well as the 959 

master secondary data source list.  960 

⇒ Master Database 961 

The first step in spatial analysis was the collection of many secondary data layers, 962 

some combination of which could be synthesized into land use, land cover, slope, and 963 

sunlight availability for each city.  964 

⇒ Chapter 5 – Cross-city analysis methods 965 

This folder provides an in-depth guide to the methods used in scaling up across cities. 966 

Part of the innovation of this chapter is the cross-sectional case study, applying a 967 

standardized concept for scaling to multiple cities. To do this, the methods had to be 968 

standardized across diverse data environments. The overall methods described above 969 

were customized for each city, and the guide to this process is included in this folder.  970 

⇒ Midpoint derivation 971 

The first step in conducting analysis across cities is to derive what I call the 972 

midpoint files – Land use, Land cover, Slope, and Sunlight availability. This 973 

includes careful identification of high resolution data sources in each city, as 974 

well as the derivation itself. In this folder, these are coupled in walkthroughs 975 

of the procedure in QGIS for each city.  976 
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⇒ Garden derivation and post-hoc analysis – Word document 977 

From these midpoint rasters, we proceed to derive suitability maps in each 978 

city, aggregate these to parcels or parcel-like areas, and conduct post-hoc 979 

analysis for the outcomes of each suitability scenario. This document walks 980 

through that process, highlighting data sources when relevant but otherwise 981 

focusing on providing documentation for replication in QGIS. The document 982 

begins by outlining the exact derivation of the suitability scenarios (the same 983 

across cities), before describing the specific processes and data sources for 984 

aggregating these results to parcel or parcel-like polygons. Once the farm and 985 

garden areas are available in a polygon layer, two stages of post-hoc analysis 986 

yield the results tables shown in the manuscript. First, proximity analysis 987 

reveals what percentage of residential households in each city are within 988 

walking distance of feasible farm or garden sites (sorted by UA type). Second, 989 

linear algebra allows us to convert the site-level metabolism to city-level 990 

impacts, simply by multiplying the metabolism impacts by the total areas 991 

converted in each scenario.  992 

⇒ Land Use Equivalencies – Excel spreadsheet 993 

As discussed in-text and above, the midpoint derivation relies on the 994 

systematization of diverse land use codes across countries. This Excel 995 

spreadsheet serves as a codebook for the equivalencies adopted by this 996 

project.  997 

⇒ Scenario-Polygons-Data-Cleaning-and-Analysis.html – R-markdown 998 
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This R-markdown document provides a guide to the code used to conduct 999 

post-hoc analysis of the scenarios. As with most Markdown products, it 1000 

includes displays of the code alongside plain-language discussion of the goals 1001 

of each code block. It takes two sets of inputs – first, the raw parcel-type 1002 

polygon data that includes area of UA sites, and second the polygon data that 1003 

includes the results of the proximity/access analysis. In both cases, it walks 1004 

through the analysis process from import to the production of tables used.  1005 

  1006 



49 
 

Supplemental tables 1007 

Appendix Table 1 - Case study cities: characteristics and urban metabolism (2021-2023)* 1008 

City Dortmund Gorzow Wlkp London New York City Paris 
Country Germany (DE) Poland (PL) United 

Kingdom (UK) 
United States 
(US) 

France (FR) 

Population 593,317 118,011 8,799,800 8,622,467 6,962,961 
Population density 
(persons/km2) 

2,114 1,377 5,585 10,922 8,542 

Administrative area used 
in this study 

Dortmund, 
borders of the 
Kreis (district) 
and Gemeinden 
(municipality) 
coincident 

Powiat Gorzów 
Wielkopolski, 
powiat (county) 
and gmina (city) 
coincident - 
‘City-County’ 

Greater London 
(32 boroughs + 
City of London) 

NYC 
administrative 
boundary (five 
boroughs) 

Métropole du 
Grand Paris: All 
communes in 
Departments 75, 
92, 93, 94 + plus 
seven communes 
in outer suburbs 

Study area (km2) 280.68 85.72 1575.72 789.43 815.1 
Built density (% built 
area) 

9.6% 5.1% 15.8% 21.3% 19.7% 

GDP per capita (Intl $, 
PPP) 

$60,346 $28,097 $88,077 $95,334 $90,653 

Vegetable consumption 
per capita (g/day) 

193.22 178.69 117.43 128.60 155.43 

Finished water use per 
capita (L/day) 

145.2 147.1 187.9 454.2 120.0 

Electricity consumption 
per capita (kWh / day) 

16.272 10.956 11.280 48.344 12.996 

Food waste per capita 
(rate) 

0.236 0.236 0.177 0.196 0.236 

* While selected primarily as a means to assess a wide range of UA types (Fox-Kämper et al., 2023), this set of 1009 
cities also offers a variety of urban typologies, including small, medium, and large cities, dispersed and dense areas, 1010 
and old and new built environments. The cities also have unique histories of UA. In Dortmund and Gorzow, the 1011 
history of UA is dominated by allotment gardens (Fox-Kämper et al., 2023), while in NYC, London, and Paris, 1012 
associations like Social Farms & Gardens and city agencies like GreenThumb have helped shape a legacy of 1013 
community-focused collective gardens alongside a growing number of urban farms (Reynolds & Cohen, 2016). 1014 
However, none of the cities currently grow a significant portion of their own food, nor does UA constitute a major 1015 
land use. 1016 

Appendix Table 2 - Site-level metabolism of low-tech urban agriculture (reproduced from Chapter 1) 1017 

Urban agriculture type 
Urban farm 
(n = 7) 

Collective 
garden 
(n = 9) 

Individua
l garden 
(n = 55) 

Percent of UA site for food growing (Dorr et al., 2023) 37.4% 32.0% 31.1% 
Food production (kg / m2 - Dorr et al., 2023)* 1.03 0.562 0.501 
Irrigation water use (L / m2 - Dorr et al., 2023)* 179.18 75.67 17.50 
Energy use (kWh / m2 - Dorr et al., 2023)* 0.076 0.033 0.283 
Synthetic N use (g / serving food - Hawes et al., 2024) 0.18 0 0.05 
Synthetic P use (g / serving food - Hawes et al., 2024) 0.14 0 0.03 
Synthetic K use (g / serving food - Hawes et al., 2024) 0.23 0 0.04 
Compost use (kg compost / m2 - Dorr et al., 2023)* 0.824 3.672 0.347 
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Economic value ($ / m2 - Dorr et al., 2022)* 5.19 3.66 1.12 
*All measures per m2 are per m2 total farm or garden area. This assumes internal site design is similar to existing 1018 
sites, including the widespread use of raised beds, creation of recreational areas, and extensive walking paths.  1019 
Appendix Table 3 – Land Use Equivalencies 1020 

Name Numb
er 

Description UA Type 

General Residential 10 Residential which cannot be classified without further 
information 

Individual 

Residential - Single-
family 

11 Single-family homes Individual 

Residential - Multi family 12 Multi-family buildings Community 
Residential - Children or 
senior 

13 Children's or senior community housing Community 

Hotels and Temporary 
residences 

14 Hotels, campgrounds, or other temporary residence -- 

Mixed Residential and 
Commercial Buildings  

21 Mixed use area (e.g., Apartments over a business) Community 

Commercial  22 Commercial property Farm 
Industrial and 
Manufacturing  

23 Industrial or manufacturing property Farm 

Churches  24 Church property Community 
Mines or other extraction 25  -- 
Sports venues  26 Professional and amateur sports venues -- 
Misc. private structures 29 Uncategorized structures that don't seem to be in the 

public domain (39)  
-- 

Parks and Playground 31 Public parks or playgrounds -- 
Other public open space, 
used 

32 Cemeteries, botanical gardens, etc. -- 

Other public open space, 
unused 

33 Open woodlands, grasslands, etc.  Community 

Hospitals and medical 
centers  

34 All medical facilities Community 

Schools  35 Schools, trade schools, colleges Community 
Detention facilities  36 Jails, prisons, juvenile detention -- 
Scientific facilities or 
historic sites  

37 Laboratories, archaeological sites, historic homes, etc.  -- 

Museums, art galleries, 
cultural sites 

38  -- 

Other public facilities and 
institutions  

39 Public buildings which cannot be classified otherwise -- 

Parking  41 Parking Community 
Transportation and Utility  42 Non-through-way transportation facilities, electricity 

generation, water supply - all municipal and national 
utility infrastructure 

-- 

Waste disposal 43 Any type of waste disposal facility - landfill, slag heap, 
etc. 

-- 

Vacant land  70 Vacant or unused land - often previously developed, ok 
if there are buildings (contrary to other definitions of 
vacancy) 

Community 

Insufficient information - 
probably vacant 

71 Insufficient information to code as anything.  -- 
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Roads 80 Roads -- 
Walking and recreation 
paths  

81 Pedestrian paths -- 

Railway 82 Rail, tram, surface subway lines -- 
Waterways  83 Water -- 
Existing Agriculture 90 Existing agricultural spaces - farms or animal rearing -- 
Existing community food 
production 

91 Allotments, community gardens, community-driven peri-
urban agriculture 

-- 

Ignore 0 Don't use this category -- 
Polyline - ignore 0 Difficult to use polylines unless they come with a width 

parameter 
-- 

Points - ignore 0 Difficult to use points unless they come with shape 
parameters 

-- 

Land cover - ignore 0 Not helpful for characterizing land use -- 

 1021 
Appendix Table 4 – Land cover classification across cities 1022 

Name LC # Description 

Unusable 0 
Statues, awnings, and other structures without standard roof area for 
rooftop garden consideration 

Impervious ground cover 1 Concrete 
Low vegetation 2 Grass, dirt, and vegetation below 2m in height 
Buildings 3 All buildings 
High vegetation 4 Trees and other vegetation above 2m in height 
 1023 
Appendix Table 5 – Sensitivity scenarios 1024 

Scenario Description Slope Sunlight Land Use Land Cover 

Base Explores the 
maximum 
possible extent of 
UA under 
standard 
assumptions 

Ground less 
than 15% 
slope, 
rooftops less 
than 5% slope 

Greater than 4 
hours sunlight 
per day on 
average 

Individual gardens: 
Single-family (LU 
= 11) and 
unclassified 
residential (LU = 
10) 
 
Collective gardens: 
Multi-family (LU = 
12) and communal 
residential (13), 
Mixed-use (21), 
Churches (24), 
Medical facilities 
(34), Schools (35), 
and Vacant land 
(70) 
 
Urban farms: 
Commercial (LU = 
22) and industrial 

Ground gardens: 
Impervious (LC = 1), Low 
vegetation (LC = 2), 
Under trees (LC = 4) 
 
Roof gardens: LC class 3 

Ignore 
slope 

Test the degree to 
which slopes limit 
UA scaling 

No cutoff Greater than 4 
hours sunlight 
per day on 
average 

Ignore 
sunlight 

Test the degree to 
which sunlight 
availability limits 
UA scaling 

Ground less 
than 15% 
slope, 
rooftops less 
than 5% slope 

No cutoff 

Tree 
obstruct-
ion 

Test the degree to 
which denser 
urban canopy 
cover could limit 

Ground less 
than 15% 
slope, 
rooftops less 

Greater than 4 
hours sunlight 
per day on 
average 

Ground gardens: 
Impervious (LC = 1), Low 
vegetation (LC = 2) 
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UA scaling than 5% slope (23) sites Roof gardens: LC class 3 

 1025 
 1026 
Appendix Table 6 – Ignoring slope unlocks large swaths of new area, but mostly on rooftops. While this is likely to 1027 
signal relatively widespread applicability for rooftop solar, rooftop gardens cannot compensate for slope without risk 1028 
to participants. Instead, we focus on the more modest gains in ground area, which indicates that slope is not an 1029 
important limiting factor in ground-based UA.  1030 

City Total 
area of 
city 
(km2) 

Base Scenario Ignore slope scenario Percent change 
City area 
suitable for 
UA (km2) 

Ground area 
suitable for 
UA (km2) 

City area 
suitable for 
UA (km2) 

Ground area 
suitable for 
UA (km2) 

City area 
suitable for 
UA 

Ground area 
suitable for 
UA 

Dortmund 280.68 55.74 51.82 83.56 60.91 49.91% 17.53% 
Gorzow 85.72 10.61 9.64 15.35 11.09 44.60% 15.04% 
London 1575.72 389.43 376.02 632.68 408.78 62.46% 8.71% 
NYC 789.43 121.33 106.63 211.95 117.45 74.69% 10.14% 
Paris 815.10 159.60 149.46 326.12 170.44 104.34% 14.04% 

 1031 
Appendix Table 7 – Ignoring sunlight offers more meaningful insights into the limitations on ground-based UA than 1032 
slope. It is likely that sunlight availability will be a meaningful determinant of crop choice if not overall suitability 1033 
in somewhere between 15 and 29% of otherwise suitable space. These impacts are, unsurprisingly, much more 1034 
important in NYC, the site of one of the densest and most iconic skyscraper skylines in the world.  1035 

City Total 
area of 
city 
(km2) 

Base Scenario Ignore sunlight scenario Percent change 
City area 
suitable for 
UA (km2) 

Ground area 
suitable for 
UA (km2) 

City area 
suitable for 
UA (km2) 

Ground area 
suitable for 
UA (km2) 

City area 
suitable for 
UA 

Ground area 
suitable for 
UA 

Dortmund 280.68 55.74 51.82 75.81 59.75 36.00% 15.30% 
Gorzow 85.72 10.61 9.64 15.66 11.41 47.55% 18.36% 
London 1575.72 389.43 376.02 468.67 455.22 20.35% 21.06% 
NYC 789.43 121.33 106.63 155.45 137.78 28.11% 29.21% 
Paris 815.10 159.60 149.46 183.93 173.73 15.25% 16.24% 

 1036 
Appendix Table 8 – Assuming that trees obstruct UA allows us to model the potential impacts of diverse urban 1037 
greening strategies on one another. For example, if tree cover expands to address climate change and urban heat 1038 
island, it could be an important obstacle for UA even at relatively low levels of canopy cover. This highlights the 1039 
importance of coordinated greening strategies to address multiple ecosystem services.  1040 

City Total 
area of 
city 
(km2) 

Base Scenario Trees as obstacles scenario Percent change 
City area 
suitable for 
UA (km2) 

Ground area 
suitable for 
UA (km2) 

City area 
suitable for 
UA (km2) 

Ground area 
suitable for 
UA (km2) 

City area 
suitable for 
UA 

Ground area 
suitable for 
UA 

Dortmund 280.68 55.74 51.82 40.00 36.08 -28.23% -30.37% 
Gorzow 85.72 10.61 9.64 13.23 9.39 24.65% -2.63% 
London 1575.72 389.43 376.02 363.20 349.78 -6.74% -6.98% 
NYC 789.43 121.33 106.63 91.07 77.69 -24.95% -27.14% 
Paris 815.10 159.60 149.46 106.96 97.04 -32.98% -35.07% 

 1041 
 1042 
Appendix Table 9 – Impact of roof suitability on space available and food production in cities.  1043 
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City 

Total area 
on roofs 
(km2) 

Proportion of 
available garden 
area on roofs 

Total area if 
no rooftops 
are suitable 
(km2) 

Proportion 
of veg 
supply on 
rooftops - 
Avg 

Proportion 
of veg 
supply on 
rooftops – 
Max  

Min % of 
veg supply 
lost if 25% 
of rooftops 
are 
unsuitable 

Dortmund 3.921 7.03% 51.821 8.30% 28.68% 2.07% 
Gorzow 0.977 8.97% 9.907 9.99% 32.24% 2.50% 
London 13.416 3.34% 388.182 2.59% 8.67% 0.65% 
NYC 15.188 12.05% 110.819 2.66% 8.35% 0.67% 
Paris 10.396 5.92% 165.306 1.83% 5.00% 0.46% 

 1044 
 1045 

Appendix Table 10 – Synthetic nutrient savings by city 1046 

 
City 

Tonnes synthetic nutrient input saved 
annually in maximum scaling scenario 
Nitrogen Phosphorus Potassium 

Dortmund 234.68 403.59 261.06 

Gorzow 48.58 82.97 53.96 

London 1334.70 2242.60 1504.53 

NYC 435.75 720.99 491.77 

Paris 599.18 990.02 675.17 
 1047 
 1048 
Appendix Table 11 – Proximity to gardens as a function of the types of farms or gardens sought  1049 

City Average residential 
distance to a 
collective garden 
(m) 

Average 
residential 
distance to an 
urban farm (m) 

Percent of residential 
parcels with quarter-
mile access to a 
collective garden 

Percent of 
residential 
parcels with 
room for a 
garden on-site 

Percent of 
residential 
parcels with 
access to any 
UA site*  

Gorzow 354.21 167.24 79% 51% 99% 
London 543.92 529.14 85% 76% 95% 
NYC 71.18 255.11 100% 74% 100% 
Paris 80.97 414.50 99% 68% 100% 

* Access is defined as Euclidean distance (as the crow flies) from a collective garden or urban farm less than 440m, 1050 
or an individual garden on-site.  1051 
 1052 
 1053 

Appendix Table 12 - Rates of participation if gardener/farmer efficiency varies (i.e., if rates of participation vary 1054 
with need for workers) 1055 

City Dortmund Gorzow London NYC Paris 
Area of individual gardens per capita (m2) 55.46 38.36 34.55 9.4 13.76 
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Area of collective gardens per capita (m2) 9.4 21.91 4.09 3.47 7.01 

Area of urban farms per capita (m2) 29.99 29.65 5.62 1.2 2.16 

Percent of population needed as volunteers at 
gardens - minimum 

10.57% 9.83% 6.30% 2.10% 3.38% 

Percent of population needed as volunteers at 
gardens – maximum 

1426.91% 1326.14% 850.05% 283.22% 456.82% 

Percent of population needed as employees at 
farms - minimum 

0.49% 0.48% 0.09% 0.02% 0.04% 

Percent of population needed as employees at 
farms - maximum 

65.97% 65.23% 12.36% 2.64% 4.74% 

Conservative estimate of combined 
participation 

11.06% 10.31% 6.39% 2.12% 3.42% 

 1056 

 1057 


