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Abstract: Urban agriculture in Global North cities is strongly promoted as a sustainable solution to
achieve different goals, such as food production, quality of life, and well-being. Although several
attempts have been made to evaluate urban agriculture production, few studies have investigated
food production in a multitemporal geospatial way and considered per capita population needs,
gender, and age strata consumption. This study presents a spatiotemporal quantification of urban
agriculture in the city of Milan (Italy) for assessing food self-provisioning potential. We utilized
high-resolution Google Earth images and ancillary data to create a detailed cadaster of urban
agriculture for the years 2007 and 2014. Based on four scenarios of food production and statistical
data on vegetables and cereals consumption, we estimated current total production and requirements
for the city dwellers. Our results showed that the actual extension of vegetable gardens (98 ha) and
arable land (2539 ha) in the best scenario could satisfy approximately 63,700 and 321,000 consumers
of vegetables and cereal products, respectively. Overall, current urban agriculture production is not
able to meet vegetables and cereal consumption for more than 1.3 million city residents. Scenario
estimates suggest rethinking land use promoting horticultural production to achieve more sustainable
food systems.

Keywords: urban agriculture; food self-sufficient; urban ecosystem services; Google Earth

1. Introduction

Over the past decade, urban agriculture (UA) in Northern cities has spurred renewed interest in
the scientific literature, urban planners, and city managers as a sustainable, nature-based, and smart
solution for a plethora of city-wide issues. Positive impacts were recognized for resilience, self-reliance,
and social, economic, and environmental sustainability [1]. Central for modern cities is the role of
UA toward social-related aspects and pressing issues, such as food security, community capacity,
and equitable food systems [2,3]. In addition, involvement in growing practices and food production
can contribute to community services and charity, education and social inclusion, as well as a
tool for nonprofit organizations and food planners to achieve their missions with disadvantaged
communities [4,5].

Urban spaces where food production takes place can be framed within urban green infrastructures,
namely, multifunctional ecological areas (e.g., backyard, rooftop gardens, public gardens, and open
spaces) that provide ecosystem services and benefits for human well-being (i.e., regulating,
provisioning, supporting, cultural) [6,7]. Apart from food supply and nutrition issues, opportunities
and benefits include the positive potentials for climate regulation [8], greenhouse gas emissions [9],
air quality [10], biodiversity [11], storm-water runoff [12], rainwater harvesting [13], cultural and
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health issues [14], while controversies are reported for water resources [15,16]. Furthermore, UA can
represent an interesting way of saving money reducing the budget earmarked for the purchase of
fresh food [17]. Overall, recent systematic literature reviews summarized an interesting analysis of
provisioning ecosystem services and disservices [18] and the main benefits provided by UA [19].

Within a variety of forms, scales, and locations [20,21], the main dimension of UA is undoubtedly
related to management of spaces, agricultural techniques (i.e., fertilizers, irrigation, plant protection),
collection and distribution of food produced. As suggested by many scholars, UA has great potential
to produce food for city dweller’s diet [22], although other pointed out that self-reliance in food would
require a significant expansion of the cultivated areas [23,24]. As recently stated by Richardson and
Moskal [23], sustainable food production in cities is affected by many factors, ranging from available
areas to dimension, climate, topography, spatial pattern, water availability, soil quality, and finally
motivations that drive city gardeners [25].

To date, several cross-sectional studies in the Global North have investigated food crop production
in cities in connection with land use/cover analyses for assessing UA self-reliance and self-provisioning
within managed parcels, as well as the potential for vegetable production on unmanaged and vacant
areas. For instance, UA in New York (USA) and Osaka (Japan) has been explored by Hara et al. [26] in a
study mapping land use and comparatively evaluating the current and potential scenario of vegetable
production. A GIS-based inventory approach has been used by McClintock et al. [27] to extract
vacant lots in Oakland (USA) for assessing the potential contribution of these areas to the inhabitants’
vegetation needs. Similarly, Richardson and Mokal [23] utilized Object-Based Image Analysis to
estimating food production capacity in Seattle (USA) and the city’s food needs. In a comprehensive
study of UA in Boston (USA), Saha and Eckelman [28] reported on the geospatial assessment of the
ground level and rooftop potential to supply citizen’s fruit and vegetable demand. While vein Kremer
and DeLiberty [29] used remote sensing and GIS techniques to explore UA production and growth
potential in Philadelphia’s (USA) residential yards.

Previous research studies on geospatial analysis of UA potential seem to be mainly focused on
North American cities. In turn, these studies mainly considered vegetable consumptions, paying too
little attention to dietary diversity, such as cereals consumptions. On the contrary, only a few studies
have investigated and mapped food system scenarios and self-sufficiency in European metropolitan
cities [30], differentiating between land uses, food crops, crops yields, and per capita requirements.

Within this framework, the goal of this case study is threefold: (i) creating a geospatial cadaster
of UA in Milan (Italy) using web-mapping tools and GIS with very high-resolution satellite and
aerial imagery; (ii) assessing the current UA food self-provisioning within the municipality by
considering different food scenarios regarding vegetables and cereal consumption; (iii) examining
future implications to optimize the potential of available land for food provisioning. This study makes
an original contribution to advance the understanding of UA dynamics in the study area and provides
some important insights and recommendations for sustainable food systems.

2. Materials and Methods

2.1. Study Site

The study was conducted within the administrative boundaries of the municipality of Milan,
Northern Italy (Figure 1). It is the second largest city of the country and capital of the Lombardy
region, covers an area of 182 km?, and has a population of 1.352 million inhabitants [31]. Milan has
a warm temperate climate with cold, foggy winters and warm, sultry summers. The study area has
a flat relief with an average altitude of 100 m above sea level. According to the land use dataset of
Lombardy region [32], the area is mainly covered by artificial surfaces (79%), followed by agriculture
(17.8%), forests (2.2%), and water bodies (1%). Over the past century and early years of 21st century,
the heavy urbanization process has led to the intensive land use change dynamics in this area, resulting
in the degradation of ecosystems and landscape and determining a progressive erosion of agricultural
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land. The urban region has suffered land take processes during the last decade (1999-2012) with
about 30,000 ha converted predominantly to productive, commercial, and residential areas [33]. Today,
the remnant farming spaces and agricultural activities are confined to the edges of municipality
boundary, juxtaposed with urban settlements of surrounding municipalities. In this sense, those can
be all defined as UA surfaces, constantly threatened by soil sealing and poorly planned urbanization
processes affecting peripheries and the hinterland area. Despite being a post-industrial city, Milan has
a long history of UA activities dating back to the inception of the industrial period; nowadays they
play a key role in feeding the city and in helping to maintain resilient, equitable, culturally appropriate
food systems [34]. Urban food production and food themes are being perceived as relevant by citizens
and policymakers. Milan is one of the first Italian cities that has defined a successful food policy
recognized with an international prize. The city has fostered the adoption of the Milan Urban Food
Policy Pact on the occasion of the Milan Expo 2015 “Feeding the Planet, Energy for Life” signed by
180 cities all over the world interested to achieve more sustainable food systems [34].
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Figure 1. The city of Milan with its administrative boundaries with the five land use classes from the
lasts land use map of the Lombardy region [32]. Background images are obtained from Esri’s ArcGIS
Online Basemaps.

2.2. Mapping Approach

Geospatial evaluation of UA areas was based on a multitemporal and iterative process throughout
the photointerpretation of Google Earth (GE) images and ancillary data (Figure 2). The mapping
approach follows the methodology recently proposed by Pulighe and Lupia [35] for the city of Rome,
where the visual interpretation of candidate parcels allows to define a detailed UA dataset. In the past,
the potential for spatial inventories using GE has been demonstrated in other metropolitan areas, such
as the seminal study by Taylor and Lovell [36] on mapping public and private spaces of UA in Chicago.
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Figure 2. The mapping process for the multitemporal (2014 and 2007) identification and digitization of
UA parcels by using web-mapping tools and ancillary data proposed by Pulighe and Lupia [35].

Six typologies of UA (Table 1), community gardens, residential gardens, urban farms, institutional
gardens, illegal gardens, and nurseries, and five agricultural land uses, arable crops, horticulture,
vineyard, orchards, and mixed crops, were detected. Regarding rooftop farming, considering that it is
in an early stage of development, it is not considered in this investigation.

Photointerpretation was carried out using a reference square grid of 1 km size superimposed
over the whole municipality area to facilitate the visual analysis and UA patches digitization.
Very high-resolution images, dated 15 September 2007 and 10 April 2014 in GE, were used. The chosen
images are free of clouds and guarantee detection, recognition, and classification of farmed areas,
typically in spring and summer. These images, at the scale of photointerpretation, corresponds to a
specific acquisition of very high-resolution commercial satellites.

In addition, GE images in cities have generally an overall horizontal accuracy close to 1 m [37],
suitable for recognizing small cultivated parcels and for creating a detailed UA maps with a scale
close to 1:2500. The digitization process was guided by a photointerpretation profile to recognize
typologies, year, land use, and cover, by using a system of numeric codes to record the information of
each UA parcel. The study area was visually scanned in search for cultivated patches with images
acquired in different dates for recognizing changes of land cover. Firstly, photointerpretation started
using the image of 2014 to detect unique typologies, land cover pattern, texture, color, shape, and size
of objects, following the fundamentals of air-photo interpretation [38]. Secondly, the image of 2007
was analyzed to detect any change in the cultivation pattern. The use of ancillary data (e.g., street
images on Google Street View, perspective view, and image rotation on Bing Maps) facilitated the
interpretation to discover features not previously detected due to the presence of shadows, trees or
buildings. Finally, following the analysis of the parcels and possible changes, a digitization process
was carried out on the image of the year 2014 for cultivated parcels and on the image of the year 2007
for non-grown areas. At the end of the digitization, a validation process was carried out to improve
the reliability of the final map using an independent UA dataset of and by leading a double-check
on randomly selected cells from the reference square grid. For a detailed description of the mapping
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procedure and further explanations about the classification process using GE tools and web-mapping

services, see the cited study [35].
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Table 1. Typologies, description and identification profile of urban agriculture plots identified in Milan.

Reprinted and modified from Pulighe and Lupia [35].

Typologies

Description

Profile

Residential garden

Parcel near single houses (backyard), villas,
buildings, industrial and commercial activities,
generally managed by property owners.

The cultivation is diversified, ranging from leafy
vegetables to herbs and fruit trees. The production is
intended for family’s self-consumption and/or for
hobby purposes, private stewardship

A small size single or multiple
plots parcel generally not
accessible and bordered by fences,
hedges, walls or wire mesh

Community garden

A large area subdivided into multiple plots managed
individually (i.e. allotment) or collectively by a
group of people. Crop production is intended for
self- consumption. Land is generally assigned by
the Municipality

A multiple plot parcel with
various shapes and a regular
structure with internal walkways
and an external border. Often
located along river edges or
within city parks

Urban farm

Parcel managed by professional farmers with an
intensive and an advanced cropping system. The
cultivation can be specialized with grain crops or
oriented to horticulture. The production is intended
for market

Large parcel contiguous or
isolated generally located in the
peri-urban zone and belonging to
a single farm with a farm center
(buildings and storage facilities),
tractors, greenhouses, irrigation
and agricultural equipment’s

Institutional garden

Parcel managed by institutions or organizations like
schools, religious centers, prisons and non-profit
organizations. The production is generally intended
for self-consumption and less frequently for trade.
Several gardens in this category are intended for
social purposes

Single or multiple plots belonging
to medium and large-size parcel
bordered and not accessible.
Parcel may have a plurality of
annual crops often associated with
tree crops, generally located near
large buildings (e.g. churches,
convents, school buildings)

Illegal garden

Parcel isolated, cultivated without authorization
organized and managed individually or by a small
group. Localization occurs on unused or abandoned
areas (vacant lots) owned by public or private
subjects. The production is intended for
self-consumption

Single or multiple plots parcel
generally of small size and with
irregular borders. Localization
occurs away from houses or
buildings in hidden areas with a
difficult access. Parcel has only
annual crops

2.3. Productivity Scenarios and Food Consumption

To estimate the total food production potential for the city of Milan, the UA area mapped for
the year 2014 was aggregated in two distinct land uses, namely, vegetable gardens and arable land.
This choice was based on the fact that the garden typologies identified can be reconducted to a
single typology (i.e., vegetable gardens with horticultural production), while urban farms mapped are
essentially arable land with cereal production. This aggregation was adopted to obtain conventional
and comparable yields, according to the available literature that measured food production with
field surveys or averaged values for a unit area (square meter or hectare). A recent study by
Sanyé-Mengual et al. [39] evaluated home gardens productivity in Padua (Italy) using life cycle
assessment considering 21 crop cycles and agronomic practices, reporting an average vegetable
production of 6.47 kg/m?/year. Similarly, McDougall et al. [40] investigated gardens yields in Sydney
and Wollongong (Australia), including 62 varieties of vegetables, fruits, and herbs, reporting a mean
output of 5.94 kg/m? /year. In the same study, the authors highlighted that the average mean yield
figure from 15 field-scale studies around the world is 6.19 kg/m? /year. Similar findings were obtained
by Algert et al. [41], where the yield of vegetables harvested from 10 community gardens in San Jose
(California, USA) is 3.66 kg/m?/year.
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In contrast, other authors simply refer to average yield values taken from the bibliography.
In a study which set out to determine UA potential in Boston (USA), McClintock et al. [27]
based their calculations on three potential average yields, namely, 2.24 kg/m?/year (conventional),
3.36 kg/ m2/ year (low-biointensive), and 5.6 kg/ m2/ year (medium-biointensive). In another recent
study, Hara et al. [26] considered vegetable productivity up to 5.12 kg/m?/year, calculated on statistics
for assessing UA potential in Osaka (Japan). Taken together, these cases support the view that
documented crop yields vary across countries, crop variety, soil conditions, weather, and gardeners’
motivations. In summary, it is reasonable to assume that the observed differences vary in a range close
to a medium production value near 5 kg/m?/year.

Following these premises, in this paper, the total productivity for vegetable gardens was calculated
by multiplying the total area available with two potential yield representing scenarios for conventional
(2.5 kg/m? /year) and medium management (5 kg/m?/year). Regarding arable land, considering
that these are intensive areas managed by agricultural holdings generally cultivated with cereals,
the productivity was calculated by multiplying the total area available with crop yields for wheat
(5.72 t/ha/year) and maize (11.94 t/ha/year), representing two realistic alternative productivity
scenarios. Yield data for wheat and maize was derived from crop production statistics of the Lombardy
region for the year 2014 provided by the Italian National Institute of Statistics [42].

Moving on now to consider food consumption, food self-provisioning potential was calculated
considering daily per capita average consumption of vegetables and cereals for the whole population
and productivity scenarios. More specifically, the average Italian consumption of vegetables for all
ages, males, and females is equal to 211.2 g/day, while the average Italian consumption of cereals
for all ages, males, and females is equal to 258.4 g/day [43]. Feeding population was calculated by
dividing total yields for the whole study area with per capita consumption. Population consumption
for the food scenarios with vegetables and cereals by age groups, gender, and inhabitants’ strata was
also computed. More specifically, individual consumptions were expressed as kg/day and MJ/day for
vegetables and cereals, respectively. Energy content for cereals was taken from the Food Composition
Databases, United States Department of Agriculture [44]. For a more detailed understanding of food
self-provisioning potential and population that could be feed, consumption of vegetables and cereals,
based on potential yield produced, was expressed as percentage rate that meets the needs of the
population strata. In the case of vegetable production, in comparison with the two productivity
scenarios, a potential consumption scenario based on the whole area converted on gardens production
was proposed.

3. Results and Discussion

3.1. Multitemporal Mapping of Urban Agriculture

Summary statistics of spatiotemporal characteristics of UA parcels are reported in Table 2, while
spatial distribution across the city is depicted in Figure 3. A total area of 2847 ha (2117 polygons) and
2660 (1921 polygons) was cultivated in 2007 and 2014, respectively, with a clear decreasing trend of
cultivated area that affects almost all typologies. Urban farms decreased from 2713.89 to 2539.2 ha
(—174.69 ha), followed by community gardens (—11.554 ha), residential gardens (—1.98 ha), while
institutional gardens grew up to 3.9 ha and nurseries remained substantially stable. Similarly, to the
UA area, the number of cultivated polygons showed a decrease between 2007 and 2014. Residential
gardens had a steady decline from 828 to 753, urban farms from 797 to 701, community gardens from
380 to 346, while illegal gardens had a slight fall from 45 to 36. In contrast, the number of institutional
gardens gradually increased up to 65, while nurseries remained stable with 20 polygons.
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Table 2. Statistics of urban agriculture area in the city of Milan.
Patch Area Min Area Max
Type Year Cover Number Area (ha) (m2) (m2)
Residential gardens 2007 cultivated plots 828 (39.1%)  23.90 (0.84%) 13.09 2426.43
2014 new plots 82 1.66 15.45 1604.9
non cultivated 157 3.65 15.59 2459.28
Total 753 (39.2%)  21.92 (0.82%) - -
Community 2007 cultivated plots 380 (17.9%)  82.69 (2.9%) 4235 21,715.43
gardens
2014 new plots 39 2.7 69.77 2789.49
non cultivated 73 14.26 45.68 11,731.25
Total 346 (18%)  71.15 (2.67%) - -
Urban farms 2007 cultivated plots 797 (37.6%) (29751 2)0?9) 160.43 282,981.06
2014 new plots 3 18.40 326.07 177,743.62
non cultivated 99 193.09 302.23 119,573.57
. 2539.2
Total 701 (36.5%) (95.4%) - -
Institutional 2007 cultivated plots 47 (24%)  3.03 (0.11%) 409 5003.2
gardens
2014 new plots 22 1 24.55 3279.37
non cultivated 4 0.13 109.18 732.13
Total 65 (3.4%) 3.9 (0.15%) - -
Illegal gardens 2007 cultivated plots 45 (2.1%) 1.45 (0.05%) 19.77 1460.60
2014 new plots 10 0.43 53.20 2669.30
non cultivated 19 0.58 19.77 797.57
Total 36 (1.9%) 1.3 (0.05%) - -
Nurseries 2007 cultivated plots 20 (0.9%) 22.32 (0.8%) 95.09 162,663.76
2014 new plots 1 0.21 2154.09 2154.09
non cultivated 1 0.15 1499.93 1499.93
Total 20 (1%) 22.38 (0.84%) - -
Total 2007 Total 2117 2847
ota 2014 Total 1921 2660

do2019

Figure 3. Polygons of urban agriculture identified in Milan with a superimposed square grid of 1 km

size used as a reference during photointerpretation (left). Example of cultivated parcels classified as
community garden (top-right) and arable land (bottom-right). Background images are obtained from

Google Earth.

As suggested by Pulighe and Lupia [35] for the city of Rome, the size range of polygons is strictly
related to UA typologies and land use. For instance, urban farms have, as expected, the largest
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parcels, ranging from 160.43 to 282,981 m?, while the smallest parcels belong to residential gardens,
ranging from 13.09 m? (i.e., the minimum mapping unit) to 2,426.43 m?. Regarding the estimation of
agricultural land uses, arable crops are clearly the largest class considering that urban farms are the
most representative in terms of area. Further details on the evolution of land use classes in the period
2007-2014 are provided in Annex Table S1.

The results of this study confirms a constant erosion of UA areas (mainly arable lands) in the city
of Milan that is likely to be related to soil sealing and urbanization process. A recent study on land-take
by the Italian Environmental Agency [45] reported an increase of 19 ha urbanized in the year 2017 in
the city of Milan, with about 10,500 ha of sealed soil in the whole municipality. Consistent with the
literature about UA in ancient cities with densely and compacted urbanized patterns [17,46], most of
the cultivated polygons are generally concentrated on the edge of the municipality and belong to
arable land. In the peri-urban zone, isolated cultivated polygons belong mostly to residential gardens,
where front and backyard gardens are in connection to detached houses. Community gardens and
illegal gardens are generally located without a specific urban pattern, generally located near public
green areas, parks or nearby roadsides and railways.

3.2. Food Production and Consumption

Table 3 reports the summary statistics for vegetable gardens and arable land with regard to the
current UA area available by considering four productivity scenarios. The total amount of vegetables
that can be produced with the productivity scenario of 2.5 kg/m? /year is equal to 2456.75 t/year over
98 ha available. Considering that the average Italian per capita consumption of vegetables equal to
77.09 kg /year [43], it was estimated that Milan’s vegetable gardens area could feed a population equal
to 31,869 inhabitants. When the productivity scenario of 5 kg/m?/year is considered, the vegetable
yield is equal to 4913.5 t/year that can potentially satisfy a population of 63,738 inhabitants. In the
first scenario, approximately 2.4% of the city dwellers can be fed considering that in 2014, Milan’s
inhabitants were equal to 1,324,169. Assuming more efficient productivity by doubling the yields
as in the second scenario, approximately 4.8% of the city dwellers can be fed. As shown in Table 3,
the feeding population for 1 ha of vegetables is equal to 324 and 648 inhabitants for the first and second
productivity scenario, respectively.

Table 3. Urban agriculture productivity scenarios and feeding population potential.

Per capita Feeding Feeding
Land Use Crop Area (ha) Productivity Yield (t) Consump ltion Population  Population
P (1ha)  (Whole Area)
Vegetable Vegetables 2.5 kg/m? /year 2456.75 211.2 g/day 324 31,869
T EE— 8.
gardens  Vegetables 5kg/m?/year 4913.5 (77.09 kg /year) ! 648 63,738
Wheat,
Alir;tge common 25392 5.72 t/ha/year 14,524.22 258.4 g/day 61 153,983
Maize 11.94 t/ha/year  30,318.05  (94.32 kg/year) 2 127 321,413

1 Average Italian consumption of vegetables, fresh, and processed based on all ages, males, and females [43].
2 Average Italian consumption of cereals, cereals products, and substitutes based on all ages, males, and females [43].

As far as the arable lands and cereal yields are concerned, the productivity scenario of common
wheat with a yield of 5.72 t/ha/year is equal to 14,524.22 t/year over 2539 ha available. Assuming an
average Italian per capita consumption of cereals equal to 94.32 kg/year [43], it was estimated that arable
land cultivated with common wheat could feed a population equal to 153,983 inhabitants. Estimated
yields for the scenario of maize crop with a yield of 11.94 t/ha/year is equal to 30,318.05 t/year over
2539 ha available, with a feed population potential equal to 321,413 inhabitants. As mentioned in the
paragraph on productivity scenarios, cereals yield is derived from statistical data for the study area,
while population intake was assumed as whole meal flour, not considering yield and grain processing
losses (e.g., the rate of sifting or grinding yield).
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Figure 4 depicts the projection straight-lines of feeding population potential with respect to the
UA hectares available (green dashed line) and Milan inhabitants (black dashed line) for (a) vegetable
gardens and (b) arable land, respectively. The continuous line indicates the current production, while
the dotted line indicates the potential production until the needs of the city’s inhabitants are met.
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Figure 4. The projections of vegetable (a) and cereal production (b) on arable land in relation to
population and hectares available.

As shown, vegetable gardens and arable lands can feed only a small part of the current population
for all four scenarios (see the black cross in the Figure 4a,b, while to reach all the needs of the population
(black square), a larger cultivated area is required. With regard to vegetable gardens production, it is
interesting to note that all the vegetable demand of the city’s inhabitants could be reached with about
2000 ha with a productivity scenario of 5 kg/m?. On the contrary, with the lower productivity scenario
of 2.5 kg/m?, a breakeven point with the UA available area (green dashed line) is reached with food
self-provisioning for about 860,000 inhabitants. Practically, the area enclosed by the straight lines
of the population and productivity, to the right of the vertical line of UA available hectares, is a
non-sustainable area of food provisioning for the city. In this case, assuming constant productivity and
the total area available, city needs could be achieved only by importing vegetable production outside
of the municipality.

On comparing arable lands production with cereals, it is found that the non-sustainable food
self-provisioning on these areas is more evident. In fact, considering a productivity scenario of
common wheat with 2539 ha available, only slightly more than 11% of the population needs could be
reached; while the more intensive productivity scenario of maize would allow achieving more than
24% of the population needs. Considering the projected figures for arable land, sustainable cereals
self-provisioning in Milan could be reached only with nearly 21,000 ha and 10,000 ha for common
wheat and maize, respectively.

To gain a deeper insight into UA potentials and food needs, Milan population consumption of
vegetables products and cereals were distinguished based on population age strata and gender. Table 4
provides the summary statistics for individual and aggregated vegetable consumption (t/year—fresh
and processed) expressed as a percentage of self-sufficiency, based on productivity scenarios and yields
reported in Table 3 and considering a potential conversion of the whole available area into vegetable
gardens. Similarly, Table 5 presents the summary statistics for individual and aggregated cereals
consumption (M]/year—cereals products and substitutes) expressed as a percentage of self-sufficiency
based on productivity scenarios and yields reported in Table 3. What is striking about the figures in
Table 4 is that current vegetable production on both scenarios can satisfy only a limited population
strata consumption (whole city 101,429 t/year). For instance, males in the age strata 0-2.9 years
consumes 17% of vegetable production (scenario 2.5 kg/m?), while considering the age strata
3-9.9 years, the aggregate consumption rises to 107% of current production. As graphically explained
above in Figure 3a, one interesting finding that can be seen in Table 4 is that 77% of the whole population
consumption could be satisfied converting the available area for vegetable production. About the
energy consumption of wheat and corn production (energy values MJ for 1000 g), data reported in
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Table 5 indicates that both scenarios are unable to satisfy Milan population strata consumption (whole
city 1,797,889,847 M]/year). For instance, males in the age strata 1-17 years (103,420 inhabitants)
consumes 74% of energy derived from wheat production or 33% derived from maize. Overall,
the whole energy value derived from common wheat and maize is equal to 206,753,724 M]/year
and 456,968,808 M] / year, respectively (see yields in Table 3). Considering that the whole population
requirement is equal to 1,797,889,847 M] / year, consequently, the population consumption is equal to
870% and 393% of energy derived from wheat and maize, respectively.
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Table 4. Milan population consumption of vegetable products based on population age strata and gender.

Population Individual Whole City
% Self-Sufficiency of o . . % Self-Sufficiency of
Vegetables Vegetables Vegetables Vegetables o Sel\f];Szgtc’izgcy of Vegetables
Year 2014 Consumption  Consumption Consumption Consumption, Garden Consumg tion. Garden Consumption, Whole
g/day @ kg/day t/year Productivity 2.5 Produc tiI‘)/i t 5’ Ke/m22 Area Converted on
kg/m?? Yo X8 Productivity 5 kg/m?3
Males n.
0-2.9 18,616 60.5 22.08 411.09 17% 8% 0.31%
3-9.9 44,902 134.3 49.02 2201.07 90% 45% 1.7%
10-17.9 45,990 186.3 68 3127.30 127% 64% 2.4%
18-64.9 387,799 232.6 84.90 32,923.75 1340% 670% 25%
>65 years 131,810 243.5 88.88 11,714.94 477% 238% 8.8%
Sub-total 629,117 50,378.15 2051% 1025% 38%
Females n.
0-2.9 17,142 60.5 22.08 378.54 15% 8% 0.29%
399 40,679 134.3 49.02 1994.06 81% 41% 1.5%
10-17.9 41,588 166.4 60.74 2525.89 103% 51% 1.9%
18-64.9 400,995 213.1 77.78 31,189.99 1269% 635% 23.6%
>65 years 194,648 210.6 76.87 14,962.40 609% 305% 11%
Sub-total 695,052 51,050.88 2078% 1039% 38.7%
Total 1,324,169 101,429.03 4129% 2064% 77%

Percentage of self-sufficiency is calculated as a ratio of current vegetable consumption (per strata) and total vegetable production in the study area. ! Average Italian consumption
of vegetables, fresh, and processed based on population age strata, males, and females [43]. 2 Vegetables production (yield t/ha) in Table 3. 3 Whole area is equal to 2637.47 ha and
corresponds to the sum of arable land and gardens (see Table 3).
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Table 5. Milan population consumption of cereals products based on population age strata and gender.

Population Individual Whole City
o PP % Qi ffioT
Cereals Cereals Energy Cereals Energy Cereals Energy o Self Sufﬁc1ency' of o Self Sufﬁc1enc¥ of
. . . . Energy Consumption Energy Consumption
Year 2014 Consumption Consumption Consumption Consumption Based on Wheat Based on Corn
g/day/person MJ/day/person M]/year/person M]/year Production 2 Production 3
Males .
infants 6088 105.8 1.51 549.72 3,346,676 2% 0.73%
1-17 103,420 284.65 4.05 1478.99 152,956,912 74% 33%
18-29 68,427 295.7 421 1536.40 105,131,343 51% 23%
30-39 86,471 295.7 421 1536.40 132,854,171 64% 29%
40-49 111,997 295.7 421 1536.40 172,072,354 83% 38%
50-59 86,955 295.7 421 1536.40 133,597,789 65% 29%
60-65 41,288 295.7 421 1536.40 63,434,944 31% 14%
>65 124,471 283.2 4.03 1471.45 183,153,328 89% 40%
Sub—total 629,117 946,547,517 458% 207%
Females n.
infants 5536 105.8 151 549.72 3,043,233 1% 0.67%
1-17 93,873 251.65 3.58 1307.53 122,741,385 59% 27%
18-29 63,214 232.3 3.31 1206.99 76,298,477 37% 17%
30-39 86,073 2323 3.31 1206.99 103,888,993 50% 23%
40-49 117,607 2323 3.31 1206.99 141,950,121 69% 31%
50-59 94,432 2323 3.31 1206.99 113,978,197 55% 25
60-65 48,509 2323 3.31 1206.99 58,549,733 28% 13
>65 194,648 228.3 3.25 1186.20 230,892,191 112% 51%
Sub—total 695,052 851,342,330 411% 186%
Total 1,324,169 1,797,889,847 870% 393%

12 of 17

Percentage of self-sufficiency is calculated as a ratio of current energy consumption (per strata) and total energy production in the study area. ! Average Italian consumption of cereals,
cereals products, and substitutes [43]. 2 Energy value wheat, soft white: 14.2351 MJ per 1000 g [44]. 3 Energy value corn grain, yellow: 15.0725 MJ per 1000 g [44].
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3.3. Practical Implications

The results of this study seem to be consistent with a recent review which found critical issues
of sustainability for UA, especially for cereals and calories provisioning potentials [47]. This view is
supported by Martellozzo et al. [48] who carried out a global analysis of the spatial constraint to meet
the vegetable consumption on urban areas, asserting that UA cannot satisfy food self-provisioning,
especially for densely populated cities. In the same vein, some authors argue that UA has limited
potential to ensure urban food security and needs of urban inhabitants [22,23,27,49]. As suggested
by Horts et al. [21], currently, it is unreasonable that urban agriculture becomes a solution for
disadvantaged populations who lack access to land or for unskilled people to cultivate their own food
and increase food security.

The reported figures show clearly that during the last years the available areas for growing food
in Milan, apart from potential limitations and uncertainty of the spatial inventory [35], are shrinking
reducing the food self-provisioning potential that will be exacerbated in the upcoming years if land
use policies will not limit land-take. As noted by Badami and Ramankutty [49], land availability is a
major limiting factor for UA in achieving urban food security. Additionally, this involves well-known
environmental and societal sustainability challenges, such as ecosystem services loss, gentrification,
and human health issues [50,51]. As depicted in Figure 5, expected future population growth might
exacerbate Milan’s dependence on external resources assuming aforesaid food productivity rates and
current soil consumption. Milan population projections were estimated from population prospects for
Lombardy region elaborated by the Italian National Institute of Statistics for the period 2017-2066 [52].
We downscaled population figures to city level by considering the ratio of regional and city population
registered in 2014.

wwox | Population prospect
1410K ~
1390K +
1370K

1350K -+

Population

1330K +

1310K ~

1290K T T T T ]
2017 2027 2037 2047 2057 2067
Years

Figure 5. Estimated Milan population prospects for the years 2017-2066 through downscaling of
regional estimates.

Our estimations on food production and consumption may be somewhat limited by assuming
constant productivity and consumption of vegetable crops and cereals, neglecting real losses of harvest,
processing or storage, and overlooking dietary differences between social status and groups. These
limitations (over- or underestimated values) should be considered in conjunction with the fact that
Milan lies at the center of densely populated area (around 4 million) and is an attractive hub for
thousands of people. Thus, these findings might be underestimated considering daily city dwellers
instead only the resident population.

Overall, these findings raise intriguing questions regarding the role and extent of urban agriculture
and its contribution to reduce food miles and increase food resilience. To scale up food supplies, future
growing activities should take into account the suitability of sites, exploitation of greenhouses and
rooftops, soil type capability, climate and garden design practices, such as optimal crop rotations
and harvesting cycles to maximize yields for square meter [39]. Translating into action the strategic
options of the Urban Food Policy Pact to achieve more sustainable food systems [34], the municipality,
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policymakers, and entrepreneurs should strive for a new agriculture policy, with regulation of vacant
lots and allocation models to foster farmers toward the cultivation of vegetables crops by reducing
the extent of arable crops. The municipality of Milan supports UA with a plan that fosters agriculture
practices for non-commercial purposes on public areas encouraging forms of aggregation between
citizens and leisure opportunities. Allocation criteria, agronomic, and administrative management, as
well as the fees for land rent and water use, are defined by municipal regulations [53]. As highlighted
by many scholars, UA is still rather unknown among city dwellers [51] or treated as a temporary or
pastime activity [5]. More should be done to reinforce and better guide the inclusion on planning
activities. For instance, with clear land use plans and regulations framework, by engaging urban
gardeners on long-term strategies and projects for green infrastructures and connecting training
activities, grant programs and incentives in synergy with the municipality goals. In this sense,
the availability of spatial dataset, realized with freely available data and tools as done with this study,
are cornerstones for city administrations and planners.

As highlighted in Table 4, an increase of vegetable gardens and yields could satisfy vegetable
consumption of some population strata with fresh, micronutrient-rich, and healthy products [54],
simultaneously reducing transportation costs and emissions [55]. Strong evidence of vertical farming
potential was recently reported by Sanjuan-Delmads et al. [56] in a feasibility study, reporting productivity
of 19.6 kg/m? /year of tomato simultaneously reducing CO, emissions and using rainwater collected from
buildings. Promoting conversion to vegetable production could open new pathways for innovative
growing practices (e.g., aquaponics, hydroponics, rooftop greenhouses, micro-scale anaerobic
digestion) [47], upgrading resource-use efficiency and circularity by integrating composting and
organic waste flows, as well as biodiversity enhancement and habitat conservation [57].

Conversely, the decline of arable land at the boundary of the city would be compensated by the
higher economic return of competitive horticultural crops on short supply-chains [58] in contrast to
the volatility of commodities prices in the markets. Thus, it might be a win-win strategy for the Milan
municipality, improving dietary diversity, increasing locally grown fresh products and, at the same
time, enabling environmental, social, and economic benefits.

The generalizability of these results is subject to certain limitations. First, the proposed
mapping approach is time-consuming and can be improved with different geospatial technologies and
methodologies for a semi-automatic detection of the whole universe of growing areas with high levels
of accuracy. Second, uncertainties on vegetable yields can be substantially improved with field survey
collecting detailed data on typologies and growers’ skills, use of agronomic inputs, soil capability and
seasonal potentialities. Finally, figures on food consumption can significantly improve if up-to-date
per capita consumptions of fruits and vegetables in the whole study area collected for age strata and
by census and population density. Notwithstanding these limitations, we believe that the adopted
methodology and the key insights of the study can be easily transferred in other contexts for analyzing
urban food system sustainability.

4. Conclusions

This study sets out to determine the extension of UA in Milan for assessing food self-sufficiency
potential for city inhabitants. Photointerpretation of GE images enabled to create a detailed database for
the period 2007-2014 distinguishing five land use classes. Food production was evaluated considering
four scenarios of productivity for vegetables and cereals production, thus differentiating the needs
for recommended per capita consumption, gender, and age strata. Findings confirm those of earlier
studies that suggest the low potential of UA to provide food for ensuring self-provisioning and
food security for city dwellers. Currently, food needs in Milan depend on external suppliers and
considering the best productivity scenarios, only 4.8% and 24% of the population needs of vegetables
and cereals, respectively, can be satisfied. Expanding the area for horticultural crops through the
planning process and land rearrangement for more equitable UA projects and inclusive typologies
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might sustain the future’s large population strata consumption, ensuring food security, sustainability,
and new opportunities for local community food systems.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2071-1050/11/7/1846/
s1, Supplemental Table S1: Summary of cases.
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