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ABSTRACT

Urban agriculture (UA) is steadily gaining supporters worldwide, and this is partly because constantly
growing urban populations recognize the need to increase food production and promote a healthy
diet. UA can also generate extra income, promote socialization leading to valorisation of urban areas.
Nevertheless, UA faces several challenges, including limited available space, stressed natural resources,
pollution in a context characterized by climate change and new consumption patterns. At the same
time, if UA is practiced in the same way as other forms of agriculture, it may have some undesirable
environmental impacts on urban areas. The use of indicators can provide decision makers with a
tool to evaluate the sustainable insertion of agriculture in cities. This work aims to propose a minimum
set of indicators as the basis for an index to assess progress of urban vegetable production towards
sustainability. Nineteen urban sustainability indexes, composed of several indicators founded in the
literature and already used by several institutions, were analysed. These indexes were broken down
into a set of 1579 indicators. Analysis of the relevancy to issues such as food, energy, water, land
and pollution, and the selection based on the criteria of being measurable, sensitive to stress,
predictable, anticipatory, controllable, integrative, responsive and stable, led to a 26 basic indicators
selection. These are proposed as the basis for an innovative UA sustainability index. This will be built
based on the Delphi method and is intended to support communities in establishing sustainable and
resilient cities.
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1 INTRODUCTION

Urban agriculture (UA) can be defined as “farming operations taking place in and around the
city that beyond food production provides environmental services (soil, water and climate
protection; resource efficiency; biodiversity), social services (social inclusion, education,
health, leisure, cultural heritage) and supports local economies by a significant direct urban
market orientation” [1]. UA initiatives are highly articulated to many of the 2030 UN 17
sustainable development goals (SDGs) [2]. These have been adopted by non-governmental
organizations and public administrators as a sustainable and ecologically correct solution to
the problems of food security, job and income generation in the metropolis. UA has gained
even more support in the context of urban heat island mitigation and climate change, as a
direct contribution towards adaptive management. Food production within UA also provides
a number of benefits such as the reduction of emissions related to food transport,
improvement in the nutritional level of the population, and the use of rainwater. UA can also
contribute to the spread of Sustainable Urban Drainage Systems (SuDS) in the context of
sustainable drainage as in nature-based solutions, sponge cities, and blue-green cities.

Agriculture is a topic inextricably linked with water, energy and land use. Factors that
cannot be approached separately, such as food production, water, energy and land use, are
studied jointly in what several world organizations refer to as the “nexus” approach [3]. Nexus
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approaches are conceptions and initiatives introduced, preferably transversely, to achieve an
ecological and circular economy, allowing actions aimed at investing in the conservation of
ecosystem services, creating more with less, and accelerating the social and economic
improvement of excluded groups by promoting the inclusion of poorer populations [4].

However, as with other forms of agriculture, UA can harm the environment, and naturally
requires more water, energy, and space within an already crowded metropolis, where natural
resources are often already stressed. UA must be developed while respecting the local
capacity to achieve sustainability. “Indicators” are tools that can provide an early warning of
problems and allow adequate preventive action [5]. These are widely used in understanding,
monitoring and managing complex systems where simplification is required, such as an
urbanized area or a natural ecosystem [6]. An ecological indicator is a simplification of the
complex ecosystem and interlinkages, which has a wide application in the development of
policies, plans and programs related to the environment and ecology via measurement
processes, allowing assessment of progress toward sustainable development [7].

Numerous government and private institutions are working on urban sustainability indicators,
but few instruments able to measure and assess progress towards the sustainability of food
production in cities are available in the literature, and these are often scattered and difficult
to access [8]. This work assumes that sustainable UA (target situation) can produce food for
all the inhabitants of a city by using available local resources (water, energy, land), without
harming the natural flows of resources and without contaminating the environment. Many
authors also assume that UA will provide only certain kinds of food for population needs [9],
[10]. However, UA may also involve cultivations that adapt well to small spaces and often
to alternative cultivation areas, such as roofs, walls, underground galleries or indoor
environments in buildings [11]. UA can take advantage of producing foods with high market
value and productivity, such as vegetables.

This study aimed to propose a minimum set of indicators as the basis for creating an
index to assess the progress of urban vegetable production towards sustainability. This is part
of a wider research project aimed at defining an index based on this set of indicators of
sustainability for urban vegetable production. The intention is that this index will be
formulated in the future using the Delphi method, involving the consultation of specialists in
this field. They will be questioned about the suitability of the proposed indicators, and about
the relative importance of each one, and this will be taken into account in the different
weighting of each indicator in the formulation of the index.

2 MATERIAL AND METHODS
The present work was based on a conceptual framework of three levels of selection, which
aimed to identify a set of basic indicators (also called concrete or specific indicators) able to
assess progress toward sustainable UA. A group of indexes used by the international
community to assess urban sustainability was identified in the scientific and technical
literature as the source for proposing the indicators to constitute an index for assessment of
the sustainability of these UA systems.

We mainly used a set of indexes gathered in the European Commission report entitled
“In-depth Report — Indicators for Sustainable Cities” [12]. The indexes were analysed and
broken down into a list of basic indicators. This initial group evaluates various aspects related
to urban development such as quality of life, water management, climate change, housing,
transportation, risk resilience and the entire food system. The list includes 15 sustainable
indexes developed by institutions in Europe, China and the USA, and by supranational
institutions, such as the World Bank, the United Nations and Local Governments for
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Sustainability — ICLEI (a group of more than 1,750 local and regional governments engaged
in sustainable urban development).

Four additional indexes were identified in the literature and these were added to the set
of indexes collected by the European Commission: “The City Region Food System” [13]
and “The Milan Urban Food Policy Pact” [14], both related to the whole food systems; a
conceptual framework from SUSFAN, a team of European experts on sustainable food and
nutrition security, which developed a set of concepts, metrics and tools for helping policy
and decision makers assess the progress towards goals related to the EU food system [15];
and the SDGs from the UN [2]. The complete list of 19 indexes and a description of the

relative features of each one is shown in Table 1.

Table 1: List of urban and food production sustainability indexes.

Sustalnablllty NI | Indicators’ main areas Subject of assessment
indexes
1 — China Urban Quality of life
Sustainability Index | 23 | Society, Environment, Economy | (Benchmark = New
(USI2013) [12] York)
Urban water
2 — City Blueprint Human wellbeing, Environment, | management (quick
24 . . ;
[16] Economic wellbeing scan and baseline
assessment)
Water quality, .Sohd waste ' Urban water
. treatment, Basic water services, .
3 — Blue City Index management (quick
" 25 | Wastewater treatment, .
(BCI*) [17] scan and baseline
Infrastructure, Robustness,
assessment)
Governance
Green growth and Improvement of the
4 — European . . . urban environment and
. eco-innovation, Sustainable land
Green Capital 12 progress towards
use, Waste management, .
Award [12] : o healthier and
Sustainable urban mobility . ..
sustainable living areas
CO; emissions, Energy,
5 — Green City buildings, Lagd use, Transport, Environmental
Index [18] 30 | water and sanitation, Waste erformance
management, Air quality and p
Environmental governance
6 — Global City City governance, City
Indicators Program | 115 | City services, Quality of life services and quality
(Facility) [19] of life
7 7.G10bal City Education, Energy, Transport, Smartness and
Indicator —ISO 128 Health, Water management resilience
37120 [20] ’ &
8 — Indicators for . . City progress toward
Sustainability [21] 32 | Economy, Environment, Social sustainability
9 — Reference S .
Spatial dimension, Governance, .
Framework for . Project/program of
. . 30 | Society and culture, Economy, R
Sustainable Cities Environment sustainability
(RFSC-v3) [22]
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Table 1: Continued.

Human factor

Susta1nab111ty NI | Indicators’ main areas Subject of assessment
indexes
10— STAR (2.0 Built environment, Chmate and
S energy, Economy and jobs, .
(Sustainability . . Economic,
. Education and arts, Equity, .
Tools for Assessing | 49 environmental and
. empower, health and safety, .
and Rating . . social aspects
>, Natural systems, innovation and
Communities) [23]
process
Demography, Social aspects,
Economic aspects, Civic
11 — Urban Audit involvement, training and . .
[12] 333 education, Environment, travel Life quality
and transport, Information,
society, culture and recreation
12 — Urban Health, Consumption, Mobility, | Environmental
Ecosystem Europe 25 | energy and climate change, sustainability and
[24] Social equity, Governance climate change
13- Urban Urban flows, Urban patterns, The sustainability of a
Metabolism 15 Urban drivers, Urban qualit cit
Framework [25] ’ quattty Y
14 — Index of urban Economic,
sustainability 16 | Society, Environment, Economy | environmental and
performance [26] socio-cultural progress
Land, Social development
15 — Habitat and eradication of Cities without Slum —
Agenda Indicators 42 | poverty, Environmental commitment to the
[27] management, Economic world’s poor
development, Governance
16 — Sustainable Achievement of 2030
Human factor, Food security, Agenda for Sustainable
Development 232
Water, Energy, Infrastructures Development
Goals [2] .
objectives
Whole food system,
17 — City Region 210 Food security, Economy, Natural | from production to
Food System [13] resources, Social aspects waste, food system
policy and planning.
Governance, Sustainable diets
18 —- MILAN and nutr.mon, Spmal and Whole food system,
42 | economics equity, Food from production to
PACT [14] .
production, Food supply and final consumer
distribution, Food waste
. Whole food system,
19— SUSFAN [15] | 196 | Food: Environment, Economy, | g0 o4y ction to

final consumer

(NI) number of basic indicators used in the INDEX.
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The first selection was made by considering the relationship of each basic indicator
with at least one component of the Nexus Food-Energy-Water-Land Use-Pollution. This
includes environmental, economic and social criteria. We defined this Nexus, inspired by
the following: Food-Energy-Water (FEW) [28], Water-Energy-Land-Food (WELF) [29],
Ecosystems-Water-Food-Land-Energy (EWFLE) [30] and Energy-Water-Pollution [31]
Nexus. Moreover, redundant indicators or those unrelated to UA were removed.

Urban indicators linked to safety, governance, public policy, culture, sport and recreation
were not considered in the context of UA and food production. Transport indicators were not
considered either, since one benefit of urban agriculture is to produce food locally, thus
reducing transport costs (“zero miles food”).

A second selection was made according to the recurrence of the indicator (or its variants)
in the 19 first selected indexes, so that we selected the basic indicators considered by at least
two sustainability indexes.

This second set of potential indicators/indexes underwent a third selection process. This
selection required indicators to have certain “individual qualities”, i.e. they must be
measurable, sensitive to stress, predictable, anticipatory, controllable, integrative, responsive
and stable [32], [33].

3 RESULTS AND DISCUSSION
The breakdown process performed on the 19 indexes for assessment of urban sustainability
resulted in a set of 1579 basic indicators.

The first selection, concerning relevancy to the “Nexus” and to UA, gave 512 basic
indicators. In order to facilitate this study phase, the Nexus categories were split into 9
sub-categories, as illustrated by the first two columns of Table 2. Food was split into food
production characteristics, and human factors, including work to produce food and the
socio-economic conditions that influence this (education level and income level). The energy
category was sub-divided into energy source and CO, emission. Water was sub-divided into
water sources and effluent issues. Land-use was sub-divided into a “characteristics” group
that aggregates space-related indicators, like soil occupation and use (built up area ratio,
green space, disposable agriculture area), and another group that addressed residues/waste
issues (waste collection and recycling ratio). Finally, pollution was sub-divided into three
sub-categories: air, water and soil. Since there were already two special sub-categories to
group indicators regarding water (sources and effluents), and no basic indicator met the
requirements of considering soil pollution, it was established that pollution would be linked
only to indicators that affect air quality (Table 2).

The second selection concerning indicator recurrence in the indexes reduced the number
of indicators to 102.

The third and final selection involved all the indicators which possessed all the individual
qualities. This resulted in 26 indicators, as shown in Table 2, which also shows the metric
units for each indicator.

Knowledge of food production is necessary in relation to the target of self-sufficiency for
the local population in terms of the recommended daily intake of 300g of vegetables per
person per day [34]. Total local production of vegetables is given in tons/period. The adoption
of a food production system that uses natural fertilizers (possibly by recycling the city’s
organic waste) and natural pest and disease controls would favour UA sustainability. The
fraction of local production of vegetables produced without chemicals is given as a ratio of
the total.
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Table 2: Selected basic indicators for sustainability evaluation of food production in an
urban context.

Category Sub-category | N. | Basic indicator Unity
1 | Total vegetable production tons/time
Production ) Total vegetable production without %
chemicals °
3 | Human Development Index (HDI) —
4 | Income commitments on food %
o
Food 5 UTle.mployment rate %o
6 | Gini Index
Human factor ; Residential/Individual Internet o
access ’
8 | Adultilliteracy %
9 Obesity incidence on o
childhood/population °
10 Re51dent1g1 /individual energy kWh/cap
Sources consumption
11 | Energy price US$/kWh
Energy :
12 | Energy green source ratio %
. Emission CO; equivalent per
CO; emission | 13 habitant tCOx/cap
14 | Annual Rainfall mm
15 Re51dentle}1/1nd1v1dual water Ltk
consumption
Source 16 | Water access rate %
Water quality (Incidence of Non- o
Water 17 Standard Total Coliform Analysis) %
18 | Public water supply price US$/m?
19 Population served by wastewater o
Effluents collection 0
20 | Sewage treatment %
21 | Land tenure ratio %
Characteristics | 22 | Protected green space %
23 | Undeveloped land use ratio %
Land use - -
Population served by regular solid
24 . %
Waste waste collection
25 | Municipal waste recycling %
Pollution Air 2 Exceedance of air quality standards Ao
in urban areas

The Human Development Index (HDI) reflects the per capita income level, education
and life expectancy of a given population. Although there is a strong correlation between
wealth and good performance in sustainability indexes [18], Moran et al. [35] found that
countries with higher incomes have greatly improved their HDI at the expense of a larger
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Ecological Footprint, while poorer countries have developed sufficiently without harming
the environment, thus pointing to an inconsistency between HDI improvement and
sustainable development.

The indicators “Income commitments on food” and “Unemployment rate” are basic
indicators intrinsically linked to sustainable food production within the city. Data reveal that
the poorest classes spend up to 85% of their income on food [36].

The Gini index is proposed as an indicator for the category of food. It is a measurement
of income inequality, which ranges from 0 (perfect equality) to 1 (maximum inequality).
In many countries that well performed on Gross Domestic Product (GDP), it is actually
concentrated in a small sector of the population. The Gini coefficient offers a more balanced
view of the progress required for an entire population to reach the target of self-reliance in
vegetables established in this study.

Factors influencing the effectiveness and speed of project development are the ratio of
access to the web, and illiteracy. Access to the web is essential for the development of smart
cities, where the use of technologies based on the Internet of Things (IoT) will help to save
energy, making traditional production processes more efficient and cities more resilient
to climate change [37]. The web can be used to access new knowledge and technologies, to
acquire inputs and to commercialize products.

Illiteracy can contribute to the unsustainability of UA. Nchanji et al. [38] described a
case study from Northern Ghana on local government’s distribution of pesticides for use on
the region's crops. Since most urban farmers were illiterate, they were unable to read the
instructions on the packaging labels, and used pesticides inappropriately, thereby
contaminating themselves and the environment.

Obesity is an important quality indicator linked to the food factor of the Nexus. Although
it does not reflect the lack of access to calories, obesity reflects access to low quality calories,
which is often due to the lack of economic power to acquire calories and/or the existence of
“food deserts”, and UA has the potential to diversify and improve the diets of urban citizens
[39]. Borges et al. [40] identified inequalities in the geographical distribution of food retailers
in Jundiai city, Brazil, which commercialize healthy and/or unhealthy foods. Local
production via UA could improve the situation of many poor city areas with limited access
to adequate food at affordable prices.

Concerning the category of energy, Schnell [41] and Eigenbrod and Gruda [42] have
pointed out that factors such as off-season production and the low scale of urban production
require higher energy use for food production. The higher demand for energy could be met
by using alternative green energy sources, such as solar power, wind, geothermal and
biomass. Therefore, it is fundamentally important to use indicators that quantify the total
consumption of households, energy pricing and alternative energy use in the total energy
matrix of a community.

With regard to emissions, the use of food production technologies is highly dependent on
energy in cities at high latitudes or in desert areas. Greenhouses with heating or cooling
systems can have a negative impact on the environment and thus overshadow the benefits of
zero miles food [43]. Indicators that measure the amount of CO; released into the
environment per inhabitant can reflect the extent to which societies and their related activities
are (or are not) dependent on non-renewable energy [44]

Annual rainfall is an indicator related to the most sustainable source of water for
agriculture. This has become a critical factor in a changing climate, since a change in rainfall
patterns has been observed in many cities, with more intense and longer spells of rain [45].
Lupia et al. [46] have demonstrated that some of the UA developed in Rome could be
supplied by rainwater collected from roofs. The use of indicators related to water quality is

WIT Transactions on Ecology and the Environment, Vol 243, © 2020 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)




104 Urban Agriculture and City Sustainability 1T

just as important as those related to water availability. Water contaminated by chemical or
biological agents used in the irrigation of fruits and vegetables (mainly those that are
consumed raw) are important vectors of disease among the population [47].

Use of the public water supply can be the safest source, sometimes the only/easiest one,
for the irrigation of vegetables in urban areas. However, it can be a criticality in cities that
are reaching their maximum supply capacity, and many cities already have problems with
network leakages accounting for up to 40% of the total. There is also the problem involved
with the management of waste and effluents. The inclusion of indicators regarding household
access to a piped public water supply, inhabitants’ consumption and water prices are justified
in a future sustainability Index.

Regarding space, land ownership plays a key role in UA. Most of the ground surface in
cities is covered or sealed by buildings, roads or pavements [48], so that new agricultural
production systems are required in order to adapt to the built areas. In addition, urban land
tends to be “super” valued. The need to pay for tenure is also a key issue for the sustainability
of UA projects. In addition, land does not necessarily consist of fertile soil, and this is another
production factor for UA. The ratio of protected green space can be interpreted as an
important sustainability indicator, since these green areas offer important environmental
services that indirectly favour UA [49]. Another possibly good indicator is the amount of
undeveloped land that could be cultivated, showing the feasibility of using these spaces for
UA, although many urban areas may have problems such as heavy metal contamination of
the soil.

However, contaminated sites may not be totally compromised, since many works point to
bioremediation of these soils with the addition of organic matter and phosphates, or even
substitution of the more superficial soil layers for the production of short root vegetables.
The use of hydroponic crops (or other soilless production) also enables agricultural
production in degraded urban areas [50], [S1].

In developing countries, a considerable portion of the population lives in slum areas,
where the lack of land regularization impedes the development of sustainable agriculture.
Lack of a sense of ownership leads to the development of a predatory and low-investment
type of agriculture onsite, with no concern for soil or water protection techniques that ensure
the continuation of farming activity over time [52].

Urban and peri-urban spaces are affected by the deposition of residential waste. Indicators
reflecting the percentage of the population served by regular waste collection services and
the recycling percentage may show whether a community is reducing its production of waste.
These are measures that favour sustainable development. Yates and Gutberlet [53] recall that
use of the organic fraction of urban waste generates the recirculation of nutrients and reduces
the production of methane, a greenhouse gas.

Finally, another important input for sustainable UA would be an atmosphere free of
contaminating agents. Amato-Lourenco et al. [54] detected air pollutants deposited on the
leaves of vegetables grown in an urban environment and showed that higher concentrations
of heavy metals were correlated with the presence of traffic in the surrounding area.

4 CONCLUSIONS
The 26 indicators proposed to compose an index for the assessment of UA sustainability were
inspired by the scientific and technical literature on urban sustainability. These indicators
were grouped according to five categories of analysis, and also separated into sub-categories.
These categories were defined according to the dimension of the food-energy-water-land/
space-air pollution Nexus. They all met the criteria of being measurable, sensitive to stress,
predictable, anticipatory, controllable, integrative, responsive and stable.
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The index should show, on a scale ranging from zero to one, the degree to which the UA
practiced by a city fulfils the sustainability criteria and targets set by 2030 UN SDGs. The
next step in this research will involve validation of these indicators and determination of the
weight of each indicator, to be defined via an Analytic Hierarchy Process, with the support
of specialists, according to the criteria of the Delphi methodology. Through the attribution of
weights, normalization and distance in relation to pre-established targets, improvements or
reductions in the set of 26 indicators could support decision makers and public administrators
in identifying and implementing corrective actions towards sustainable development.
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