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Abstract: Inefficient urban transformations pose multifaceted challenges. In this context, urban
agriculture (UA) can address environmental and socio-economic issues. Despite recent UA policies in
Sao Paulo, the lack of data hampers comprehensive evaluations, highlighting the need for robust in-
dicators to enhance environmental sustainability. This article assesses Sao Paulo’s UA potential using
an Ecosystem Services (ES)-based approach, combining ES spatial mapping and a producer survey at
49 UA sites. Results show natural habitats and anthropic areas within urbanised land, especially in
the south, with high habitat quality scores. Nine ES were identified: food supply, commercialisation,
income generation, waste mediation, lifecycle maintenance, soil formation, leisure/social, well-being,
and education. Utilising mixed methods, this study provides innovative insights into ES related to
UA in Sao Paulo, offering valuable input for urban policies and planning.

Keywords: nature-based solutions; green infrastructure; urban food production; socio-environmental
model

1. Introduction

Increasing urbanisation processes are linked to a myriad of issues, encompassing
losses stemming from ineffective infrastructure, transportation and traffic challenges, socio-
economic disparities and vulnerabilities, food insecurity, suboptimal distribution and
mismanagement of green spaces, seasonal flood events, biodiversity loss, the urban heat
island effect, and air pollution, among others [1].

Essential goals of public policies concerning the utilisation of urban spaces tend to call
for their social equity, economic viability, and environmental equilibrium. Nature-based
solutions (NbS) hold the potential to offer ecosystem services (ES) to address these chal-
lenges [2]. An example of NbS in urban areas that has been reported with relative success
is urban agriculture (UA) [3-5]. This activity can bring benefits through ES, encompassing
environmental aspects (e.g., sequestration and storage of atmospheric carbon and nitrogen
compounds and the protection of urban fauna), social dimensions (e.g., democratisation
and promotion of a healthy environment and the provision of activities related to mental
health), and economic facets (e.g., food supply) [6-8].

ES models play a pivotal role in understanding and quantifying the intricate rela-
tionships between ecosystems and human well-being in cities [9]. These models provide
valuable insights into the myriad of benefits that ecosystems offer, ranging from clean
air and water to food provision and cultural enrichment [10]. By accurately depicting
the connections between ecological processes and human activities, ecosystem services
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models inform decision-making processes across various sectors, including urban planning,
agriculture, and conservation [11].

Moreover, cities can also function as spaces for biodiversity. Research suggests that
the state of biodiversity in urban areas can mirror habitat quality [12]. Habitat quality
denotes the capacity of an ecosystem to furnish all essential goods and services for its living
environment [13]. It is an inherently abstract concept aimed at encapsulating the overall
quality of an ecosystem by assessing its departure from an ideal reference state [14].

Sao Paulo expanded without efficient urban planning [15], becoming currently the
fifth largest city on Earth [16] and Brazil’s most populous city, hosting the country’s largest
industrial area [17]. Despite the mapping of the municipality’s vegetation cover revealing a
significant number of green spaces, there is a lack of indicators demonstrating these areas’
potential in providing ES for enhancing human well-being.

While recent public policies have been implemented to promote UA in Sao Paulo [18],
the practice has deep historical roots in the city, notably in its southern neighbourhoods [19].
A survey conducted by Valdiones [20] reported in 2012 that there were a minimum of
446 UA sites within the city, encompassing an estimated area of 5000 hectares.

While Sao Paulo boasts 50% vegetative coverage across its territory [21] and accom-
modates UA activities, there is a notable absence of comprehensive analyses qualifying the
provisioning of its ES, currently limited to air pollution mitigation and thermal comfort
promoted by urban vegetation [22-24]. Such information is crucial for reshaping environ-
mental policies and the urban planning process towards a performance-based approach to
enhance the quality of urban spaces. The evaluation of its ES in the city can support a shift
in planning policy towards more performative landscapes, encompassing the assessment
of urban space habitat quality in conjunction with UA activities.

As such, this article aims to map the potential ES offered by UA in the city of Sao Paulo,
employing two distinct approaches. The first one involves the assessment and mapping of
the habitat quality based on a tailored-made Land Use/Land Cover (LULC) map of Sao
Paulo in 2021. This examination describes how habitats are threatened by specific LULCs
and suggests the performance of areas that provide ES. The second involves identifying
ES already provided by UA based on responses obtained from UA users through a semi-
structured questionnaire. Thus, the study addresses the following research questions:
(i) How do land use and land cover in the city of Sao Paulo contribute to or hinder habitat
quality? (ii) Considering that green spaces such as UA can provide ES, what ES can we
identify from the discourse of UA producers?

This study is based on the hypothesis that UA in Sao Paulo contributes to the provision
of ES, thereby enhancing urban habitat quality. However, proper integration of UA requires
an understanding of the existing habitat quality profile in the city. The absence of a
comprehensive analysis of this profile and the potential of ES provided by UA in Sao Paulo
represents a significant gap in the literature that this work aims to fill. By combining spatial
analysis with qualitative insights from UA users, this study provides valuable data that can
benefit urban planners, policymakers, researchers, and the general population, facilitating
the development of more functional and environmentally balanced urban landscapes.

2. Materials and Methods
2.1. Study Area

The study area is the capital of Sdo Paulo state (Figure 1), located in the southeast
region of Brazil. Sao Paulo is the largest and most populated Brazilian city and the main
economic centre of Latin America. It encompasses 32 sub-municipalities, with a population
of 12,325.232 people in a land area of 1521.110 km?. The metropolitan region of Sdo
Paulo hosts more than 22 million people, making it the fifth largest city on the planet [16].
It has a subtropical climate, with humid summers and dry winters. The annual mean
temperature is 19.5 °C, with a mean annual precipitation of 1356 mm. Sao Paulo presents a
Municipal Human Development Index (MHDI) of 0.805 and a Gross Domestic Product of
US$ 11,941.14 [17], indicating relatively high levels of human development and economic
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output when compared with the national average of 0.699 and US$ 2.13, respectively.
Notwithstanding, Sao Paulo manifests a pronounced socio-economic contrast across its
territory, with peripheral neighbourhoods exhibiting the lowest MHDI [25]. Sao Paulo
is located within the Atlantic Forest biome, comprising 45.9 thousand hectares of the
municipality’s total area. The city boasts approximately 70% of roads lined with trees,
although this is unevenly distributed [17]. Despite its elevated population density, the
presence of informal settlements, coupled with environmental protection sites within urban
areas, remains noteworthy.

City of Sao Paulo

City of Sdo Paulo

/””’i?\

s

Figure 1. Study area.

In Sao Paulo, UA manifests itself in different localities, each with its own characteris-
tics. In the southern zone, known for its peri-urban arable land and low socio-economic
indicators, there is a gradual transition towards organic farming [26]. Areas such as the
eastern zone demonstrate an effective model of UA that supports local market supply. In
densely surbanised regions such as the western zone, initiatives are more focused on social
issues and environmental awareness [27].

2.2. Habitat Quality

The InVEST Habitat Quality (HQ) model gauges an ecosystem’s capacity to provide
suitable conditions for individual and population persistence. This index is computed using
Integrated Valuation of Ecosystem Services and Trade-offs (InVEST) software version 3.14.2
(https:/ /naturalcapitalproject.stanford.edu/software/invest, accessed on 4 November
2023), a freely accessible and downloadable toolkit designed to map and assess ES provision
across various service types [12]. The resulting HQ score is based on the proximity of the
habitat to human land uses and the degree of disturbance caused by them [28]. The model
can be applied to generate habitat maps tailored to specific fauna or used more broadly to
provide a comprehensive evaluation of habitat quality for all species. In the latter, HQ is
considered a synthetic indicator, serving as a proxy for ecological quality.

Implementation of the HQ model requires (i) data on the LULC map, (ii) information
on threats to habitats, specifying the maximum distance over which each threat affects each
habitat, and (iii) details about the habitat type and its sensitivity to threats. The assignment
of values for each habitat type is crucial, with each LULC assigned a specific value ranging
from 0 to 1. The HQ map represents a relative value specific to the projected location.

As such, the habitat index input variable plays a vital role, with the model assigning
an initial value to each land cover and defining the interaction of the habitat with threats.
This process generates a degradation trend for each habitat type using linear or exponential
decay functions.
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In formulating the habitat quality model, we defined parameters supported by the liter-
ature [29,30]. The parameters encompassed the relative weight assigned to each threat, the
habitat sensitivity to individual threats, the distance between habitats and sources of threats,
and the presence or absence of habitats. Expert knowledge guided the determination of
these parameters.

The LULC data for the year 2021 for the municipality were chosen as the sampling
source. These data were collected as Landsat satellite images from the European Space
Agency [31]. In order to have more accurate information about threats, we added a layer
extracted from OpenStreetMaps to the satellite image [32]. A detailed description of the
LULC categories from the satellite image is provided in Table 1. In this study, we designate
urbanisation and infrastructure as potential threats to the habitats within the scope of the
available LULC data (Table 2). Threats and sensitivity scores were established through a
synthesis of information drawn from relevant literature and expert knowledge (Table 3).

Table 1. Land use land cover (LULC) class names and descriptions found in Sao Paulo city.

LULC Class Name Description

Any geographic area dominated by trees with a cover of 10% or more. Areas planted with trees for
Tree cover afforestation purposes and plantations are included in this class. This class also includes tree-covered
areas seasonally or permanently flooded with fresh water, except for mangroves.

Any geographic area dominated by natural shrubs having a cover of 10% or more. Trees can be present in
Schrubland scattered form if their cover is less than 10%. Herbaceous
plants can also be present at any density.

Any geographic area dominated by natural herbaceous plants (plants without persistent stems or shoots
Grassland above ground and lacking definite firm structure): (grasslands, prairies, steppes, savannahs, pastures)
with a cover of 10% or more, irrespective of different human and/or animal activities.

Land covered with annual cropland that is sowed/planted and harvestable at least once within 12 months

Cropland after the sowing/planting date.
Built-u Land covered by buildings, roads, and other artificial structures, such as railroads. Buildings include both
P residential and industrial buildings. Waste dump deposits and extraction sites are considered bare.
Bare-sparse Lands with exposed soil, sand, or rocks that never have more than 10% vegetated cover during any time
vegetation of the year.
Permanent water This includes any geographic area covered for most of the year (more than 9 months) by water bodies
bodies such as lakes, reservoirs, and rivers.

Natural herbaceous vegetation (cover of 10% or more) that is permanently or regularly flooded by fresh,
Herbaceous wetland brackish, or salt water. It excludes unvegetated sediment, swamp forests (classified as tree cover),
and mangroves.

Salt-tolerant tree and other plant species, which thrive in intertidal zones of sheltered tropical shores,

Mangroves “overwash” islands, and estuaries.
Moss and lichen Land covered with lichens and /or mosses.
A restricted access major divided highway, normally with two or more running lanes plus emergency
Motorway .
hard shoulder. Equivalent to the freeway, autobahn, etc.
. The link roads (slip roads/ramps) leading to/from a motorway from/to a motorway or lower-class
Motorway link hi . -
ighway. Normally with the same motorway restrictions.
Primary The next most important road in a country’s system (often link larger towns).
Secondary The next most important road in a country’s system (often link towns).
Secondary link The link roads (slip roads/ramps) leading to/from a secondary road from/to a secondary road or

lower-class highway.

The link roads (slip roads/ramps) leading to/from a primary road from/to a primary road or

Primary link lower-class highway.

Data are used for mapping and as input in the model. Data on tree cover, shrubland, grassland, cropland, built-up,
bare-sparse vegetation, permanent water bodies, herbaceous wetland, mangroves, and moss and lichen were
collected from ESA; data on roads were collected from Geofabrik.
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Table 2. Threat types, their weight, decay, and maximum impact distance.
Threat Weight M_Distance Decay
Built-up 0.8 0.5 exponential
Motorway 1 0.9 exponential
Primary 0.9 0.8 exponential
Secondary 0.9 0.7 exponential
Table 3. Land use/cover types and their sensitivity to the threats.
No. LULC HABITAT  Bui! Mot 2 Pri3 Sec*
0 No data 0 0 0 0 0
1 Motorway 0.1 0 0 0 0
2 Motorway link 0.1 0 0 0 0
3 Primary 0.15 0 0 0 0
4 Secondary 0.3 0 0 0 0
5 Secondary link 0.3 0 0 0 0
6 Primary link 0.2 0 0 0 0
10 Tree cover 0.85 0.85 0.85 0.85 0.85
20 Shrubland 0.7 0.7 0.7 0.7 0.7
30 Grassland 0.5 0.5 0.5 0.5 0.5
40 Cropland 0.6 0.6 0.6 0.6 0.6
50 Built-up 0.25 0 0 0 0
60 Bare-sparse vegetation 0.75 0.75 0.75 0.75 0.75
80 Permanent water bodies 0.9 0.8 0.8 0.8 0.4
90 Herbaceous wetland 1 1 1 1 1
95 Mangroves 0.95 0.95 0.95 0.95 0.95

1 Built-up (bui); 2 Motorway (mot); 3 Primary (pri); 4 Secondary (sec).

2.3. Questionnaire

Data were collected between October 2022 and July 2023. We conducted a semi-
structured questionnaire with UA users to gain insights into their perceptions of the
challenges and opportunities associated with UA. The survey included questions about
the general characteristics of their food production, activities, and the socio-environmental
aspects of the sites, employing a combination of open-ended and Likert-scale questions
(Table 4). Subsequently, the collected responses were analysed to identify the presence of
ES-based references in the UA users’ narratives.

Participants were selected because of their enrolment with the Sao Paulo City Hall
through the website Sampa+Rural [33] between 2022 and 2023, where their contact in-
formation was available (Figure 2). After applying the selection criteria, field visits were
conducted in 49 out of the 152 locations to conduct the semi-structured questionnaire.
Reasons for excluding locations from the study included failure to establish contact with
the site, cessation of horticultural activities at the time of contact, and respondents not
having sufficient time to complete the survey on the day of the visit.
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Table 4. Semi-structured questionnaire.

#

Question

Options Type

The initiative is part of a cooperative or
association.

Totally agree
Agree
Indifferent
Disagree
Totally disagree
No answer

Likert Scale

The land where I work is of public origin.

Totally agree
Agree
Indifferent
Disagree
Totally disagree
No answer

Likert Scale

The initiative receives/received some financial
resources from the municipal, state, or
federal spheres.

Totally agree
Agree
Indifferent
Disagree
Totally disagree
No answer

Likert Scale

The initiative receives/received some financial
resources from the private sector or a
non-governmental organization.

Totally agree
Agree
Indifferent
Disagree
Totally disagree
No answer

Likert Scale

The place where I work has an organic
production certification.

Totally agree
Agree
Indifferent
Disagree
Totally disagree
No answer

Likert Scale

In the system where I work, fertilisers or
chemical pesticides are used in crops.

Totally agree
Agree
Indifferent
Disagree
Totally disagree
No answer

Likert Scale

In the system where I work, there are projects
focused on social, food, or environmental
education themes.

Totally agree
Agree
Indifferent
Disagree
Totally disagree
No answer

Likert Scale

In the environment where I work, there is a
financial return on the activity.

Totally agree
Agree
Indifferent
Disagree
Totally disagree
No answer

Likert Scale

A fair is held to sell production on site or
external fairs are participated in.

Totally agree
Agree
Indifferent
Disagree
Totally disagree
No answer

Likert Scale




Sustainability 2024, 16, 7388 7 of 22
Table 4. Cont.
# Question Options Type
e Totally agree
o Agree
10 In the env1ro.nment. where I wgrk, composting e In.dlfferent Likert Scale
is carried out on site. . Dlsagree
o Totally disagree
e No answer
1 How many families does production attend in Text
total (absolute number)?
What is the estimated number of women in the
12 NN Text
activity (%)?
13 What is the area destined for the crops (m?2)? Text
What is planted, and how much is produced
14 . Text
on average (kg) per year of each item?
If there are commercial establishments that
15 Text
buy products, where are they from?
16 If there are animals in the places, what are they? Text
What are the main challenges faced for the
17 .9, Text
success of the initiative?
c
£
® UA sites identified in the data bases
= (Sampa+Rural)
E’ Identified sites (n = 152)
[}
L)
UA sites screened UA sites excluded before visits:
— Contact failure (n = 71)
(n = 152) No longer working with gardens (n = 29)
(o)
£ - ;
= UA sites retained
Qv (n=52)
o
v
UA sites visited UA sites excluded after visits:
— No longer working with gardens (n = 2)
(n = 52) Lack of answer to the questionnaire (n = 1)
@
B o] UA sites included in the work
=
‘_é (n=49)

Figure 2. Flowchart for selecting locations to be included in the work.

We used QDA Minner Lite v.6 to analyse the answers, seeking common themes. To
understand the potential of UA in delivering ES, as perceived by UA users through the
questionnaire, we developed codes according to the Common International Classification
of Ecosystem Services [34]. This classification encompasses ES in three main sections:
provisioning, regulation and maintenance, and cultural (Table 5).



Sustainability 2024, 16, 7388

8 of 22

Table 5. Description of ecosystem services based on the CICES approach and codes generated to

categorise responses in the questionnaire into ecosystem services.

CICES Approach Present Work
Section Division Group Class Codes
Cultivated crops Food supply
Reared animals and their outputs
Biomass Wild plants, algae, and their outputs Food supply
Nutrition Wild animals and their outputs
Animals from in-situ aquaculture Food supply
Surface water for drinking
Water —
Groundwater for drinking
Fibres and other materials from plants, algae,
Provisioning and animals for direct processing
Biomass Materials from plants, algae, and animals for
Materials agricultural use
Genetic materials from all biota
Surface water for non-drinking purposes
Water —
Ground water for non-drinking purposes
Biomass-based Plant-based resources
Energy energy sources Animal-based resources
Mechanical energy ~ Animal-based energy
Bloremedlatlop by microorganisms, algae, Composting
o ) plants, and animals
Mediation by biota
Mediation of Filtration/sequestration/storage /accumulation
waste, toxic and by microorganisms, algae, plants, and animals
other nuisances o Dilution by atmosphere, freshwater, and marine
Mediation by ecosystems
ecosystems . - - -
Mediation of smell/noise/visual impacts
Mass stabilisation and control of erosion rates
Mass flows - N
Buffering and attenuation of mass flows
L L Hydrological cycle and water flow maintenance
Mediation of flows  Liquid flows
Flood protection
Storm protection
Regulati Gaseous/ air flows — —
egu ation Ventilation and transpiration
an
Maintenance Lifecycle Pollination and seed dispersal Bees
maintenance,
habitat and gene L . habi 1d Tif
pool protection Maintaining nursery populations and habitats Wild life
Pest and disease Pest control
Maintenance of control Disease control
physical, Soil formation Weathering processes Organic
chemical, and
biological composition Decomposition and fixing processes
conditions

Water conditions
Atmospheric
composition

and climate
regulation

Chemical condition of freshwater

Chemical condition of salt waters

Global climate regulation by reducing
greenhouse gas concentrations

Micro- and regional climate regulation
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Table 5. Cont.

Cultural

Experiential use of plants, animals, and land/

Physical and seascapes in different environmental settings
Experiential - —
Physical and interactions Phy.smal use of lan(?l /seascapes in different Leisure; social
intellectual environmental settings
interactions Scientific
with biota, Educational Education
ecosystems, and Intellectual and
land-/seascapes representative Heritage, cultural
interactions Entertainment
Aesthetic
Spiritual, .. Symbolic
symbolic and Spiritual a.nd /or Y
other emblematic Sacred and/ or religious
interactions
with biota, . Other cultural Existence Well-being
t 7
ecosystems, an outputs Beaucst
land-/seascapes q

Statistical tests were executed in IBM SPSS Statistics version 29.0.2.0 to assess the
distribution of variables using the Kolmogorov-Smirnov method and to examine the
correlation between variables through an ANOVA test. A statistical significance level
of 0.005 was employed.

All of the procedures involving human subjects were approved by the ethics com-
mittees of the University of Sdo Paulo, Sao Paulo, Sao Paulo estado (ETIC 5464). Written,
informed consent was obtained from all participants.

3. Results
3.1. Habitat Quality

The LULC map (Figure 3) shows the composition of classes in the city of Sao Paulo. We
found that the territory exhibits a robust coverage of natural habitats, encompassing tree
cover, wetlands, and herbaceous wetlands. However, these areas suffer a significant impact
from anthropogenic LULC classes, particularly motorways and built-up areas (Table 6).

No data SS1 (el
Motorway

Primary

Secondary

Tree cover

Shrubland

Grassland

Cropland

Built-up

Bare sparse vegetation
Motorway Link
Secondary Link
Primary Link
Herbaceous wetland
Mangroves

Permanent water bodies

Figure 3. Results of land use and land cover class in the city of Sao Paulo.
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Table 6. Area of each land use and land cover (LULC) class within the city of Sao Paulo, Brazil.

LULC Name Area (ha) %
No data 92.61 0.01%
Motorway 1626.05 0.27%
Motorway link 439.70 0.07%
Primary 1993.11 0.33%
Secondary 3489.33 0.58%
Secondary link 89.48 0.01%
Primary link 115.58 0.01%
Tree cover 318,843.6 53.4%
Shrubland 0.44 0.004%
Grassland 48,490.3 8.12%
Cropland 2212.20 0.37%
Built-up 158,597.2 26.55%
Bare-sparse vegetation 3455.06 0.57%
Permanent water bodies 50,479.3 8.45%
Herbaceous wetland 1093.82 0.18%
Mangroves 6142.48 1.02%

The InVEST HQ model output comprises a map illustrating the quality levels of
various habitats and another map depicting the levels of degradation within these habitats
(Figure 4). They employ distinct metrics, which are determined by the saturation coefficient
specified for running the model. In this study, we exclusively concentrate on the metrics of
the quality of the habitats.

b
S EE 0-01 0-0.1
Bl 01-02 0.1-0.2
Il 02-03 0.2-0.3
Il 03-04 0.3-04
Il 04-05 04-05
Bl 05-06 0.5-06
BB 06-07 06-0.7
; 0.7-0.8 0.7-0.8
N 0.8-09 0.8-09
o 0.9 -1 0.9 -1
(a) Habitat quality result in Sao Paulo. (b) Habitat degradation result in Sao Paulo.

Figure 4. Results of habitat quality and habitat degradation in the city of Sao Paulo.

In our results, the HQ model score ranged from 0 to 1, with a median value of 0.84 and
a standard deviation of £0.27. Notwithstanding the pronounced anthropogenic impact on
numerous regions, primarily attributed to the coverage of motorway classes (HQ scores
varied between 0.1 and 0.3), followed by built-up coverage (HQ score of 0.25), there are
certain locations exhibiting relatively elevated habitat quality. These areas, notably charac-
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terised by herbaceous wetland (HQ score of 0.1), wetlands (HQ score of 0.95), permanent
water bodies (HQ score of 0.9), tree coverage (HQ score of 0.85), and bare sparse vegetation
(HQ score of 0.75), warrant attention. Additionally, land use classes such as cropland and
grassland present HQ scores considered low, with values of 0.6 and 0.5, respectively.

Based on the observed results (Figure 3), it is evident that the southern neighbour-
hoods of the city of Sao Paulo exhibit superior habitat quality parameters. This is given
the fact that a higher concentration and combination of LULC classes associated with
positive ecological attributes, such as herbaceous wetland, permanent water bodies, and
tree coverage, are present. Furthermore, this area displays lower concentrations of classes
linked to anthropogenic activities, specifically motorways and built-up coverage. The
human influence on the natural habitat is relatively mild; hence, in the majority of areas in
these neighbourhoods, habitat quality is better preserved.

3.2. Questionnaire Approach

In our study area, urban and peri-urban Sao Paulo, we visited 49 UA sites out of
152 identified in the municipality records between 2022 and 2023 and administered a semi-
structured questionnaire to users. A total of 69.39% of the sites are on public land, with an
average area of 0.146 hectares and a standard deviation of £0.232, and are located primarily
in the centre-west zone of the city. Only 38.77% of the gardens are cooperatives or associa-
tions; 20.4% reported having received municipal, state, or federal financial resources; and
14.28% reported resources from the private sector or from a non-governmental organisation
(Table 7).

Table 7. Results of questions based on the Likert scale.

Question Totally Disagree Disagree Indifferent Agree Totally Agree Not Answer
Count % Count % Count % Count % Count % Count %
Formatofa 2 48 0 0 2 408 3 612 19 3877 3 612
cooperative/association.
Land of public origin. 31 63.26 3 6.12 1 2.04 1 2.04 10 20.4 3 6.12
Financial
resources from the 30 622 3 612 2 408 3 6.12 7 1428 4 816
municipal, state, or federal
spheres.
Financial
resources from the private
sector or from a 30 62.22 3 6.12 2 4.08 3 6.12 7 14.28 4 8.16
non-governmental
organisation.
Presence of organic 36 7346 0 0 1 200 2 408 10 204 0 0
production certification.
Use of fertilisers or chemical 8571 1 204 0 0 0 0 4 816 2 408
pesticides.
Presence of social, food, or
environmental education 5 10.2 2 4.08 2 4.08 2 4.08 38 77.55 0 0
projects.
Presence of financial return. 28 57.14 4 8.16 4 8.16 2 4.08 10 204 1 2.04
Commercialisation of the food. 30 61.22 1 2.04 5 10.2 1 2.04 12 24.48 0 0
Presence of composting. 6 12.24 2 4.08 1 2.04 0 0 40 81.63 0 0

In analysing the geographic distribution of ES identified in the questionnaire responses,
we observed that most services are evenly distributed across the territory, spanning the en-
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tire range of areas studied. Notably, only services associated with provisioning, regulation,
and maintenance extend to the southernmost region (Figure 5).

Maintenance Services.

(a) Urban gardens associated to Regulation and (b) Urban gardens associated to Provisioning Services. (c) Urban gardens associated to Cultural Services.

Figure 5. Distribution of urban gardens within the municipality and their corresponding linked
ecosystem services.

The results reveal that 24.48% of the locations primarily focus on food production,
another 24.48% on educational or therapeutic activities, and for the remaining 48.97%, the
main objective was not explicitly stated.

Considering the significant proportion of female participants, tests were conducted to
evaluate the correlation of this proportion with the main service provided by the garden,
food commercialisation, and the garden being a cooperative or an association. The female
participation in each location was initially categorised into three groups: low (up to 25%
of women), medium (from 25.1% to 74.9% of women), and high (equal to or above 75%).
After conducting normality tests on the variables, the correlations were assessed using the
ANOVA test [35]. Concerning the primary service provided by the UA site, categorised
as education, well-being, or food supply, it was noted that the differences in the averages
of women across the groups were not uniform; however, this lack of homogeneity was
not statistically significant. Additionally, in relation to the food commercialisation of the
UA site’s affiliation with a cooperative or association format, no significant differences
were observed among the group means. Statistical tests were conducted to assess the
correlation between the inclusion of the garden in a cooperative or association model
and the commercialisation statement by the users, as well as with the identified purpose
from the responses (education, food supply, or well-being), and no significant associations
were observed.

Upon analysing the responses, we identified nine distinct types of ES across the
three categories adopted in this study (Figure 6). Within the provisioning category, the
nutrition service was identified in 70.9% of cases. Additionally, income generation and
commercialisation were considered subclasses of services in this category, with respective
identification in 20.4% and 24.48% of sites. The most frequently identified category was
regulation and maintenance, encompassing the mediation of waste and toxicity as well
as soil formation and composition, identified in 81.63% and 20.4% of cases, respectively.
Moreover, lifecycle maintenance, habitat, and gene pool protection were identified in 10.2%
of responses. Lastly, the cultural section showed that 77.55% of cases related to education,
6.12% to well-being, and only 2.04% to leisure/social services.
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Identified Ecosystem Services (N=9)
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) - Regulation and Maintenance Services
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Figure 6. Identified ecosystem services.

3.2.1. Provisioning Services

In relation to provisioning services, all locations offer fruits and vegetables, including
non-conventional edible species, with one particular location additionally employing the
aquaponic technique to supply fish.

In our study, we assume the commercialisation of food and its income-generating
aspects as subcategories prompted by the provision of food from the sites. Regarding
income generation, it was mentioned in 20.4% of the 49 surveyed locations in structured
responses, while 18.2% of producers affirmed it in open-ended replies. This disparity
could have arisen from challenges in precisely defining income generation and financial
returns. Some locations assert that their activities merely cover costs, stating, “the operation
only pays the costs,” or suggesting that “. . .there is still no financial return in reais as it is
estimated that this will only occur in five years.” In essence, the activity has the potential to
generate income, but it may not always occur immediately.

Another noteworthy point is that, in certain instances, the activity may not yield direct
income but rather alleviate monthly food costs. As stated by one producer, “there is no
financial return because we do not sell our production, it is exclusively for consumption by
the group that takes care of the garden; however, this consumption generates a positive
impact on the income of families, as they stop buying vegetables in the market.” In an
exceptional scenario, three sites reported the recruitment of employees by the municipality
through targeted announcements to provide labour for urban agriculture initiatives.

Selling to commercial establishments was reported by 24.48% of the producers, and
sales can occur both at the site and in street markets. Of these producers, 14.5% indicated
that the buyers of their products come from the neighbourhood.

3.2.2. Regulating and Maintenance Services

Regulation and maintenance services were discerned through the presence of processes
such as waste mediation, lifecycle maintenance, habitat and gene pool protection, and soil
formation and composition.

Composting was reported by 81.63% of the producers, contributing to waste mediation.
The lifecycle maintenance service was supported through beekeeping at 7.3% of the sites
and, additionally, through the observation of general wildlife by 3.6% of the producers.
Although a minority of producers mentioned the presence of animals, it was evident that
some farmers understood the association between UA and the fostering of habitat for
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species. One participant explicitly stated, “There is no animal husbandry, but the activity
supports urban fauna.”

The service related to soil formation and composition can also be supported by organic
production, identified by having an official organic certification (20.4% of the sites), or
through production without chemical pesticides, reported by 85.71% of the producers. We
perceive the possession of an organic production certificate as a more reliable indicator
for the soil formation service, given that stating the non-use of agrochemicals might be
ambiguous for certain producers.

3.2.3. Cultural Services

Cultural services were predominantly reported in the structured responses (77.55%),
all linked to the presence of social, food, or environmental education projects. In the
open-ended questions, leisure/social were mentioned by 2.04% and well-being services
by 12% of the respondents. Besides that, 14.5% of the producers associated the gardens
with educational purposes. Some producers emphasise the connection between mental
health and UA, as indicated by statements like “The garden has a well-being and education
purpose as it is part of a care and assistance space for vulnerable people and mental health
issues”. We understand the mental health association as a contribution to well-being
services [36].

4. Discussion
4.1. Habitat Quality

Our HQ map of Sao Paulo reveals a mix of natural habitats and human-disturbed
areas, with significant impact from motorways and built-up coverage. The HQ model
score had a median of 0.84. Despite anthropogenic pressures, certain locations exhibit
high HQ scores, notably herbaceous wetland, wetlands, permanent water bodies, tree
coverage, and sparse vegetation. Southern Sao Paulo displays superior habitat quality,
with concentrations of positive ecological attributes and less human influence, preserving
habitat quality in most areas.

The only study applying the HQ methodology in Brazil that we found was also
conducted in the southeastern region of the country, albeit in a different biome from
Sao Paulo’s capital, in an area called the Iron Triangle [30]. With distinct LULC classes,
the study found a median HQ score of 0.52 and threats to the habitat arising from the
high anthropogenic impact of areas dedicated to eucalyptus plantations, pastures, and
mining activities. The authors highlight that within their study area, 42.2% overlapped
with protected areas and advocate for areas overlapping strictly protected areas to receive
financial support through payments for ES. This is particularly important as reserves and
parks often lack financial support and management projects, do not consistently restrict
nearby deforestation, and face pressure from the local community due to high opportunity
costs [30].

The study by Wang et al. [37], which assessed HQ in Cangshan (China), highlights that
the primary stressors of habitat quality were the developed economy, high population den-
sity, intense urban expansion, and urban construction. For the study of Aneseyee et al. [38]
conducted in the Omo-Gibe Basin (Ethiopia), on the other hand, the primary stressors
identified were agricultural expansion and highways. In the case of highways, the authors
emphasise that they become problematic not only due to anthropogenic disturbance but
also because they facilitate logging activities. Therefore, they advocate that keeping roads
out of natural habitats is the most effective approach to environmental protection.

Similar to Xiao et al. [39], who evaluated habitat quality in Hubei (China), our research
reveals that cropland areas in our study do not exhibit high habitat quality. However, the
authors highlight that while habitat quality may be lacking in these areas, urban croplands
play a crucial role in ensuring food security, which can also be particularly important in
Sao Paulo, where there is an issue regarding access to fresh food by vulnerable people [40].
Xiao et al. [39] advocate for future efforts to balance land take and compensation policies
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and implement comprehensive land improvement projects to stabilise agricultural lands
and mitigate the loss of essential land resources. We recognise that UA may improve habitat
quality to some extent when situated in more urbanised regions, such as the central-eastern
region of Sao Paulo, where the lowest habitat quality is observed. However, considering
the abundant vegetation in the southern part of Sao Paulo, UA may not be an optimal
choice for enhancing habitat quality in this area.

Observing the highest HQ score in the southern area of Sao Paulo is not surprising,
given its lower landscape fragmentation, which is also observed in other studies in places
with this characteristic [37,41]. Increased fragmentation resulting from decentralised urban-
isation leads to reduced landscape connectivity, impacting ecological landscape function
and jeopardising organism habitat quality [41]. Thus, an interactive, benign landscape
pattern between urbanisation and ecological protection should be established, prioritising
the safeguarding of these areas.

4.2. The ES Perception of UA Producers

Regarding the questionnaire, our findings indicate that, in the UA places assessed,
it was possible to identify nine different ES through responses obtained from the ques-
tionnaire. Regulation and maintenance services took precedence, particularly through
prevalent practices such as composting and organic production without pesticides. Among
provisioning services, nutrition emerged as the predominant service. Additionally, sales
to commercial establishments were reported in some cases, and transactions with neigh-
bourhood buyers were mentioned. Notably, cultural services played a significant role,
predominantly educational, underscoring the gardens’ contribution to social, food, and
environmental education initiatives. The geographic distribution of these services demon-
strated an even distribution across the study area.

Different from our findings, the systematic review of Evans et al. [42], evaluating a
total of 157 studies and using ‘“The Economics of Ecosystems and Biodiversity’ (TEEB) as the
principal ES framework, besides supplementing this with additions from the ‘Millennium
Ecosystem Assessment’ (MEA) framework, identified the report of 19 ES associated to
UA, which respectively: Maintenance of Genetic Diversity; Local Climate and Air Quality
Regulation; Recreation and Mental and Physical Health; Food, Fibre and Fuel; Aesthetic
Appreciation and Inspiration for Culture, Art, and Design; Biological Control; Spiritual
Experience and Sense of Place; Moderation of Extreme Events; Noise Management; and
Disease Regulation. The disparities between our results and theirs may be attributed to
the fact that the framework adopted by Evans et al. [42] encompasses a broader range of
categories and explores a more diverse array of ES.

On the other hand, in a comparable review of 217 studies conducted by Haase et al. [43],
although not exclusively focused on UA, the proportions for each type of ES were revealed
to be 70% for regulation and maintenance services, followed by 15% for cultural services,
and, finally, 11% for provisioning services.

Promoting green infrastructure in urban centres is not a novel concept, given its
multiple benefits in reinforcing a comprehensive resilience strategy [44]. Our findings
substantiate the potential of UA in soil preservation or recovery, as well as the provision
of habitat for pollinators and other wild species. Prior studies have prominently doc-
umented support for faunal species in urban allotments [45—47]. Another noteworthy
aspect, although not statistically examined in our study, pertains to the support for floral
biodiversity. Sanye-Mengual et al. [47] contend that urban producers contribute to the
revitalisation of local and ancient vegetable crops. In our investigation, the overwhelming
majority of assessed UA users reported cultivating non-conventional edible species, thereby
promoting biodiversity.

Mediation of waste emerged as the most frequently mentioned ES in the question-
naire responses, primarily through composting activities. The synergy between UA and
composting has been underscored in prior research [48-50], and it is highlighted that by
fostering circularity in urban flows, such practices contribute to the reuse of nutrients found
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in waste, thereby mitigating the environmental costs associated with nutrient protection
and synthesis [51].

The observed organic production in the assessed gardens aligns with earlier findings
indicating a rise in organic and agroecological practices in Sao Paulo, particularly present in
the city’s south and east zones [40]. Similarly, the study conducted by Diekmann et al. [52]
assessed the contribution of various types of urban gardens in California (United States),
noting that organic gardening was the most common system of production in both com-
munity and home urban garden types. Along with the associated environmental benefits,
such as fostering long-term soil fertility [53], it is also emphasised that a prevalent issue in
contemporary urban centres pertains to the accessibility of organic products for economi-
cally disadvantaged populations [53]. Our study, similarly to Nagib’s [40], illustrates that
vegetable gardens situated in areas of Sao Paulo characterised by a lower level of MHDI
can offer local producers and consumers access to organic food.

In the study by Camps-Calvet et al. [45], which assessed the ES of UA in Barcelona
(Spain), the most commonly recognised service was “learning and education." In contrast
to our findings, Barcelona gardeners also emphasised the significance of “entertainment
and leisure” opportunities in UA places. Other scholars underscore that, in addition to
food provision, recreational purposes have historically proven to be the primary ratio-
nale for urban decision-makers and professionals advocating for urban gardening [54,55].
Schroter et al. [56] stress that the delivery of services pertaining to cultural aspects is con-
tingent upon individual preferences and proves challenging to assess or quantify through
objective data collection.

Given that most spaces examined in this study are on public land, their activities
tend to be community-orientated, potentially facilitating the identification of a substantial
number of cultural services. This outcome might not be as pronounced if the assessment
had encompassed more privately owned gardens, for instance, as shown by research in
the United Kingdom by Grafius et al. [57] that urban food production predominantly takes
place in private gardens. Nonetheless, other studies have discovered that privately man-
aged spaces, such as allotments, contribute to cultural services like recreation, educational
activities related to nature, and the promotion of environmental behaviour [54].

The comprehensive examination conducted by Pradhan et al. [58], which analysed
1450 publications, affirms that UA is multifunctional and delivers diverse ES, including
pollination, pest control, climate resilience, water regulation, nutrient cycling, recreation,
and other cultural services. However, the authors caution that trade-offs among these ES
may arise based on the adopted agricultural management practices. In essence, unsustain-
able practices, marked by inefficient use of agricultural and energy production factors, may
not consistently result in lower carbon, energy, or water costs. The authors advocate for
judicious management strategies derived from a comprehensive life cycle assessment of
both existing and planned projects to ensure the realisation of these benefits.

Some studies assert that UA has the potential to augment extra income for produc-
ers [59-61]. However, this phenomenon is not universally observed across all UA formats.
Abdoellah et al. [62], in their evaluation of income generation from urban allotments in
Greater Bandung (Indonesia), found substantial financial returns exclusively in UA places
where formal commercialisation took place. Conversely, garden formats dedicated to per-
sonal consumption demonstrated only a reduction in monthly food expenses for producers,
aligning with our own observations. In this context, UA grapples with a spectrum of
intricate issues related to land requirements, adaptability to community characteristics,
divergent interests among stakeholders, and the dynamics of area development [59,63,64],
which may jeopardise income generation.

Our findings demonstrate that the geographic distribution of the three main types
of ES exhibits uniformity across the entire study area, with only provisioning, regulation,
and maintenance services extending to the southern region. In an alternative perspective,
Caldas and Jayo’s [27] analysis allows for identifying distinct patterns in the location of
UA initiatives in Sdo Paulo, characterised by their scale or visibility. In this sense, we
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could associate the two classifications of UA places in the study with two types of ES:
provisioning and cultural, respectively. UA initiatives classified as “scale,” predominantly
centred around food supply and consumption, are notably found in the suburbs of the
city. In contrast, those with the “visibility” profile, focused on discourse production and
visibility for the UA political agenda and strongly emphasising educational activities,
tend to concentrate in central regions. The authors acknowledge that, while the mapped
initiatives do not constitute a comprehensive census, the results suggest that this distinction
between scale and visibility initiatives may be generalised for the entirety of UA in Sao
Paulo. Although the study did not evaluate peri-urban agriculture, this geographical
differentiation could, therefore, reflect the distinct emphases of the initiatives, contributing
to an understanding of the ES provision and the support that these spaces necessitate from
pertinent authorities.

In contrast to our findings, where cultural services were not identified in a peri-urban
agriculture model in the southern region, the study by Giachee et al. [65] documents the
well-perceived and evaluated presence of these services by users in microfarms located
around Paris (France). However, it is crucial to acknowledge that our study assessed
only a singular space, which, firstly, is situated in a peri-urban region and, secondly, is
categorised as a microfarm, thus differing significantly from the configurations of urban
gardens observed in the central regions of the city.

In our study, we categorise commercialisation as a subclass within provisioning
services. In this context, our findings indicate a possibility for urban agricultural production
to be predominantly commercialised within its immediate surroundings. The study by
Biazoti et al. [66] assessed the commercialisation practices of certain urban producers in
Sao Paulo. The research underscores that farmers affiliated with associations in the east
zone concentrate their production within the same zone, maintaining local distribution due
to transportation costs and limitations in small cultivation areas. In the south zone, the
evaluated cooperative producers have a diverse array of distribution channels, primarily
directing the majority of their production to central areas of the city. Conversely, non-
cooperative producers in the south zone sell their products at CEAGESP, city of Sao
Paulo, Brazil (a state-owned company responsible for managing supply depots and storage
facilities for agricultural products in the Sao Paulo region), open-air markets, local markets,
and directly in the production area, standing out as an alternative for larger-scale production
and industrialised markets. Cooperative producers in the north zone sell directly to
consumers, notably from surrounding neighbourhoods, and extend their reach to other
municipalities in the Sao Paulo metropolitan region through the National School Food
Program. Open-air markets and organic markets play a crucial role in supplying the
city with healthier and fresher food, bringing additional benefits to urban spaces such as
reducing environmental impacts in production, storage, and commercialisation. Despite
the intriguing outcomes of this study, it is important to note that a limited number of
producers in our results reported being affiliated with a cooperative or association format.
Consequently, comparisons drawn from these findings may be subject to bias.

The significant presence of women in UA, as also evidenced in our study;, is notable
as they constitute the majority of participants and actively engage in leadership roles
within the activity worldwide [67,68]. This trend extends to specific contexts, such as Cape
Town (South Africa), where women predominantly hold crucial positions in UA networks,
extensions, and markets, serving as influential ambassadors for the activity [69]. However,
challenges persist in African and Asian countries, where, despite female leadership in
the UA, trade-related roles are often occupied only by men. While our results do not
reveal a clear relationship between trade-related activities and the presence of women,
other authors [70,71] may indicate a noteworthy gap that requires attention in policies
aimed at promoting women’s participation in the activity. Moreover, although our study
also does not demonstrate a relationship between the female audience and educational
or environmental activities within UA, the involvement of women in the environmental
aspect of the activity is already documented in Sao Paulo, where female UA groups are
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established to promote agroecology within the sector [72]. Therefore, it becomes apparent
that female participation fosters self-development and provides cultural, regulatory, and
maintenance services [70,72].

4.3. UA Integration with Environmental Protection

Our study identified nine different ES provided by urban gardens, while the habitat
quality analysis highlights the contribution of LULC classes such as herbaceous wetland,
wetlands, and tree coverage. Therefore, we emphasise the importance of integrating UA
projects with environmental conservation efforts to take advantage of ES. This initiative is
exemplified in Sao Paulo, where the “Programa Guarapiranga Sustentdvel” (Sustainable
Guarapiranga Program) was launched in 2009 with the aim of protecting the Guarapiranga
Reservoir, located in the southern region of the city, from environmental degradation, with
UA encouraged in its guidelines [19]. This demonstrates that well-planned UA initiatives
can be interconnected with environmental preservation, resulting in the local biome’s
preservation of habitat quality services.

NDS are specific strategies that harness ecosystems and biodiversity to address issues
and promote sustainable development, leveraging ES [2]. The assessment conducted by
Castellar et al. [73] regarding the performance of ES provided by NbS implemented in
four European projects indicates that cultural services attain the highest score, whereas
provisioning services achieve the lowest score. NbS-encompassing activities such as UA
have shown particularly high scores in social matters, climate resilience, and air quality [73].
However, it may be of interest to highlight the viewpoint of Almenar et al. [2] in their
literature review, which indicates that assessments of NbS typically focus on issues such
as climate change but overlook those related to important social matters such as commu-
nity participation and governance, which could be particularly significant in the Global
South [74,75].

4.4. Study Limitations

The application of the INVEST HQ model in practical scenarios is currently limited,
despite its significance as a valuable tool for landscape managers in biodiversity con-
servation [12]. The assessment of habitat quality in our study faced limitations due to
the unavailability of regional data. We relied on expert knowledge to base the model.
Nonetheless, our study introduces a methodological approach to the Sdo Paulo area, which,
according to our research findings, has not been previously applied in other studies.

We acknowledge that findings from a more extensive and diverse sample of producers
in Sao Paulo could offer a more comprehensive perspective on identifiable ES. Regarding
the questionnaire, we emphasise that the responsive and semi-structured methods yielded
results that provide a broad overview of respondents’ perspectives on UA. However, a
more structured and systematic approach, specifically focused on ES, would offer more
generalisable results. We also underscore that synergies between the services were not
evaluated, besides the exploration of potential ecosystem disservices associated with the
activity. Understanding these gaps can facilitate planners and decision-makers in promoting
UA as a NbS.

5. Conclusions

In summary, this study employed a mixed-methods approach to present an innovative
assessment of ES associated with UA in the city of Sao Paulo. It demonstrated that the
LULC observed in Sao Paulo affects its habitat quality, highlighting the importance of
specific LULC types in supporting ES. Moreover, it identified different ES provided by UA
from the perspective of urban users, including educational benefits, social engagement,
and environmental enhancements. The results not only have the potential to enhance
local comprehension of this subject but also offer insights for addressing urban challenges.
This information proves particularly pertinent in crafting policies aimed at tackling socio-
economic and environmental issues through NbS.
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The findings suggest that across various geomorphic land-use types, we had distinct
habitat quality in the megacity of Sao Paulo, suggesting the need for tailored land man-
agement strategies based on geographical and environmental factors to enhance regional
habitat quality. This requires ecological planning and biodiversity protection efforts, with
strong involvement of the sub-municipalities in planning their territories.

While food supply is advantageous, it may not be the primary motivator for establish-
ing UA places in the city; instead, education emerges as a prominent activity. Additionally,
quantifying environmental benefits might pose challenges, yet these gardens exhibit signifi-
cant outcomes, making them a viable basis for environmental policy initiatives accessible
to diverse social classes and locations, even in a city of Sao Paulo’s magnitude.

We underline that, while UA is not a panacea for all socio-economic and environmental
concerns, cities can implement planned strategies to foster agricultural development in
specific areas. Employing sustainable practices tailored to the location and for differentiated
purposes can contribute to bolstering resilience and delivering ES. Nevertheless, it is imper-
ative to perceive UA as a complex socio-ecological system, wherein concerns of community
development, equitable opportunities, and local resilience are intricately interconnected.

Despite inherent limitations in the study, the approach to evaluating ES dynamics
underscores how a comprehensive and integrated understanding can serve as a guiding
framework for future urban planning policies, facilitating the seamless integration of UA
into the construction of more resilient, sustainable, and equitable cities.
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