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Abstract Urban agriculture may help promote
key indicators, such as improvement of environ-
mental health and food security and reduction of
social inequality. The present article aims to help
understand the current situation of urban agri-
culture in the city of Rio de Janeiro by focusing
on the Hortas Cariocas Program (HCP). To this
end, two approaches were adopted. The first one
was qualitative and based on a descriptive ex-
ploratory method that was used to survey and
analyze the impacts caused by the program on the
communities involved. The second one was quan-
titative and based on data envelopment analysis
(DEA), which was used to assess and understand
the program’s productive performance from 2007
to 2019. The programs performance showed two
peaks, one in 2012 with 80.21% and the other one
in 2016 with 100.00% of the productive perfor-
mance score. The behavior of the annual perfor-
mance scores can be explained by the increases
in the number of people who got directly involved
(number of producers) and in the occupied area
(number of seedbeds), as they reflect the socio-en-
vironmental character of the HCP.
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Introduction

Regular and permanent access to food in quanti-
ty and quality is a fundamental right that must be
ensured to all human beings. In 2015, this topic
was addressed at the United Nations Conferen-
ce on Sustainable Development, which aimed to
propose sustainable development goals and tar-
gets by 2030. The scientific community has ever
since made major efforts to develop methodolo-
gies aimed at food security and sustainable deve-
lopment for the world’s population’.

On the American continent, there are histori-
cal evidences of agro-urban landscapes that were
created by the Inca and Mayan civilizations®. Ac-
cording to the Food and Agriculture Organiza-
tion of the United Nations®, 85% of the economi-
cally vulnerable population in Latin America was
found in urban areas. In Brazil, the Brazilian Ins-
titute of Geography and Statistics* estimates that
approximately 85% of the Brazilian population
lives in urban environments. In the southeastern
region of Brazil, approximately 93% of the popu-
lation lives in urban areas®. The high population
concentration in urban centers, combined with
social issues, undermine food security, support
services and infrastructure, as well as culture and
leisure of certain groups.

Inadequate nutrition is one of the main fac-
tors that contributes to the increase of chronic
non-communicable diseases (NCDs) as a global
health issue’. Some studies point out alarming
rates of food insecurity throughout Brazil, which
have been further aggravated by the COVID-19
pandemic®.

Urban agriculture is the beginning of urban
restructuring, of creating greener cities and con-
tributing to food and nutrition security’. Urban
agriculture plays a key role to balance urban
ecosystems, to promote sustainability in cities,
to improve the quality of life and healthy nutri-
tion®’.

In this context, urban vegetable gardens have
been described in several Brazilian cities. The
Hortas Cariocas Program (HCP) was developed
by the City of Rio de Janeiro and has been its
most renowned one to date'’. It aims to encoura-
ge the practice of sustainable and organic agricul-
ture in the city and to provide high quality food
at affordable prices to the needy population that
lives in the vicinity of the gardens. In addition to
urban vegetable gardens located in poor commu-
nities, the HCP is in charge of Rio’s school gar-
dens as well, which are learning spaces that focus
on environmental education, food education and
natural sciences.

However, this production modality has only
achieved a small percentage of its potential'’.
More advanced studies are required, especially
on positive and negative impacts caused by urban
agriculture', in addition to a systematic assess-
ment of the contribution of urban agriculture to
food security®. A literature review identified the
need for additional studies that address know-
ledge gaps on the results of urban agriculture,
mainly regarding food insecurity, poverty and
inequality™.

Therefore, the present article mainly aims
to stress the importance of urban agriculture as
a mechanism to promote food, nutritional and
health security in needy communities. It also
highlights elements that could be improved to
optimize agricultural practice and make it more
popular in urban environments.

This article may contribute to understand the
impacts and productive performance of urban
agriculture in the city of Rio de Janeiro by analy-
zing and relating aspects of production with its
effects on environmental and collective health of
the population involved.

Material and methods

The present study was developed in two steps.
The first one used a descriptive exploratory me-
thod" to qualitatively analyze the economic, en-
vironmental and social impacts and to unders-
tand and characterize the HCP. This analysis was
performed during field visits from July 2018 to
December 2019 based on a descriptive research
methodology that included extensive direct ob-
servation and photographic data collection. This
step helped understand the program’s production
process, including participation of its members,
training, preparation of areas, planting, harves-
ting and food consumption in all HCP gardens.
Figure 1 shows the marked and numbered loca-
tions of the 40 vegetable gardens and the CAPO
and PR] Support Points, which operationally and
logistically support the HCP.

In the second step, a Data Envelopment
Analysis - DEA'® was performed to obtain a
quantitative analysis of production performance.
Data were collected in January 2020 and obtai-
ned from the monthly reports published by the
coordinator and manager of agroecology and
organic production of the City of Rio de Janeiro
between 2007 and 2019. The Integrated Decision
Support System (SIAD) software program, ver-
sion 3.0" was used to calculate efficiency scores
for the intended performance analysis.



This methodology was chosen because it
allows to incorporate quantitative data at diffe-
rent scales without transformations and to gene-
rate scores that facilitate the analysis of agricultu-
ral activity'®. Based on analysis of available data,
we decided to use the CCR model (an acronym
of the initials of its authors, Charnes, Cooper and
Rhodes, who created it in 1978), which assumes
constant returns to scale and according to which
the increase in resources leads to a proportional
increase in products. The model orientation fo-
cused on outputs. Thus, the assessment of a pro-
duction unit’s efficiency is made by comparing
what was produced with what could have been
produced'®”.

Based on the definition of efficiency propo-
sed by Farrell*® as the maximum ratio between a
weighted sum of products and a weighted sum of
resources, DEA uses that concept to perform a
comparative analysis between the efficiencies of
a set of production units or decision maker units
(DMUs). Used as a tool to measure efficiency,

this approach considers several resources and
products to calculate productive efficiency scores
and allows to achieve the intended performance
evaluation over the years.

To evaluate the HCP in this study, every
year between 2007 and 2019 was considered as a
DMU. Inputs include used materials or resources
and outputs include HCP products. They were
selected from the variables that best represented
the character of the intended analysis. Therefo-
re, inputs included the number of facilitators
and the amount of money invested in the HCP
per year. Outputs included the program’s annual
food production in kilograms, which allowed to
cover the entire production process.

The number of facilitators of every DMU
was defined by the average number of techni-
cians present every month per assessed year. In-
vestments were defined by the monthly sum, in
Brazilian Reais, per assessed year. Thus, we con-
sidered monthly allowances paid to producers
and building materials used at the gardens, such
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Figure 1. Location of vegetable gardens and HCP Support Points in the five Planning Areas (PA), city of Rio de

Janeiro.

Source: Authors, adapted from the Master Plan of Rio de Janeiros City Administration.
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as netted shade material and bed bricks, seeds,
etc. These variables account for resources used to
train people and to build the HCP spaces.

Yearly production is the sum of agricultural
items (lettuce, carrots, tomatoes, spinach, basil,
gherkin, eggplant, sweet potatoes...) in kilograms
produced per months of every analyzed year.
This variable reflects the result of people’s inte-
raction with the space, i.e., the targets of the HCP.

Table 1 shows the used variables and the ef-
ficiency scores revealed by the output-oriented
DEA-CCR model applied to each DMU.

Results and discussion

Combining two approaches expanded the
scope of this study. It allowed us to analyze the
collected data in both a qualitative and a quan-
titative way and to take into account the several
dimensions covered by the HCP.

Qualitative analysis of the HCP

The descriptive exploratory method allowed
us to perform a qualitative evaluation of the pro-
gram’s economic, social and environmental im-
pacts. Field visits revealed that HCP gardens are
located in idle lands of the communities. We were
informed that those spaces had been used by the
parallel power for the sale of illicit goods, were
neither controlled by the police, nor included in
the city’s master plan. Building vegetable gardens
improves the aspect and landscape and, as a re-
sult, neighboring areas increase in value and po-
pularity (Figure 2). Interventions by community
members resignifies, revitalizes and changes not
only those spaces, but also the agent groups’.

The Hortas Cariocas Program (HCP) is a
multifunctional urban garden program based on
an organic production system free of agrochemi-
cals. Producers are trained to use agroecological
practices aimed at soil, pest and disease mana-
gement, promoting sustainability in several ways
(Figure 3). This practice is found in the produc-
tion areas of the HCP’s vegetable gardens, which
are cultivated based on a diversity of species. In-
teractions that result from this arrangement pro-
vide better conditions and consequently higher
yield throughout the entire year. That productive
diversity strengthens both the efficiency and sus-
tainability of agricultural activities'.

Producers who join the HCP receive financial
support from the City of Rio de Janeiro, as well as
agricultural training and access to produced food

(Figure 4). This fact corroborates a study that
found that one of the main motivations of urban
agriculture is nourishment, followed by financial
benefits".

In addition to receiving the City’s financial
support, producers sell part of their production
at local fairs or at their own gardens to improve
their revenue (Figure 5). However, only vegetab-
le gardens located in communities may sell their
produce, as the municipal school gardens’ entire
production is used by community school kitchens
to prepare meals. As a matter of fact, an important
number of gardens achieve their emancipation
after some time and no longer depend on public
resources. Urban agriculture is a strategy to incre-
ase the revenue of beneficiary families, allowing
them to use their income for other purposes". For
example, unemployed people that rely on social
welfare programs may become economically ac-
tive and contribute to urban economic activities.

Planting of native species, which is promoted
by the HCP, as well as crop rotation that respects
seasonality of species boosted local biodiversity
and brought about changes in the microclimate
and local evapotranspiration. In this sense, vege-
table gardens, parks, spaces covered by vegetation
in general and initiatives such as the Hortas Ca-
riocas may act as flood mitigators. In a natural
environment, rainwater seeps into the ground and
supplies the aquifer. Therefore, the presence of ve-
getation is essential, especially to avoid the degra-
dation of watersheds, since they directly affect the
quality and quantity of available water®.

In urbanized environments, waterproof soils
cause puddles or irregular water flows that result
in major issues. A study conducted in New York
assessed the impact of parks and community gar-
dens and found that they retain approximately 45
million liters of rainwater® that otherwise could
cause floods and landslides.

The HCP areas we visited also teach how to
compost organic waste that is usually indiscrimi-
nately discarded. Old tires and pet bottles are used
to form beds, which helps reduce urban waste.
Thus, garden environments encourage different
types of interaction between man and nature,
raising awareness of the environment and the di-
fferent ways of consumption. Many members of
HCP vegetable gardens communities had never
planted a seedling or picked fruit from a tree befo-
re joining the program, which provided them with
that kind of experience. Manny authors consider
urban agriculture as an essential pedagogical stra-
tegy to learn gardening based on direct contact
with food and nature*.



Table 1. Variables and efficiencies revealed by the DEA-CCR model applied.
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Number of PE
. Annual investment Annual production Productive
DMU Year Facilitators (BRL) (kg) efficiency
(average/year)
(%)
input 1 input 2 Output
1 2007 2.00 203,794.22 3,291.34 9.78
2 2008 2.00 354,490.84 11,256.55 21.65
3 2009 2.00 391,055.79 17,351.72 33.37
4 2010 2.00 495,033.97 21,613.59 41.56
5 2011 2.00 408,959.82 36,021.23 69.27
6 2012 2.00 375,944.57 41,709.16 80.21
7 2013 2.67 595,656.96 47,629.22 68.61
8 2014 5.00 612,315.63 44,705.03 44.23
9 2015 5.00 738,624.39 89,737.81 73.60
10 2016 5.00 787,516.61 130,001.29 100.00
11 2017 4.42 824,702.33 108,430.57 94.35
12 2018 7.25 911,258.91 109,068.87 72.51
13 2019 9.33 989,050.23 116,533.97 71.38
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Source: Authors.

Figure 2. Revitalization and visual improvement of
land that has been taken care of by the HCP.

Figure 4. Beds in their production stage.
Source: Authors.

Source: Authors.

Figure 5. Point of sale of a part of vegetable garden
Figure 3. View of cultivated beds. produces.

Source: Authors. Source: Authors.
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Implementation of green areas, such as parks
and gardens, provides a more pleasant environ-
ment for the neighboring population. The pre-
sence of natural elements, such as trees, plants
and water sources form landscapes that people
enjoy more than the usual urban environment®.
Thus, the HCP encourages creating natural en-
vironments and recreation in them, encourages
physical activity and contributes to the physical
and emotional well-being of the population in-
volved (Figure 6). Some studies report that agri-
culture in urban areas directly impacts the local
population, as it is not only a source of food, but
also an aesthetically pleasing and favorable envi-
ronment for recreational and cultural activities®.

The development of these spaces also gave
rise to a new area of interest: nutrition education
in agriculture”. Therefore, urban agriculture may
be an important training strategy as it is based on
a direct contact with food and nature. Gardens,
in their function of educational environments,
bring people closer to food and nature, promote
horizontal learning and sharing of experiences®.

Due to the city’s subsidies and technical assis-
tance provided by specialized professionals, the
HCP maintains organic food production at an af-
fordable price in communities. It allows offering
a variety of food to community consumers, im-
proving quality of life and hence life expectancy.
Community garden members eat 1.4 times more
fruits and vegetables than people who do not take
part in any activity of that kind"'.

Analyzing the HCP’s activities showed that
the lack of intermediaries between producers
and final consumers makes products cheaper and
more accessible. Changes in consumption habits,
especially the replacement of foods produced in
conventional ways by organic ones, has stimula-
ted the market of these products that feature a
high added value. Products are sold at accessible
prices to the community that lie below average
market prices. Thus, urban agriculture favors
food security, improves the diet of the local po-
pulation and may thus been seen as a socioe-
conomic tool that reduces food expenses of the
local population®. In addition to providing food
to the vulnerable population, it is also a potential
source of income and helps improve urban envi-
ronments®.

In terms of production, urban agriculture can
be up to fifteen times more productive than rural
farms. As the cultivars have a short life cycle, an
average of 20 kg of food per year can be produ-
ced in a space of one square meter’. According
to data from program reports, the HCP currently

Figure 6. Landscape changes that result in
recreational use and promotion of well-being.

Source: Authors.

produces an average of 10 tons of food per month
in all 40 active gardens of the program.

Health promotion also involves strategies for
the development of urban food systems?, since
they provide healthy food for a part of the popu-
lation that would not have access to it otherwi-
se. In a city like Rio de Janeiro, characterized by
great social inequality, programs such as the HCP
are essential to address nutritional vulnerability.
Besides, they are an additional source of income
for poor communities. Thus, encouraging urban
and peri-urban gardens contributes to reducing
poverty and ensuring food security™.

Productive performance of the HCP

Results of the quantitative analysis of the
HCP’s performance evaluation 2007-2019 reveal
an average performance of 60.04%. Productive
efficiency (EP) corresponds to the standard ef-
ficiency score in percentage, revealed by the ap-
plied DEA model (Table 1). Productive efficiency
peaks were found in 2012 and 2016 (Figure 7).

The remaining quantitative variables, which
were obtained from the data recorded over the
years by the HCP and which are external to the
applied DEA model, were considered as products
of intermediate steps. They served to explain the
behavior of the created scores, since they may
influence the HCP’s production process in some
way or another (Table 2). This allowed to follow
and understand the HCP’s productive perfor-
mance during the observed time period.
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Figure 7. Behavior of Productive Efficiency (EP), Number of Beds (NC/10) and Number of Producers (NH) from
2007 to 2019.

Source: Authors.

Table 2. Variables external to the DEA model, intermediate DMU products.

Average monthly amount

No. of

DMU NH - No. of Production NC - No. . Emancipated  Inactive
Year . items
producers units of beds gardens gardens
produced
1 2007 42.42 6.33 264.17 37.00 0.00 0.00
2 2008 70.64 13.08 517.64 40.00 0.00 0.00
3 2009 80.00 17.33 729.75 40.00 0.00 0.00
4 2010 85.17 19.33 717.42 37.00 0.00 0.00
5 2011 91.25 26.25 1,030.08 39.00 0.00 0.00
6 2012 80.17 30.33 1,114.42 36.00 0.00 0.00
7 2013 91.33 30.33 1,468.50 36.00 6.00 9.00
8 2014 89.75 26.17 2,050.00 34.00 1.00 0.00
9 2015 121.92 29.00 2,168.92 34.00 0.00 3.00
10 2016 161.83 30.75 2,231.25 33.00 1.00 0.00
11 2017 170.09 28.45 2,192.91 33.00 2.00 2.00
12 2018 185.42 33.42 2,632.92 33.00 1.00 3.00
13 2019 183.17 39.92 3,453.17 36.00 0.00 1.00
Min 42.42 6.33 264.17 33.00 0.00 0.00
Max 185.42 39.92 3453.17 40.00 6.00 9.00
Med 111.78 25.44 1582.40 36.00 0.85 1.38
DP 47.50 9.10 950.59 2.55 1.68 2.57

Source: Authors.

Table 2 shows the variations in the number cial and environmental character of the program,
of gardeners and the number of beds, allowing to  reflect the number of people directly involved
understand the behavior of the productive per-  (producers) and the area occupied (number of
formance of the gardens, as they express the so-  beds) in relation to the HCP production pro-
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cess over time. The same kind of highlight was
observed in a study on urban agriculture pro-
duction in Guelph, Canada, which found that to
increase production, the city needed to invest in
training of producers and in expanding arable
land". In addition, the lack of equipment, pub-
lic policies and skilled labor were found to be
the main obstacles to the development of organ-
ic urban agriculture®’. Therefore, the HCP relies
on the support of the City Administration of Rio
de Janeiro, which provides financial and material
resources, such as seeds, fertilized land, material
for the development of gardens and training of
producers.

A growing increase in efficiency took place
between 2007 and 2012 (Table 1 and Figure 7),
which is possibly due to the increase in the num-
ber of beds, but which is not accompanied by
the number of producers (Table 2). This led to a
reduction in productive performance in the fol-
lowing years (2013 and 2014). In other words, the
decrease in production in 2013 and 2014 may be
due to a decrease in the number of admissions of
new producers in relation to the increase in the
number of beds. It was found that the study area
is not necessarily proportional to the productive
potential, since the added beds could be in the
process of planting or post-harvest preparation®.
The opening of new work fronts directly influ-
ences monthly investments, since it requires pur-
chasing blocks and supplies for the new beds as
well as increasing the number of producers.

From 2014, admission of new facilitators to
the program led to a new cycle of performance
increase (Tables 1, 2; Figure 7).

Two productive efficiency peaks took place in
2012 and 2016. This behavior can be explained
by the fact that the expansion of the area (beds)
and participants (producers), in addition to an
increase in resources (inputs), which was moti-
vated by the results of these peak years, lead to a
decrease in the efficiency scores of the following
years. Training of new participants and prepara-
tion of new areas that, over time, started to pro-
duce, took these rates to a new level (Figure 7).
Those expansions cause cycles which, due to new
areas and the admission of new participants, re-
quire time to start the planting, to produce and
yield results that reach productive efficiency.

From a technical point of view, the ideal mo-
ment to emancipate a garden is when it reaches its

peak efliciency. However, new producers would
lack the contact with areas in full production and
trained participants and would have to start their
own process from scratch. That fact might have
been considered in 2016 by the project manager,
as the increase in garden emancipation that oc-
curred after the performance peak of 2012 (Table
2) was not repeated. This may explain the im-
proved result of 2016 that took place in the same
time interval of two years in the HCP productive
performance curve (Figure 7). In other words,
expertise of older producers who remained in the
program and became acquainted with the new
ones may have contributed to this result.

The number of items produced showed little
variation, despite the diversity of items produced
among gardens and throughout the year. Diversi-
fication of items, respecting the seasonality of the
cultivars, is directly associated with the increase
in the productivity of the gardens®, since it may
reduce the need for nutrient supplementation
and the number of idle beds.

Final considerations

In the city of Rio de Janeiro, which is character-
ized by highly urban cultural features, the Hortas
Cariocas Program (HCP) showed significantly
positive impacts, such as improvements in food
and nutritional security, environmental educa-
tion and quality of life. Thus, we conclude that
the HCP contributes to promoting the environ-
mental and collective health of the communities
involved.

As for the program’s productive performance,
the largest expansions of cultivated areas coincid-
ed with a decrease in efficiency rates in 2013/2014
and in 2018/2019. This may be due to the period
that is required for stabilization and implementa-
tion of vegetable crops cycles, as well as the sub-
sequent production phase and harvest, until con-
sumption of these products. Therefore, we may
conclude that the variation in the productive per-
formance of the HCP over the years was inherent
to the socio-environmental goal of the program,
which was achieved through the propagation and
expansion of the cultivated area and the increase
in the number of people involved, including its
resultant improvements and benefits identified
by the present research.
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