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Abstract: The green infrastructure of urban lots performs socio-ecological functions and provides
several ecosystem services (ESs) in urban environments. By assessing the land cover patterns of such
sites, one can deduce ecological functions and potential ESs. We represented the various land cover
combinations of lots by mapping and classifying the vegetation quality of 2828 lots in the city of Belo
Horizonte, Southeast Brazil. We performed cluster analysis of land cover with weighting according
to ecological functions, potential for ES provision, and performance. Most lots (1024, 36.21%) were
in the moderate vegetation quality class (trees/native vegetation between 25% and 50% or >50%
herbaceous-shrubby vegetation), which included the largest plot of 383,300 m? and a median plot
size of 403 m?. A total of 244 (8.63%) lots were in the highest vegetation quality class (trees/native
vegetation between >50% and 100%). The lots included diverse vegetation cover combinations of up
to ten land cover types, with two dominant types: herbaceous-shrubby vegetation and tree clumps.
Among the four land cover patterns obtained, those covered by tree clusters (1193 lots; 42.18%) had
the highest ecological performance and the greatest potential for regulating and supporting ESs. This
cluster had the highest average land cover of tree clumps (49%) and the highest averages for native
vegetation formations (2-6%). Our study showed a variety of land cover patterns and an expressive
percentage of lots with capabilities to provide ecological functions and ESs, which can support urban
sustainability policies that have yet to be addressed.

Keywords: ecosystem services; SDG; urban ecology; urban vacancy; vacant lots; vegetation quality

1. Introduction

Urban landscapes are usually concentrated in constructed and impermeable areas,
with most lacking green infrastructure [1-4]. These green spots are composed of strate-
gically planned networks of natural and semi-natural areas designed and managed to
provide a wide range of ecosystem services, including biodiversity enhancement [5,6].
Urban landscapes are marked by dominant human action, being characterized by envi-
ronmental degradation through pollution, construction, and establishment of concrete
infrastructure, as well as by the constant creation of new land cover [7-9]. The land cover
of cities includes a complexity of components such as built-up areas, streets and access
roads, bare soil, water, grassy fields, forest remnant areas, isolated trees, and unoccupied
spaces, among others [10,11]. The constant dynamics of land use change directly affect
ecological systems and biodiversity through habitat fragmentation and loss, which results
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in the isolation of species and changes in community composition and resilience, and,
hence, the loss of ecosystem services [12-16]. The greater the extent of city sprawl and the
higher the urbanization level, the greater the landscape fragmentation and environmental
degradation, with a growing replacement of ecological functions by human functions, thus
reducing the capacity of ecological systems to contribute to human well-being and quality
of life [17-20]. The reversal of this scenario to a more sustainable one is consequently
among the greatest challenges to overcome in the future [21-26].

In larger cities, many ecosystem services are generated on a small scale, often being
defined by vegetation patches or even individual trees [27]. Among the various types of
urban land cover, vegetation is the largest provider of urban ecosystem services [28]. It
plays a main role in urban areas by regulating microclimate, water supply, air filtration,
noise, rainwater drainage, and sewage treatment. It also has cultural and aesthetic value,
providing scenic beauty and a sense of identity, as well as areas for economic, commercial,
and residential activities [29]. Vegetation influences the climate of cities, with positive
impacts on wind, temperature, humidity, and precipitation regimes [30]. Although carbon
dioxide emissions are largely attributed to urban environments, a city’s green areas capture
and store carbon, minimizing some of the negative effects of greenhouse emissions [31,32].
The urban vegetation itself includes a set of spontaneous, cultivated, introduced and
native plant species that are part of urban woods, parks, street trees, protected green
areas, backyards, gardens, and other green spaces [33,34]. The degree to which vegetation
contributes to the provision of ecosystem services varies according to the characteristics of
its components in terms of physiognomy, life forms, and structure, e.g., [4,28,35].

The evaluation of ecosystem services relies largely on land cover- and use-based
assessments that are suitable for large scale studies, or to areas where the principal service
relates directly to land use. Land cover and its patterns are key elements in ecological
studies because they can translate the impacts of human actions on natural ecosystems
while allowing for an assessment of the ecological functions and potential ecosystem
services of the remaining environments [36—41]. One of the major problems in improving
the provision of ecosystem services in urban landscapes relates to the scarcity of available
areas, with conflicts being prominent over such remaining sites [42]. Under these conditions,
vacant lots stand out as potential places for the enhancement of ecosystem services and
green infrastructure [43,44]. Vacant lots have different origins and may have been created as
permanent zones in areas where buildings are prohibited or may be the result of destruction
and abandonment due to migration, demographic changes, deindustrialization, urban
sprawl, or people’s preferences for new types of residential choices [4,45]. These spaces
include either land that has remained vacant during the city sprawl around them or land
that was previously occupied and was abandoned at a certain point in time [46]. Vacant
lots can also result from a response to differences and inequalities in access to urban land,
the impact of a deregulated market, and real estate speculation, as is the case in many
developing countries [47].

Regardless of their origin, vacant lots are mostly recognized as a social, economic,
environmental, and aesthetic problem, having become symbols of decay, degradation,
and neglect [48,49]. They are, however, key elements for the implementation of socio-
environmental and economic development strategies, offering opportunities for trans-
formations that favor urban sustainability [50-53]. These underutilized spaces can of-
fer perspectives for transformations of urban land use that contribute to community
development and the provision of ecosystem services to form a social and ecological
infrastructure in cities [43,53]. In addition, they may represent a key element in reach-
ing sustainability, see [54,55], while policies are not built and implemented at satisfac-
tory levels in urban environments in terms of just land tenure, social development, and
environmental conservation.

In many places around the world, vacant lots have been mapped and characterized
according to their ecosystem services and have served many activities, functioning as
places for education and research, community gardens, vegetable farming, recreation,
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rest, accessibility, biodiversity restoration, wildlife resources, and conservation, among
others [50,56,57]. These areas, therefore, play a multifunctional role in aggregating sev-
eral ecosystem services, including provisioning (e.g., food production), regulating (e.g.,
carbon storage, air pollution removal, local temperature regulation, runoff mitigation),
supporting (e.g., habitat provision for biodiversity, pollination), and cultural (e.g., recre-
ation) services [58]. Thus, characterizing urban vacant lots in terms of land cover patterns
is important in order to achieve a better understanding the processes of vacancy in cities
and to contribute to the design of alternative uses of these sites [53]. This approach can tem-
porarily and partially aid parties in reaching the Sustainable Development Goals (SDGs),
especially number 11 (Sustainable Cities and Communities), which aim at developing
inclusive, safe, resilient, and sustainable cities [59].

In this context, the main goal of the present study was to characterize the land cover
patterns of vacant lots associated with different ecosystem services occurring in the urban
landscape of a large city in Southeast Brazil. Investigating the potential of vacant lots for
provisioning ecological functions and related regulatory and habitat services overcomes
the fact that, in urban areas, such lots are often mostly valued for cultural services, such
as recreation and physical activities. We assumed that the land cover of these lots, and
its vegetation component, mainly performed regulatory (water infiltration and storage,
microclimate regulation, air purification and filtration, carbon sequestration and storage,
soil conservation) and habitat (habitat provisioning, biodiversity conservation) functions.
Other functions are either rarer in the urban landscape or require quantification and are
not directly extracted from land cover [27]. A novel highlight of the present study is that it
details the vegetation cover of vacant lots. Most studies usually make use of vegetation and
greenness indices (NDVI—Normalized Difference Vegetation Index, e.g., [53,58,60]). Hence,
land cover has been characterized through variation in vegetation quality. This concept has
been most frequently included in evaluations of the environmental sensitivity of critical
areas for the definition of degradation and desertification levels, whereby vegetation quality
indexes are developed and assessed along with soil conditions and climate [61,62]. The
present study uses a combination of different methodologies to characterize vacant lots
according to their vegetation quality based on land cover rating, land cover patterns, eco-
logical functions, and potential for provisioning ecosystem services, which can contribute
to the formulation of actions and public policies aimed at urban sustainability.

2. Materials and Methods
2.1. Study Area

The study was conducted in the city of Belo Horizonte, capital of the state of Minas
Gerais, in Southeast Brazil. This municipality has an average elevation of 900 m and a
climate classified as tropical savanna (aw), with average temperatures ranging between
15 °C and 28 °C. It is located at the transition between the Atlantic Forest and Cerrado
(savanna) [63,64]. It encompasses ca. 33,100 hectares and has a population of ca. 2.6 million.
The city is divided into the following nine administrative zones, delimited from its location
and occupation history: Barreiro, East, North, Northeast, Northwest, Pampulha, South
Center, West and Venda Nova (Figure 1).

2.2. Urban Lot Dataset and Sampling Design

The official database of urban vacant lots in Belo Horizonte was primarily designed in
2008 for control over the incidence of taxes in built-up areas of the city. The dataset
used in this study consists of an official municipal map with associated information
about the vacant lots of city, including information on land ownership (public or pri-
vate) provided by Belo Horizonte city hall (Prodabel/PBH). A representative sample was
selected from the total of 26,906 vacant lots to obtain a 95% confidence level of the entire
population of lots in the city and for each administrative unit. The equation used was
n=N.Z2*p*(1 —p)/Z2*p *(1 — p) + €2 * (N — 1), where n is the calculated sample; N is
the population; Z is the normal variable; p is the actual probability of the event; and e is the
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sampling error [65]. A total of 2828 vacant lots (11% of all lots) were randomly selected,
with the estimated samples for the 9 administrative units being: Barreiro: 311 sampled lots,
11% of the total lots of the administrative unit; East: 207, 7%; North: 277, 10%); Northeast:
349, 12%; Northwest: 208, 7%; Pampulha: 407, 15%; South Center: 355, 13%; West: 346, 12%;
and Venda Nova: 368, 13%.
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Figure 1. Study area comprising the city of Belo Horizonte and its nine administrative units (South
America).

City zoning regarding the occupation of areas and the allowed population density
was used to determine the expected soil permeability rates for the sampled lots. The
various regions of the city were zoned according to the expected population occupation
given the characteristics of the areas: presence of physical and topographical adversities,
lack of infrastructure for water supply or sewage, and degrees of saturation of the road
systems [66-68]. The definitions of these zones determined standards related to the rate of
permeability of the soil, which must be met for the construction of buildings. The expected
soil permeability rate available for the six zones represented by the sampled lots was
between 10% and 20%, according to municipal rules for the areas where the lots are located
(ZA = dense zone; ZAR1/2 = restricted densification zone; ZAP = preferential density zone;
ZHIP = hyper-central zone; ZCBH = central zone of Belo Horizonte; ZCBA = central area
of Barreiro) [69].

2.3. Land Cover Mapping

Land cover mapping was performed using a high-resolution satellite image taken
by GeoEye (24 September 2016, 41 cm resolution, provided by Prodabel/PBH) and a
digitized map of the boundaries of the 2828 sampled urban lots. Each individual lot was
interpreted in detail utilizing QGIS 2.18.11 and ArcView GIS software, ArcMap 10.3 (ESRI,
Redlands, CA, USA). Ten land cover components were identified for the lots, namely:
agriculture, bare soil, forest in an advanced-intermediate stage of regeneration, forest in the
initial stage of regeneration, herbaceous-shrubby vegetation, impermeable surface (asphalt,
cement, construction), pasture, savanna (Cerrado), tree clumps or tree groupings, and water.
Considering the occurrence of lots with use in the database and sampling, for the used lots,
land use mapping was carried out using the same methodology and materials adopted
for the vacant lots (for types and definitions see Table S1 in Supplementary Material). The
elucidation of land use for these lots allowed for a concise examination of the dynamics of
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their use in recent years by comparing data from 2017 with a database provided for 2008,
the year that the registration of vacant lots in the city began.

Differentiation of the types of successional stages of forests, and of these in relation
to tree clumps, was carried out by observing the presence of remnants of forest forma-
tions in the surroundings, attesting to the continuity with the vegetation of the lot. The
interpretation of the various land cover classes and land use was based on the literature
on national, regional, and local phytogeography. This was performed by a single person
to avoid the propagation of errors [70,71]. A visual interpretation of key elements in the
high-resolution satellite image (e.g., texture, pattern, shape, size, height/elevation, and
location/association) was carried out for the purpose of mapping land cover and land use,
the latter only for cases of used lots that were found in the database [71]. Vegetation studies
of forest remnants in Belo Horizonte were also used, covering sampling of georeferenced
lots in the field, including information on the maximum, average, and minimum diameters
and heights of the trees, which allowed the successional forest stage of remnants to be
determined [72,73]. Forest succession stages were defined according to the Resolution of the
National Environment Council (Resolugao Conama 392/2007), which defines the primary
and secondary vegetation of the Atlantic Forest in the state of Minas Gerais [74]. According
to this law, a forest in the advanced stage of regeneration possesses an upper canopy with
trees above 12 m and an average trunk diameter of 18 cm. A forest in the intermediate stage
of regeneration possesses an upper strata between 5 and 12 m and mean trunk diameters
between 10 and 20 cm. A forest in the early stage of regeneration possesses an upper
canopy with trees up to 5 m and average diameters up to 10 cm. Given the difficulty of
separation and the occurrence of situations where the two forest physiognomies (advanced
and intermediate) were merged, a forest in an advanced stage of regeneration made up a
single class, along with that in the intermediate stage. The vegetation of the Cerrado was
mainly composed of a grassland matrix, with shrubs and grasses (Campo Sujo), or denser
vegetation, with some trees and treelets on the aforementioned grassland matrix (Campo
Cerrado) (see [75-77]).

Aiming to represent each lot as a mapping unit, vegetation quality classes were
created based on the vegetation composition and land cover of each lot: low, moderate,
high, and very high. Absence of vegetation was included in the categories “no vegetation
permeable” (with bare soil present) or “no vegetation impermeable” (with total presence of
impermeable surfaces such as asphalt, cement, and construction). Percentages of occurrence
of each land cover type were obtained by visual estimation. Vegetation quality is usually
verified through land cover, and may include various quantifiable factors such as the role
of vegetation in soil erosion protection and in drought resistance, as well as plant cover,
among others (Hadeel et al., 2010). The classification of vegetation quality in the present
study was conducted according to the characteristics of the components that had higher
percentages of occurrence, namely, the structural complexity related to size, ranging from
herbaceous and low shrub vegetation to arboreal vegetation with mature trees, and whether
the lot was a remnant of native vegetation, as in the case of forests and savannas (Table 1).

Low vegetation quality was considered for lots with up to 50% of elementary vegeta-
tion, such as herbaceous-shrubby vegetation, pasture, agriculture, or for those with a low
occurrence of arboreal vegetation (up to 25%), including native remnants. Lots classified
as belonging to the moderate vegetation quality class presented structurally complex veg-
etation composed of forests in the advanced-intermediate stages of regeneration, forests
in the initial stage of regeneration, tree clumps, and savanna, in percentages between 25%
and 50%. Also represented in this class were lots with herbaceous-shrubby vegetation,
pasture, and agriculture with percentages between 50% and 100%. Lots included in the high
vegetation quality class possessed in their composition only arboreal vegetation, native
forest, or savanna cover occurring in percentages between 50% and 75%. The class of very
high vegetation quality also gathered exclusively trees and natural forest and savanna
vegetation (forests in the advanced-intermediate stages, forests in the initial stage, tree
clumps, savanna) with cover between 75% and 100%. Lots with no vegetation, but which



Sustainability 2024, 16, 3063 6 of 25

were composed of permeable components (e.g., bare soil), were classified as no vegeta-
tion permeable, while lots fully occupied by impermeable surfaces were classified as no
vegetation impermeable. Elucidation of the different components of the lots also made
it possible to quantify their percentages of permeability and place them into percentage
classes (0-25%, >25-50%, >50-75%, >75-100%).

Table 1. Vegetation quality classes and expected land cover percentages for sampled vacant lots in
the city of Belo Horizonte, Brazil.

Vegetation Quality Classes Acronym Components Percentage
Very High Vegetation Quality VHVQ Forest in Advanced-Intermediate Stage of Regeneration >75-100%
Very High Vegetation Quality VHVQ Forest in Initial Stage of Regeneration >75-100%
Very High Vegetation Quality VHVQ Savanna; Tree Clumps >75-100%

High Vegetation Quality HVQ Forest in Advanced-Intermediate Stage of Regeneration >50-75%
High Vegetation Quality HVQ Forest in Initial Stage of Regeneration >50-75%
High Vegetation Quality HVQ Savanna; Tree Clumps >50-75%
Moderate Vegetation Quality MVQ Forest in Advanced-Intermediate Stage of Regeneration >25-50%
Moderate Vegetation Quality MVQ Forest in Initial Stage of Regeneration >25-50%
Moderate Vegetation Quality MVQ Savanna; Tree Clumps >25-50%
Moderate Vegetation Quality MVQ Herbaceous-Shrubby Vegetation; Pasture; Agriculture >50-100%
Low Vegetation Quality LVQ Forest in Advanced-Intermediate Stage of Regeneration >0-25%
Low Vegetation Quality LVQ Forest in Initial Stage of Regeneration >0-25%
Low Vegetation Quality LVQ Savanna; Tree Clumps >0-25%
Low Vegetation Quality LVQ Herbaceous-Shrubby Vegetation; Pasture; Agriculture >0-50%
No Vegetation Permeable NVP Bare Soil 100%
No Vegetation Permeable NVP Water 100%
No Vegetation Impermeable NVI Asphalt, Cement, Construction 100%

2.4. Land Cover Clusters and Ecological Performance

We used cluster analysis to extract general and more homogeneous information rep-
resenting the complexity of the land cover combinations of the surveyed lots. Cluster
analysis is a statistical method for identifying groups in raw data in order to help users
find structure [78]. Through clustering of the data by machine learning processes, input
data are partitioned into subsets so that each one shares common traits, as they are divided
into reasonably homogeneous groups or clusters [79,80]. We used this method because the
vegetation quality classes, which mainly portray the dominant land cover, among others,
that can occur in a single plot, could not be directly translated into ecological functions.
The ecological functions, on the other hand, could be derived from each land cover type
through cluster analysis. To proceed with the mapping of ecological functions, we first
selected the most appropriate ecological functions for interpretation only through land
cover—as assumed for this research—and consulted a group of ten experts to obtain their
assessments of the importance of each land cover type for each function. The chosen
ecological functions obtained from the literature comprised those most easily observed in
urban environments and those more easily interpreted through land cover, including regu-
lating functions and habitat functions [81-83]. These ecological functions can be translated
as potential regulating services (water infiltration and storage, microclimate regulation,
air purification and filtration, carbon sequestration and storage, soil conservation) and
supporting ecosystem services (habitat provisioning, biodiversity conservation).

To obtain an expert opinion for mapping ecological functions, we built a matrix
adapted from Burkhard et al. (2009) [84] containing the seven ecological functions inves-
tigated on the x axis and the ten land cover types on the y axis, the latter comprising
agriculture, bare soil, forest in the advanced-intermediate stages of regeneration, forest in
the initial stage of regeneration, herbaceous-shrubby vegetation, impermeable surfaces,
pasture, savanna, tree clumps, and water. The consulted experts consisted of ten profes-
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sionals in the fields of botany, vegetation cover mapping, and environmental sciences from
both the private and public sectors. They were consulted via email and were asked to
provide weights from 0 to 4 for each given land cover type according to its importance or
contribution to each of the ecological functions, namely: 0 = no importance or contribution
to the ecological function considered; 1 = low importance or contribution to the ecological
function considered; 2 = moderate importance or contribution to the ecological function
considered; 3 = high importance or contribution to the ecological function considered;
and 4 = very high importance or contribution to the ecological function considered. The
final weighted matrix of the ecological functions of each land cover type was obtained by
calculating their average (Table S2 in Supplementary Material).

Cluster analysis was performed using IBM SPPS Statistics and the input data refer-
ring to the percentages of each land cover type for each lot—with a maximum total of
100%—obtained from the interpretation of key features from the high-resolution satellite
image GeoEye 2016. The 2828 lots were included in the analysis, and the land cover types
not found in any of the lots were given zero values. The program R and the specific
NbClust package were used to determine the relevant number of clusters in the dataset,
thus avoiding an arbitrary choice of clusters that did not reflect the ideal homogeneity for
interpretation [85,86]. With the definition of the optimal number of clusters being four, the
results of the processing phase were worked according to the resulting average percentage
of land cover per cluster, and a matrix of the average percentage of each land cover per
cluster was generated. It is worth noting that, in cluster analysis, each observation or
sample belongs to the group closest to its average, in this case the average percentage of
land cover in the lot. The resulting cluster matrix with the average percentages was then
used to calculate the ecological function value of each cluster, which corresponded to the
weighted sum of the weights provided by the experts to each land cover type (Table S2 in
Supplementary Material) multiplied by the land cover percentage for that specific cluster
and divided by the total percentage, around 100% (99-102%), as follows:

EF1...7C1.. 4 =% (LC% 1...10/LCT% x EF1...7 W1...10)

EF1...7—ecological function from 1 to 7;

C1...4—cluster from 1 to 4;

X—sum;

LC%—Iland cover percentage for each land cover type in each of the clusters;
LCT%—land cover total percentage or sum of all percentages for each land cover type;
EF1...7 W1....10—ecological function from 1 to 7, weight of each ecological function for
the 10 land cover types.

The ecological performance evaluated herein was adapted from Lovell et al. (2010) [82],
which used a measure of landscape performance based on the sum of the values of the
various ecological functions. Similarly, the ecological performance for each cluster in the
present study was defined and calculated as the total sum of the results of each ecological
function. According to the characteristics of the data, the maximum value that could be
obtained for the ecological performance of each cluster was 28, considering that 7 ecological
functions were analyzed, each with a maximum weight of 4. Thus, for the evaluation of
ecological performance, low-performance results are those ranging from >0 to 7, moderate
from >7 to 14, high from >14 to 21, and very high from >21 to 28. The calculations made to
obtain the full values of ecological performance were as follows:

EP1...7C1..4=X EF1....7

EP1....7—ecological performance for ecological functions 1 to 7;
C1...4—cluster from 1 to 4;

Y—sum;

EF1....7—ecological function from 1 to 7.
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3. Results
3.1. Land Cover Mapping

The 2828 lots sampled in the city of Belo Horizonte, Brazil, covered an area of
4771,235 m? or 477.12 ha. The spatial distribution and vegetation quality classes of the
lots are presented in Figure 2. The moderate vegetation quality (MVQ) class aggregated
the largest number of vacant lots, with 1024 or 36.21% of the sampled lots (Figure 3). This
class, along with the low vegetation quality (LVQ—646 lots or 22.84%) and no vegetation
permeable (NVP—319 lots or 11.28%) classes, comprised 1989 lots or 70.33% of the sampled
lots. The highest vegetation quality classes, high vegetation quality (HVQ) and very high
vegetation quality (VHVQ), comprised only 128 lots, or 4.53%, and 116 lots, or 4.10%,
respectively. The no vegetation permeable (NVP) class, composed entirely of bare soil, and
the no vegetation impermeable (NVI) class, composed thoroughly of impermeable surfaces,
together comprised 595 lots, or 21.04% of the sampled lots.

///
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Figure 2. Land cover map for vacant lots sampled in the city of Belo Horizonte, Brazil.

The distribution of vegetation quality among the nine administrative units of the
city showed a clear repetition of the pattern, with a predominance of lots in the moderate
vegetation quality class (Figure 4). The Northeast regional unit was the only one that
presented slightly more lots in the no vegetation impermeable class (NVI—111 lots) in
relation to moderate vegetation quality (MVQ—95 lots). The administrative units with
the greatest numbers of lots in the highest vegetation quality class were North, with 19
(HVQ—19); West (HVQ—19); and Venda Nova (VHVQ—19). The administrative units
with the greatest numbers of lots in the very high vegetation quality (VHVQ) and high
vegetation quality (HVQ) classes together (total 244 lots) were Venda Nova (36 lots); South
Center (33 lots); West (31 lots); and North (31 lots).
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Figure 3. Total population of sampled vacant lots in the city of Belo Horizonte, organized according to
their distributions among vegetation quality classes (LVQ—low vegetation quality; MVQ—moderate
vegetation quality; HVQ—high vegetation quality; VHVQ—very high vegetation quality; NVP—no
vegetation permeable; NVI—no vegetation impermeable) (N = 2828).
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Figure 4. Distribution of vegetation quality classes within and among administrative units of the city
of Belo Horizonte, Brazil (N = 2828).

The areas occupied by the different vegetation quality classes varied in size. The low
vegetation quality (1,814,977 m?/181.50 ha) and moderate vegetation quality (1,708,776 m?/
170.88 ha) classes comprised 3,523,800 m?2/352.38 ha, or 74% of the total area of the sampled
lots. The other classes had the following areas: high vegetation quality: 516,609 m?/51.66 ha;
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no vegetation impermeable: 416,911 m?2/41.69 ha; no vegetation permeable: 232,952 m?2/
23.29 ha; and very high vegetation quality: 81,009 m?/8.10 ha. Most of the lots were in
the smallest class size (lots ranging from 36 to 1000 m?), which was a general pattern
for the various vegetation quality classes (Figure 5). The average lot size for this class
was 402 m?, while that for all sampled lots was 1687 m?. The largest lot, encompassing
383,375 m? (38.33 ha), was of the moderate vegetation quality class and was located in the
Barreiro administrative unit (Table S3 in Supplementary Material). The second-largest lot
(266,634 m?/24.66 ha) was of the high vegetation quality class and was located in the North
administrative unit. The next largest lots (the only other lots greater than 10 ha) were of the
moderate (158,748 m?/15.87 ha) and high vegetation quality (100,753 m?/10.07 ha) classes,
both located in the Northeast administrative area. The median size of all lots sampled in

: 2
the city was 403 m~.
1000
100 i
10 2
B
||
1 i 4
>0-1000 > 1000-2000 >2000-3000 > 3000-4000 > 4000 - 5000 > 5000 - 6000 > 6000- 7000 > 7000 - 8000 > 8000-9000> 9000-10000 > 10000
W Low Vegetation Quality ® Moderate Vegetation Quality m High Vegetation Quality
m Very High Vegetation Quality = No Vegetation Permeable No Vegetation Impermeable

Figure 5. Distribution of lots among size classes for each vegetation quality class (N = 2828).

The dataset included 1370 used lots, or 48.44% of all lots (3061,253 m?/306.12 ha), and
1458 unused lots, or 51.55% (1319,797 m2/131.98 ha). Most lots were in densification-prone
areas (ZAP: used, 629; unused, 817) or occupancy-restricted regions (ZAR1/2: used, 552;
unused, 573), both with expected soil permeability values between 10% and 20%. Most
unused lots were of the moderate vegetation quality class (857 lots or 58.77%), while most
used lots were of the no vegetation impermeable class (595 or 43.43%) (Figures 6 and 7).
More unused than used lots belonged to the very high vegetation quality class, with 110 lots,
or 7.54%, and 6 lots, or 0.44, respectively. There was also a higher occurrence of unused
than used lots in the high vegetation quality class, with 94, or 6.45%, and 34, or 2.48%,
respectively. The low vegetation quality class had 459, or 33.50%, used lots, and had the
third most unused lots, with 187, or 12.83%. The no vegetation permeable class had 210, or
14.40%, unused lots and 109, or 7.96%, used lots.
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Figure 7. Types of urban lots, land cover composition, and vegetation quality classes (N = 2828)
(LVQ—Ilow vegetation quality; MVQ-—moderate vegetation quality; HVQ—high vegetation qual-
ity; VHVQ—very high vegetation quality; NVP—no vegetation permeable; NVI—no vegetation
impermeable).

As expected, high permeability was a common characteristic of unused lots, while
most used lots (886 or 64.67%) were of the lower permeability class of 0-25% (Figure 6). It
is worth remembering that, of the total number of lots in this class of lower permeability,
595 (43.43%) were totally impermeable and occupied by impervious surfaces such as
construction, asphalt, and cement. Fully impermeable lots were concentrated mainly in
zones suitable for densification (ZAP-314 lots, or 23% of the used lots) and regions with
occupancy restrictions (ZAR1/2-220 lots, or 16% of the used lots). The expected degree
of permeability for these regions and the others covered in the sampling process was
10% to 20%. The highest degrees of permeability for used lots, between >75% and 95%,
occurred in a smaller number of lots (115 or 8.47%). Of all the lots, 93.60% were private
and 6.40% were public. Most used and unused lots, therefore, belonged to private owners,
comprising 1257 (91.75%) and 1390 (95.34%), respectively. The distribution patterns of lots
among vegetation quality classes were the same for public and private unused lots, with
a higher concentration in the moderate vegetation quality class (public: 36 lots; private:
821 lots) (Table S4 in Supplementary Material). For used lots, two classes of vegetation
quality divided the first positions in terms of the number of lots represented: no vegetation
impermeable (public: 36 lots; private: 559 lots) and low vegetation quality (public: 55 lots;
private: 404 lots). The vast majority of used (1020 or 74.45%) and unused (1320 or 90.53%)
lots were concentrated in the smaller size class (0-1000 m?), with low representation in the
others (Figure 6).
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The land cover of the unused lots (1458) in terms of the delineation of vegetation quality
classes was diverse, comprising 39 combinations of nine land cover types: agriculture; bare
soil; forest in the advanced-intermediate stage of regeneration; forest in the initial stage of
regeneration; herbaceous-shrubby vegetation; pasture; savanna; tree clumps; and water
(Table 2). The land cover of the used lots (1370) encompassed ten types (the same as unused
lots plus impermeable surfaces) distributed in 38 combinations (Table 3).

Table 2. Land cover combinations and their distribution among vegetation quality classes for unused

lots (N = 1458).

Land Cover g g % g ; Total
1—Bare Soil - - - - 210 210
2—Forest in Advanced-Intermediate Stage/Tree Clumps/Herbaceous Shrubby Vegetation - 1 - - - 1
3—Forest in Advanced-Intermediate Stage/Savanna/Bare Soil - - - 1 - 1
4—Forest in Advanced-Intermediate Stage/Savanna/Herbaceous Shrubby ) 1 ) } ) 1
Vegetation/Bare Soil
5—Forest in Advanced-Intermediate Stage - - - 10 - 10
6—Forest in Advanced-Intermediate Stage/Bare Soil - - 2 - - 2
7—Forest in Advanced-Intermediate Stage/Initial Stage - 1 1 - 3
8—Forest in Advanced-Intermediate Stage/Initial Stage/Herbaceous Shrubby Vegetation = - 2 1 - - 3
9—Forest in Advanced-Intermediate Stage/Initial Stage /Herbaceous-Shrubby ) 1 ) } ) 1
Vegetation/Bare Soil
10—Forest in Advanced-Intermediate Stage/Herbaceous Shrubby Vegetation - 5 4 - 12
11—Forest in Advanced-Intermediate Stage/Herbaceous-Shrubby Vegetation/Bare Soil - 4 - - - 4
12—Forest in Advanced-Intermediate Stage/Pasture - - 1 - - 1
13—Forest in Advanced-Intermediate Stage/Savanna - - 2 - 2
14—Forest in Initial Stage - - - 5 - 5
15—Forest in Initial Stage /Bare Soil - 1 1 3 - 5
16—Forest in Initial Stage /Herbaceous Shrubby Vegetation/Tree Clumps - 1 - - 1
17—TForest in Initial Stage /Herbaceous Shrubby Vegetation 1 12 6 2 - 21
18—Forest in Initial Stage /Herbaceous-Shrubby Vegetation/Bare Soil 1 11 3 2 - 17
19—Forest in Initial Stage /Herbaceous-Shrubby Vegetation/Pasture/Bare Soil - - 1 - - 1
20—Forest in Initial Stage/Savanna/Bare Soil - - 1 - - 1
21—Forest in Initial Stage/Savanna/Herbaceous Shrubby Vegetation/Bare Soil 1 - - - - 1
22—Forest in Initial Stage/Tree Clumps/Herbaceous-Shrubby Vegetation/Bare Soil - 1 - - - 1
23—Forest in Initial Stage/Tree Clumps/Herbaceous-Shrubby Vegetation - 1 - - - 1
24—Forest in Initial Stage/Tree Clumps/Herbaceous-Shrubby Vegetation/Bare Soil - 1 - - - 1
25—Forest in Initial Stage/Tree Clumps/Herbaceous-Shrubby Vegetation/Water/ 1 1 . _ ) 2
Bare Soil
26—Herbaceous-Shrubby Vegetation - 298 - - - 298
27—Herbaceous-Shrubby Vegetation/Bare Soil 75 216 - 1 - 292
28—Herbaceous-Shrubby Vegetation/Tree Clumps - 168 30 24 - 222
29—Herbaceous-Shrubby Vegetation/Tree Clumps/Agriculture /Bare Soil - 1 - - - 1
30—Herbaceous-Shrubby Vegetation/Tree Clumps/Bare Soil 45 88 12 2 - 147
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Table 2. Cont.

Land Cover g g % g g Total
31—Herbaceous-Shrubby Vegetation/Water - 1 - - - 1
32—Pasture - 1 - 1 - 2
33—Savanna - - - 1 - 1
34—Savanna/Herbaceous-Shrubby Vegetation - 1 - - 1
35—Savanna/Herbaceous-Shrubby Vegetation/Bare Soil - 1 1 - - 2
36—Savanna/Tree Clumps/Herbaceous-Shrubby Vegetation/Bare Soil - - 1 - - 1
37—Tree Clumps - - - 30 - 30
38—Tree Clumps/Agriculture/Water/Bare Soil - 1 - - - 1
39—Tree Clumps/Bare Soil 63 40 25 23 - 151
Total 187 857 94 110 210 1458

Table 3. Land cover combinations and their distribution among vegetation quality classes for used
lots (N = 1370).

Qo
o O ¢ 4 T
> > > 2
Land Cover 2 S = E Z Z Total
1—Impermeable Surfaces - - - - - 5% 59
2—Impermeable Surfaces/Bare Soil - - - - 104 - 104

3—Impermeable Surfaces/Forest in Advanced-Intermediate Stage - 1 - - - - 1

4—Impermeable Surfaces/Forest in Advanced-Intermediate Stage/Bare Soil 1 - - - - - 1

5—Impermeable Surfaces/Forest in Advanced-Intermediate Stage/Forest in . ) 1 ) . ) 1

Initial Stage
6—Impermeable Surfaces/Forest in Advanced-Intermediate Stage /Forest in Initial 1 ) . ) . } 1
Stage/Herbaceous-Shrubby Vegetation/Bare Soil
7—Impermeable Surfaces/Forest in Advanced-Intermediate Stage/Forest in Initial 1 _ ) ; ) ; 1
Stage/Savanna/Tree Clumps/Herbaceous-Shrubby Vegetation
8—Impermeable Surfaces/Forest in Advanced-Intermediate Stage /Forest in Initial ) 1 ) ) } ) 1
Stage/Tree Clumps/Herbaceous-Shrubby Vegetation/Bare Soil
9—Impermeable Surfaces/Forest in Advanced-Intermediate 1 ’ 1 ) . ) 4
Stage/Herbaceous-Shrubby Vegetation

10—Impermeable Surfaces/Forest in Advanced-Intermediate 1 1 ) ; ) } 5
Stage/Herbaceous-Shrubby Vegetation/Bare Soil

11—Impermeable Surfaces/Forest in Advanced-Intermediate Stage/Tree Clumps 1 - - - - - 1

12—Impermeable Surfaces/Forest in Advanced-Intermediate Stage/Tree ) 1 ) ; ) ; 1

Clumps/Herbaceous-Shrubby Vegetation
13—Impermeable Surfaces/Forest in Advanced-Intermediate Stage/Tree ) 1 . ) ) ) 1
Clumps/Herbaceous-Shrubby Vegetation/Bare Soil

14—Impermeable Surfaces/Forest in Advanced-Intermediate Stage/Tree . 1 . ) . _ 1
Clumps/Herbaceous-Shrubby Vegetation/Pasture

15—Impermeable Surfaces/Forest in Initial Stage - - 1 1 - - 2

16—Impermeable Surfaces/Forest in Initial Stage/Bare Soil 2 - - - - - 2
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Table 3. Cont.

Land Cover g g g g E ; Total
17—Impermeable Surfaces/Forest in Initial Stage /Herbaceous-Shrubby Vegetation - 2 - - - - 2
18—Impermeable Surfaces/Forest in Initial Stage /Herbaceous-Shrubby 1 1 . ) } ) 5
Vegetation/Bare Soil
19—Impermeable Surfaces/Forest in Initial Stage /Pasture/Bare Soil - 1 - - - - 1
20—Impermeable Surfaces/Forest in Initial Stage/Savanna - 1 - - - - 1
21—Impermeable Surfaces/Forest in Initial Stage / Tree Clumps - 1 - - - - 1
22—Impermeable Surfaces/Forest in Initial Stage / Tree Clumps/Herbaceous-Shrubby 1 ) ) ) ) ) 1
Vegetation
23—Impermeable Surfaces/Forest in Initial Stage/Tree Clumps/Herbaceous-Shrubby 1 _ ) ) ) } 1
Vegetation/Water
24—Impermeable Surfaces/Herbaceous-Shrubby Vegetation 101 31 - - 1 - 133
25—Impermeable Surfaces/Herbaceous-Shrubby Vegetation/Bare Soil 45 12 - - - - 57
26—Impermeable Surfaces/Herbaceous-Shrubby Vegetation/Water 3 - - - - - 3
27—Impermeable Surfaces/Pasture/Bare Soil - 1 - - - - 1
28—Impermeable Surfaces/Savanna/Bare Soil - 1 - - - 1
29—Impermeable Surfaces/Savanna/Tree Clumps/Herbaceous-Shrubby Vegetation - 1 - - - - 1
30—Impermeable Surfaces/Tree Clumps 134 44 10 4 - - 192
31—Impermeable Surfaces/Tree Clumps/Bare Soil 4 14 10 - 1 - 69
32—Impermeable Surfaces/Tree Clumps/Bare Soil/Water 1 - - - - - 1
33—Impermeable Surfaces/Tree Clumps/Herbaceous-Shrubby Vegetation 72 25 10 - - - 107
34—Impermeable Surfaces/Tree Clumps/Herbaceous-Shrubby Vegetation/Bare Soil 37 18 1 - - - 56
35—Impermeable Surfaces/Tree Clumps/Herbaceous-Shrubby Vegetation/Bare ) 1 ) ) ) ) 1
Soil / Water
36—Impermeable Surfaces/Tree Clumps/Herbaceous-Shrubby Vegetation/Water 7 3 - 1 - - 11
37—Impermeable Surfaces/Tree Clumps/Water 4 2 - - - - 6
38—Impermeable Surfaces/Water - - - - 3 - 3
Total 459 167 34 6 109 595 1370

There were nine types of land use for used lots: commercial industrial (5 lots); com-
mercial institutional (55); commercial parking (65); commercial sheds (162); commercial
sheds parking (106), housing building (254), housing courtyard (39), housing house (675),
and pavement asphalt (9).
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3.2. Land Cover Clusters and Ecological Performance

Four land cover types stood out as important components of the investigated sample of
lots, which were present in all four clusters: bare soil, herbaceous-shrubby vegetation, tree
clumps, and built-up areas (Table 4). Native forest only appeared in Cluster 3 (6% forest in
advanced-intermediate stage, 6% forest in initial stage) and Cluster 4 (1% forest in advanced-
intermediate stage, 1% forest in initial stage). Savanna and pasture were represented in
Cluster 3, with 2% and 1% coverage, respectively. Of the ten land cover types of the sampled
lots, agriculture and water were not represented in the clusters because they had average
coverage of below 0. The four optimal clusters representing the land cover complexity of
the sampled lots in Belo Horizonte can be summarized as follows. Cluster 1 is characterized
by the predominance of impermeable surfaces or built-up areas, with an average coverage
of 89%. This cluster has the lowest number of lots in the sample, with 280 lots, or 9.90%.
Cluster 2 encompasses 477 lots, or 16.87%, and is marked by the dominance of bare soil,
with an average coverage of 86%. Clusters 3 and 4 are predominantly occupied by tree
clumps (49%) and herbaceous-shrubby vegetation (84%), respectively. Cluster 3 holds the
largest number of lots, with 1193 or 42.18%, followed by Cluster 4, with 878 lots or 31.05%
(for descriptive statistics, see Table S5 in Supplementary Material).

Table 4. Characteristics of land cover clusters of sampled lots in Belo Horizonte, Brazil (N = 2828).

Cluster Main Definition Number of Lots
Number Component
. Average land cover: 89% built-up areas, 4% tree clumps,
! Cluster of built-up areas 4% herbaceous-shrubby vegetation, and 2% bare soil 280
Average land cover: 86% bare soil, 5%
Cluster of . .
2 ) herbaceous-shrubby vegetation, 5% built-up areas, and 477
bare soil .
4% tree clumps
Average land cover: 49% tree clumps, 15%
herbaceous-shrubby vegetation, 12% bare soil, 8%
3 Cluster of trees built-up areas, 6% forest in advanced-intermediate stage 1193
of regeneration, 6% forest in initial stage of regeneration,
2% savanna, and 1% pasture
Average land cover: 84% herbaceous-shrubby vegetation,
Cluster of . .
8% bare soil, 5% tree clumps, 3% built-up areas, 1% forest
4 herbaceous-shrubby . . . . 878
. in advanced-intermediate stage of regeneration, and 1%
vegetation

forest in initial stage of regeneration

The overall ecological performance differed among the four land cover clusters. The
cluster of trees (Cluster 3) with the highest average land cover of tree clumps and native
vegetation had the highest achievement of 16.71, which can be classified as high perfor-
mance within the sampling parameters (Figure 8). This cluster stood out with the highest
values for all ecological regulation functions and habitat functions. Cluster 4, with the
highest average land cover of herbaceous-shrubby vegetation, stood out in the sequence,
with a moderate ecological performance of 13.95. Next, Cluster 2 stood out with the highest
average land cover of bare soil and a low ecological performance of 5.44. Cluster 1, with
predominance of built-up areas, had the lowest ecological importance of 1.68.
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Figure 8. Land cover clusters, ecological functions, and overall ecological performance (N = 2828).

4. Discussion

The sampled vacant lots of the city of Belo Horizonte proved to have diverse land cover,
which was reflected in the presence of various classes of vegetation quality. Despite this,
there was a prevalence of lots under moderate conditions of vegetation quality, composed
mainly of herbaceous-shrubby vegetation (between 50% and 100% of the lot), where
trees or forest, when present, were in a smaller proportion (maximum of 50% of the lot).
The largest lot in the sample (38.33 ha) was also a representative of this class of moderate
vegetation quality. The predominance of these conditions in the sampled lots may reflect the
norms of management of the lots, as indicated by legislation that foresees the maintenance
of low vegetation in an herbaceous-shrubby phase without the removal of stumps or
roots [87]. Lots with moderate vegetation quality, together with those of low vegetation
quality—predominantly composed of herbaceous-shrubby elements (>0% to 50%) and
trees or forest, when present, represented to a lesser extent (>0% to 25%)—and lots without
vegetation but with permeable areas, composed of bare soil, made up most of the sampled
lots at 70%. This result corroborates that, in general, urban areas comprise a considerable
portion of land containing herbaceous-shrubby and spontaneous vegetation, whether they
are vacant lots, derelict land, buildings, brownfields, land currently in use, or land in and
around urban areas [88].

Herbaceous-shrubby vegetation comprises mainly grasses, shrubs, managed lawns,
and spontaneous urban vegetation. Although, at first glance, sites with these characteristics
may be considered as devoid of economic and ecological value, recent research has sug-
gested that these environments provide several ecological functions and ecosystem services,
e.g., [58,88]. In the present study, the cluster of herbaceous-shrubby vegetation (Cluster 4
was composed of 84% of this vegetation type, also containing trees and native vegetation
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to a lesser extent) was second in terms of ecological performance. This high performance
represents a measure of the ability of the lots of this cluster to fulfill some ecological func-
tions of regulation and habitat provisioning, as well as biodiversity conservation, through
the sum of the ecological functions performed by each land cover grouping. Robinson and
Lundholm (2012) [88] reported a high level of diversity of invertebrates and plants, many
non-native, in spontaneous herbaceous-shrubby vegetation in urban environments. They
also reported the provision of regulating climate services by lawn habitats, particularly
biomass production, which was superior to that found for spontaneous urban vegetation.

Despite having lower ecological performance, the cluster composed mainly of bare
soil (86%; Cluster 2) can contribute to some regulation and habitat ecological functions. Soil
is a component of urban ecosystems that underpins some ecological processes, including
biogeochemical cycles and the life cycles of some organisms [89,90]. Among the ecosystem
services provided by soils are support for plant growth, sinks for pollutants, substrates
to build structures, habitats for microorganisms, physical support for human activities,
nutrient storage, and water infiltration and storage [91,92]. Among these, water infiltration
and storage are important ecosystem services for consideration, particularly in situations
with a high percentage of totally impermeable lots.

Although bare soil is certainly not desirable, it has a role in carbon sequestration and
storage, and consequently in the mitigation of the effects of gas emissions and climate
change [91], albeit much smaller than that provided by vegetation covering the soil. In
general, degradation by human activities reduces the mitigation capacity of soil [89]. In
Belo Horizonte, and perhaps many other Brazilian cities, the administration has long
forced owners to keep their lots “clean” of grasses and shrubs, with fines being levied to
punish those that do not regularly remove small plants. In many cases, the owners end the
cleaning processes with fires, a practice punishable by fines (framed in the legislation as
an environmental crime) which ends up representing another stressor in favor of climate
change and global warming. This misleading policy regarding biodiversity and climate
change initiatives not only harms the potential for ecosystem services provision in the
urban ecosystem, but also increases gas emissions and health impairment of the inhabitants.

The official dataset of vacant lots in the city of Belo Horizonte, which is used in studies
that follow the dynamics of construction and occupation of the lots, is not regularly updated
(usually dependent on inspection). This situation was echoed in the present study by 48%
of sampled lots being built or used lots, covering an area of 306.12 ha, in contrast to 51%
of unused lots, with a total area of 131.98 ha. Comparing these two groups of lots reveals
a difference in the quality of vegetation, which is absent under impermeable conditions
and/or mostly of low quality in used lots, as well as the higher permeability of moderate
vegetation quality in unused lots. The absence or low quality of vegetation prevalent in
used lots is also reflected in the poor ecological performance found for Cluster 1, where
lots with a dominance of built-up areas (89%) are grouped. The two groups are similar
in that most of their lots belong to private owners and are in the size class of 1000 m? or
less. Some deductions of greater interest related to the dynamics of occupation of these
lots, made possible by the characteristics of the dataset, can be translated, such as the
situation of impermeability found for many lots and the types of use that have been given
to these locations.

Thus, one of the findings here references the dynamics of vacant lot occupation in the
city, which has favored the maximum utilization of lots for the establishment of construction
without leaving any permeability percentage for many lots (43% of used lots) in zones
where the expected permeability ranges from 10% to 20% [69]. The uses granted to these
places are highlighted by housing (around 67%), given the rising demand for new homes,
especially houses (49%) and buildings (18%), and secondly for commercial use, expressed
by the presence of sheds, sheds/parking, and parking (about 24%). The predominance
of house construction may reflect city occupation zoning rules, which indicate greater
densification and verticalization of buildings (not houses) for the central and hyper-center
regions of the city, which were less represented in the sampled lots in relation to areas of
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lower density [68]. The present study also pointed to a greater use of lots in the South
Center region, which encompasses the central and hyper-center areas, for the construction
of buildings (not houses), which agrees with the established densification zoning rules.

The 9 land cover components of the unused lots were mixed to form 39 vegetation and
land cover combinations, once again demonstrating the diverse nature of the vegetation
types and ground cover that make up Belo Horizonte’s vacant lots. Similarly, the used lots
featured ten land cover types (same as used lots with the addition of impermeable surfaces)
arranged into 38 different combinations. This is consistent with the fact that urban areas
are commonly characterized by a variety of small-scale, man-made habitat mosaics, while
under natural conditions, heterogeneity is more controlled by factors such as topography
and geology and the interactions with past and present land use [93]. Three land cover
types stood out in the mosaic of the studied area—herbaceous-shrubby vegetation, tree
clumps, and bare soil. These comprised the dominant combinations in most of the unused
lots and in most of the predominant moderate vegetation quality lots. The same was true
for used lots, especially for the high number of lots composed of herbaceous-shrubby
vegetation and tree clumps, although they belonged to the low vegetation quality class,
with the percentages of these vegetation types reaching at most 50% and 25%, respectively.

Lots with high vegetation quality and composition percentages for trees, forest, or
savanna of above 50% and 75% (high and very high vegetation quality, respectively)
encompassed about 9% of all lots (204 unused lots, 40 used lots) and occupied 21.36 ha.
The Venda Nova, South Center, North, and West administrative units contained a greater
number of lots with higher vegetation quality, while Barreiro had higher-quality lots
formed of pure stands of forest, savanna, and tree clumps. Except for the South Center
administrative unit, these were more peripheral administrative regions, which have rural
pasts with a predominance of farming and agricultural activities, and which were receiving
inhabitants as the central regions of Belo Horizonte developed. In several of these, building
construction only began in 1990s or later, yet there is still a predominance of houses and
low buildings in the landscape [94]. These lots of higher vegetation quality, predominantly
comprising trees, forests, and savannas, can provide a range of differentiated ecosystem
services. This is especially true considering that their complex structures can provide a
wide variety of habitats, including nest sites and refugia, as well as native plants as food
for many animal species, especially insects and birds [88].

Lots with higher average coverage of tree clumps (49%), along with native forest and
savanna (2% to 6%), were grouped into Cluster 3, which also had the largest number of lots
(ca. 42%) and higher ecological performance than the other clusters. These lots, therefore,
have the greatest potential for the provision of regulation and supporting services, as
evaluated in the present work via expert opinion on related ecological functions. Among
regulating ecosystem services, urban forests and trees are recognized for improving air
quality by removing gaseous and particulate pollutants, with a positive impact on human
health and reduced mortality [95]. Urban trees are recognized as contributors to air purifi-
cation and filtration and temperature regulation in cities [28]. They also support nesting
sites, providing food for pollinators habitats for many species [96].

Kim et al. (2015) [35] found some important ecosystem services provided by ur-
ban forests and trees situated within vacant land, such as air pollution removal, carbon
sequestration and storage, and energy saving. The authors quantified the amount of
carbon and air pollutants removed by trees and found relatively high values, especially
when compared to other land uses in the target city of their research. McPhearson et al.
(2013) [58] also found multiple provisioning of local and municipal-scale ecosystem ser-
vices by fine vegetation, coarse vegetation, and bare soil spread over urban vacant lots,
highlighting storm water mitigation, air pollution removal, carbon sequestration and stor-
age, food production, recreation space, and biodiversity habitats. In general, vegetation
is the largest provider of ecosystem services in urban landscapes, either through natural
remnants of forests and native vegetation or through agricultural landscapes, vegetable
gardens, other gardens, backyard orchards, sidewalk-planted trees, and spontaneous urban
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vegetation [29]. Although lakes and water bodies also provide urban ecosystem services,
especially microclimate regulation [28], they had low representation in the lots evaluated
in the present study.

The whole set of findings found in these studies favors a fresh look at the vacant lots
of the investigated urban landscape, which can be used for the benefit of people. They are
useful both to the municipality and to local inhabitants by improving people’s well-being
and health through the benefits of ecosystem services. These aspects emerged in the studies
through documentation of the importance of the land cover patterns of vacant lots for the
provisioning of ecological functions within the context of the urban landscape, offering
opportunities for the insertion of various actions and the potential to host discussions
related to urban planning. In Belo Horizonte, the vacant lots and their public value has
remained invisible to urban communities because of inactivity or pressure for actions of
little ecological value, such as clearing lots. One exception is a temporary intervention,
which included the use of some vacant lots in the city, with the permission of the owners, for
leisure activities, rest, meetings, and small businesses (i.e., opening of a beauty salon) [97].
In this sense, the characterization and investigation of land cover patterns and detailed
mapping of the vegetation of these lots undertaken in the present study adds to the existing
research on the subject, while simultaneously enabling visibility and providing insights
and support for urban sustainability actions and policies.

The results of the present study allow us to infer that the temporary occurrence
of vacant lots itself has important ecological, welfare, and quality-of-life consequences.
This becomes even more crucial when examining the dynamics of use of vacant lots,
which denotes overuse of many of them without preserving small permeable portions,
thereby losing several benefits of interest to the city and its inhabitants. This situation is
directly opposite to that preconceived by the urban green and blue spaces or natural and
semi-natural areas within urban areas of the United Nations Sustainable Development
Goals [98,99]. Practices associated with misleading policies in Belo Horizonte represent a
strong mechanism that jeopardizes sustainability in the city. Hence, the sustainable use
initiative for the urban environment of the city needs urgent re-evaluation. On the other
hand, these benefits will obviously need to be balanced with socioeconomic issues and
the need for housing in Belo Horizonte, indicating that actions aimed at socioecological
uses of vacant lots will be better addressed within the scope of participatory approaches.
Furthermore, a willingness-to-pay (WTP) approach could be adopted to quantify the
economic value of these services to urban residents. The present study paves the way for
continued research aimed at elucidating and measuring the ecosystem services available in
cities, coupled with the use of participatory and economic approaches to better understand
the socioeconomic context in the various zones of the city. It should also lead decision
makers and lawmakers to better include and plan the contributions of cities to mitigate the
effects of climate change and promote biodiversity conservation in the near future.

5. Conclusions

Characterization of a representative portion of the vacant lots of Belo Horizonte
indicated diverse land cover and a large percentage of lots with the capability to provide
ecological functions. These functions can be translated into various ecological processes
and potential ecosystem services, especially those of regulation and support. The greatest
potential lies with the lots that host arboreal elements and native vegetation of forests and
savannas, such as in clusters of trees, which can be found in almost half of the investigated
lots. Herbaceous-shrubby vegetation was present in a large percentage of the lots, and
presents moderate potential for ecological functions and the provision of regulating and
supporting ecosystem services. All the land cover diversity and the predominance of
moderate vegetation quality in the investigated lots leads to the interpretation that the
temporary occurrence of vacant lots has a positive influence on the environmental quality
of the city.
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The study also showed that land use regulation has not restrained the excessive
use of lots, indicating a trend towards the valorization of concrete and impermeable
structures, to the detriment of the adoption of ecological solutions that are minimally based
on permeability and without respect to the standards required in the areas where these lots
occur of at least 10% to 20%. Both the invisibility of vacant lots as a public value, neglecting
their potential for improving quality of life in the city, and the full use of lots without
leaving permeable fractions denotes the need for vacant lots as well as urban vegetation
and its benefits to be better considered in the city planning.

Moreover, while land cover patterns and vegetation quality classes offer a useful
initial step for planners, they do not equate to a comprehensive assessment of ecosystem
services or a robust socio-ecological land use plan for the vacant lots. In this sense, our
recommendations for future research, actions, and public policies include:

- The creation and application of governance instruments for the use of vacant lots;

- The promotion of diagnoses of the neighborhoods of the lots in terms of the equipment
and green areas that exist around them and their socioeconomic aspects;

- Attention to residents and their demands, as well as the owners of the lots;

- Understanding of the public perception of the environment and the economic value of
ecosystem services for urban residents through a willingness-to-pay (WTP) approach;

- The adoption of actions that are guided by the concept of multifunctionality aiming to
cover the multiple socio-ecological functions arising from the lots, including scientific
research, such as that related to ecosystem services;

- The quantification of the extent and value of the full range of ecosystem services
provided by these lots, including regulatory and habitat services.

Urban vegetation and its benefits will be better considered with the development
of public policies aimed at the creation and application of governance instruments for
land use that are guided by the multifunctionality covered by the lots” multiple socio-
ecological functions.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su16073063/s1, Table S1: Land cover and use types definitions.
Table S2: Average weight given by experts for the ecological functions of the various land cover
that comprised: A (habitat provisioning); B (biodiversity conservation); C (water infiltration and
storage); D (microclimate regulation); E (air purification and filtration); F (carbon sequestration
and storage); G (soil conservation). Values ranged from 0 to 4 meaning: 0 (no importance or
contribution to the ecological function considered); 1 (low importance or contribution to the ecological
function considered); 2 (medium importance or contribution to the ecological function considered);
3 (high importance or contribution to the ecological function considered); 4 (very high importance or
contribution to the ecological function considered). Table S3: Minimum, median, and maximum lots
size by each class of vegetation quality and administrative unit (N = 2828). Table S4: Distribution of
vegetation quality classes between used and unused, public and private lots. Table S5: Descriptive
statistics of the land cover clusters.
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