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Abstract: The connection between humanity and nature has an organizational impact on land
use/land, often changing landscapes’ patterns. In this context, our study aims to analyze the
changes in the landscape structure of the Tieté-Jacaré watershed, Sao Paulo state, Brazil, in 2007
and 2017, through the urbanity index. The landscape analysis described the temporal landscape
patterns resulting from the influence of anthropogenic processes. This approach assumes that the
environmental impacts are associated with the vulnerability of land use components. The urbanity
index was utilized to analyze the landscape sustainability conditions in response to anthropogenic
influence. We observed a reduction in vegetation areas (2.72%), representing 32,149 ha, followed by an
expansion of crops (2.05%, 24,507.53 ha) and, as a result, a reduction of the landscape environmental
quality with a growth of the areas with anthropic intervention. The development of anthropic
activities, land use, and land cover changes could compromise the region’s ecosystems negatively,
e.g., through effects on soils that provide sustenance vegetation and afford energy for terrestrial
life. The urbanity index expressed the conservation and natural state of the landscape studied. It
is presented as an essential tool for diagnosing the environment and for the conservation of the
ecosystem, allowing precise analysis of landscape elements and enabling accurate analysis of each
fragment of the landscape.

Keywords: environmental indices; landscape planning; land use; land cover; watersheds

1. Introduction

The land cover reflects how much of a region is covered by forests, wetlands, impervi-
ous surfaces, agriculture, and other land and water types, and land use shows how people
use the landscape for development, conservation, or mixed uses. Modifications in these
places act as one of the main drivers of biodiversity loss, transforming ecosystem functions
and services and, consequently, the landscape structure worldwide [1,2]. The changes in
land use and land cover (LULC) caused mainly by anthropogenic activities are increasing
over time in extent and intensity and are forecast to remain a significant driver influencing
ecosystems now and in the future [3,4]. The most significant alterations in the landscapes
related to landscape changes include urban and agricultural expansion, industrialization,
and deforestation [5,6].

The substitution of native forests for other land uses alters the landscape configura-
tion, which assumes a fragmented mosaic character. When these occur without adequate
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planning to mitigate impacts, they can generate ecosystems with low resilience and re-
sistance to natural or artificial disorders. With the development and growth of societies,
the compatibility between natural resources and the preservation of ecosystems becomes
necessary since the destruction of these resources changes the landscapes, reflecting on
their ability to contribute with goods and services to society [2,4].

Research, programs, and public policies are needed to overcome these challenges and
implement international environmental conventions such as the UN Agenda 2030 [7]. In
this sense, the monitoring of the landscape structure and LULC changes is essential to
understand its configuration and the drivers and impacts of anthropic activities on natural
landscapes [8,9].

The landscape naturalness analysis, developed by O’Neil et al., (1988) [10], is one of
the main methods used to exam landscapes for this purpose. The urbanity index studies
the extension and insensitivity in which landscapes are modified by altered systems [11,12].
This index considers the proportion between areas with substantial anthropic interference,
such as urban and agricultural areas, and natural and semi-natural biotopes, such as
wetlands and vegetation.

The landscape monitoring analysis permits a study of the landscape characteristics
and is an essential element for elaborating management strategies [13]. In the 20th cen-
tury, with the increase of climate change, landscape and anthropic stress influences had
become the subject of scientific and social debate. This discussion profoundly influences
modern ecology development and, through trying to understand the LULC changes and
their impacts on the natural process, produces an insight into ecosystem structures and
functions [14,15].

Numerous authors have developed indices of landscape spatial monitoring [6,10,16-21].
Such studies are related to different environmental, economic, and social contexts, which
contribute to the comprehension of natural landscape changes through the interconnected
analysis of different impacts and contexts that have negative and positive effects on the envi-
ronment.

Geoprocessing techniques generate hypotheses surrounding landscape ecology and
population issues [22]. This challenge aims to search for management concepts and meth-
ods that decrease ecosystems’ negative impacts. In the last twenty years, there has been a
search for qualitative and quantitative approaches to examine changes, determine spatial
processes, and develop models. The development of landscape quantification methods has
helped understand the associations between the landscape processes and partners [23,24].

An example can be found in the study conducted by Bellon et al., (2020) [25], which
used a methodology to accomplish integrated landscape change analyses of interface areas
using change detection methods. The authors found a vegetation loss inside protected
areas and their legal buffer zones. The indicators also revealed LULC conversions from
vegetation to farming, losses in productivity, the homogenization of natural forests, and an
agricultural expansion.

In this context, the changes in Brazil’s landscapes have increased in the last thirty
years due to economic development and flexible environmental laws such as the Brazilian
Forest Code (law n°12.651/2012), which changed conservation rules through protected
spaces, reducing withdrawals close to water, for example. [26]. Urban and agricultural
areas’ expansion has amplified fragmentation, deforestation, and degradation processes in
forests, resulting in a loss of biodiversity and negative impacts on climate change in the
country’s different biomes [27].

In this setting, the watersheds analysis, as the central unit of the landscape, is essential.
These management units provide the integration of vital compartments, such as the water
resources and the diversity of animal and vegetal species. In the Tieté-Jacaré watershed,
where we developed this study, historical, ecological, and economic importance were ob-
served, and a loss of vegetation and increased agricultural activities without environmental
planning were identified [22,28].
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It is necessary to develop research that seeks to understand anthropic activities” im-
pacts and how they modify the landscape structure. These measures are used to compare
landscapes, identify changes over time, and explore the effects of different configurations
imposed by management practices [29,30].

The landscape naturalness is presented as an indicator utilized to analyzes the territo-
rial organization of LULC and the quantity between natural areas and human interference.
For example, urban and agricultural areas and natural biotopes, such as wetlands and
vegetation, simulate the extent and intensity to which external systems dominate natural
landscapes.

In this context, the geographical information system (GIS) was used as an efficient tool
to characterize the landscape and the diagnostic analyses. GIS also allows the simulation
of geographic space, natural processes, and spatial information integration [13,31]. The
classification of landscape connectivity across large areas is made possible with approaches,
such as circuit theory [32-34], that produce robust maps predicting multiple pathways and
corridors across a landscape.

In this context, our study aims to analyze the changes in the landscape using the
urbanity index in the Tiete-Jacaré watershed, Sao Paulo, Brazil, in 2007 and 2017, focusing
on understanding the impacts of anthropic activities and how they have modified the
landscape structure over time.

2. Materials and Methods
2.1. Study Area

The region integrates 37 municipalities with 1,500,000 inhabitants with a total area
of 1,181,090 hectares (ha) and a drainage area of 8669.09 km, which contains three main
rivers: the Tieté River, the Jacaré-Guacgu River, and the Jacaré-Pepira River. Using the
Koppen—Geiger classification, the climate of the region is between tropical humid (from
October to March) and dry winter (from April to September), with a pluviometric average
of 119.36 mm per month, totaling an average of 1432.32 mm per year [33,34].

The region studied is inserted in two biodiversity hotspots: the Atlantic Forest (23%)
and the Brazilian Savanna (Cerrado) (77%), regions that remain vital areas in the preser-
vation and conservation of endemic fauna and flora, bounded by urban and agricultural
activity, with the leading economy connected to the agroindustry and a predominance of
sugar, alcohol, citrus, and cellulose activities. Other industry sectors, such as beverages,
footwear, and metalworking, also stand out, concentrated in the largest municipalities such
as Bauru, Sao Carlos, Araraquara, and Jau [33,34].

The Sao Paulo state categorizes its water resources through the Water Resources
Management Units (WRMU), instituted by State Laws n.7.663/1991 and 9.934/1994 [35,36].
There are twenty-two WRMUs in the state that were delimited by watershed or river
basins theory. The regions are encompassed by water resources that converge to the main
stream and that require a connection between research, governmental planning, society,
and management [37]. The Tieté-Jacaré watershed is the Water Resources Management
Units number 13 and is located in the state’s central region, between the coordinates 49°14
and 47°70" West and 21°62" and 22°79’ South (Figure 1).

Since the 18th century, the Tieté-Jacaré region has had an agricultural and industrial
profile. Cattle and sugar production were the two main economic activities in Sao Paulo
state. During the 19th century, coffee became the primary source of income for the country
and the state, replacing sugarcane as the top Brazilian export for a certain period. The first
decades of the 20th century were marked by an overproduction crisis, mainly due to the
decrease in external demand resulting from the economic crisis of 1929. In response to the
coffee export market crisis, there was an intensification of sugarcane production. Between
1931 and 1945, sugarcane had its production increased by 570%, consolidating the state of
Sao Paulo as the largest producer in Brazil, as it is today [33,34].
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Figure 1. The geographic location of the Tieté-Jacaré watershed, Sao Paulo, Brazil.

Currently, the Tieté-Jacaré watershed presents a diversified economy, with emphasis
on the sugar-alcohol complex, which extends throughout the region. Additionally, the
planting and processing of citrus fruits occur mainly in Sao Carlos, Araraquara, and Jau,
representing a large part of the population. In the regions of Agudos, Araraquara, and
Bauru, the beverage and paper sectors stand out; in Jad is it the footwear industry; in Sao
Carlos, fabrics and metal mechanics; in Ibitinga, embroidery; and Barra Bonita, Igaracu do
Tieté, and Brotas where the tourism industry is most prevalent [33,34].

Due to the development characteristics of this socio-economic and environmental
context, which integrates municipalities with high urbanization, industrial, and agricultural
potential inserted into essential natural ecosystem regions, the Tieté-Jacaré watershed has
become an area with a high potential for monitoring and analyzing the impacts of changes
in LULC and the interrelationship of anthropic development with natural ecosystems,
focused on how these factors influence the conservation of the landscape.

2.2. Methodology

Our study involved four main steps. First, we collected data for the region’s en-
vironmental characterization to contextualize the area and support further results and
discussions. Second, we analyzed the LULC and used this analysis to apply the urban
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index in the third step. In the fourth and last step, we discussed the characteristics and
results found in the region.

The geographic information system (GIS) was utilized to analyze and process the data
(Figure 2), using the ArcGIS 10.8 with the geographical Universal Transverse Mercator
projection (UTM), Zone 23 South, datum SIRGAS2000 for all information. The geographic
data were downloaded from the Brazilian Institute of Geography and Statistics (IBGE),
version 2018, and from the planialtimetric charts [38] in analog form on a 1:50.000 scale. The
satellite images for the LULC data were provided from the Landsat 5 and 8 satellite [39]
(Table 1). The study area’s paths/rows were: 220/75, 220/76, 221/75 221/76, on the
overpass dates of 30th April 2007, and 21st September 2017. For 2007, with the Landsat
5 sensor TM, bands 5/4/3 were used; for 2017, with the Landsat 8 sensor OLI/TIRS, bands
6/5/4 were used.
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Figure 2. Work flowchart.

Table 1. Satellites and data images used in the study.

Satellite Overpass Path/Row Bands Pixel Resolution  Clouds (%)
Landsat 5 30th April 2007 220/75 5/4/3 30 m 0
Landsat 5 30th April 2007 220/76 5/4/3 30 m 0
Landsat 5 30th April 2007 221/75 5/4/3 30m 0
Landsat 5 30th April 2007 221/76 5/4/3 30 m 0
Landsat8  21st September 2017 220/75 6/5/4 30m 0
Landsat8  21st September 2017 220/76 6/5/4 30 m 0
Landsat8  21st September 2017 221/75 6/5/4 30 m 0
Landsat8  21st September 2017 221/76 6/5/4 30m 0

The procedures with different satellites were necessary due to a single satellite’s
unavailability, but, for both periods, the same spatial resolution of 30 m was utilized. The
periods of April and September were chosen due to the region’s agricultural seasonality.
The ten-year time gap allowed the study of the landscape temporal patterns over time.
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The LULC mapping was done by visual and manual on-screen digitizing (1:50.000
scale and pixel of 30 m) and cataloged according to the classification system proposed by
the Land Use Technical Manual from the IBGE [40]. This arrangement organizes the classes
and sub-classes of the land use/land cover. Four general classes were included in the
primary group, indicating the LULC categories. The secondary level analyzed the types of
land uses, and the tertiary level explained and described the land uses themselves (Table 2).
Field visits were done to complement, verify, and validate the mapping done remotely.

Table 2. Mapping of the LULC. Source: [40,41].

Class (I)

Type (II) Description (III)

Anthropic, not

Urban area and rural developments (industrial
Urban areas

agricultural areas and household)
Sugarcane Cultivation of Saccharum officinarum L
Citrus Cultivation of Citrus sinensis
Anthropic agricultural areas Pastures An area with the .pred.ominance of herbacegus Vegeta.tion,
used for extensive livestock farming (native or exotic)
Silviculture Cultivation area of Eucalyptus spp or Pinus spp
Exposed soil (bare soil) Soil fallow area
Vegetation Vegetation An area with anp;iiiglmvi:gaer;iig; tzgi :regetation, with
Water Water Rivers, lakes, ponds, and reservoirs

The transition matrix was done on ArcGIS 10.8 on the same scale by comparing the
Raster dataset of the LULC for 2007 and 2017 to analyze the regions that displayed changes
in the periods studied, verifying how much of the area was converted and how much
stayed in the same class.

Urbanity index indices were used to describe the temporal landscape patterns resulting
from the influence of anthropogenic land-use processes in the Tiete-Jacaré watershed. This
method assumes that the relevance of land use and land cover environmental impacts are
associated with the vulnerability of environmental components to anthropic disturbances.

The methods in our study were adapted from O’Neill et al., 1988 [10]; Canter, 1996 [42];
Eastman, 1997 [43]; Bojorquez-Tapia et al., 2002 [44]; Wrbka et al., 2004 [11]; and Fritzsons
et al., 2004 [45]. Some authors, such as Fushita et al., 2013 [46], Bueno, 2014 [47], and
Trevisan; Moschini, 2017 [12], have also developed and tested land use and land cover
change indices in the Brazilian context, looking for changes in the landscape caused by
urbanization or agriculture over time, mainly due to the decrease of forestry in the different
regions of the country.

As with most ecological studies, the data utilized to integrate the landscape had
different natures. Thus, it was necessary to standardize the measures using comparability
adjustments. We used the fuzzy logic method to analyze the indices to assist with the
understanding of the landscape indices. This technique is an extension of Boolean logic,
permitting intermediate values between false (0) and true (1). For example, the value could
be 0.5 or 0.4, allowing intermediate states to be treated by control devices [48,49].

The urbanity index (UI) was used to describe the landscape pattern, arising from the
influence of anthropogenic processes [10-12] through Equation (1), expressed below:

(u+A4)
ur=1 — 1
810 (F 1 W) )
where U is urban area, a is agriculture, F is vegetation, and W is water.
It was considered that UI = 0 represented the maximum degree of ease and that Ul =1
represented the minimum degree of urbanity, corresponding to landscapes predominantly
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altered human systems. In this assessment, larger naturalistic areas correlate with less
impacts, and lower urbanity systems correlate with more impacted systems. To help with
the understanding of the results, UI data were splits into five classes: 0 to 0.2 = very low;
0.2 to 0.4 =1low; 0.4 to 0.6 = medium; 0.6 to 0.8 = high and 0.8 to 1.0 = very high.

We considered only vegetation to be the native forest fragments. The plantation of
forestry, for example, was considered as agricultural cultivation. This classification is
essential to give an accurate characterization of the environmental landscape quality over
time. The transition matrix was done on ArcGIS 10.8 by comparing the Raster dataset
of the urban index for 2007 and 2017 to analyze the regions that have changes along the
periods studied, verifying how much of the area was converted and how much stayed in
the same class.

3. Results
3.1. LULC Analysis

Nine classes of LULC were found: citrus, diverse cultures (because of the satellite
image resolution, corn, coffee, and rice were grouped in the same land use), exposed soil,
pastures, silviculture, sugarcane, urban, vegetation, and water. The region increased crop
activities by 24,507.53 ha (2.05% of the total area), mainly related to sugarcane cultivation
(Figure 3).

48.95 -48.65 4833 -48.02 417 48,86 48,65 4833 -48.02 477
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B e
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; atum: s
Exposed soil [0 Sugarcane [l Water

Figure 3. LULC mapping for 2007 and 2017.

The LULC organization presented an association with anthropic activities. It was
observed that regions whose agricultural activities occur are already predefined and
delimited, even before the periods analyzed. In 2007, approximately 72% of the area
presented a predominance of agricultural activities: 542,114 ha of sugarcane, 49,272.60 ha
of silviculture, 76,817.59 ha of pasture, 62,121.90 ha of citrus cultivation, and 1315.71 ha of
diverse cultures (Table 3).
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Table 3. LULC class distribution for 2007 and 2017.

Land Use (2007) Land Use (2017)
Classes
Area (ha) % Area (ha) %
Sugarcane 542,124.00 45.90 607,455.00 51.43
Water 16,955.80 1.44 16,764.60 1.42
Citriculture 62,121.90 5.26 38,198.80 3.23
Diverse cultures 1315.71 0.11 1382.63 0.12
Pastures 76,817.59 6.50 51,564.90 4.37
Silviculture 49,272.60 417 58,258.00 4.93
Exposed soil 122,046.00 10.33 121,346.00 10.27
Urban area 36,148.40 3.06 43,981.07 3.72
Vegetation 274,288.00 23.22 242,139.00 20.50
Total 1,181,090.00 100.00 1,181,090.00 100.00

The exposed soil areas (E. soil) are associated with agricultural activities (122,046 ha),
referring to soil preparation for the next harvest. In the Tiete-Jacaré region, these areas
are associated with sugarcane. The pasture areas appear in small portions around all the
watershed and are characterized as a subsistence or small-scale production activity. The
areas with sugarcane are predominant in the watershed. Nonetheless, in some regions, the
agricultural cultures are dominant, such as citrus cultivation in the Matao, Nova Europa,
and Gaviao Peixoto regions, and forestry in the Agudos, Pederneiras, Brotas, and Itirapina
regions [41].

In 2017, approximately 74% of the area presented a predominance of agricultural
activities: 607,455 ha (51%) of sugarcane, 58,258 ha (4.93%) of silviculture, 51,564.9 ha
(4.37%) of pastures, 38,198.80 ha (3.23%) of citriculture, 1382.63 ha (0.12%) of diverse
cultures, and 121,346 ha (10.27%) of exposed soil. Compared to 2007, a growth of 65,331 ha
of sugarcane crops was observed, and areas of other agricultural uses were also converted.

Urban areas increased by 21.68% or 7832.67 ha, and it is was more noticeable in
medium and large municipalities, such as Bauru, Jad, Araraquara, and Sao Carlos. The
smaller cities such as Ribeirdao Bonito, Torrinha, and Brotas still maintained their socio-
economic structures focused on agricultural activities, having technical support from the
medium and larger cities [41].

The vegetation areas appear fragmented and are immersed in the agricultural matrix,
displaying a loss of 2.7% (32,149 ha) in the period analyzed. The vegetation remnants are
located near the main rivers, for example, the Tieté-Jacaré river in the Itaju, Bariri, Ibitinga,
and Bocaina municipalities; the Jacaré-Guagu river in the Ribeirao Bonito, Sao Carlos, Ibaté
and Itirapina municipalities; and the Jacaré-Pepira river in the Dourado and Brotas and
Rio Jau municipalities.

The transition matrix (Table 4) showed an alteration of 34.70% in the Tieté-Jacaré water-
shed landscape between 2007 and 2017. The exposed soil areas suffered the most changes
(85.10%) due to their fallow characteristics for other uses. The transition characteristics
were similar in all regions of the watershed, mainly due to the predominance of sugar-
cane activities, which directed the different fragments of the landscape to be converted to
such cultivation.

Agricultural uses also changed, such as citrus (62.90%), pasture (67%), forestry
(40.30%), and sugarcane (22.20%). Some of these areas have either become fallow or
no-till areas for sugarcane cultivation. The natural regions changed 36.4%, converted
between other uses, although some areas were recovered (Table 5).

The most significant transitions in the watershed region are related to converting areas
with natural vegetation to the cultivation of sugarcane (in almost all the municipalities),
totaling 43.881 ha over the ten years. However, in the various regions, the recovery of
agricultural areas to vegetation occurred. During this period, the restoration or recovery of
large areas did not happen, but rather small fragments throughout the landscape.
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Table 4. The transition data of the LULC.

Land Use Hectares Hectares Hectares % Hectares

in 2007 Kept in 2017 Converted in 2017 Converted
Sugarcane 542,124.00 421,977.14 120,146.86 22.20
Water 16,955.80 16,764.60 191.20 1.10
Citriculture 62,121.90 23,037.40 39,084.50 62.90
Diverse cultures 1315.71 1315.71 0.00 0.00
Pastures 76,817.59 24,744.32 52,073.27 67.80
Silviculture 49,272.60 29,396.77 19,875.83 40.30
Exposed soil 122,046.00 18,230.60 103,815.40 85.10
Urban area 36,148.40 36,148.40 0.00 0.00
Vegetation 274,288.00 199,764.83 74,523.17 27.20
Total 1,181,090.00 771,379.77 40971023 34.70

1,181,090.00
Table 5. Distribution data of the LULC transition.

Transition (2007/2017) Area (ha) Transition (2007/2017) Area (ha)
Sugarcane Sugarcane 421,977.14 Pasture Urban 1921.98
Sugarcane Citriculture 5944.67 Pasture Vegetation 7765.59
Sugarcane Pasture 9834.27 Silviculture Sugarcane 5935.15
Sugarcane Silviculture 10,181.10 Silviculture Citriculture 904.11
Sugarcane Exposed soil 72,449.10 Silviculture Pasture 1020.50
Sugarcane Urban 2373.09 Silviculture Silviculture 29,396.77
Sugarcane Vegetation 19,364.63 Silviculture Exposed soil 7152.34

Water Sugarcane 67.22 Silviculture Urban 48.23

Water Water 16,764.60 Silviculture Vegetation 4815.50

Water Citriculture 0.51 Exposed soil Sugarcane 77,737.30

Water Pasture 40.19 Exposed soil  Citriculture 5868.57

Water Silviculture 21.00 Exposed soil Pasture 6110.23

Water Exposed soil 0.61 Exposed soil  Silviculture 6929.36

Water Urban 16.71 Exposed soil ~ Exposed soil 18,230.60

Water Vegetation 44.97 Exposed soil Urban 557.08

Citriculture Sugarcane 25,698.81 Exposed soil Vegetation 6612.87
Citriculture Citriculture 23,037.40 Urban Urban 36,148.40
Citriculture Pasture 541.94 Diverse uses  Diverse uses 1315.71
Citriculture Silviculture 1386.02 Vegetation Sugarcane 43,881.30
Citriculture =~ Exposed soil 7847.92 Vegetation Citriculture 2098.69
Citriculture Urban 289.77 Vegetation Pasture 9198.46
Citriculture Vegetation 3311.06 Vegetation Silviculture 6953.22
Pasture Sugarcane 32,197.40 Vegetation Exposed soil 9302.40
Pasture Citriculture 350.02 Vegetation Urban 3022.18
Pasture Pasture 24,744.32 Vegetation Diverse uses 66.92
Pasture Silviculture 3347.49 Vegetation Vegetation 199,764.83
Pasture Exposed soil 6490.80

The predominance of sugarcane also meant that other agricultural uses were converted
to this crop (pasture (32,197.40 ha), citriculture (25,698.81 ha), and silviculture (5935.15 ha).
This activity is consolidated in the region, structuring the region’s economic sector, and
thus some warnings are necessary in relation to the monopolization of sugarcane and the
conservation of natural ecosystems. For example, burning sugarcane straw causes organic
matter oxidation and eliminates some pests’ natural predators.

3.2. Urbanity Index Analysis

The Ul analysis (Figure 4) showed (Table 6) an increased process of landscape mod-
ification between 2007 and 2017 associated with the expansion of anthropic activities in
the region, headed by agricultural activities. The decrease of the landscape environmental
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quality reflects negative impacts on the ecosystems’ goods and services and landscape
structure. A fragments loss was observed with high environmental quality (Ul = 0 to 0.2),
growing in areas with values of 0.2 to 0.4.

-48.96 -4r8‘.65 -48‘.33 -48.02 4{.7 -48‘.96 -48‘.65 -48|.33 -48.02 -47.7
1 1 1 1
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Urbanity Index KM N
Tieté-Jacaré Hydrographic Basin - Brazil 0 25 50 100
. ‘ W<€>> E
M Verylow [ |Medium [ ] VeryHigh Projection: Latitude/Longitude
B Low [ High Datum: SIRGAS2000 S
Figure 4. Ul classification for 2007 and 2017.
Table 6. UI values for 2007 and 2017.
Ul (2007) ur (2017) Changes
Cl1
asses Area (ha) % Area (ha) % Area (ha) %
0.0-0.2 218,058.00 18.46 155,160.00 13.14 —62,898.00 —28.84
0.2-0.4 49,836.90 4.22 78,303.10 6.63 28,466.20 57.12
0.4-06 5612.10 0.48 5351.90 0.45 —260.20 —4.64
0.6-0.8 107,516.00 9.10 159,511.00 13.51 51,995.00 48.36
0.8-1.0 800,067.00 67.74 782,764.00 66.27 —17,303.00 —2.16

Total 1,181,090.00 100.00 1,181,090.00 100.00 - -

However, this increase is related to the conversion of the fragments with high quality
that decreased in area over the study period. Almost all the fragments with very high or
high environmental quality (UI = 0 to 0.4), according to the indeX, are close to the water
or areas with a high slope with limited potential for any human activity. Therefore, these
conditions imply the loss of landscape parameters such as connectivity, total size, perimeter,
shape, and border.

Ul values of 0.4 to 0.6 represent a natural landscape scenario and could only be
identified in some regions of the watershed. These regions are associated with fragments
that are still conserved or restored but continue to be impacted by pressures due to their
proximity to anthropic activities, thus becoming susceptible to suffer changes over time
(Figure 5).
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Figure 5. Variation of Ul values for 2007 and 2017.

The results also show that most of the fragments are in the very high urbanity interval
of Ul = 0.8 to 1. From an ecological perspective, this is a consequence of the vegetation
loss that occurred before the period analyzed and demonstrates the severe condition of the
region due to the pressure of anthropic activities. It is essential to highlight that, even when
fragmented in the landscape, the vegetation areas preserve a crucial role concerning the
environmental goods and services provided by these areas, such as regulation, production,
and support, critical for anthropic maintenance and development activities.

The urbanity index (Table 7) transition matrix showed an alteration of 32.47% in the
Tieté-Jacaré watershed landscape between 2007 and 2017. The high classes suffered the
most changes (69.75%). The transition characteristics were similar in all watershed regions,
mainly due to the increase and predominance of anthropic activities over time.

Table 7. The evolution of the urbanity index.

B Hectares Hectares Hectares % Hectares

in 2007 Kept in 2017 Converted in 2017 Converted
Very low 218,058.00 109,972.73 108,085.27 49.57
Low 49,836.90 16,042.34 33,794.56 67.81
Medium 5612.10 5351.10 261.00 4.65
High 107,516.00 32,521,85 74,994.15 69.75
Very High 800,067.00 633,656.12 166,410.88 20.80
Total 1,181,090.00 797,544.14 383,545.86 3047

1,181,090.00

The very low and low classes also had considerable changes, with 49.57 and 67.81%,
respectively (Table 8). The most significant transitions in the watershed region are related
to the conversion of areas with very high into high intervals, totaling 104,209.00 ha in
ten years.

However, in the various regions, a 33,129.60 ha change from very high to very low
intervals was observed, indicating positive reforestation practices. However, as mentioned,
during this period, the restoration or recovery of large areas did not occur, but rather this
happened with small fragments throughout the landscape.
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Table 8. Distribution of urbanity index transition.
Transition (2007/2017) Area (ha) Transition (2007/2017) Area (ha)
High High 32,521.85 Medium Medium 5351.10
High Low 4857.92 Very high High 104,209.00
High Medium 378.73 Very high Low 27,801.20
High Very high 65,295.30 Very high Medium 1271.08
High Very low 4462.20 Very high Very high 633,656.12
Low High 6426.99 Very high Very low 33,129.60
Low Low 16,042.34 Very low Low 29,455.10
Low Medium 488.56 Very low High 16,244.70
Low Very high 19,229.60 Very low Medium 392.37
Low Very low 7649.41 Very low Very high 61,993.10
Medium High 261.00 Very low Very low 109,972.73

4. Discussion

The predominance of sugarcane observed in our study overlaps with the region and
the Sao Paulo history as a whole, principally as the largest sugarcane producer in Brazil.
Favorable conditions provide fertile soils that allow productivity to be higher than in other
regions [50,51]. As we evidenced, this expansion of sugarcane cultivation areas is similar
to studies carried out with this same theme in different regions [21,52].

The transition between cultivation areas and exposed soil reinforces the importance
of the periods chosen to analyze LULC, principally when the study works with seasonal
activities, as is the case in the Tiete-Jacaré region, where the periods of April and September
demonstrates lees transitions between cops and exposed soil and thus are more easily
analyzed. We did the mapping manually, however, using automatic classification could
change the scenario’s perspective.

The vegetation loss and growth of agriculture over time were also studied by Moraes
(2013) [53], Mello (2014) [54], and Inkoom et al. (2018) [55], which also analyzed the vegeta-
tion biomes of Cerrado and Seasonal Semideciduous Forest, evidencing the fragmentation
process due to anthropic activities. Additionally, other regions in the country present the
same results. The study conducted by Silva et al. (2020) [56] revealed a vegetation loss
of 10% between 2015 and 2018 in the Cuité municipality, located in the Paraiba state in
the northwest of Brazil. After the Amazon biome, the regions that suffer the most from
anthropic changes in Brazil are the Brazilian Savanna (Cerrado) and the Atlantic Forest.
The Cerrado is the second largest biome in South America, occupying 2,036,448 km?, about
22% of the national territory. The Atlantic Forest covers about 15% of the national territory,
with a concentration of about 72% of Brazilians and 70% of the gross domestic product
(GDP), leaving only 12.4% of the original forest. These impacts compromise all environ-
mental structures and services and have impacts on soils that support vegetation cover
and significant energy sources for terrestrial life [21,57,58].

Figure 6 shows the LULC changes and tree frames from an amplified region of the
watershed. It is possible to see the loss of vegetation fragments and the predominance
of sugarcane (in light red) under all the other land use classes and land cover and how
this increases visually over time. Additionally, Figure 7 shows the same frame but from
the perspective of the urbanity index. It is possible to see the changes and the grown
of the urbanized classes in the same areas where the anthropogenic activities increase.
The vegetation area was lost in the periods analyzed. In this way, it is possible to affirm
that LULC configuration and distribution directly relate to the landscapes’ environmental
quality (some field photos could be seen in the Supplementary Materials).
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Land use and cover transition
between 2007 and 2017

Changed to Urban areas
Changed to Sugarcane
Changed to Bare Soil
Changed to Pasture
Unchanged

Changed to Citriculture
Changed to Silviculture
Changed to Vegetation

Figure 6. The LULC transition (A = Tiete-Jacaré region; B = (fragments with the transition to vegetation; C = fragments with
the transition to urban areas and D = fragments with the transition to agriculture areas).

Temporal change map between N

Changed in a high urbanity index
Unchanged

Changed in a high environmental quality

Figure 7. Ul cover transition.

According to the Brazilian Institute of Geography and Statistics (IBGE) (2016) [40],
in 2007, the Brazilian sugarcane crop was approximately 428 million tons and increased
to about 650 million tons in 2017. This scenario corroborates the context found in our
study region and has contributed to the growth of UI values and the loss of the landscape’s
natural conditions.
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Many authors discuss the LULC transition’s impacts from natural or even agricultural
fragments to sugarcane or other crop monocultures [59-62]. As Zimmermann (2009) [63]
states, “the simplification of ecosystems, an indispensable process for the development
of extensive monoculture, is extremely dangerous for the maintenance of those that are,
in general, complex.” Unplanned LULC management has led the Brazilian regions to
numerous environmental issues, such as soil contamination, decreased infiltration of
rainwater, and increased runoff. This set of factors favors the intensification of the water
erosion process, which can evolve to the laminar, groove, or ravine form [56,64].

This scenario is observed in the Tieté-Jacaré watershed, where the loss of the natural
landscape consequently has created a naturalness similar to that observed in the studies by
Moschini (2008) [65], Dos Santos (2011) [66], Fushita et al. (2016) [67], Trevisan; Moschini
(2016) [21], and Trevisan et al. (2018) [28]. These authors also evidenced the loss of natural
vegetation areas and the consequent increase of impacts on Brazil's other regions. Trevisan;
Moschini (2017) [12] focused on analyzing the temporal dynamics of LULC in Americana
city in Sao Paulo state, Brazil in 1994, 2008, and 2016. They also aimed to diagnose
landscape urbanity through the application of the urbanity index (UI). The results also
evidenced an increase in landscape urbanization over time, mainly due to the region’s
forests decrease.

Some studies also disused the landscape changes in the European context and their
impacts on the modification on LULC [68-70]. The study conducted by Moravcova et al.
(2016) [71] covered nineteen areas in the western part of the Czech Republic that were
affected by land consolidation processes during 2000-2006. They aimed to document how
land consolidation processes could affect land use and landscape structure and whether
the land consolidation planners considered the protection of natural resources. The authors
found that the increased acreage of grasslands was the most significant change in land
use in the region, before and after land consolidations, and involved 6.8% of the total land
consolidation area.

Development planning and management that considers the conservation and devel-
opment of all ecosystems (anthropic and natural), focused on conserving natural resources,
has become necessary. The conception of zoning strategies must integrate the land use
relation and land cover occupation with natural landscapes. The process of landscape de-
velopment and changes has been occurring intensely, and it is necessary for urgent actions
to maintain, protect, and recover vegetation areas. Thus, the ecosystems can continue to
provide goods and services to our planet, providing the possibility of an excellent quality
of life in society and the meeting of socio-economic needs.

5. Conclusions

As expected, the presence or absence of vegetation alters and is directly related to the
landscapes’ environmental quality. The vegetation reduction of 32,149 ha (2.72%) between
2007 and 2017 resulted in the loss of the landscape naturalness in the Tieté-Jacaré watershed.
This loss is small in terms of percentages, but in ecological terms, this is a considerable loss
that has changed the landscape’s quality in some watershed regions. The region needs an
environmental and urban plan that aims to maintain and restore the vegetation, giving
priority to the conservation of these areas, considering the current state of the region and
the developmental trend that has been followed and solidified over the years.

However, it is emphasized that the analysis of fragmentation and connectivity must
always be contextualized, and its discussions are based on the scale of analysis used as
this may imply changes in the observation of studies. For example, the present research
worked with the spatial resolution of 30 m, that is, 1:50,000. Thus, the analyses of LULC
dynamics were performed on this scale. The same analyzes can change at smaller scales
and with greater richness of details or lose information if performed at larger scales and
with a lesser richness of details.

The increase of participation spaces through social mobilization and its representabil-
ity should be a governmental administration premise. The formulation and execution of
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plans, programs, and projects should also be adapted to the local reality and thus fulfill its
objectives, proposing integrated management between government and society. Addition-
ally, the forest legislation application, as the Brazilian Forest Code, should be followed by
the population and applied by the inspectors, ensuring the efficacy of the environmental
instrument, and more regulations and legislation should be under discussion to organize
the distribution and interaction of the anthropic activities and forests in the country.

The urbanity index expresses the conservation and naturalness state of the landscape
studied. It is presented as an essential tool for the diagnosis of the environment and for
the conservation of the ecosystem, allowing precise analysis of landscape elements and
enabling accurate analysis of each fragment of the landscape.
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