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Abstract: Studies of land cover and use are essential for land planning and management, especially when the aim is to represent
landscape dynamics. The aim of the present study is to understand and quantify the transformations that occurred in the Ararangua River
hydrographic basin in the state of Santa Catarina, Brazil, in three different periods (1985, 2005 and 2019). The methodology was done
in two phases. In the first phase, a multitemporal analysis of land cover and use was carried out with the application of the regional
method to thematically classify LANDSAT 5 and 8 satellite images. To process the images, the QGIS, ArcGIS 10.3 and IDRISI Selva
software were used. In the second phase, the Anthropic Transformation Index (ATI) was used after the thematic classification with the
aim of understanding the anthropic influence on the land being analyzed. Results indicated that, during the 35 years covered by the
study, the class pastures and creeping vegetation underwent the greatest reduction in terms of total area (-532.29 km?), while agricultural
areas (of the exposed soil type) increased significantly (521.97 km?). Other classes that presented a reduction were those of mining
extraction areas (-29.15 km?) and dunes and sands (-7.00 km?). The ATI was classified as “average degradation” for the basin as a whole
in all the years analyzed, with values varying between 3.15 in 1985, 3.52 in 2005 and 3.49 in 2019.

Keywords: Geoprocessing; Remote Sensing, Multitemporal Analysis.

Resumo: Os estudos de cobertura e uso da terra sdo fundamentais para o planejamento e gestéo territorial, especialmente quando se
busca representar a dinamica da paisagem. Este estudo teve como objetivo compreender e quantificar as transformagdes ocorridas na
bacia hidrogréafica do Rio Ararangud, no estado de Santa Catarina, Brasil, ao longo de trés periodos distintos (1985, 2005 e 2019). A
metodologia utilizada consistiu em duas etapas. Na primeira etapa, foi realizada uma analise multitemporal da cobertura e uso da terra,
utilizando o método de regides para classificacdo tematica das imagens de satélite LANDSAT 5 e 8. Para processamento das imagens,
foram empregados os softwares QGIS, ArcGIS 10.3 e IDRISI Selva. Na segunda etapa, foi aplicado o indice de Transformagéo
Antropica (ITA) ap6s a classificagdo teméatica, com o objetivo de entender a influéncia antrdpica sobre o territério em analise. Os
resultados indicaram que, ao longo dos 35 anos abordados pelo estudo, a classe de pastagem e vegetagao rasteira foi a mais reduzida em
termos de area total (-532,29 km2), enquanto as areas agricolas (tipo solo exposto) cresceram significativamente (521,97 km2). Outras
classes que apresentaram reducdo foram as areas de extragdo mineira (-29,15 km2) e areas de dunas e areais (-7,00 km?). O ITA foi
classificado como "degradacdo regular” para a bacia como um todo em todos os anos de andlise, com valores variando entre 3,15 em
1985, 3,52 em 2005 e 3,49 em 2019.
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1. Introduction

Society’s use of land has impacted its original conditions and characteristics. Humans have modified their dwelling
spaces to adapt them to their needs, often without much adequate planning. This results in alterations in the natural
characteristics of land cover (BEPPLER; JUSTINO, 2017). Assessing these changes in the landscape is essential for
efficient land planning and management since these studies can give support to decisions related to the use and conservation
of nature.

For this assessment, it is crucial to count on precise cartographic information that depicts cover dynamics and land use,
as well as the transformations in the landscape of a specific territory. In the present study, the territorial unit under analysis
is the Ararangué River hydrographic basin (ARHB). Hydrographic basins have stood out as units for analysis because they
are water resource management units according to legislation (SCHUSSEL; NASCIMENTO NETO, 2015). Hence, they
should be considered units that need to be studied in scientific research as a means to constantly improve the quality of the
biotic, abiotic and social environment, which are integral parts of this geographic space. Therefore, a hydrographic basin
is a territory where human activity occurs. All urban, industrial, agricultural or preservation areas are part of a hydrographic
basin and hence are a relevant planning unit (PORTO; PORTO, 2008).

The methodology for analysis used in this study is based on two different phases. Initially, a multitemporal analysis of
land coverage and management will be performed to understand the landscape dynamics of this basin. This type of analysis
has been used in scientific studies since the 1950s and gained relevance with developments in remote sensing. The
continuous gathering of satellite images of the earth’s surface allows for the broad detection and analysis of changes of
land cover and landscape dynamics.

During the second phase, another methodology will be applied, called the Anthropic Transformation Index (ATI). The
use of this methodology is made possible with the data obtained by multitemporal analysis. This methodology was
proposed by Lémechev (1982) and modified by Rodriguez (1991); it aims at understanding the anthropic pressures suffered
by the territory under study, quantifying the degree of landscape modification by taking land use into consideration. The
ATI is an objective tool that provides information regarding human action in a specific geographic space (Gomes &
Sobrinho, 2018). Cover classification and the ATI are complementary methodologies for environmental analysis.

Therefore, the aim of this research is to analyze the changes in land cover and use of the ARHB in a multitemporal
way, as well as the anthropic pressures the basin is going through with the application of the ATI.

2. Location and Characterization of study area

The territory for this study was determined as being the Ararangua River Hydrographic Basin, located in the south of
the state of Santa Catarina (Figure 1). The basin’s watersheds are the Mampituba River Hydrographic Basin (MRHB) to
the south, the Urussanga River Hydrographic Basin (URHB) to the north, the Atlantic Ocean to the east and the cliffs of
the Serra Geral to the west. The Serra Geral is the main watershed of the hydrographic network in the south of Santa
Catarina, directing the basins to the east of its cliffs to the Atlantic Ocean branch. The area occupied by the basin is
approximately 3,071 km? (KREBS, 2004; COMASSETO, 2008; PERH/SC, 2017).

The basin has three different forms of land occupation and use: the strong influence of agropastoral interests, especially
irrigated rice culture; the mineral extraction of coal and other minerals; and the intensification of urbanization and the
growth of the population residing throughout the basin. Hence, the anthropic load on resources is compounded with the
demand for sewage and drinking water for consumption and irrigation.

Krebs (2004); Scheibe; Buss and Furtado (2010) state that the water resources in the region have been greatly harmed
and estimate that 2/3 of these resources are polluted in some form and improper for use. This is not limited only to the
ARHB but includes the three basins that drain the coal mining region in the south of Santa Catarina. Santos da Silva et al.,
(2003) point out that the environmental quality of the ARHB can be classified as having suffered impacts in its lower
course, being altered in its middle course and being natural in its upper course.
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Figure 1 — Geographical localization of the Ararangué River Hydrographic Basin
Source: Authors (2024).

As for the climate, the ARHB presents two climatic types according to the Kéeppen classification. Mostly, the basin
presents a humid mesothermic subtropical climate (Cfa), with hot summers; while more elevated areas present a humid
mesothermic temperate climate (Cfb) with mild summers (Figure 2A). Areas with the Cfa climate have an annual average
temperature that varies from 17.0 to 19.3°C (Figure 2 B), and the total annual rainfall varies between 1,220 and 660 mm
(Figure 2C). Areas with the Cfb climate present annual average temperatures that vary between 11.4 and 17.9°C (Figure 2
B) (ALVARES et al., 2014).

The terrain of the ARHB is distributed in altitudes between 0 and 1,500 m (Figure 3A) and occupy spaces from the
Coastal Plains to the cliffs of the Serra Geral, with planes varying from slightly undulating, undulating, steeply undulating
to mountainous (SANTA CATARINA, 1986). The basin’s pedologic formations are seen in nine types of soils (Figure
3B). The most expressive in terms of area are the Argisoils, Cambisoils, Gelisoils, Neosoils (EMBRAPA, 2018). The
ARHB is found in hydrographic region number 10 (RH 10 Extreme south of Santa Catarina) (BACK, 2014). Its waters
flow into the mouth of the Atlantic and its main source is found in the Serra Geral region (Figure 3C) where average
altitudes vary from 1,200 to 1,400 m (SANTA CATARINA, 1986). The main river (Ararangud) is the largest recipient,
draining the volume of water that comes from the other affluents that form the basin. According to Santos da Silva et al.,
(2023), the large volume of water that flows from the affluents of the basin end up carrying contaminants caused by
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anthropic activities such as irrigated rice crops, urban-industrial waste, solid waste, acid drainage from mines and heavy
metals that come from coal mining areas.
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Figure 2 — Distribution of climatic types Cfa and Cfb (A), annual average temperatures (B) and annual total rainfall (C)
of the Ararangud River Hydrographic Basin, south of Santa Catarina, Brazil.
Source: Authors(2024).
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Figure 3 — Slope (A), pedologic formations (B) and hydrography (C) of the ARHB, south of Santa Catarina, Brazil.
Source: Authors(2024).
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3. Methodology

3.1 Digital processing of images

The synthesis of the digital processing of images can be seen in Figure 4.
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Figure 4 — Flowchart of digital processing of images.
Source: Authors (2024).

The images were obtained from the Earth Explorer site image bank of the United States Geological Survey (USGS)
derived from the Landsat 5 and 8 earth imaging system. The general characteristics of the images can be seen in Table 1.

The 2019 images were chosen because there were no images found in 2020 without cloud coverage during the period
aimed for.

Sensor Date of Orbit/point Spatial Radiometric Temporal Bands used
image Resolution Resolution Resolution
acquisition

Landsat 5 - 7/9/1985 220/80 30m 8 bits 16 days 1(B)2(G)

™ 3(R)4(IR)
Landsat 5 - 5/29/2005 220/80 30m 8 bits 16 days 1(B)2(G)3(R)4(IR)

™
Landsat 8 - 6/5/2019 220/80 30m 16 bits 16 days 2(B)3(G)

oLl 4(R)5(IR)

Table 1 — Characteristics of the Landsat images used.
Source:Earth Explore/USGS

The pre-processing phase began with the definition of images and bands. After defining bands and the dates of images,
the phase for distinguishing thematic classes began. Eight classes were defined by means of the photointerpretation key
technique. This phase consists of differentiating the elements of the landscape that will be classified through visual
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interpretation (JENSEN, 2009). These are: urban texture, agricultural area (exposed soil type), pastures and creeping
vegetation, tree/bush vegetation, areas of mineral extraction, bodies of water, dunes and sands, and shade. The names of
classes was based on a program called CORINE land Cover (Co-ordination of Information on the Environment) created in
1985 by the European Committee. After selection, the bands were imported to the QGIS 3.14.0 “pi” software where they
were registered, reprojected to the Datum SIRGAS 2000 and corrected atmospherically with the DOS (Dark Object
Subtraction) method.

For image classification, the region methodology classification was used, following the recommendations of Mastella
and Vieira (2018). In this methodology the image is segmented or divided into regions, a process which consists of
grouping pixels with similar characteristics (BRITES et al., 2012). The procedure used the segmentation tool and was
based on bands 1/2/3/4 for the TM sensor and bands 2/3/4/5 for the OLI sensor. A similarity index equal to 1 and a 3x3
scan were used.

After image segmentation, the SegTrain tool was used, in which the segments generated are crossed with an image in
false color composition to carry out the training sample collection in the segments and generate a signature folder for each
class where an ID (identifier) and the respective class name is attributed.

With the determination of the signature folder, the process of classifying images pixel by pixel begins, using the
Maximum Likelihood Method (MAXVER). The last phase used the image classified pixel by pixel as the basis for a
reclassification in segments (classification by regions) using the SEGCLASS tool (MASTELLA,; VIEIRA, 2018) this type
of classification is seen as supervised.

The mapping validation was conditioned to the Kappa coefficient and global accuracy. These indices evaluate the total
accuracy of mapping. Landis and Koch (1977) developed the intervals of the Kappa index connected to the quality level
of the thematic mapping, varying from 0 to 1. The results obtained by the Kappa index can be seen in Table 2 below.

Year Kappa Global Accuracy Mapping Quality
1985 0,8933 0,9067 Excellent
2005 0,8819 0,8967 Excellent
2019 0,8933 0,9067 Excellent

Table 2 — Kappa Values and Global Accuracy.
Source: Authors (2024).

3.2 ATI Calculation

Apos a classificacdo After classification and final mapping of land cover and use, the second phase of the study begins.
This consists of applying the ATI calculation in which land use classes are entered. The ATI calculation was performed
following directions carried out in the studies by Mateo Rodriguez (1991). The aim is to provide information regarding
the anthropic pressure of each class that was mapped. Therefore, without previously classifying land cover and use, the
ATI cannot be applied.

The studies developed by Mateo Rodriguez (1991) propose the following equation for ATI calculations:

ATl =3 (%USExWEIGHT)/100 Eq.

Where:

USE: refers to the area in percentage values of the class of land cover and use;

WEIGHT: is the weight given to the different types of cover and use as to the degree of anthropic alterations.

The weights attributed to the different types of land cover and use in relation to the degree of anthropic alteration were
established after consulting specialists in the field. This involved the knowledge of eight researchers with different
backgrounds (Biology, Engineering and Geography) to help define weights. The results of this consultation can be seen in
Table 3. We would like to point out that the class “Shade” did not receive an anthropic weight due to the lack of knowledge
regarding what can be found in the shaded region.
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Classes Weights Classification
Urban texture 7,78 Very degraded
Agricultural Areas (exposed soil type) 6,11 Degraded
Pastures and creeping vegetation 4,67 Average Degradation

Tree/bush vegetation 1,22 Low degradation

Areas of mineral extraction 8,67 Very degraded
Water mass 1,67 Low degradation
Dunes and sands 2,50 Low degradation

Shade 0 No attribution

Table 03 — Weights attributed and degradation classification of classes.
Source: Authors (2024).

The ATI classification method is based on the studies by Cruz (1984), Gouveia; Galvanin; and Neves (2013) who
classified the ATI as low degradation (0 — 2.5), average degradation (2.5 — 5), degraded (5 — 7.5) and very degraded (7.5
-10).

3. Results and discussion

In Figure 5, we can observe the mapping of land cover and use for 1985, 2005 and 2019 of the ARHB. Table 4
demonstrates the results of class measurement for each year. The main results of the multitemporal analysis show the
expansion of areas for agriculture, with a growth of 521.3 km?2 (139.07%) during the period analyzed. These areas expanded
to the detriment of areas for pasture and creeping vegetation which were suppressed in terms of area in -532.29 km? (-
48.7%). Another class analyzed that has expanded were urban areas, with a growth rate of 79.24 km? (192%) during this
period. Another important result to point out is the decrease in mining and dune areas, which lost -29.15 km? (-85.52%)
and -7 km? (-46.89%) during the period, respectively.
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Figure 5 — Land cover and use maps.
Source: Authors (2024).
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Class Area (Km?) | Area (%) | Area(Km?) | Area (%) | Area(Km? | Area (%)
1985 1985 2005 2005 2019 2019
Urban texture 41,31 1,35 79,88 2,60 120,55 3,93
Agricultural Areas 375,33 12,22 897,16 29,21 897,30 29,22
(exposed soil type)
Pastures and creeping e 111591 36,33 670,25 21,82 583,62 19,00
vegetation
Tree/bush vegetation 1212,14 39,47 1154,10 37,58 1221,24 39,76
Mineral extraction areas 34,11 1,11 13,27 0,43 4,94 0,16
Bodies of water 16,54 0,54 20,64 0,67 20,82 0,68
Dunes and sands 14,93 0,49 8,78 0,29 7,93 0,26
Shade 260,93 8,50 227,12 7,40 214,79 6,99
Total 3071,19 100 3071,20 100 3071,20 100

Table 4 — Measurement of classes of land use and cover of the ARHB.
Source: Authors (2024).

In Figure 6, we can observe the ATl mapping results for the three periods studied. Table 5 shows the results obtained
for the ATl which, in general, was classified as “average degradation” for the ARHB in all the years analyzed, varying
from 3.15 in 1985, 3.52 in 2005, and 3.49 in 2019. Individual results are discussed below along with the measurement of

each class.
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Figure 6 — ATI mapping for the ARHB.

Source: Authors (2024).

Frojecio Lnmveres! | nncremas o Marsahie - LM

Merabizre de Waferdmgiz 517 W -1ysa 228

Daiien onaoned - SIRGAS 2000
Diocumemtaghin, SUS {2010 IBGE (201%)

USGS dimagen basg. EANDSAT S « ITM 1988

LANDSAT 5 - TM 2008, LANDSAT 8 - QLI 2019y



Silva, J. G. S; Ladwig, N. I; Back, A. J. Northeast Geosciences Journal, Caico, v.10, n.2, (Jul-Dez) p.51-65, 2024. 59

Area ATI Results
(%)
Class 1985 2005 2019 ATI 1985 2005 2019
weight
Urban texture 1,35 2,60 3,93 7,78 0,10 0,20 0,31
Agricultural Areas (exposed 12,22 29,21 29,22 6,11 0,75 1,78 1,79
soil type)
Pastures and creeping e 36,33 21,82 19,00 4,67 1,70 1,02 0,89
vegetation
Tree/bush vegetation 39,47 37,58 39,76 1,22 0,48 0,46 0,49
Mineral extraction areas 1,11 0,43 0,16 8,67 0,10 0,04 0,01
Bodies of water 0,54 0,67 0,68 1,67 0,01 0,01 0,01
Dunes and sands 0,49 0,29 0,26 2,5 0,01 0,01 0,01
Shade 8,50 7,40 6,99 0,00 0,00 0,00 0,00
Total 100 100 100 - 3,15 3,52 3,49

Tabela 5 — ATI results.
Source: Authors (2024).

The first class of cover and use analyzed in the thematic mapping refers to “Urban texture” which includes areas with
the buildings, highways and properties that make up a city. This class represented, in 1985, an area of 41.31 kmz?, expanding
to 79.88 km? in 2005 and, continuing the tendency towards growth, 120.55 km2 in 2019. The total increase in area between
1985 and 2019 was 79.24 km2. The class Urban Texture presented the second highest ATI weight (7.78) proposed by the
evaluators - classified as degraded - which demonstrates the anthropic pressure this unit of analysis has undergone.

The expansion of the class Urban Texture can be observed in the basin’s territory in four axes: to the north of the basin,
in the Ararangua region, on the coast and the in hinterland towns. In the northern portion of the basin, in the region of the
towns of Criciima, I¢ara and Forquilhinha, urbanization developed more rapidly due to the discovery of coal and the
resulting income of people to work in this sector. Cricima became the most important town in the basin, with commercial
prominence since the beginning of the 1900s. With the passing years, the town would capture several areas of interest.

The towns located in the northern part of the hydrographic basin presented a faster paced urbanization from the 20™
century onwards when compared to the towns in the southern portion, which maintained more rural characteristics. The
urban growth of the northern region can be attributed to the impulse brought on by the commercial activities that began at
the beginning of the 20™ century, especially in the mining sector. Later, ceramic, metal-mechanic, agro-industrial and
textile factories contributed to urbanization. The establishment of these companies in the towns of the northern portion of
the basin became an agent of production and change in the morphology of the urban space, with state support for installation
and activities (SILVA, 2012).

According to Manenti (2019), who worked with predictions of change in land cover and use in the region of the
AMREC (which includes a part of the towns north of the basin), for 2040, the tendency shows the likelihood that
conurbation, which has already began in Criciuma and I¢ara, will expand between Criciuma and neighboring towns such
as Nova Veneza, Forquilhinha, Morro da Fumaga and Cocal do Sul, affected by road and commercial connections.

Another activity that puts pressure on the water resources of the basin is agriculture. This is the second class analyzed
and is called “Agricultural Areas (exposed soil type)”, which includes the areas of temporary cultures of dry and/or irrigated
land.

These areas stand out in the landscape and are represented by regular, well-defined shapes found in almost the entire
territorial extension of the basin. It can be found irregularly in the territory, with portions going from the cliffs of the Serra
Geral to the coast. In this class are included areas of exposed soil that do not necessarily present any kind of crop, but that
have a similar spectral response.

The class that mostly converted from being agricultural was pasture and creeping vegetation, especially if it was located
in the flatter areas of the basin. The ATI classification for this class was “degraded” (6.11). This is connected to the
expansion of agricultural areas in the basin, especially to the culture of irrigated rice from the 1980s onwards.

The system of irrigated crop or floodplain cultures is typically found near water resources, generally in river plains,
that are a part of the sedimentation zones of hydrographic basins. The type of seeding used is pre-germinated, in which
seeding is done in the water. This type of crop is found in flood prone areas which are suitable for this culture due to water
depth requirements during part of production (COLOMBO, 2017).



Silva, J. G. S; Ladwig, N. I; Back, A. J. Northeast Geosciences Journal, Caico, v.10, n.2, (Jul-Dez) p.51-65, 2024. 60

Back; Deschamps and Santos (2016) comment that although this system presents advantages, it also requires a longer
continuous irrigation period, hence demonstrating disadvantages in terms of a higher water consumption and the
probability of the contamination of water resources. Floodplain crops are predominant in the south of Santa Catrina,
especially in the ARHB area, since it has flood plains that are favorable to the establishment of this culture.

The agricultural production in the basin is a strain on water resources in the use of pesticides in the production of
irrigated rice crops. This use has increased in the past three decades along with the expansion of the planted area and the
planting systems. The use of pesticides in the basin raises concern for the contamination of water, surface and subterranean
resources (BACK; DESCHAMPS; SANTOS, 2016).

The third class analyzed is called Pastures and creeping vegetation. This appears in the landscape intermittently
throughout the territory and is characterized by open field areas. This class presented an area of 1,115.91 km? in 1985, with
a significant decrease in 2005, to 670.25 kmz?, and 583.62 km? in 2019. It received an ATI classification of 4.67 (average
degradation) by evaluators and presented the largest reduction in the period analyzed, with a total loss of 532.29 kmz2.

According to Santos et al. (2020), pasture areas have presented an increase in the last decades in Brazil. Consequently,
areas for agriculture grew in tandem, taking up the areas used for pastures. This fact is present in the dynamics of the basin
landscape in which, historically, first the conversion of forest areas into pastures occurs and, subsequently, the conversion
of artificial pastures into agricultural fields takes place.

The fourth class analyzed was called “Tree/Bush Vegetation and is seen continuously on the Serra Geral cliffs, where
it is predominant, and in more spaced out plots distributed in the basin in steeper areas. It is important to point out that this
class of cover and use encompasses the forest formations that are in process of succession (secondary forests), as well as
those areas used for commercial plants (pine, eucalyptus, among other species). This occurs due to the limitations of spatial
and radiometric resolution of the images used in digital processing.

This class presented an area of 1,212.14 km2 in 1985, decreasing to 1,154.10 km2 in 2005, and increasing to 1,221.24
kmz in 2019. The ATI classification for this class was “low degradation” (1.22), which occurs, among other reasons, due
to the regeneration this class presented during the period under study.

Although the above class showed regeneration during this period, it is important to point out that the quality of this
vegetation needs to be further analyzed, along with monitoring, which should be broad and constant. The issue of
monitoring the quality of vegetation in the area is significant since, after the 1980s, according to Marcondes (2016), there
was a large expansion of forestry, especially with Pinus spp. which took up the areas of natural pastures and, subsequently,
the expansion also of Eucalyptus spp. in pasture lands.

Itis historically recognized that there has been a suppression of tree/bush vegetation in favor of the fifth class analyzed,
called “areas of mineral extraction”. This class is included in the landscape as areas of open cast coal extraction. There are
other types of mining in the study area such as clay, sandstone, sand, basalt, among others, although the most significant
in terms of environmental impact and residual consequences for the landscape is coal extraction.

This class presented an area of 34.11 km2 in 1985. In 2005, there was a decrease in the mapped areas to 13.27 km?; this
tendency continued in 2019 with an area of 4,94 km2. This class received the highest ATI value among the classes analyzed
with 8.67 (very degraded).

The ARHB is found in a commercially prominent area, which is the coal mining area of southern Brazil. In Santa
Catarina, coal mining goes back to the end of the 19™ century; in the mid-1980s the lack of defined policies for the sector
led to the decrease in coal production in the basin’s coalfield. Coal mining activities are mentioned as being mainly
responsible for environmental degradation, especially of the water sources in the southern region of Santa Catarina
(Alexandre, 2000).

Another problem caused by mining is acid draining of the mine (ADM) which contributes to contaminating three
hydrographic basins covered by the coal mining region. Besides pits, another mechanism that generates ADM are
subterranean galleries, spoil tips, decantation basins and other refuse.

The sixth class analyzed is called “Bodies of water”, which includes areas of the basin that present liquid bodies,
whether artificial or natural. This class is found on the coast, with the predominance of the lagoon complex of the towns
of Balnedrio Rincdo and Ararangua. It is also intermittent, as in the dams and reservoir of the S0 Bento River in
Siderdpolis.

The variation in area for this class went from 16.54 km?2 in 1985 to 20.64 km? in 2005, with a small increase to 20.82
km?in 2019. The ATI for this class was evaluated as presenting “low degradation” (1.67).

The basin presents a lagoon complex on the coastline formed by three main lagoons: Mée Luzia Lagoon, Esteves
Lagoon and Faxinal Lagoon. This complex is formed by transgressions and regressions of the sea level during the
quaternary period in a system called lagoon-barrier (HORN-FILHO, 2003). The coastal lagoons in the studied area have
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been undergoing anthropic pressure in the last few years, mainly through urbanization, as mentioned above. This class has
increased both in area and density of occupation around these lagoons.

Another fact regarding this class is the increase in area in 4.1 km?, from 16.54 km2 in 1985 to 20.64 km?2 in 2005. The
increase is due to the construction of the Sdo Bento River dam in the town of Siderdpolis. The dam was built for many
purposes, among water supply for humans, water supply for agriculture (irrigation) and flood control (COLONETTI et al.,
2009).

The next to last class that was mapped is called dunes and sands, concentrated more on the basin’s coast, occupying
areas between the towns of Balneario Rincdo, Balneario Arroio do Silva and Ararangua. The areas for this class changed
from 14.54 km? in 1985 to 8.78 km? in 2005 and, following the tendency, to 7.93 km? in 20109.

The area of dunes is part of the coastal system which, according to Portz et al. (2014), is a strip for interfacing and
integrating phenomena between dry land and the sea. Furthermore, according to the authors, dunes are a part of this system.
In most of the sandy beaches, these are formed by large volumes of sediment with different shapes, sizes and directions
(PORTZ et al., 2014).

The dune areas are considered Permanent Preservation Areas (PPA) and a part of the new forestry code which includes
them in the restinga (sandbank) areas in their totality as PPA areas (BRAZIL, 2012). According to Portz et al. (2014), they
are a part of legally protected territorial spaces, environmentally fragile and vulnerable.

The dune areas of the hydrographic basin are undergoing a process of suppression and alteration due to the
encroachment of urbanization in the direction of the coast, to unplanned touristic and local practices, as well as foresting
with exotic species (CRISTIANO, 2018). Other types of degradation can be listed, such as trampling, the use of vehicles
and garbage disposal.

According to Cristiano (2018), frontal dunes are a barrier that protect against undertows. The author also states that
without phenomena such as undertows, the function of dunes is easily forgotten and they are seen as an undesired nuisance
by residents who live in areas near dunes, mainly when there is the wind transportation of these dunes toward their homes.

In Figure 7 we can see the advance of dunes transported by the wind in the direction of the urban texture. Undoubtedly,
the advance of dunes is a problem for residents; however, irregular occupations are the main cause and source of these
annoyances as a result by their advancement.

Figura 7 — Wind transportation of dunes in the direction of houses.
Source: Authors (2024). Legend: images A and B (portal Sulinfoco, 2013, Town of Bal. Rincdo); images C and D
(Author, 2021, town of Bal. Rincéo).
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The last class considered in the analysis was “Shade” which presented a variation in area between the dates studied.
However, in general, this area cannot be considered part of the research since we do not know what is really to be found
in the shaded forms. These are found mostly in the basin’s steepest areas, generally on the slopes of the Serra Geral, and
vary according to the angle and inclination of the sun and the quantity of energy reflected.

4. Final Considerations

The use of orbital images and digital image processing techniques used in this study enabled the utilization of a
multitemporal analysis methodology of land cover and use to map out and describe changes in the landscape of the ARHB
in a period of 35 years. This methodology also gave support to the calculation of the anthropic changes in the basin.

The results show that changes in land coverage and use in the ARHB territory were significant, especially in terms of
the growth of the urban texture and, consequently, the increase in the population residing in the basin. This has accelerated
environmental degradation due to excessive urbanization with no control or planning.

Another highlight in the changes of land cover and use were the conversions of lands for pasture and creeping
vegetation into lands occupied by extensive agricultural areas, especially those for irrigated rice crops, that lead to pressures
on the water resources of the basin.

It is clear there has been an increase in the anthropic pressure in the different covers and uses presented here since it is
observed that the ATI shows an increase in the period under study and in general. It is important to point out that a periodic
update of this data is needed, which is possible with the orbital images that are available with no cost for this purpose, as
well as software that produce this information.
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