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FOREST SCIENCES (CIÊNCIAS FLORESTAIS)

ABSTRACT: The objective of this study was to evaluate the spatial-temporal dynamics of land-use and coverage in the Parque 
Estadual da Pedra Selada (PEPS) and its landscape, located in Resende and Itatiaia, Rio de Janeiro. Orbital images of the 
Landsat platform were obtained for the years 1985, 1995, 2005 and 2015. NDVI was calculated for each year, and its amplitude 
described the classes of land-use and coverage in water bodies, urban area, exposed soil, grassland and forest. For landscape 
analysis, a 3-km radius buffer was incorporated, delimiting the Buffer Zone (BZ). The forest class was the largest in all years, but 
there was a reduction in its area over time, especially in BZ. An increase was observed in the grassland and urban areas when 
comparing the years 1995 and 2015, where the urban area doubled its territory. Intense anthropic activity explains this transition 
as livestock activities began to be used for urban sprawl. The increase in deforested areas in the region, due to pressures such 
as tourism, real estate speculation, farming and agriculture, drives the fragmentation process that may affect the diversity of flora 
and fauna present in PEPS.
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Dinâmica da paisagem e seus impactos na Floresta Atlântica no Sudeste do Brasil

RESUMO: O objetivo deste estudo foi avaliar a dinâmica espaço-temporal do uso e cobertura da terra no Parque Estadual da 
Pedra Selada (PEPS), e sua paisagem, localizada em Resende e Itatiaia, no Rio de Janeiro. Imagens orbitais da plataforma 
Landsat foram obtidas para os anos de 1985, 1995, 2005 e 2015. O NDVI foi calculado para cada ano, e sua amplitude 
descreveu as classes de uso e cobertura da terra em corpos de água, área urbana, solo exposto, pastagem e Floresta. 
Para análise da paisagem, um buffer com raio de 3 km foi incorporado delimitando a Zona de Amortecimento (ZA). A classe 
Floresta foi a maior classe em todos os anos, mas houve uma redução em sua área ao longo do tempo, principalmente na 
ZA. Observou-se um aumento nas pastagens e áreas urbanas quando comparados os de 1995 e 2015, onde a área urbana 
dobrou sua área. A intensa atividade antrópica explica essa transição à medida que as atividades pecuárias começaram a ser 
utilizadas para a expansão urbana. O aumento das áreas desmatadas na região, devido a pressões como turismo, especulação 
imobiliária, agricultura e agricultura, impulsiona o processo de fragmentação que pode afetar a diversidade de flora e fauna 
presentes no PEPS. 

Palavras-chave: zona de amortecimento; uso e cobertura do solo; área protegida
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Introduction
Protected areas are one of the pillars in conserving the 

biodiversity of tropical forests remnants (Defries et al., 2005). 
In the entire world, creation of these areas was significantly 
increased in the last 30 years (Robinson et al., 2013), due 
to processes of perturbation and degradation, mainly of 
anthropic nature (Nguyen et al., 2018). In Brazil, Conservation 
Units (CUs) exist since 1937 with the creation of the Itatiaia 
National Park, which aimed at maintaining natural resources 
for the benefit of current and future generations (Barreto et 
al., 2013).

However, several regions have suffered environmental 
impacts where CUs are currently established, which includes 
adjacent areas. For Dalla Nora & Santos (2011), only the 
creation and delimitation of CUs are not able to ensure 
the conservation and maintenance of ecological functions 
and protection of biodiversity, but it is also necessary to 
understand its surroundings. According to the National System 
of Conservation Units (NSCU), the surroundings of CUs are 
called buffer zones (BZ), where anthropic activities are subject 
to specific norms and constraints of each region, to minimize 
the negative impacts on the CU (Brasil, 2000).

Thereby, it is evident the need of studies related to the 
monitoring of land-use patterns both in CUs and in delicate 
and threatened regions such as the Atlantic Forest, including 
also the research on the modifications in the BZs, and thus 
representing the landscape. In this context, CUs of Integral 
Protection (Brasil, 2000), such as the Parque Estadual da 
Pedra Selada (PEPS), presents potential for research related 
to the monitoring of land-use and land cover in the Atlantic 
Forest. Moreover, due to the history of use and occupation, 
throughout the time, it also presents a fragmented landscape, 
as well as several Atlantic Forest phytophysiognomies in 
different successional stages (Detzel Consulting, 2017).

Before the creation of PEPS, its areas and the environment 
suffered environmental impacts mainly because of agricultural 
use. Deforestation also compromised the conservation of 
natural resources, and there is a need for studies that can 
understand how the anthropic activities altered the landscape 
in order to understand the relations between its transformation 
and society. However, to evaluate the landscape dynamics of 
PEPS, it is essential to integrate tools capable of detecting and 
quantifying changes in the region (Carvalho et al., 2016). 

Multitemporal data, through remote sensing, can be used 
in evaluating the patterns of land-use changes, as well as 
its degradation levels (Crouzeilles et al., 2013; Ferraz et al., 
2014; Rosa et al., 2017). Other authors also discuss the role of 
remote sensing in the vegetation dynamics, whether at local, 
regional or global scales (Dalla Nora & Santos, 2011; Hansen 
& Loveland, 2012; Nguyen et al., 2018). Remote sensing 
is also a valuable tool that helps to comprehend the forest 
fragmentation. For Rosa et al. (2017), as a consequence of 
the Atlantic Forest fragmentation, through knowledge of the 
temporal dynamics of the vegetation, it is possible to identify 
patterns, processes, and mechanisms that can be used to 

predict and guide strategies for rational use, protection and 
conservation of forest resources. Furthermore, Dalla Nora 
& Santos (2011), when analyzing the use activities around 
CUs in Atlantic Forest, identified elements that question 
functionality, as well as contradictions in the limits and 
sustainable development.

Therefore, this research was based on the hypothesis that 
there were significant changes in the local landscape, even 
after the PEPS creation. In addition, this paper intends to 
answer the following questions: How did the change in land-
use and land cover occur before and after the PEPS creation? 
Currently, what are the main threats that can interfere in 
the conservation of the study area, beyond the PEPS limits? 
Hence, this research aims to evaluate the space-time dynamics 
(from 1985 to 2015) of land-use and land cover in PEPS and its 
landscape.

Material and Methods
The study was conducted at Parque Estadual da Pedra 

Selada - PEPS located between the coordinates: North - 
Bagagem District, in the municipality of Resende, near 
Rio Preto (44°26’23.866”, 22°16’1.415”); South - Highway 
BR-116 Presidente Dutra, in the municipality of Itatiaia 
(44°33’59.464”, 22°28’56.289”) (Figure 1). This Integral 
Protection Conservation Unit is part of the Environmental 
Protection Area of Serra da Mantiqueira (Rio de Janeiro, 2012) 
along with the Itatiaia National Park (INP). PEPS has a total area 
of 8.036 hectares, and the BZ corresponds to approximately 
41.237 hectares, mostly in the municipality of Resende and 
a small part (about 5%) in the municipality of Itatiaia (Rio de 
Janeiro, 2012) (Figure 1).

Orbital images from Landsat 5 sensor TM (Thematic 
Mapper) and Landsat 8 OLI sensor used in this study were 

Figure 1. Location of the Parque Estadual da Pedra Selada 
(PEPS) and its Buffer Zone (BZ), RJ, Brazil. 
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purchased for free in the electronic image catalog of the 
National Institute of Meteorology of Space Research (http://
www.dgi.inpe.br/ CDSR/). The years considered for this study 
were 1985, 1995, 2005, and 2015 (Table 1).

After the acquisition of the images with Thematic Mapper 
(TM) sensor, steps of radiometric calibration and reflectivity 
were performed according to the method proposed by 
Chander et al. (2007) using the algorithms of the SEBAL 
(Surface Energy Balance Algorithm for Land), proposed by 
Bastiaanssen (1995). After the correction steps of the images, 
they were processed again to calculate the Normalized 
Difference Vegetation Index (NDVI) proposed by Rouse et al. 
(2006), with their respective amplitude values (Table 2). This 
index is obtained from the spectral information contained in 
the red and infrared bands near TM-Landsat 5 (Bands 3 and 4) 
and OLI-Landsat 8 (Bands 4 and 5) (Equation 1).

The field validation was performed in October 2015, the 
last year of the spatial-temporal analysis. Twenty control 
points were collected for each NDVI class, before the on-site 
check, observing aspects of the forest physiognomy, as well as 
the grassland areas. 

In order to analyze the landscape dynamics, a 3-km radius 
buffer with was defined at the PEPS boundary, delimiting 
the buffer zone (Figure 1). This procedure was adopted to 
understand, in the landscape context, the changes in land-use 
and land cover that occurred in the PEPS Buffer Zone in the 
analyzed years. 

Mathematical operations in GIS environment were applied 
in the four registration maps to obtain the changes of land-
use and coverage in 1985, 1995, 2005 and 2015, following 
the methodology of Moraes et al. (2016). The amount of 
area, in hectares, the percentage in the buffer zone, and the 
percentage values of variations (conversions) between the 
spans 1985-2015, 2005-2015, and 1985-2015 were obtained 
for each class of land-use and coverage for each year studied.

It was also calculated the difference of the class areas 
(hectares) between the studied years, to verify the increase or 
decrease of a given class in the PEPS and into the BZ, based on 
the following Equation 2.

Table 1. Characteristics of the images obtained for the mapping of land-use and coverage in Parque Estadual da Pedra Selada 
and its buffer zone (BZ), RJ, Brazil.

NIR REDNDVI
NIR RED

−
=

+

where: NDVI - Index of Vegetation of Normalized Difference; 
NIR - Near Infrared; RED - Red. It varies from -1 to +1, where 
usually surfaces with some vegetation should have values 
between 0 and 1, and for surfaces such as water and clouds, 
the value should generally be less than zero. 

For the analysis of land-use and coverage, the images 
were subjected to the Maximum Likelihood supervised 
classification, and the Kappa coefficient performed the 
reliability aided by QGIS 2.18 and the complement “Semi-
Automatic Classification Plugin - SCP” (QGIS Development 
Team, 2018).

In the process of discrimination and nomenclature of 
land-use and land cover classes, water, urban area, soil 
exposure, pasture, and forest were used for this study (IBGE, 
2013) (Table 2). A “forest” class comprises forests in various 
locations - such as Dense Montane and Submontane Dense 
Ombrophilous Forests present in the study region.  

Due to the best clustering, regarding the spectral response 
of the targets, the Natural Breaks algorithm (Jenks) was 
used in ArcGIS 10.2 (Esri, 2009) to divide the data into five 
reflectance intervals. This method is based on grouping similar 
values, maximizing and facilitating the separability between 
classes. Moreover, in agreement with some authors (Franco & 
Rosa, 2004; Lima et al., 2013; Maranhão et al., 2017; Torres et 
al., 2019) in studies conducted in Southeastern Brazil, which 
consider NDVI as an efficient tool for reflectance intensity 
in different targets, mainly for vegetation, it was possible to 
assume the values (Table 2) presented in this research.

Table 2. NDVI amplitude for land-use and coverage classes 
of the Parque Estadual da Pedra Selada, Rio de Janeiro State 
(Brazil).

Difference initial year area final year area= −

Thus, the percentage of change for each period was 
calculated using the following Equation 3. 

( )( ) ( )final area of the year initial area of the year
Change class % 100

initial area
−

= ×

In general, negative results of Equation 2 meant that a 
particular class decreased its areas, while positive values 
correspond to an increase in the class. A value of “0%” 
indicates that the class remained stable over the years. 

Through the combination of all land-use and cover maps, 
the results were displayed in another map showing the 

(1)

(2)

(3)
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changes in 1985, 1995, 2005 and 2015. The discussion and 
understanding of the changes were based on the literature, 
reports of older residents, and the PEPS managers.

Results and Discussion
The results of the mapping showed that during the analyzed 

period of twenty years (1985-2015), there were changes in 
the forest cover of the PEPS and its landscape, mainly in what 
corresponded to the BZ (Table 3). Overall, the class accuracy 
by the Kappa index was considered as very good (Table 4), 
indicating that the control points validated the classification 
prepared by the Maximum Likelihood supervised classification 
method. In the PEPS, between 1985 and 1995, there was an 

increase in urban area (+56.04 ha, +0.7%), exposed soil (+93.14 
ha, +11.7%), and grassland (+114.88 ha, +1.6%) (Table 4). In 
the BZ, there was a decrease in urbanized areas (-420.33 ha, 
-1.19%), and for grassland (-2125.41 ha, -5.85%) and the areas 
of exposed soil increased (+2518.88 ha, +8.36%). Between 
1995 and 2005, there was an increase in grassland for both 
PEPS (+345.02 ha; +4.29%) and BZ (+2562.80 ha; +7.71%) 
(Table 4). Between 2005 and 2015, in PEPS areas there was 
a decrease in exposed soil (-93 ha; -1.16%) and grassland 
(-669.53 ha; -8.33%), and in BZ areas there was an increase of 
urban areas (+1217.27 ha) and in the grassland (+2562.91 ha, 
+7.72%), corresponding to grassland (Table 5).

Within the PEPS limits, the forest class was the largest in all 
evaluated years (Table 4, Figure 2a), representing values above 

Table 4. Percentage, and Kappa hat classification of the classes of land-use and coverage, observed in the buffer zone (BZ) in 
Parque Estadual da Pedra Selada (BF + PEPS), RJ.

Table 3. Total area, in hectares, of the classes of land-use and coverage, observed in the Parque Estadual da Pedra Selada (PEPS) 
and the buffer zone (BZ), RJ.

Table 5. Additions and losses of the land-use and coverage in the Buffer Zone and in the PEPS, for the periods of 1985-1995, 
1995-2005, 2005-2015 and 1985-2015.
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Figure 2. A, B) Class Area of land-use and coverage  of the Buffer Zone and Parque Estadual da Pedra Selada; C, D) Relative 
area of land-use and coverage in the Buffer Zone and Parque Estadual da Pedra Selada; E, F) Conversion rate of land-use and 
coverage classes in the Buffer Zone and in Parque Estadual da Pedra Selada.

90% in 1985 (Table 4), and with the decrease of its percentage 
in the interval between 1985 and 1995 (-14.64%) (Table 5). In 
the other years, such areas increased again, where the forest 
areas represent 86.95% in 2005 and 96.22% in 2015 of the 
PEPS areas. In the BZ, the forest area decreased in all studied 
years, decreasing its representativeness in 5.3% between 
1985 and 2015, while in 1985 the forest occupied 64.54% and 
it reduced to 62.71%, 61.18%, and 59.24%, respectively in 
1995, 2005, and 2015 (Table 5).

According to the Ecological-Economic Zoning carried out 
in 2011 (Silva et al. 2010), the municipality of Resende stands 
out in the industrial and technological areas, and also has an 
extensive rural area that even today still has great potential, 

especially in primary production, with dairy farming and 
agriculture, as well as the services sector, such as ecotourism. 
This extensive rural area is characterized by the presence of 
grasslands, representing among the total extent of PEPS and 
its BZ, around 22,643.04 ha (52.84% of its total area) in 2015. 

For Souza & Angelis (2011), when one CU is located in 
the rural area, as in this study, the challenges of conservation 
are mainly related to agricultural activities and predatory 
extractivism. These same authors also discuss that the 
presence of residents in the conservative units and its 
surrounds are one of the conservation challenges, where, 
historically, agricultural activities and human existence have 
always been constant, especially in the Buffer Zones. 
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Although anthropic classes have vast areas around the 
PEPS, both the conversion of the forest and its recovery in 
the last decade of analysis (2005-2015), are probably due the 
effectiveness of instruments such as the Management Plan 
of the Serra da Mantiqueira Environmental Protected Area, 
an essential tool for territorial planning and management 
in the region. Detzel et al. (2018), comparing native forest 
vegetation found in intermediate and advanced stages of 
regeneration, showed that there was an increase of 19,338.80 
ha, corresponding to about 3.55% of the total area of the 
Serra da Mantiqueira Environmental Protected Area. The 
authors related this gain to the evolution of early-stage forest 
formations in the early 1990s, mainly covering areas that were 
previously grassland or reforestation, as well as exposed soil. 

On the other hand, the growth of visit number to the region 
has surpassed the support capacity of the tourist activity by 
the local and CU administrations (Dalla Nora & Santos, 2011). 
As a result, it has been possible to note in several parts of the 
PEPS, especially in BZ, the consequences of tourism regarding 
the harmful use of space, which can lead to environmental 
degradation, pollution of water sources, garbage accumulation 
in inappropriate places, erosion processes, hunting and 
criminal collection of native vegetation, forest fires, among 
others. Furthermore, in regions such as Visconde de Mauá and 
Penedo, where the PEPS is located, the disorderly visitation 
of tourists ends up promoting real estate speculation and 
population densities in places where there were no buildings 
before (Detzel et al., 2017).  

The exposed soil class is a result of inadequate practices 
linked mainly to agricultural activities and urbanization, as 
observed with the increase in urban area, mostly between 
1995 and 2005. This factor is possibly due to the abandonment 
of agricultural land and pastures, which without management, 
consequently ended up as apparent soil  (Detzel et al., 2018). 
Additionally, the process of urbanization generated in the 
vicinity of protected areas can become a problem for the 
conservation of CUs in Brazil and the world (Watson et al., 
2013; Ahmad et al., 2013). Thus, the CUs have as challenges 
the control, inspection, and monitoring of changes in 
environmental and original characteristics that suffer threats 
mainly due the increase of urbanized areas.

The observed transition, with the advance of urban areas 
due the intense anthropic activity from 1985 to 1995 and 
from 1995 to 2005 (Figure 3), in a historical context, can be 
understood in the face of the agricultural activity expansion, 
with the coffee crop in the State of Rio de Janeiro, as well as 
logging, extending later to the study region, and aggravating 
degradation (Projeto Radambrasil, 1983). In addition, 
according to the Projeto Radambrasil (1983), with the decline 
of coffee plantations, areas formerly occupied by monoculture 
were converted to extensive cattle farming, planted with 
forage grasses. Moreover, with the decline of livestock activity, 
they later began to be used for urban expansion.

Real estate speculation is another fundamental aspect in 
the municipality of Resende, deserving to be in this discussion. 
For Magalhães (2017), in the 1990s, changes in the productive 

Figure 3. Dynamics of land-use and land cover in the Parque Estadual da Pedra Selada and Buffer Zone (BZ), RJ, Brazil. 
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sphere at a global, national and regional scale caused 
significant influences in the space production of Resende, as 
it began to receive an expressive set of industries related to 
the metal manufacturing under new productive and spatial 
arrangements. The same author also explains that due to 
them being known for their natural heritage, these areas also 
started to generate interest with the urban growth, attracting 
new visitors and real estate constructions.

According to the data available in the implementation 
of the Management Plan from Parque Estadual da Pedra 
Selada (Detzel et al. 2017), the general characteristics of this 
CU differ from one place to another, both in the Park and in 
its surroundings (BZ). Due to its status of main urban area 
around the Park, the human activities mainly occurred from the 
municipality of Penedo and led to deforestation throughout the 
year. For Detzel et al. (2018), advancement of households to 
previously vegetated areas have led to suppression over time, 
and consequently, it advanced to the PEPS limits. The same 
authors corroborate that changes in these spaces can bring 
problems, especially with the needy population, who coerced 
to leave their homes, end up opening new fronts of occupation. 

The State of Rio de Janeiro does not have specific legislation 
on dealing with the buffers zone and on Conservation Units, 
regarding their use and restrictions. In Rio de Janeiro, the 
inexistence of rules regulating use activities in the buffer zone 
of protected areas can also cause difficulties in the application 
of the standard as well as in its demand (Costa et al., 2013). 
This lack of specification and use of the term buffer zone 
should be reviewed since Rio de Janeiro is the State that holds 
the highest percentage of remnants of the Atlantic Forest. 

It is also important to note that the use of the buffer 
zone from Parque Estadual da Pedra Selada, whenever 
possible, should be carried out through traditional practices, 
local community lifestyles, and sustainable management of 
natural resources, and of course, with the effective action 
of the legislation and supervision of the responsible entities 
and management of the Park. This way, it can minimize 
environmental problems and ensure conservation of the 
biodiversity still contained in the Parque Estadual da Pedra 
Selada and other forest remnants present in its damping zone. 

Conclusions
The spatial-temporal analysis of the landscape in PEPS 

was able to identify changes in the distribution of land-uses 
and covers over time. Before the creation of PEPS, there was 
a significant increase in exposed soil and grassland. After 
delimitation of PEPS, the grassland continued growing only in 
the buffer zone, while inside the PEPS these areas decreased. 

In general, the main threats that interfere in the conservation 
of the PEPS and its surroundings is the anthropic pressure. 
Activities as tourism, real estate speculation, and agriculture 
may drive the fragmentation process and, therefore, may affect 
the diversity of flora and fauna present in the PEPS. 

Anthropic activity intensified since the 90s, marking 
the dynamics of the landscape where the Parque Estadual 
da Pedra Selada is. Concerning that, the anthropic actions 

should deserve special and adequate treatment, linking the 
restructuring of the landscape with urban growth.
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