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Abstract

The removal of native vegetation for human occupation and development of agropastoral activities end up making the local soil
degraded. The Conservation Unit Refiigio De Vida Silvestre Pedra da Andorinha, located in the district of Taperuaba, municipality of
Sobral, state of Ceara, is inserted in the Caatinga Biome, and due to the anthropic actions and the great importance of the biodiversity
existing there was established as a protection area. This case study aimed to observe the process of natural regeneration in REVIS
Pedra da Andorinha in the period from 1999 to 2019, with images from the Landsat series and using the Normalized Difference
Vegetation Index (NDVI). Five classes of land use were established in order to obtain a visualization of land use both qualitatively and
quantitatively and thus measure, in percentage terms, the gains and losses of vegetation within the space-time studied. The accuracy
of the land cover classification was measured using the Kappa index. The results obtained showed that the study site presented a
successful vegetative regeneration between the years 1999 and 2019. With a Kappa value of 1.0 and a Global Efficiency of 100%,
the validation of the results showed equally excellent quality for both years, ensuring the reliability of the study. The present work
highlighted the importance of the application of geoprocessing, performed through remote sensing, to be a tool of great potential for
environmental analysis. The use of orbital images presents as advantages its ease and simplicity in obtaining the results, thus offering
a better direction in the decision making of recovery and/or plant protection. REVIS Pedra da Andorinha presents few publications of
studies, even with its landscape distinction. In view of this, this work is of fundamental importance for a source of research on the area.
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Resumo

A remocio da vegetac@o nativa para ocupagdo humana e desenvolvimento de atividades agropastoris acabam tornando o solo local
degradado. A Unidade de Conservagao Refiigio De Vida Silvestre Pedra da Andorinha, localizada no distrito de Taperuaba, municipio de
Sobral, estado do Ceard, encontra-se inserida no Bioma Caatinga e devido as agdes antropicas e a grande importancia da biodiversidade
ali existente foi instituida como area de protegao. Este estudo de caso objetivou observar o processo de regeneracdo natural na REVIS
Pedra da Andorinha no periodo de 1999 a 2019, com imagens da série Landsat e utilizando o Indice de Vegetagio por Diferenca
Normalizada (NDVI). Foram estabelecidas cinco classes de ocupagdo do solo a fim de se obter uma visualizagdo do uso do solo tanto
de forma qualitativa quanto quantitativa e assim mensurar, em termos percentuais, os ganhos e perdas de vegetacdo dentro do espago-
temporal estudado. A acuracia da classificacdo de ocupagio do solo foi mensurada através da aplicac@o do indice Kappa. Os resultados
obtidos demonstraram que o local de estudo apresentou uma exitosa regeneragdo vegetativa entre os anos de 1999 e 2019. Com um
valor de Kappa 1.0 e Eficiéncia Global de 100% a validacdo dos resultados demonstrou uma qualidade igualmente excelente para
ambos os anos assegurando a confiabilidade do estudo. O presente trabalho destacou a importancia da aplicagdo do geoprocessamento,
realizado por meio de sensoriamento remoto, ser uma ferramenta de grande potencial para analise ambiental. O uso de imagens orbitais
apresenta como vantagens a sua facilidade e simplicidade na obtenc@o dos resultados, oferecendo assim um melhor direcionamento
na tomada de decisdes de recuperagio e/ou protecdo vegetal. A REVIS Pedra da Andorinha apresenta poucas publicagdes de estudos,
mesmo com sua distingdo paisagistica. Em vista disso, este trabalho se mostra de fundamental importancia para fonte de pesquisa a
respeito da area.
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1 Introduction

With the mastery of technique and adaptation to the
environment, man began to settle in certain geographical
spaces. Consecutively, the reduction of the vegetation
cover of the modified land alters the dynamics of local and
regional ecosystems. The excessive use of natural resources
has generated on the earth environmental degradation in
which man is the main responsible (Rubira 2016).

To monitor the process of vegetation cover change,
remote sensing, a term coined in the early 1960s by Evelyn
L. Pruit and collaborators, has stood out as one of the most
successful automatic data collection technologies for the
survey and monitoring of land resources (Ferreira 2019).
For Ponzoni (2002) the techniques of remote sensing are
based on a process of interaction between electromagnetic
radiation and the different objects that are intended to be
studied.

Also according to Ponzoni (2002) the application of
these techniques is made possible through the fulfillment of
several steps that include the interaction itself, characterized
mainly by the phenomenon of radiation reflection, the
collection of data and its registration through a sensor and
the analysis of these data in order to extract the intended
information from a given object. In summary, sensors
capture data from the interaction of electromagnetic
radiation with objects and phenomena on the surface
(Andrade 2011).

Aratjo and Fonseca (2016) citing Ehlers (2007)
point out that the satellites of the Landsat series are the ones
that offer the greatest regional coverage, thus having an
attractive cost/benefit ratio, being a source of information
for many environmental applications, as they have good
geometric and radiometric quality, thus becoming an ideal
tool in terrestrial surface monitoring programs.

For Resende et al. (2015) several spectral indices
were created in order to monitor vegetation cover, measure
vegetation density and vegetative vigor and detect post-fire
effects on vegetation. According to Oliveira et al. (2022)
among the various vegetation indices, the Normalized
Difference Vegetation Index (NDVI) for presenting a strong
ability to point out the natural dynamics of the caatinga
vegetation between the periods before and after the drought
in the semi-arid zone of the northeast apud (Fensholt et al.
2006). This index is the most used for vegetation analysis.

Silva et al. (2019) when citing Bezerra et al. (2014)
describes that the NDVI is a vegetation index that varies
between the values of -1 and 1. Being the closer to 1, the
greater the indication of vegetative activity, that is, there
is strong chlorophylline activity. On the other hand, the
negative values of the NDVI indicate areas of water bodies
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and values close to and in the range of zero indicate areas
with little or no vegetation, that is, there is little or no
chlorophilian activity.

Silva (2020) citing Lopes et al. (2010) mentions
that NDVI is a simple method with high sensitivity in the
evaluation of the density of vegetation cover, ensuring the
supervision of vegetation, being therefore a primordial
biophysical pointer to the studies of evaluation and seasonal
and inter annual supervision of environmental degradation.
Ferreira (2019) says that for vegetation, in general, high
NDVI values indicate health and density, while low values
characterize a stressed and sparse vegetation.

The indiscriminate use of the land with the removal
of native vegetation, causes its degradation. According to
Carvalho et al. (2010) the main techniques of recovery of
degraded areas are, direct techniques, indirect techniques,
silvopastoral system-SSP, already Rodrigues, Giuliatti &
Junior (2020) highlight that direct sowing is practiced in
60% in the recovery process of the caatinga biome.

The technologies, in turn, have provided great
contributions in the detection of spatio-temporal changes
caused by anthropic actions in the environment. According
to Rodrigues and Lima (2015) the process of use and
occupation of Taperuaba and part of the sub-basin of the
Bom Jesus River, are linked to the practice of subsistence
agriculture through the felling and burning of vegetation
and the use of weeding for the cultivation of corn, beans
and cotton.

The choice of the area Conservation Unit - UC
Pedra da Andorinha is justified by its recent implementation
established by virtue of Municipal Decree No. 1252, of
August 18, 2010, being located in the domain of the
Caatinga Biome and in areas of desertification core of
Nucleus I - Irauguba and Sobral in the State of Ceara,
therefore it is essential to evaluate its regeneration process.

In this context, the work sought to observe the
changes that occurred in the vegetation of the Pedra da
Andorinha Conservation Unit through the spatio-temporal
analysis of 20 years from the images of the Landsat satellite
series.

2 Methodology and Data

21 Area of Study

The Pedra da Andorinha Wildlife Refuge (REVIS)
(Figure 1), as can be seen below, is located in the district of
Taperuaba, municipality of Sobral, state of Ceara. Located
at coordinates 4°03°30” S and 39°59°39” W, with an area
of 600 hectares, the unit was created through Municipal
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Figure 1 Location of the study area.

Decree No. 1252, of August 18, 2010. Its administration
is municipal power through the Municipal Environment
Agency of Sobral (AMA), with the main objective of
ratifying conditions for the maintenance and reproduction
of species, local flora as well as original or migratory fauna
(Sousa et al. 2019).

2.2 Data and Image Acquisition for
Temporal Analysis

To form the Geographic Database (BDG) of the study
area, the orbit and the point of the study site were obtained
through the website of the National Institute for Space
Research (INPE). The region under analysis is in orbit/
point 218/063. The Earth Explorer website of the United
States GeologicalSurvey (USGS) was accessed to collect
the orbital images. The two scenes selected for temporal
analysis were from the Landsat 5 sensor Thematic Mapper
(TM) satellite, imaging date 07/11/1999, and Landsat 8
sensor Operational Land Imager (OLI), for the day imaged

Anu. Inst. Geociénc., Rio de Janeiro, vol. 48, 2025, e60107

Melo et al.

29/10/2019. Tables 1 and 2 present the characteristics of
the Landsat 5 and 8 satellites in more detail.

In order to obtain a better comparison of the scenes,
the months determined for the selected images were for the
dry period, accentuating between the months of August to
November, as well as at the time of the research we sought
images that presented less cloud cover to facilitate the
visualization of the area. It was also observed the annual
average of rainfall for the city of Sobral in a given period,
data obtained through the website of the Ceara Foundation
of Meteorology and Water Resources (FUNCEME), to seek
an equivalence of rainfall.

With the help of the database of the State
Superintendence of the Environment (SEMACE)), the vector
file (shapefile) of Pedra da Andorinha was acquired with the
purpose of generating a polygonal around the shape and in
a later stage make the cut of the downloaded scenes. This
vectorization step was necessary due to the large extent
of the scenes. The delimitation of the polygonal around
the shape was performed through the advanced scanning
tool of QGIS itself.
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Table 1 Features of the Landsat 5 satellite.

Melo et al.

Sensor Spectral bands Spectral resolution Spatial resolution

™ (B1) Blue 0.45-0.52 um 30m
5\;2;’;2;"0 (B2) Green 0.52-0.60 um
(B3) Red 0.63 - 069 um
(B4) Near Infrared 0.76 - 0.90 pm
(B5) Middle Infrared 1.55-1.75 ym

(B6) Thermal Infrared 10.4-12.5 ym 120 m

(B7) Middle Infrared 2.08-2.35um 30m

Temporal resolution Imaged area Radiometric resolution

16 days

185 km 8 bits

Source: USGS (2023).

Table 2 Features of the Landsat 8 satellite.

Sensor Spectral bands Spectral resolution Spatial resolution
oLl (B1) Costal 0.433-0.453 um 30m
(Lgﬁzr ational (B2) Blue 0.450 - 0.515 pm
Imager) (B3) Green 0.525-0.600 um
(B4) Red 0.630 - 0.680 pm

(B5) Near infrared
(B6) Middle infrared
(B7) Middle infrared
(B8) Panchromatic
(B9) Cirrus

Temporal resolution
16 days

0.845 - 0.885 um
1560 - 1.660 pm
2.100 - 2.300 ym

0.500 - 0.680 um 15m
1.360 - 1.390 pym 30m
Imaged area Radiometric resolution

185 km 12 bits

Source: USGS (2023).

2.3 Preprocessing

The first pre-processing step consisted of
reprojecting the coordinates of the bands used in the NDVI
to the same SIRGAS 2000 Coordinate Reference System
(SRC) zone 24S.

For the Landsat 5/TM satellite, bands 3 and 4 were
georeferenced, while for Landsat 8/OLI, bands 4 and 5 were
used, corresponding respectively to the spectral bands of
red and near-infrared, these being the bands necessary to
generate the vegetation index - NDVI - applied in the study.

The second pre-processing step consisted of
converting Digital Numbers (DN) to reflectance.
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Reflectance is a physical parameter that measures the
interaction of electromagnetic radiation with the given
surface in percentage.

The reflectance at the top of the atmosphere is
obtained through Equation 1. The coefficients used for
the correction can be found in the metadata file (MTL) that
accompanies the images. For this procedure, the sofiware s
raster calculator was used QGIS.

1 _ MpQcal+Ap
~ sin(6SE)

(M

Where: p)A’= Reflectance from the top of the atmosphere;
Mp= Multiplicative factor of band resizing; Ap= Band-
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specific additive sizing factor; Qcal= Pixel value of the
quantized and calibrated standard product (DN); 6SE=
Angle of elevation of the local sun.

2.4 NDVI Processing

With the corresponding red and near-infrared
spectral bands of each satellite converted to reflectance,
the NDVI for the entire scene was calculated. After the
generation of the new image with the information from
the NDVI, the raster image was cut, highlighting only
the area of the UC Pedra da Andorinha. The tool used to
perform the calculation of the NDVI index was the raster
calculator, while for the clipping the tool Cut raster by the
mask layer was used. This procedure was applied in both
Landsat scenes.

The calculation of the NDVI is represented by
Equation 2. Through the ratio between the difference of
the Nir (nearinfrared) and Red bands and the sum of them,
it is obtained as a result values ranging from -1 and +1, and
the closer to +1 the greater the presence of vegetation, and
otherwise, the proximity of the value of -1 demonstrates
its absence.

pNIR—pRED
pNIR+ pRED

NDVI = )

For a better visualization of the changes that
occurred in the raster images of local NDVI, the false-color
symbology was applied, as well as contrast enhancement
of the images.

2.5 Classification of Land Use and
Occupation

According to Oliveira et al. (2019) citing Ponzoni,
Shimabukuro & Kuplichn (2012), the NDVI proposed by
Rouse et al. (1973) is the ratio between the difference and
the sum of the infrared and red bands. It is -1 for terrestrial

targets and +1 for targets at the upper limit, generating an
image with 256 shades of gray, the lighter shades of gray
are related to higher NDVI values, while the darker ones
are related to lower values.

For the 1999 and 2019 scenes, objective minimum
and maximum NDVI limits were established for the
discrimination of land cover classes, following the concept
of Rouse et al. (1973). According to Rouse et al. (1973),
a range of -1 and +1 is established, but for this study
the minimum and maximum values (Table 3) varied in
accordance with the results obtained from the NDVI. The
classes determined were Shade, Water, Exposed soil, Sparse
vegetation and Dense vegetation.

Using the Grass tool rrecode generated the
recoded file with the defined classes. This procedure of
Reclassification of the raster is necessary, because the
images in this format present continuous data, that is, it is
not possible to perform a precise quantification of classes.
Therefore, when applying this method, the data go from
continuous to integer data making the classes delimited and
facilitating the performance of calculations. This processing
was applied to both scenes. Soon after, a color palette was
applied for better visualization of the areas according to
their occupation.

With the reclassified NDVI image, the areas
occupied by each class were quantified using the r.report
tool. A text file is produced with the area values for later
percentage calculation.

2.6 Accuracy of land cover
classification

To validate the results of the thematic maps, the
Kappa index was used to measure the reliability of the
data obtained by the NDVI classifier. According to Nery,
Oliveira & Abreu (2013) the Kappa statistic is a statistical
method that allows the results of the analysis of maps
obtained through remote sensing to be compared within a
certain limit apud (Landis & Koch 1977).

Table 3 Thresholds for the discrimination of land use classes in the REVIS Pedra da Andorinha-CE.

Defined classes

Landsat 5-TM

Landsat 8-OLI

Shade

Water

Exposed soil
Sparse vegetation

Dense vegetation

-1.0--0.1 -1.0--01
-0.1-0.1 -0.1-01
01-03 0.1-03
03-05 03-05
05-07 05-0.7

Anu. Inst. Geociénc., Rio de Janeiro, vol. 48, 2025, e60107


https://creativecommons.org/licenses/by/4.0/deed.en

Natural Regeneration of the Caatinga Detected Through NDVI in the Pedra da Andorinha Conservation Unit...

The reference samples were selected by creating
randomly distributed polygons of varying sizes throughout
the study area. It was decided to maintain the standard of a
minimum number of 5 sample polygons for each thematic
class; however, due to the fact that some classes occupy
small areas, it was not possible to adopt this equity in the
choice of samples. Next, the process of applying the Kappa
index was carried out in the free software QGIS 3.28.13
using the Grass r.kappa add-on. This tool readily provides
the confusion matrix, Kappa index and Global Accuracy.
This procedure was carried out for the two resulting maps.
For the best compression of the research, the methodological
flowchart was applied as shown in Figure 2 below.

3 Results and Discussion

The natural cover of the land has suffered serious
consequences that have been generating changes in the
ecosystem and in the landscape. According to Coutinho
(2006) the caatinga biome is of semi-arid savanna of
Zonobiome II. Where the process of alteration of the natural
land cover is associated with the process of land use and
occupation through agropastoral practices.

REVIS Pedra da Andorinha is located in the district
of Taperuaba, in the rural area of the municipality of
Sobral, the process of use and occupation was linked to
the predominance of mineral and vegetable extractivism,
which possibly generates fragmentation of areas. For Souza
et al. (2021) generally the fragments are associated with
non-productive areas and are very susceptible to anthropic
changes.

The monitoring and identification of the types of
activities linked to the caatinga biome can contribute to

Melo et al.

environmental planning and territorial management. The
following is the Table 4 on the process of land use and
occupation in REVIS Pedra da Andorinha.

According to the current legislation Law No.
9,985/2000 in its Art. 2 For the purposes set forth in this Law,
it is understood by: I - conservation unit: territorial space and
its environmental resources, including jurisdictional waters,
with relevant natural characteristics, legally established by
the Government, with conservation objectives and defined
limits, under a special administration regime, to which
adequate guarantees of protection apply.

Also according to the legislation, REVIS Pedra da
Andorinha, is linked to the Integral Protection Unit, and
describes in Art. 13. The Wildlife Refuge aims to protect
natural environments where conditions are ensured for
the existence or reproduction of species or communities
of local flora and resident or migratory fauna.

According to studies developed by Souza et
al. (2022), the Revis Pedra da Andorinha has a typical
physiognomy of caatinga sensu stricto and rupestrian
vegetation on inselbergs and outcrops. Highlighting the
richness of herbaceous plants in the local community.

Figure 3 shows the density of vegetation cover,
respectively for the years 1999 and 2019. Values range
from -0.1 to 0.7. The image of Landsat 5/TM shows that
the conservation unit studied has a larger area for exposed
soil, followed by water classes, sparse vegetation and dense
vegetation. In the year 2019, it is verified that there was
a change in the natural landscape of the reserve, with an
increase in green area and consequent reduction of exposed
soil.

T

PROJECT CONCEPTION

Orbit/point
Landsat 5 TM
Landsat 8 OLI

Acquisition of orbital [ —p|
data/images

Application of NDVI
Extraction of the Pedra da
Andorinha shapefile

Reprojection of Coordinates ]
Conversion of DN to Reflectance

v Shade

Water
Exposed Soil
Sparse
Vegetation

Classification of land use
and occupation

Quantification of areas |[—»

Accuracy of land cover
classification —> Map of Plant Density

Dense

Figure 2 Methodological flowchart of the research.
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Evaluation of the results
obtained
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Table 4 Characteristics of use and occupation of REVIS Pedra da Andorinha-CE.

REVIS Pedra da Andorinha Occupation Use
1999 Local community Subsistence agriculture
Farm Plant and mineral extractivism
Wildlife Predatory hunting
2019 Law No. 9,985/2000 Art. 8 The group of Integral Art 13 of Law No. 9,985/2000 items: § 3 The public visitation

Protection Units is composed of the following
categories of conservation unit: V - Wildlife Refuge.

is subject to the rules and restrictions established in the
Management Plan of the unit... § 4 scientific research
depends on prior authorization of the body responsible for the
administration of the unit.

Figure 3 Vegetation cover density of REVIS Pedra da Andorinha: A. NDVI 1999; B. NDVI 2019.

It is observed that the Conservation Unit has
modified the local characteristic of use of the area. This
situation can be proven in relation to the data presented in
Table 4 and compared in relation to the NDVI Indices shown
in Figure 3. The agropastoral character and subsistence
agriculture is linked to the characteristic of the local
community, which has redirected its relationship with land
use. It is possible to identify that from the implementation
of the Conservation Unit Pedra da Andorinha, the natural

Anu. Inst. Geociénc., Rio de Janeiro, vol. 48, 2025, e60107

vegetation obtained a significant regeneration for the period
analyzed. However, we highlight the potential of the study
area to the scientific aspect for other areas of interest such
as ecosystem, environmental analysis and local history.
The results we obtained can also be observed in
more detail through Table 5, as well as through Figure 4,
which represent the quantification in percentage of the

areas occupied by class for each year analyzed.
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Table 5 Area corresponding to the ground cover of REVIS Pedra da Andorinha-CE.

Scene 07/11/1999

Scene 29/10/2019

Class - -
Area (Km?) % Area (Km?) %

Shadow 0,0009 0

Water 0,7794 0,84 0,4977 0,54
Exposed Soil 89,1099 96,35 84,9069 91,81
Sparse vegetation 2,4741 2,67 6,7662 7,32
Dense vegetation 0,1206 0,13 0,3132 0,34
TOTAL 92,4849 100 92,4840 100

Figure 4 Quantification of land use and occupation in 1999 and 2019.

REVIS Pedra da Andorinha showed changes
between classes over time. In view of the exposition in
Figure 4, before becoming an ecological reserve it is
possible to notice that the conservation unit studied has a
larger area for exposed soil (96.35%), This happens due
to the way the soil was used in this period. The removal
of native vegetation by means of fires to prepare the soil
for agriculture and introduction of non-native animals
from the area were for a long time carried out, altering
the local landscape.

The second largest area present is the sparse
vegetation with 2.68% of cover. This type of vegetation is a
typical characteristic of the biome in which the Conservation
Unit is inserted, the Caatinga.

Anu. Inst. Geociénc., Rio de Janeiro, vol. 48, 2025, e60107

The water class appears soon after, with an
occupancy of 0.84%. The dense vegetation presents, as
expected, the lowest percentage of occupation of the classes
(0.13%). This result is related to the modification of the
natural landscape caused by the performance of agropastoral
activities, making the environment degraded.

For the year 2019 a positive increase in the natural
regeneration of the vegetated area is visible. Both vegetation
classes (sparse vegetation and dense vegetation) totaled an
area of 7.66% for the year 2019. Sparse vegetation recorded
7.32% coverage in 2019. This represents an increase of
approximately 173.48% compared to 1999. For dense
vegetation there was a jump from 0.13% in 1999 to 0.34%
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in 2019, representing approximately three times the area
occupied before the reserve was established.

The increase in the class of sparse vegetation can be
explained by being characteristic of the Caatinga, a biome in
which its vegetation presents a better resistance to changes
in environmental degradation, as well as by the sealing of
anthropogenic activities after the area is established as a
full protection reserve.

The dense vegetation obtained an increase in its
area. Through the NDVI product for the year 2019 it is
possible to infer that the region where it presents the highest
concentration of dense vegetation is close to the rocky
elevations in which the species of swallows are sheltered,
a place of closed forest and difficult access; and possibly
should have a better humidity. In the year 1999, although in
lesser expression, it is also noticeable the dense vegetation
near this area.

For the water class there was a reduction to 0.53%
within the 20-year period. The decrease in the class of
exposed soil is a situation resulting from the establishment
of the UC of Integral Protection and consequent gain of
vegetated area. Despite this, it is still evident the exposed
soil as the largest portion that occupies the environmental
reserve, this is due to the fact that the site under study is

Melo et al.

in natural regeneration, a process that can be slow due to
local environmental factors.

With regard to the accuracy of the land cover
classification, the quality classification proposed by Landis
& Koch (1977) shown in Table 6 was used. Tables 7 and 8
detail the confusion matrices drawn up for the years 1999
and 2019. With a Kappa value of 1.0 and Global Efficiency
of 100% for both years analyzed, the validation of the
results showed equally excellent quality according to Landis
& Koch (1977). Therefore, with these results it can be
concluded that the results are satisfactory and guarantee
the reliability of the study.

Table 6 Quality of the classification according to the Kappa
Index (taken from Landis & Koch, 1977).

Kappa Statistic Strength of Agreement

<0.00 Poor
0.00-0.20 Slight
0.21-0.40 Fair
0.41-0.60 Moderate
0.61-0.80 Substantial
0.81-1.00 Almost Perfect

Table 7 Confusion matrix for the classification map resulting from Landsat 5 TM.

Landsat 5 TM Reference
Water Exposed Soil Sparse vegetation Dense vegetation YRow Sum
Water 36 0 0 0 36
c Exposed Soil 0 868 0 0 940
'% Sparse vegetation 0 0 40 0 1884
5-% Dense vegetation 0 0 0 2 2830
g 2Col Sum 36 868 40 2
© Kappa Index Global Efficiency
100% 100%
Table 8 Confusion matrix for the classification map resulting from Landsat 8 OLI.
Landsat 8 OLI Reference
Water Exposed Soil Sparse vegetation Dense vegetation ZRow Sum
Water 7 0 0 0 36
c Exposed Soil 0 167 0 0 940
'% Sparse vegetation 0 0 756 0 1884
& Dense vegetation 0 0 0 15 2830
g 2Col Sum 7 167 756 15
© Kappa Index Global Efficiency
100% 100%

Anu. Inst. Geociénc., Rio de Janeiro, vol. 48, 2025, e60107
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For Moro et al. (2015) inselbergs and slabs are
stressful environments for plants, with strong water
restriction during the dry season. According to Milen (2016)
it is possible to find herbaceous species, in the areas of
sertaneja depression and in the inselberg, shrubby species
are predominant as shown in Figure 5 below.

Melo et al.

According to Figure 5, the relief forms in the Pedra
da Andorinha REVIS, include three geomorphological
features are present: inselbergs, river plain and sertaneja
depression (Sousa et al. 2019), with sertaneja depression
present in 70% of its territory.

Figure 5 Inselberg Pedra da Andorinha: A. View of Pedra da Andorinha with native vegetation and the location of thetrails; B. Parallel

view of Pedra da Andorinha, with native vegetation.

The REVIS Pedra da Andorinha unit proved to be
fundamental in the process of regeneration of the local flora,
in which the sparse vegetation in 2.67% in 1999 increasing
to 7.32% in 2019 followed by the dense vegetation where
it was observed in 1999 about 0.13% increasing to 0.34%
in 2019. And the Exposed Soil, reduced from 96.35%
in 1999 to 91.81% in 2019. Finally, we indicate that the
Conservation Unit can be included as a technique for the
recovery of degraded areas.

4 Conclusion

The present work highlighted the importance of the
application of geoprocessing, carried out through remote
sensing, in being a tool of great potential for environmental
analysis, specifically in the perspective of vegetation cover
in protected areas due to the extension of occupied area.
The use of orbital images presents as advantages its ease
and simplicity in obtaining the results, thus offering a

Anu. Inst. Geociénc., Rio de Janeiro, vol. 48, 2025, e60107

better direction in the decision making of recovery and
plant protection.

Through the technique of Supervised Classification
it was possible to obtain a visualization of the land
occupation both qualitatively and quantitatively and thus
verify the gains and losses of vegetation within the space-
time studied. REVIS Pedra da Andorinha presented a
successful vegetative regeneration between the years 1999
and 2019. The vegetation classes defined in the study show
the gains of local vegetation after the establishment of the
conservation area.

These changes in land use allow us to observe
the occurrence of natural regeneration in Revis Pedra da
Andorinha for the years 1999 and 2019. In this scenario,
it is possible to infer that the protection areas are of great
value for the increase of the vegetation cover through the
process of natural regeneration and in the maintenance of
biodiversity.
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It is noteworthy that the studies carried out through
remote sensing require an on-site analysis as a way of
validating and complementing the results obtained for the
study area. Therefore, it is suggested that for future work
in the area of Pedra da Andorinha visits be made to the site
for better verification and environmental analysis.

The Revis Pedra da Andorinha presents few
publications of studies, even with its landscape distinction.
In view of this, this work is of fundamental importance for
a source of research on the area.
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