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Abstract: The objective of this work was to detect land use and land cover changes in the municipality of Rondon do 

Pará, in the Brazilian Legal Amazon, through the Geographic Object-based Image Analysis (GEOBIA), aiming to 

identify whether its inclusion in the list of priority municipalities for actions to prevent, monitor and control 

deforestation in the Amazon (Decree 6.321/2007), has inhibited this process. The methodological procedure involved 

the calculation of vegetation indices to highlight interest classes, the segmentation of the images into geo-objects and 

the classification using Support Vector Machine (SVM) algorithm. Also, we evaluated the relationship between annual 

rates of particulate material with a diameter of fewer than 2.5 micrometers (PM2.5) emitted from fires and deforestation 

in Rondon do Pará. The results show the reduction of deforestation rates but the conversion, in absolute values, of 

984,47 km² of natural vegetation to anthropized areas along the 2006-2017 period, and the reduction of the average 

PM2.5 fire emissions from 31,107 tons year-1 between 2002 and 2007 to 10,394 ton year-1 in the post-inclusion period 

(2008-2019). This represents that the inclusion of Rondon do Pará in this list was beneficial, but the suppression of 

natural vegetation was not totally curbed, reinforcing that changes from environmental policies are gradual. Activities 

that do not use fire to suppress natural vegetation, such as selective logging, common in Rondon do Pará, had impact. 

This makes it necessary to intensify inspections and the development of sustainable actions in the region. 

Keywords: Change detection. Geo-objects. Monitoring. Deforestation. Amazonia. 

 

Resumo: O objetivo deste trabalho foi detectar mudanças no uso e cobertura da terra no município de Rondon do Pará 

(PA), por meio da Geographic Object-based Image Analysis (GEOBIA), com o objetivo de identificar se sua inclusão 

na lista de municípios prioritários para ações para prevenir, monitorar e controlar o desmatamento na Amazônia 

(Decreto 6.321/2007), inibiu esse processo. O procedimento metodológico envolveu o cálculo de índices de vegetação 

para destacar as classes de interesse, a segmentação das imagens em objetos geográficos e a classificação usando o 

algoritmo Support Vector Machine (SVM). Também avaliamos a relação entre as taxas anuais de emissões de material 

particulado com diâmetro menor que 2,5 micrômetros (PM2,5) a partir de fogo e o desmatamento em Rondon do Pará. 

Os resultados mostram a redução das taxas de desmatamento, mas a conversão, em valores absolutos, de 984,47 km² 

de vegetação natural para área antropizada ao longo do período, e a redução da média de emissões de PM2,5 de 31.107 

toneladas ano-1 entre 2002 e 2007 para 10.394 toneladas ano-1 no período após a inclusão (2008-2019). Os resultados 

demonstram que a inclusão de Rondon do Pará na lista foi benéfica, mas a supressão da vegetação natural não foi 

totalmente coibida, reforçando que mudanças derivadas de políticas ambientais são graduais. Atividades que não usam 

fogo para suprimir a vegetação natural, como exploração madeireira seletiva, comum em Rondon do Pará, tiveram 

impacto. Isso torna necessário intensificar as inspeções e o desenvolvimento de ações sustentáveis na região. 

Palavras-chave: Detecção de mudanças. Geo-objetos. Monitoramento. Desmatamento. Amazônia. 
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1 INTRODUCTION 
 

Due to the unrestrained advance of the deforestation frontier in the Legal Amazon, the municipality of 

Rondon do Pará, located in the state of Pará, was included in 2008 by the Ministry of Environment (MMA) in 

the List of Priority Municipalities (LPM) for actions to prevent, monitor and control deforestation in the 

Amazon, according to the Presidential Decree 6321 of December 2007 (BRASIL, 2007). This policy was 

implemented in the second phase of the Action Plan for the Prevention and Control of Deforestation in the 

Legal Amazon (PPCDAm), the major large-scale governmental conservation policy effort to preserve the 

Legal Amazon (ROITMAN et al., 2018). Launched in 2004, the PPCDAm integrated actions across different 

government institutions and proposed novel procedures for monitoring, environmental controlling, and 

territorial management. Priority status was determined based on three municipality-level criteria: (i) total 

deforested area; (ii) total deforested area over the past three years; and (iii) increase in the deforestation rate in 

at least three of the last five ones (BRASIL, 2007). The municipalities of this list are subject to measures for 

the integration and improvement of monitoring and control actions of organs from all governmental spheres, 

land and territorial planning and the incentive to environmentally sustainable economic activities (ARIMA et 

al., 2014; ASSUNÇÃO; GANDOUR; ROCHA, 2015). As deforestation goes beyond environmental 

consequences, resulting in social phenomena such as the expansion of agricultural activities and agrarian 

conflicts (SANT'ANNA; YOUNG, 2010), the need to ally government actions and the society to control 

deforestation is emphasized, increasing the efficiency of inspections and public policies, the implementation 

of projects to raise public awareness and the use of new techniques for strategic monitoring actions. 

From 1st August 2006 to 31st July 2007, the period before the inclusion of Rondon do Pará in the LPM, 

the Brazilian Amazon Deforestation Satellite Monitoring Project (PRODES) estimated the total of 11,651 km² 

deforested in the Brazilian Legal Amazon. In this time period, the state of Pará was responsible for 5,526 km² 

of this total (47.43%), being the state of this region with the higher increase in deforestation rate (INPE, 2020). 

One factor to this situation was the pressure exerted in the region known as “Deforestation arc”, where Rondon 

do Pará is inserted. This region comprises lands in the Eastern and Southern portions of Pará, expanding to the 

Western and reaching the states of Mato Grosso, Rondônia, and Acre. This region concentrated about 80% of 

the deforestation in the Brazilian Legal Amazon during the last decades, covering an important area where the 

expansion of the Brazilian agricultural frontier towards the Amazon Primary forests occurred (SOARES-

FILHO et al., 2006; FEARNSIDE, 2017; FONSECA et al., 2018). The anthropic pressure in this region has 

been promoting illegal deforestation, even on Public Lands, for wood exploration, cattle ranching, and the crop 

expansion. Livestock is this region is the greatest contributor to deforestation, occupying 63% of the deforested 

areas in the Deforestation arc in 2017 (FONSECA et al., 2018). Inserted in this regional context, Rondon do 

Pará has been considered one of the municipalities with the highest rate of deforestation in the Legal Amazon 

(INPE, 2020), justifying its inclusion in the LPM. 

Deforestation monitoring actions aim to detect changes over time and are important for the diagnosis, 

planning, and management of Amazonian municipalities. The use of remote sensing data and geoprocessing 

tools enables quick analysis, essential for achieving less costly environmental and agrarian objectives. Among 

the main approaches, the Geographic Object-Based Image Analysis - GEOBIA allows the division of orbital 

images into geo-objects based on their spatial characteristics of context, format, and texture, constituting a 

differential approach in relation to the one based on pixel reflectance (pixel-by-pixel approach) (HAY; 

CASTILLA, 2008). While in the pixel-based approach the reference for classification is the individual value 

of each pixel, without taking into account the neighborhood influence in the decision process, GEOBIA is 

characterized by the increase of information related to objects, such as shape, texture, compacity and context, 

which is useful to analyze heterogeneous landscapes (BLASCHKE, 2010). Recent studies have reported the 

advantages of detecting landscape changes via GEOBIA because it considers key factors that transcend 

reflectance values (SCHULTZ et al., 2016; BELGIU; CSILLIK, 2018; CSILLIK et al., 2019), outperforming 

pixel-based classification methods. In this context, considering that the generation of geo-objects may favor 

the detection of clearings in new frontiers of deforestation, such as Rondon do Pará, we adopted the object-

oriented GEOBIA approach to perform land use and land cover (LULC) classifications in the present study. 
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 Thus, the objective of the present work was to use the GEOBIA object-oriented analysis approach to 

map LULC in the municipality of Rondon do Pará - PA, for the years 2006 and 2017, to monitor land use and 

land cover changes (LULCC) over more than a decade of its insertion in the LPM. We chose images from 

these years because 2006 represents the last complete year before the Decree 6321/2007, that established the 

inclusion of Rondon do Pará in the LPM, and 2017 represents the first complete year after its removal from 

the list of the ten Pará municipalities with more deforestation rates according to the PRODES statistics. We 

argue that this interval allows to understand how the deforestation dynamics was affected by the 

implementation of this environmental policy which has impacted public governance, business groups and civil 

society. An analysis of the impact of this insertion on the emissions from burning in Rondon do Pará was also 

performed since the use of fire is intrinsically linked to deforestation in the Deforestation arc, also known as 

“Fire arc”. The hypothesis of this work is that the impacts of environmental policy implementation of this 

magnitude can be perceived by medium-resolution remote sensing data and techniques for automated LULC 

classification, LULC analysis, change detection, and emissions from fires. 

This paper is an extended version of Conceição and Chaves (2019), presented in XX Brazilian 

Symposium on GeoInformatics - GEOINFO 2019. The main increments are related to the insertion of (i) 

official annual deforestation rates for Rondon do Pará, derived from the PRODES Project, and their 

comparison with our results, and (i) estimate of fire emissions associated to deforestation, specifically the 

aerosol Particulate Material with a diameter less than 2.5 micrometers (PM2.5), using the Brazilian Biomass 

Burning Emission Model with Fire Radiative Power (3BEM_FRP) model available in the PREP-CHEM-SRC 

1.8.3 emission preprocessor (PEREIRA et al., 2016), to improve the discussion on the human-induced impact 

of clearings in this region, considering fire emissions associated with deforestation. 

 

2 MATERIAL AND METHODS 
 

2.1 Study area 

 

The study area is the municipality of Rondon do Pará (Figure 1), latitude 4°46'34''S and longitude 

48°04'02''W. With an area of 8,257.63 km², this municipality is inserted in the Southeastern region of the Pará 

state and is 532 km away from the state capital Belém (IBGE, 2019). 

 
Figure 1 – Geographic location of the study area, the municipality of Rondon do Pará. 

 
Source: The authors (2020). 
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 The main economic activities of Rondon do Pará are agriculture and livestock, with an emphasis on 

intense logging and milk production (IBGE, 2019). The predominant vegetation cover is composed of two 

different forest formations: Subperenifolia Equatorial Forest and Hygrophilous Lowland Equatorial Forest 

(EMBRAPA, 1988). Reliefs from moderately to strongly wavy. The average annual precipitation is 1,710 mm, 

with a moderate deficit in the dry season (June to September). The region's hydrological year begins in October 

with the beginning of the rainy season and ends in September, the end of the dry season (CPRM, 2015). The 

predominant climate in the region is Aw, characterized as rainy tropical (KÖPPEN, 1936). In addition to the 

Federal Decree that placed it on the LPM, Rondon do Pará was also part of the “Green Arc Program” (Programa 

Arco Verde, in Portuguese), which aimed to bring incentives for sustainable development in municipalities 

targeted by environmental inspection operations between 2008 and 2009 (BRITO; BARRETO, 2010). 

 

2.2 Methodological steps 

 

The methodological steps (Figure 2) involved orbital data collection, segmentation and Vis calculation, 

LULC classification and accuracy analysis, and estimate of fire emissions. 

 

Figure 2 – Methodological steps applied in the present study. 

 
Source: The authors (2020). 

 

2.2.1 ORBITAL DATA 

 

The orbital data selected were one image from the Landsat 5 satellite Thematic Mapper (TM) sensor, 

from 07/24/2006, and another from the Operational Land Imager (OLI) sensor onboard the Landsat 8 satellite, 

from 07/06/2017. These images correspond to the 223/63 path/row and are dated from the same annual period 

to avoid variations in brightness occasioned by changes in the solar angle, as well as significant phenological 

changes in vegetation cover and the local agricultural calendar. Both images were obtained already 

georeferenced from the United States Geological Survey website (USGS, 2017). The two images were 

projected for the Universal Transverse Mercator (UTM) projection, datum SIRGAS 2000, zone 22 South. 

 

2.2.2 SEGMENTATION APPROACH AND VEGETATION INDICES CALCULATION 

 

The segmentation – and the LULC classifications - involved the implementation of the GEOBIA 

approach in the eCognition Developer® 64 (TRIMBLE GEOSPATIAL, 2009). The images were segmented 

into geo-objects using the Multiresolution Segmentation (MRS) algorithm, which groups the pixels of each 

geo-object according to parameters assigned to each spectral band: smoothness, color, weight, and, especially, 

scale factor, shape and compactness (ESPÍNDOLA; CAMARA, 2007). The segmentation parameters applied 

were defined based on the performance of previous tests and their adherence to the Landsat’s image 
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characteristics, defined as: 80 for scale factor, 0.6 for shape and 0.3 for compactness. The selection of 

parameters are commonly predicted by tests and trial and error approaches, aiming to be adjusted to the targets, 

since each image has specific characteristics (TOURE et al., 2016; WATKINS; VAN NIEKERK, 2019). The 

idea of this process is to first group spatially adjacent pixels into spectrally homogeneous objects and then 

conduct the LULC classification using objects as the minimum processing (TORRES-SÁNCHEZ, 2015). 

In addition to the spectral, spatial, morphological, contextual and temporal attributes, three vegetation 

indices were calculated as a strategy to increase the spectral separability of the mapped LULC classes, 

improving, thus, the segmentation result: Normalized Difference Vegetation Index (NDVI) (ROUSE JR et al., 

1974), Eq. (1); Normalized Difference Water Index (NDWI) (GAO, 1996), Eq. (2); and Soil-Adjusted 

Vegetation Index (SAVI) (HUETE, 1988), Eq. (3); chosen because they are sensitive to variations in green 

vegetation, water bodies and soil background, respectively. 

 

                                                                        𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷
                                                                                     (1) 

where NIR = reflectance in the Near-infrared spectral band and RED = reflectance in the Red spectral band. 

 

                                                                       NDWI =
𝑁𝐼𝑅−𝑆𝑊𝐼𝑅

𝑁𝐼𝑅+𝑆𝑊𝐼𝑅
                                                                                   (2) 

where NIR = reflectance in the Near-infrared spectral band and SWIR = reflectance in the Shortwave infrared 

spectral band. 

 

                                                                       𝑆𝐴𝑉𝐼 =
𝑁𝐼𝑅−𝑅𝐸𝐷

𝑁𝐼𝑅+𝑅𝐸𝐷+0.5
∗ 1.5                                                                      (3) 

where NIR = reflectance in the Near-infrared spectral band, RED = reflectance in the Red spectral band, 0.5 

and 1.5 = soil brightness correction factor. 

 

2.2.3 LAND USE AND LAND COVER CLASSIFICATION APPROACH 

 

Samples dataset was composed following a stratified sampling method, which defines a specific 

number of samples for each class, considering the entire study area (FAO, 2016). The stratification is 

recommended to improve the precision of the accuracy and area estimates (OLOFSSON et al., 2014). We 

collected 100 representative samples (segments) of the major LULC classes of the study area: Natural 

vegetation (natural forested areas, considering native and secondary vegetation), and Anthropized areas (crop 

fields with crops and pasturelands). For each secondary LULC class, Water (water bodies) and Urban area 

(city and allotments), we collected 20 samples, because they are less representative and without spatial 

dispersion, located only in specific small regions of the study area. All samples were collected based on the 

visual LULC interpretation key developed by the TerraClass Project, responsible for categorizing LULC in 

the deforested polygons detected by PRODES (ALMEIDA et al., 2016). For dubious areas, we analyzed 

MODIS Normalized Difference Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI) vegetation 

indices time-series profiles derived from the SATVeg web-based tool (ESQUERDO et al., 2020). 

The LULC classifications for 2006 and 2017 were performed using the SVM algorithm, a supervised 

and non-parametric machine learning technique based on structural risk minimization strategies that reduce 

misclassification errors selecting a small number of critical boundary occurrences between the landscape 

typologies (PAL; FOODY, 2010). This method computes an optimal hyper-plane that maximizes the margin 

between different LULC classes by using a small number of training cases, which are called support vectors 

(WITTEN; FRANK; MARK, 2011). The SVM algorithm performs well with a limited number of training 

samples and can identify complex LULC patterns in high-dimensional feature sets derived from heterogeneous 

landscapes (MOUNTRAKIS; IM; OGOLE, 2011). The classification was done taking into consideration the 

spatial resolution of the Landsat images (0.0009 km2 of mapping scale). The Overall Accuracies of both LULC 

classifications were measured based on PRODES data available in the TerraBrasilis website 
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(http://terrabrasilis.dpi.inpe.br/). For Anthropized areas, we consider the deforestation accumulated mask 

mapped by PRODES until 2006 and 2017, respectively. For Natural areas, we consider the data not mapped 

as deforestation by PRODES within the municipality boundaries. To perform the accuracy analysis, we 

inserted 100 validation points for each principal class of interest and evaluated them considering the PRODES 

data as a reference. The insertion of validation points followed the stratified random sampling method proposed 

by Olofsson et al. (2014). After, we performed a LULCC analysis to detect the impacts from the insertion of 

Rondon do Pará in the LPM, and a comparison to PRODES data for the municipality to validate our results. 

 

2.2.4 ESTIMATE OF FIRE EMISSIONS  

 

 The aerosol species emitted from fires analyzed in this study was the PM2.5. Although PM2.5 compose 

only 0.5% of the total fire emission components (NRC, 2004), this aerosol species is considered a good tracer 

of others emitted from fires and a primary human-health risk (JOHNSTON et al., 2012; DE OLIVEIRA 

ALVES et al., 2017). The analyzed period was from 2002 to 2019, allowing to understand fire emission 

patterns before and after the insertion of the study area in the LPM. Annual estimates of PM2.5 emitted from 

fires in the study area were generated using the Brazilian Biomass Burning Emission Model with Fire Radiative 

Power (3BEM_FRP) available in the PREP-CHEM-SRC 1.8.3 emissions preprocessing tool (PEREIRA et al., 

2016). This model is more appropriate to estimate fire in South America in comparison to global emission 

inventories because it is parameterized to this continent (SANTOS, 2018).  

 The active fire products derived from Moderate Resolution Imaging Spectroradiometer sensors 

(MODIS, MOD14 and MYD14 products) (GIGLIO et al., 2016) were considered as the only input data in 

3BEM_FRP and fires the only active emission source in PREP- CHEM-SRC 1.8.3. The outputs of the tool 

consisted of the daily emission of a series of gases and aerosol species associated with fires in South America, 

including PM2.5, with a spatial resolution of 0.1º. These daily estimates of PM2.5 were clipped to the limits of 

Rondon do Pará established by the IBGE (2019) and then aggregated into annual estimates by summing daily 

values. The applied method is detailed in Mataveli et al. (2019). 

 

3 RESULTS AND DISCUSSION 
 

The application of GEOBIA resulted in two LULC classifications for Rondon do Pará, one 

representative of the year 2006 and other from 2017 (Figure 3). 

 

Figure 3 – Land use and land cover (LULC) classifications of Rondon do Pará (Pará), obtained from the GEOBIA 

approach for 2006 (a) and 2017 (b).

 
Source: The authors (2020). 
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 Deforestation monitoring in the Brazilian Legal Amazon is commonly evaluated by using PRODES 

data. Considering it as a reference, the Overall Accuracies for both LULC classifications were 0.75 for 2006 

and 0.79 for 2017. As the PRODES methodology is based on visual interpretation and manual classification, 

these values represent a substantial agreement. The calculation of specific vegetation indices and the definition 

of geo-objects adherent to different LULC patterns in our work contributed to this agreement. The differences 

can be explained by the mapping scale considered in each one. Although PRODES deforestation areas are 

collected at 0.0009 km2, this official data only reports cleared land equal to or exceeding 0.0625 km2 to 

maintain consistency with long-term data (DE OLIVEIRA et al., 2020). Also, the mapping scale in PRODES 

is fixed in 1:75.000 to standardize the interpretation made by remote sensing specialists. In our work, this scale 

follows the full resolution of the Landsat images. By visual interpretation of the two LULC classifications 

derived from the GEOBIA approach applied to Landsat images considering the TerraClass Project 

interpretation key (COUTINHO et al., 2008; ALMEIDA et al., 2016), we noted an advance of Anthropized 

areas in Rondon do Pará after 2006, especially driven by the expansion of agricultural practices to the Eastern 

and Southern portions of the municipality, and pasture to the Northern and Western portions. The 

quantification of the area corresponding to each LULC class shows that, despite the beneficial results from the 

inclusion of Rondon do Pará in the LPM, the suppression of natural vegetation was not totally curbed in the 

municipality. Natural vegetation decreased from 4,944.67 km² in 2006 to 3,954.62 km² in 2017, representing 

an accumulated loss of 989.04 km² during this11-years period. On the other hand, there was an increase of 

984.47 km² in Anthropized areas (Table 1). 

 
Table 1 – Quantification of land use and land cover (LULC) classes and variation in Rondon do Pará during the period 

between 2006 and 2017. 
LULC class Area in 2006 (km²) Area in 2017 (km²) Variation (km²) 

Natural vegetation 4,943.67 3,954.62 - 989.04 

Anthropized áreas 3,297.71 4,282.18 + 984.47 

Water 7.78 7.69 - 0.08 

Urban area 7.08 7.89 + 0.81 

Source: The authors (2020). 

 

The variation in the Water LULC class (from 7.78 to 7.69 km²) was not significant but may be 

explained by the presence of riparian forest covering areas of water and silting in the Ararandeua river, as 

described in Rego, Fernandes and Lima (2011). An increase in the Urban area LULC class was also identified 

(from 7.08 to 7.89 km²) and is explained by the common increasing process that small and medium-sized cities 

of Pará have been presenting in the last decades. Rondon do Pará had 47,284 inhabitants in 2007, according to 

data from the State Executive Secretariat for Planning, Budget, and Finance - SEPOF/PA (2007). In 2017, the 

estimated population was 50,925 inhabitants (IBGE, 2019), a 7.7% increase. This low-growth can be explained 

by the rural vocation of the municipality and by the soil erosivity in the urban area and its surroundings, a 

factor that causes frequent losses to residents and creates risk areas unviable the building housing (ROSA et 

al., 2017). 

The variations in Natural vegetation and Anthropized areas LULC classes show that the inclusion of 

Rondon do Pará in the LPM did not eliminate deforestation in the study area until 2017, as observed from the 

values of Table. Considering that this policy needs an adaptation period for its fully functioning, since the 

municipality will not have the Zero-deforestation goal proposed by PPCDAm in the first year (MOUTINHO 

et al., 2016), we consider that this policy is promising. This time of response to the implementation of 

environmental policies demonstrates that the observation of concrete results is not always immediate but 

occurs in the medium to long term. The referred policy imposed a great number of disciplinary controls to the 

Amazonian municipalities included in the LPM, in particular the prohibition of deforestation and the intense 

monitoring of this process, which is linked to the banning of rural credit from official banks, effectively 

paralyzing production on many rural properties (SCHMINK et al., 2017). Aiming to corroborate this scenario 

of gradual deforestation control, we analyzed the PRODES annual deforestation rates for Rondon do Pará 

(Figure 4). 
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Figure 4 – Annual deforestation rates estimated by PRODES in the municipality of Rondon do Pará between 

the years 2002 and 2019. The dashed line indicates the beginning of the inclusion of the study area in the LPM. 

Source: INPE (2020). 

 

PRODES is the official Brazilian Federal program for monitoring deforestation in the Legal Amazon, 

aimed at mapping and quantifying annual deforestation accurately in the Brazilian Legal Amazon since 1988 

(VALERIANO et al., 2004). The method applied by PRODES enables the analysis of historical deforestation 

series using masks for not mapping an area previously deforested that may have regenerated later (INPE, 

2020). The observed pattern in Rondon do Pará has a high deforestation rate from 2002 to 2008, a pre-LPM 

period, with an average of 175 km² per year. After entering the LPM, the average rate decreased to 29 km², a 

decrease of 83%. This gradual reduction is an indicator that inclusion of the municipality in the LPM was 

positive for reducing deforestation, as it is already showing concrete results and is alignment with the 

requirements of two environmental agreements: (i) the “Green Municipalities Program” (GMP) (Programa 

Municípios Verdes, in Portuguese), a Pará state aiming to attend demands of the MMA, and (ii) the pact signed 

with the Federal Public Ministry (MPF) in the “PR/PA/GAB/10Nº28/2011 Term” (MPF, 2011), which requests 

that 80% of the municipality rural properties must be registered in the Environmental Rural Registry (CAR, in 

Portuguese) as well as the maintenance of the annual deforestation rate below 40 km² based on PRODES data. 

Only in 2010, year affected by extreme climate events and consequent droughts in the Amazon (ANDERSON 

et al., 2015), the latter requirement was not achieved. This anomalous event may have enabled a more effective 

deforestation in the municipality due to the favorable conditions for igniting fires. 

Despite the inclusion of the municipality in the LPM, its location in the Deforestation arc hinder 

controlling the loss of Natural vegetation since the intensive advance of agriculture and pasture for cattle herds 

in this region even with the increase in inspection (RODRIGUES-FILHO et al., 2015; FEARNSIDE, 2017). 

Selective logging, extensive livestock, and land speculation also are decisive for the increase in deforestation 

in this region, as shown by Parizzi et al. (2017), who evaluated LULC dynamics in the sub-basin of the Guamá 

River where a large portion of Rondon do Pará is located. Another activity that contributes to deforestation is 

the charcoal production, characteristic of the Southeastern region of Pará (FILGUEIRAS et al., 2008). Many 

charcoal producers have moved from urban to rural areas to establish charcoal plants, due to the proximity to 

feedstock, increasing the deforestation linked to the anthropic action of logging to coal production (THÉRY et 

al., 2011). 

Considering this intense LULC dynamics, Rondon do Pará still has eligibility criteria to remain in the 

LPM. As imposed in the Bill nº 322, of 28th September 2012, a municipality should remain in the LPM if it 

has an increase in the deforestation rates during at least two of the last three years. An alternative to overcome 
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this situation is the creation of Conservation Units in the municipality; according to Bastos et al. (2014), there 

is only one in Rondon do Pará, the Parque Ambiental da Prainha. Regarding fire emissions, we noted that, 

despite the accumulated loss of Natural areas between 2006 and 2017, annual PM2.5 emitted from fires have 

been decreasing after its inclusion in the LPM (Figure 5). 

 

Figure 5 - Annual total of PM2,5 emitted from fires in the municipality of Rondon do Pará between the years 

2002 and 2019. The dashed line indicates the beginning of the inclusion of the study area in the LPM. 

 
Source: The authors (2020). 

 

Considering the entire period analyzed, the annual average PM2.5 emitted from fires in the study area 

was 17,30 tons. In the pre-inclusion period (2002-2007) this average was 31,11 ton year-1, whereas the post-

inclusion period (2008-2019) presented an average of 10,394 ton year-1, that is, there was a decrease of about 

40% on the annual average in comparison to the 2002-2019 period and 66% to the annual average of the pre-

insertion period, respectively. This result demonstrates that despite the accumulated loss of Natural vegetation 

in the 11-year period analyzed, the annual rate of deforestation may be decreasing, which would show a 

positive point for the inclusion of Rondon do Pará in the LPM. This can be verified by PRODES annual 

deforestation estimates (Figure 4), since, in the pre-inclusion period, the annual deforestation average rate was 

175 km2 year-1 and post-inclusion this average decreased to 29 km2 year-1. Also, this result may have been 

influenced by deforestation in the study area for selective logging and continuous logging exploration, common 

in Rondon do Pará, activities that do not use fire to suppress natural vegetation. The decrease in emissions may 

also have been caused by the difficulty of the MODIS sensor in detecting active fires in small areas (GIGLIO 

et al., 2016), common when we have the landscape fragmentation process occurring in Rondon do Pará. 

 

4 CONCLUSION 
 

The inclusion of Rondon do Pará in the LPM for the control of deforestation was beneficial to contain 

the annual deforestation rates but did not eliminate, in absolute values, the process until 2017, because the 

suppression of natural vegetation was not totally curbed in the municipality, which reinforces that the changes 

derived from environmental policies are gradual. As the local deforestation is directly linked to the growth of 

agriculture and wood extraction, since the economic basis is in the predatory exploitation of forest resources, 

it is necessary to intensify the implementation of public policies that encourage sustainable development in the 

municipality. In light of this, we reinforce the relevance of the continuity of this municipality in the LPM, 

considering that this policy, linked to the other agreements and pacts previously cited, is promising for curbing 

the deforestation process in the region. 
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Monitoring actions to identify the suppression of natural vegetation is essential to direct policies and 

subsidize the allocation of financial resources for inspection and mitigation of environmental degradation 

processes. Thus, it is important to use the best possible techniques. In this case, GEOBIA proved to be useful 

for the detection of spatial patterns linked to the deforestation process, favoring the accurate separability of 

LULC classes of anthropic use and natural vegetation, as well as natural resources such as water bodies. 

Regarding fire emissions, we may conclude that they are decreasing after the insertion of Rondon do 

Pará in the LPM and follow the deforestation rate pattern of PRODES but closer attention must be paid in the 

near future due to the increasing deforestation rates for the Amazon as a whole and the particular risk of 

respiratory health impacts, favored by fire occurrence, in the era of the COVID-19 pandemic. 

 

Acknowledgements 
 

The authors are grateful to the funding support agencies. This study was financed in part by the 

“Conselho Nacional de Desenvolvimento Técnico e Científico (CNPq)”, - Processes 350153/2019-1 (K.V.C.) 

and 381065/2019-7 (G.A.V.M.), and the “Coordenação de Aperfeiçoamento de Pessoal de Nível Superior-

Brasil (CAPES)”-Finance Code 001, Process Number 88887.351470/2019-00 (M.E.D.C.). The authors are 

also grateful to the Brazilian Amazon Deforestation Satellite Monitoring Project (PRODES) for the technical 

support. 

 

Authors contribution 

 

According to the CRediT roles: K.V.C.: Conceptualization, Formal analysis, Investigation, 

Methodology, Writing—original draft preparation. M.E.D.C.: Conceptualization, Data curation, Formal 

analysis, Investigation, Methodology, Validation, Writing—original draft preparation. G.A.V.M.: 

Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Supervision, Writing—review 

and editing. All authors have read and agreed to the published version of the manuscript. 

 

Interest conflicts 

 

The authors declare no conflicts of interest. 

 

References 

 

ALMEIDA, C. A. D.; COUTINHO, A. C.; ESQUERDO, J. C. D. M.; ADAMI, M.; VENTURIERI, A.; DINIZ, 

C. G., DESSAY, N., DURIEUX, L., GOMES, A. R. High spatial resolution land use and land cover 

mapping of the Brazilian Legal Amazon in 2008 using Landsat-5/TM and MODIS data. Acta Amazonica, 

v. 46, n. 3, p. 291-302, 2016. DOI. 10.1590/1809-4392201505504. 

ANDERSON, L.O.; ARAGÃO, L. E. O. C.; GLOOR, M.; ARAI, E.; ADAMI, M.; SAATCHI, S.; MALHI, 

Y.; SHIMABUKURO, Y. E.; BARLOW, J.; BERENGUER, E.; DUARTE, V. Disentangling the 

contribution of multiple land covers to fires mediated carbon emissions in Amazonia during the 2010 

drought. Global Biogeochemical Cycles, v.29, p. 1739–1753, 2015. DOI. 10.1002/2014GB005008. 

ARIMA, E. Y.; BARRETO, P.; ARAÚJO, E.; SOARES-FILHO, B. Public policies can reduce tropical 

deforestation: Lessons and challenges from Brazil. Land use policy, v. 41, p. 465-473, 2014. DOI. 

10.1016/j.landusepol.2014.06.026. 

ASSUNÇÃO, J.; GANDOUR, C.; ROCHA, R. Deforestation slowdown in the Brazilian Amazon: prices or 

policies? Environment and Development Economics, v. 20, n. 6, p. 697-722, 2015. 

DOI. 10.1017/S1355770X15000078. 

BASTOS, R. Z.; FARIAS, A. L. A.; CANTO, O.; LEITE, É. V. O. Realidade e Desafios da Institucionalização 

de Unidades de Conservação Municipais do Estado do Pará, Brasil. Revista GeoAmazônia, v. 2, n. 4, p. 



Rev. Bras. Cartogr, vol. 72, n. 4, 2020                           DOI: http://dx.doi.org/10.14393/ rbcv72n4-53192 

   

 584 

206-220, 2014. 

BELGIU, M.; CSILLIK, O. Sentinel-2 cropland mapping using pixel-based and object-based time weighted 

dynamic time warping analysis. Remote Sensing of Environment, v. 204, p. 509–523, 2018. DOI. 

10.1016/j.rse.2017.10.005. 

BLASCHKE, T. Object based image analysis for remote sensing. ISPRS Journal of Photogrammetry and 

Remote Sensing, v. 65, p. 2-16, 2010. DOI. 10.1016/j.isprsjprs.2009.06.004. 

BRASIL. Decreto 6.321, de 21 de dezembro de 2007. Dispõe sobre ações relativas à prevenção, monitoramento 

e controle de desmatamento no Bioma Amazônia, bem como altera e acresce dispositivos ao Decreto no 

3.179, de 21 de setembro de 1999, que dispõe sobre a especificação das sanções aplicáveis às condutas e 

atividades lesivas ao meio ambiente, e dá outras providências. Diário Oficial da União, Brasília, DF, 

Edição extra, 21 dez. 2007. Seção 1, p. 12. 

BRASIL. Lei 12.651, de 25 de maio de 2012. Dispõe sobre a proteção da vegetação nativa; altera as Leis nºs 

6.938, de 31 de agosto de 1981, 9.393, de 19 de dezembro de 1996, e 11.428, de 22 de dezembro de 2006; 

revoga as Leis nºs 4.771, de 15 de setembro de 1965, e 7.754, de 14 de abril de 1989, e a Medida Provisória 

nº 2.166- 67, de 24 de agosto de 2001; e dá outras providências. Diário Oficial da União, Brasília, DF, n. 

102, 28 mai. 2012. Seção 1, p. 1.  

BRITO, B.; BARRETO, P. Primeiro ano do Programa Terra Legal: Avaliação e Recomendações. Belém - 

PA, p. 60, 2010. 

COMPANHIA DE PESQUISA DE RECURSOS MINERAIS (CPRM). Ação emergencial para delimitação 

de áreas em alto e muito alto risco a enchentes e movimentos de massa - Rondon do Pará, Pará. Belém, 

2015. 

CONCEIÇÃO, K. V.; CHAVES, M. E. D. O uso da abordagem GEOBIA para a detecção do avanço da 

atividade agropecuária no arco do desmatamento. In: Brazilian Symposium on GeoInformatics (XX 

GEOINFO). Anais... São José dos Campos: INPE, Instituto Nacional de Pesquisas Espaciais, p. 298-303. 

COUTINHO, A. C.; ALMEIDA, C.; VENTURIERI, A.; ESQUERDO, J. C. D. M.; SILVA, M. (2008). Land 

Use and Land Cover in Deforested Areas of Brazilian Legal Amazon: TerraClass 2008. Livros 

Científicos: Brasilia, Brazil, p.1-107. 

CSILLIK, O.; BELGIU, M.; ASNER, G. P.; KELLY, M. Object-based time-constrained Dynamic Time 

Warping classification of crops using Sentinel-2. Remote Sensing, v. 11, 1257, 2019. DOI. 

10.3390/rs11101257. 

DE OLIVEIRA, G.; CHEN, J. M.; MATAVELI, G. A. V.; CHAVES, M. E. D.; SEIXAS, H. T.; CARDOZO, 

F. S.; SHIMABUKURO, Y. E.; HE, L.; STARK, S. C.; DOS SANTOS, C. A. C. Rapid Recent 

Deforestation Incursion in a Vulnerable Indigenous Land in the Brazilian Amazon and Fire-Driven 

Emissions of Fine Particulate Aerosol Pollutants. Forests, v. 11, n. 8, 829, 2020. DOI. 10.3390/f11080829. 

DE OLIVEIRA ALVES, N.; VESSONI, A. T.; QUINET, A.; FORTUNATO, R. S.; KAJITANI, G. S.; 

PEIXOTO, M. S.; HACON, S. S.; ARTAXO, P.; SALDIVA, P.; MENCK, C. F. M.; MEDEIROS, S. R. 

B. Biomass burning in the Amazon region causes DNA damage and cell death in human lung cells. 

Scientific Reports, v. 7, n. 10937, 2017. DOI. 10.1038/s41598-017-11024-3. 

EMPRESA BRASILEIRA DE PESQUISA AGROPECUÁRIA (EMBRAPA). Serviço Nacional de 

Levantamento e Conservação de Solos. Critérios para distinção de classes de solos e de fases de unidades 

de mapeamento. Rio de Janeiro, 1988a. 67p. (EMBRAPA-SNLCS, Documentos, 11), 1988. 

ESPÍNDOLA, G. M.; CÂMARA, G. Ajuste de parâmetros no algoritmo de segmentação de imagens do 

software eCognition®. In: XIII Simpósio Brasileiro de Sensoriamento Remoto, Florianópolis, 2007. 

Anais...São José dos Campos: INPE, Instituto Nacional de Pesquisas Espaciais, 2007 p. 5739-5744. 

ESQUERDO, J. C. D. M.; ANTUNES, J. F. G.; COUTINHO, A. C.; SPERANZA, E. A.; KONDO, A. A.; 

DOS SANTOS, J. L. SATVeg: A web-based tool for visualization of MODIS vegetation indices in South 

America. Computers and Electronics in Agriculture, v. 175, 105516, 2020. DOI. 



Rev. Bras. Cartogr, vol. 72, n. 4, 2020                           DOI: http://dx.doi.org/10.14393/ rbcv72n4-53192 

   

 585 

10.1016/j.compag.2020.105516. 

FOOD AND AGRICULTURAL ORGANIZATION (FAO). Map accuracy assessment and area estimation. A 

practical guide. National forest monitoring assessment working paper No.46/E. Rome, 2016. 

FEARNSIDE, P. (2017). Deforestation of the Brazilian Amazon. In: Oxford Research Encyclopedia of 

Environmental Science. Shugart, H. (Ed.), Oxford University Press. Nova York, EUA, 52p. 

FILGUEIRAS, G. C.; SANTANA, A. C.; HOMMA, A. K. O.; HERREROS, M. M. A. G.; BARROS, P. L. 

C.; MENDES, F. A. T. Arranjos produtivos locais no estado do Pará: localização espacial das atividades 

florestal e de madeira e mobiliário. Revista de Economia e Agronegócio, v. 6, n. 1, p. 81-104, 2008. 

FONSECA, A.; JUSTINO, M.; CARDOSO, D.; RIBEIRO, J.; SALOMÃO, R.; SOUZA JR., C.; VERÍSSIMO, 

A. Boletim do desmatamento da Amazônia Legal (agosto de 2017), SAD (p. 1). Belém: Imazon, 2018. 

GAO, B. NDWI - A normalized difference water index for remote sensing of vegetation liquid water from 

space. Remote Sensing of Environment, v. 58, n. 3, p. 257–266, 1996. DOI. 10.1016/s0034-

4257(96)00067-3. 

GIGLIO, L.; SCHROEDER, W.; JUSTICE, C. O. The collection 6 MODIS active fire detection algorithm and 

fire products. Remote Sensing of Environment, v. 178, p. 31-41, 2016. DOI. 10.1016/j.rse.2016.02.054. 

HAY, G. J.; CASTILLA, G. Geographic Object-Based Image Analysis (GEOBIA): a new name for a new 

discipline. In: Blaschke, T., Lang, S., Hay, G. (Eds.), Object- Based Image Analysis. Springer, Berlim, 

Heidelberg, 75–89. 

HUETE, A. A soil-adjusted vegetation index (SAVI). Remote Sensing of Environment, v. 25, n. 3, p. 295–

309, 1988. DOI. 10.1016/0034-4257(88)90106-x. doi:10.1016/0034-4257(88)90106-X. 

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATÍSTICA (IBGE). IBGE Cidades. Rondon do Pará. 

Disponível em: <https://cidades.ibge.gov.br/brasil/pa/rondon-do-para>. Acesso em: 23 fev. 2020. 

INSTITUTO NACIONAL DE PESQUISAS ESPACIAIS (INPE). Monitoramento da Floresta Amazônica 

Brasileira por Satélite. Disponível em: 

(http://www.obt.inpe.br/OBT/assuntos/programas/amazonia/prodes). Acesso em: 23 fev. 2020. 

JOHNSTON, F.H.; HENDERSON, S.B.; CHEN, Y.; RANDERSON, J.T.; MARLIER, M.; DEFRIES, R.S.; 

KINNEY, P.; BOWMAN, D.M.; BRAUER, M. Estimated global mortality attributable to smoke from 

landscape fires. Environmental Health Perspectives, v. 120, n. 5, p. 695-701, 2012. DOI. 

10.1289/ehp.1104422. 

KÖPPEN, W. Das Geographisca System der Klimate. Handbuch der Klimatologie: In: Köppen,W., Geiger, G. 

(Eds.), C. Gebr. Borntraeger, v. 1, p. 1-44, 1936. 

MATAVELI, G. A. V.; SILVA, M. E. S.; FRANÇA, D. D. A.; BRUNSELL, N. A.; DE OLIVEIRA, G.; 

CARDOZO, F. D. S.; BERTANI, G.; PEREIRA, G. Characterization and Trends of Fine Particulate 

Matter (PM2. 5) Fire Emissions in the Brazilian Cerrado during 2002–2017. Remote Sensing, v. 11, n. 

19, 2254, 2019. DOI. 10.3390/rs11192254. 

MINISTÉRIO PÚBLICO FEDERAL. Procuradoria da República do Pará. PR/PA/GAB 10/Nº 28/2011. Termo 

de compromisso. Belém, 31 de janeiro de 2011. 

MOUNTRAKIS, G.; IM, J.; OGOLE, C. Support vector machines in remote sensing: A review. ISPRS 

Journal of Photogrammetry and Remote Sensing, v. 66, n. 3, p. 247-259, 2011. DOI. 

10.1016/j.isprsjprs.2010.11.001. 

MOUTINHO, P.; GUERRA, R.; AZEVEDO-RAMOS, C. Achieving zero deforestation in the Brazilian 

Amazon: What is missing? Elementa Science of the Anthropocene, v. 4, 2016. DOI. 

10.12952/journal.elementa.000125. 

NATIONAL RESEARCH COUNCIL (NRC). Air Quality Management in the United States; National 

Academies Press: Washington, DC, USA, 2004. 

OLOFSSON, P., HEROLD, M., STEHMAN, S. V., WOODCOCK, C. E. , WULDER, M. A. Good practices 



Rev. Bras. Cartogr, vol. 72, n. 4, 2020                           DOI: http://dx.doi.org/10.14393/ rbcv72n4-53192 

   

 586 

for estimating area and assessing accuracy of land change. Remote Sensing of Environment, v. 148, p. 

42–57, 2014. DOI. 10.1016/j.rse.2014.02.015. 

PAL, M.; FOODY, G. M. Feature selection for classification of hyperspectral data by SVM. IEEE 

Transactions on Geoscience and Remote Sensing, v. 48, n. 5, p. 2297-2307, 2010. DOI. 

10.1109/TGRS.2009.2039484. 

PARIZZI, T. N. T.; COUTINHO, A. C.; ESQUERDO, J. C. D. M.; ANTUNES, J. F. G.; BERTOLO, L. S. 

Dinâmica do uso e cobertura da terra na sub-bacia do Rio Guamá, Pará. In: XVIII Simpósio Brasileiro de 

Sensoriamento Remoto, Santos, 2017. Anais...São José dos Campos: INPE, Instituto Nacional de 

Pesquisas Espaciais, 2007 p. 1747–1753. 

PEREIRA, G.; SIQUEIRA, R.; ROSÁRIO, N. E.; LONGO, K. L.; FREITAS, S. R.; CARDOZO, F. S.; 

KAISER, J. W.; WOOSTER, M. J. Assessment of fire emission inventories during the South American 

Biomass Burning Analysis (SAMBBA) experiment. Atmospheric Chemistry and Physics, 2016. DOI. 

10.5194/acp-16-6961-2016. 

REGO, A. G.; FERNANDES, L. L.; LIMA, A. C. M. Diagnóstico do potencial poluição nos rios do arco do 

desmatamento brasileiro: estudo de caso dos rios Ararandeua e Pebas em Rondon do Pará. Traços, v. 13, 

n. 27, p. 47-61, 2011. 

RODRIGUES-FILHO, S.; VERBURG, R.; BURSZTYN, M.; LINDOSO, D.; DEBORTOLI, N.; VILHENA, 

A. M. Election-driven weakening of deforestation control in the Brazilian Amazon. Land Use Policy, v. 

43, p. 111-118, 2015. DOI. 10.1016/j.landusepol.2014.11.002. 

ROITMAN, I.; VIEIRA, L. C. G.; JACOBSON, T. K. B.; DA CUNHA BUSTAMANTE, M. M.; 

MARCONDES, N. J. S.; CURY, K.; ESTEVAM, L. E.; RIBEIRO, R. J.; RIBEIRO, V.; STABILE, M. 

C.; FILHO, R. J.; .DE MIRANDA FILHO, R. J.; ÁVILA, M. L. Rural Environmental Registry: An 

innovative model for land-use and environmental policies. Land Use Policy, v. 76, p. 95-102, 2018. DOI. 

10.1016/j.landusepol.2018.04.037. 

ROSA, A. G.; SANTOS, J. T. S.; COSTA, J. A.; FONSECA, D. D. F.; SOUSA, A. M. L. Comportamento da 

precipitação como fator ativo de processos erosivos no município de Rondon do Pará, PA (Brasil). Scientia 

Plena, v. 13, n. 2, p. 1-11, 2017. DOI. 10.14808/sci.plena.2017.025301. 

ROUSE JR. W., HAAS, R. H., SCHELL, J. A., DEERING, D. W. 1974. Monitoring vegetation systems in the 

great plains with ERTS. in: Proceedings of the Third Earth Resources Technology Satellite-1 Symposium; 

NASA SP-351 (pp. 309-317). 

SANT’ANNA, A. A.; YOUNG, C. E. F. Direitos de propriedade, desmatamento e conflitos rurais na 

Amazônia. Economia Aplicada, v. 14, p. 381-393, 2010. DOI. 10.1590/S1413-80502010000300006. 

SANTOS, P.R. Desenvolvimento e Implementação do Ciclo Diurno da Queima de Biomassa no PREP-

CHEM-SRC: Análise dos Inventários de Emissões de Aerossóis na América do Sul. 2018, 72p. 

Master’s Thesis, National Institute for Space Research, São José dos Campos, Brazil, 2018. 

SECRETARIA EXECUTIVA DE ESTADO DE PLANEJAMENTO, ORÇAMENTO E FINANÇAS 

(SEPOF/PA). Rondon do Pará: Estatística Municipal. 2007. Disponível em: 

(iah.iec.pa.gov.br/iah/fulltext/georeferenciamento/rondon.pdf). Acesado em: 23/10/2017. 

SCHMINK, M.; HOELLE, J.; GOMES, C. V. A.; THALER, G. M. From contested to ‘green’ frontiers in the 

Amazon? A long-term analysis of São Félix do Xingu, Brazil. The Journal of Peasant Studies, v. 46, n. 

2, p. 377-399, 2017. DOI. 10.1080/03066150.2017.1381841. 

SCHULTZ, B.; FORMAGGIO, A. R.; EBERHARDT, I. D. R.; SANCHES, I. D.; OLIVEIRA, J. C.; LUIZ, 

A. J. B. Classificação orientada a objetos e, imagens multitemporais Landsat aplicada na identificação de 

cana-de-açúcar e soja. Revista Brasileira de Cartografia, v. 68, p. 131-143, 2016. 

SOARES-FILHO, B. S.; NEPSTAD, D. C.; CERQUEIRA, G. C.; GARCIA, R. A.; RAMOS, C. A.; VOLL, 

E.; MCDONALD, A., LEFEBVRE, P.; SCHLESINGER, P. Modelling conservation in the Amazon basin. 

Nature, 440, 520-523, 2006. DOI. 10.1038/nature04389. 



Rev. Bras. Cartogr, vol. 72, n. 4, 2020                           DOI: http://dx.doi.org/10.14393/ rbcv72n4-53192 

   

 587 

THÉRY, H.; THÉRY, N. M.; GIRARDI, E.; HATO, J. Geografias do trabalho escravo contemporâneo no 

Brasil. Nera, v. 13, n. 17, p. 7-28, 2011. 

TORRES-SÁNCHEZ, J.; LÓPEZ-GRANADOS, F.; PEÑA, J. M. An automatic object-based method for 

optimal thresholding in UAV images: Application for vegetation detection in herbaceous 

crops. Computers and Electronics in Agriculture, v. 114, p. 43-52, 2015. DOI. 

10.1016/j.compag.2015.03.019. 

TOURE, S.; STOW, D.; SHIH, H. C.; COULTER, L.; WEEKS, J.; ENGSTROM, R.; SANDBORN, A. An 

object-based temporal inversion approach to urban land use change analysis. Remote Sensing Letters, v. 

7, n. 5, p. 503-512, 2016. DOI. 10.1080/2150704X.2016.1157640. 

TRIMBLE GEOSPATIAL. Definiens eCognition developer. Version 8. Munich: Trimble GeoSpatial, 2009. 

UNITED STATES GEOLOGICAL SURVEY (USGS). 2017. Disponível em: 

<https://earthexplorer.usgs.gov/>. Acesso em: 18 fev. 2020. 

VALERIANO, D. M.; MELLO, E. M.; MOREIRA, J. C.; SHIMABUKURO, Y. E.; DUARTE, V.; SOUZA, 

I. M.; SANTOS, J. R.; BARBOSA, C. C.; SOUZA, R. C. M. Monitoring tropical forest from space: the 

PRODES digital project. International Archives of Photogrammetry Remote Sensing and Spatial 

Information Sciences, v. 35, p. 272-274, 2004. 

WATKINS, B.; VAN NIEKERK, A. A comparison of object-based image analysis approaches for field 

boundary delineation using multi-temporal Sentinel-2 imagery. Computers and Electronics in 

Agriculture, v. 158, p. 294-302, 2019. DOI. 10.1016/j.compag.2019.02.009. 

WITTEN, I. H.; FRANK, E; MARK A. H. Data Mining: Practical Machine Learning Tools and Techniques. 

Third, 629p, 2011. 

 

Biografia do autor principal 

 

 

Katyanne Viana da Conceição, Belém do Pará. Engenheira Florestal, pela 

Universidade Federal Rural da Amazônia, atuou no Mapeamento dos 

Remanescentes da Vegetação Nativa do Brasil para o Cadastro Ambiental Rural 

(Universidade Federal de Lavras, Serviço Florestal Brasileiro e Ministério do Meio 

Ambiente) e no Programa de Monitoramento da Floresta Amazônica Brasileira por 

Satélite - PRODES (Instituto Nacional de Pesquisas Espaciais – INPE). É 

Especialista em Geoprocessamento Júnior no Projeto “Monitoramento Ambiental 

dos Biomas Brasileiros por Satélite: Mata Atlântica, Caatinga, Pampa e Pantanal”, 

executado pela Fundação de Ciência, Aplicações e Tecnologia Espaciais 

(FUNCATE), sob coordenação técnica do INPE. 

 

 Esta obra está licenciado com uma Licença Creative Commons Atribuição 4.0 Internacional – CC BY. Esta licença permite que 

outros distribuam, remixem, adaptem e criem a partir do seu trabalho, mesmo para fins comerciais, desde que lhe atribuam o 

devido crédito pela criação original. 

 

 

 

 

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

