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ABSTRACT 

 

Amazon has one of the most diversified biome of the planet. Its environmental preservation has 

an impact in the global scenario. However, besides the environmental features, the complexity 

of the region involves other different aspects such as social, economic and cultural. In fact, 

these aspects are intrinsically interrelated, for example, cultural aspects may affect land 

use/land cover characteristics. 

This paper proposes an innovative methodology to investigate changes of critical factors in the 

environment, based on a case study in the 26 de Março Settlement, in the city of Marabá, in the 

Brazilian Amazon. The proposed methodology demonstrated, from the obtained results, an 

improvement of the efficiency of the classification technique to determine different thematic 

classes as well as a substantial enhancement in the precision of classified images. Another 

important aspect is the automation in the process with a minimum computational effort in 

performing the required analyses 
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1. INTRODUCTION 
 
In Amazon, actions of political nature have major social, economical and ecological significance 
in the rural settlement. Families that have been settled tell stories of success and failure[1]. 
Nowadays, in Legal Amazon there are 3554 settlement projects of the Brazilian Land Reform 
where 752,000 families live in 767 million hectares. 392 of these settlements have damaged forest 
coverage reaching around 50% to 75% of the lots, thus, affecting permanent preservation areas 
(APP) as well as areas of legal reservation (ARL). This has a tremendous impact. The Brazilian 
Government estimates that 75% of emitted CO2 is due to change in land use of and forests. 
Fearnside points out that a part of the Amazon forest turning into pasture and agriculture is 
responsible, in the 1990s, for an annual emission of 1.20 Pg CO2 [1]. 
 
Deforestation rates in Amazon are quite high and it is controversial to determine those that are 
responsible for such actions. According to IMAZON (Institute of Citizen and Environment of 
Amazon), 37% of the settlement areas have been deforested [2]. INCRA (Institute for Settlements 
and Land Reform) admits the problem and the situation is much worse in the State of Para. 
 
Most of the research work shows that practices and processes in land use in Amazon, with 
emphasis on forest degradation, may affect regional and global climate and ecosystems [3]. 
So, the study of the dynamics of the land use and coverage in the settlements of the Amazon 
region turns out to be an important tool to determine and understand the reasons that lead to 
environmental degradation of such areas. 
 
The work described in this paper proposes a methodology, using supervised classification, to 
determine land use and coverage (LULC) and changes in land use and coverage (LULCC) that 
took place during a defined period. The work uses multi-temporal analysis of LANDSAT 5 
satellite images (TM Sensor). In order to demonstrate the efficiency of the approach, a case study 
used the area of 26th March Settlement of Marabá city, in the State of Pará (Brazilian Amazon). 
 

2. RELATED WORK 

 
Due to continental dimensions of the Amazon, remote sensing is indispensible to monitor the 
environment, detect fire and deforestation actions. In this context, methods and tools to classify 
satellite images have been in the spotlight to study the land use and coverage as well as changes 
occurred along these years, so that some public policies can be put into place to efficiently deter 
deforestation by aiding settled families to work on this issue but without losing their sustenance. 
Classification techniques can be supervised and non-supervised. In supervised classification, one 
has to know a priori a domain specialist information, while in the second, this is not required and 
may be obtained from existing maps or field work [4]. 
 
A methodology that takes advantage of supervised and non-supervised classifications is proposed 
in [5]. On the other hand, [6] and [7] compared Support Vector Machine-SVM, Artificial Neural 
Networks-ANN and Maximum Likelihood Classification-MLC to infer which could be the best 
technique to classify images. All the three showed to be equivalent with a 94% of precision to 
classify land coverage in coastal areas [6]. [7] showed that ANN had a better performance than 
SVM and MLC but requires a deeper understanding to clearly define in which situations ANN is 
in fact better as the authors expected that SVM would perform better. In [8], Classification and 
Regression Trees–CART, ANN and SVM were compared and showed that SVM could be more 
generalized than others when using small training samples. Precision obtained was between 70% 
and 80% for samples between 20 and 800 pixels. ANN produced around 67% to 76% of precision 
while CART 62% to 73%. MLC was applied to study land use and coverage of Yamuna River 
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bed in Delhi [9] and obtained a precision of around 77.1% and 88.6% with Kappa coefficient of 
0.71 to 0.86. 
 
MLC and Decision Tree were employed [10] to classify an area in Victoria, Australia and results 
showed a precision of 74% to 78% with Kappa coefficient of 0.70 and 0.75 respectively. Decision 
Tree algorithm had a better performance. [11] analyzed territorial dynamics of land coverage in 
the State of  Rondônia, Brazil, also recognized as deforested area. The authors employed 
supervised classification based on Bhattacharya algorithm associated to image segmentation by 
Spring software. The study mapped seven different classes of land use and coverage besides 
identifying changes occurred in the area. 
 
A study on Tourist State Park in Alto Ribeira, São Paulo State (also in Brazil) investigated the 
performance of different classification methods to map land coverage [12]. Two methods – 
hybrid classification per pixel (ERDAS 9.1 software) and classification based on objects 
(eCognition version 5 software) - were employed. Object-based classification performed better 
with a Kappa coefficient of 0.8687 (hybrid classification obtained a Kappa coefficient of 0.2224). 
The expected quality was obtained due to domain specialist knowledge during the classification 
process. 
 
ANN was evaluated by [13] to classify images to analyze land use and coverage. It showed to be 
efficient, especially, when that input data were not normally distributed. For complex mapping 
applications, the authors recommend to employ supervised MLP (Multi Layer Perceptron) 
networks that could classify images with better precision. They also recommend non-supervised 
SOM (Self-Organizing Mapping) to analyze spectral features between and within the classes.  

 

3. METHODOLOGY 

 
A methodology has been defined to qualify the deforestation and then classify the satellite images 
by distributing each pixel in thematic classes. Maps from TerraClass project from 2008 to 2015 
[14] were used. 
 
The main objective of TerrClass [14] is to qualify deforestation in Legal Amazon based on 
deforestation mapped and published by PRODES project [INPE, 2008] and by satellite images. 
This is done by mapping land use and coverage and also by evaluation this dynamics. It consists 
of four main stages, executed manually and automatically. The first refers to data pre-processing 
based on acquiring satellite images. Then, GIS (Geographic Information System) is used to 
compose bands and geometric correction. Lastly, region of interest is extracted. They are 
manually performed in sequence for all the obtained images. Once the first phase is over, images 
are stored in a repository so that they go through classification as shown in Figure 1. 
 
The next phases are automatically executed by an algorithm written in Python. It follows the steps 
from Figure 1 starting from executing the transformation phase to data normalization as well as 
definition of input variables to be used during the classification. Results from the classification go 
through pre-processing and presented in tabular and graphic forms with the percentage values of 
each area based on thematic class. Percentage figures of each area organized its thematic class are 
also shown along with the classified image. Details of the phases described in the Figure follow. 
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Figure 1. Model of the methodology 
 

3.1. Study Area and Data 
 
The study area corresponds to PA 26th March, created on 19/December/2008. It used to belong to 
Cabeceiras farm located in Marabá, meso-region of the Southeast of Pará (Figure 2). Its area is 
11,919.36 ha with 6 clusters of houses and two headquarters besides 207 family lots [15]. 
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Figure 2.  Study Area 
 

In order to perform this study, LANDSAT 5 satellite images, TM sensor, with a geometric 
resolution of 30 meters for the bands 1, 2, 3, 4, 5 e 7 e 120 meters have been used. After the geo-
processing, a database was created adopting a 1:25.000 scale with geographic coordinates 
SIRGAS 2000. Images were obtained from Brazilian Institute for Space Research (INPE). The 
collected images were selected according to the percentage of cloud coverage not going beyond 
5% threshold. With this criterion, 12 images between 1986 and 2010 were selected also following 
an interval of 2 to 3 years. In order to minimize seasonal effects of the changes on the land use 
and coverage, the selected images are from the months between July and September. 
 
3.2. Pre-processing 

 
The original images obtained haven’t been pre-processed and present noise due to atmospheric 
influence and geometric distortions. So, they have to be adjusted in order to avoid problems with 
quality and validity of extracted information. Once such inconsistencies are sorted out, multi-
temporal datasets obtained can now be used in the normalization phase with much more 
reliability. So, the pre-processing is critical and influences on the quality/validity of the extracted 
information. 
 
During the pre-processing, ArcGIS, version 10.0 was used. Geometric and radiometric 
corrections were applied to deal with the positioning and intensity of the pixel values that usually 
are frequent due to variation of altitude, velocity and atmospheric conditions in the satellite 
sensors [16]. With an objective of improving the quality of the image, contrast highlighting was 
applied to distinguish the elements of the image. Empirically, Minimum-Maximum was opted to 
manipulate the histograms. The values of 45 and 205 were considered as minimum and maximum 
respectively. 
 
Spatial resolution had to be uniform in 30 m. So, resampling based on closest neighbor was used 
fixing the error to 0.5 pixel that might generate discontinuity on the resampled image, but without 
changing the radiometric values of the original image. To minimize the effects due to the 
combined use of different bands, the same number was used for all the images. In order to 
compose the bands, 5, 4 and 3 were selected, as they were more representative to distinguish 
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vegetation coverage and to map land use. ArcGIS software was employed to collect training 
samples and testing samples for the classification phase. TerraClass 2010 was the basis to select 
the samples. The idea was to qualify deforestation, mapping the land use and coverage in the 
Legal Amazon from LANDSAT 5 TM satellite images divided into their respective orbit-points. 
 
TerraClass maps all the Legal Amazon and it is expected that the classification may present some 
inconsistencies when the region of interest is very small as it is the case for Settlement 26th 
March. Figure 2 shows an example of such an inconsistency. Highlighted area of image A refers 
to class Non Observed Area but it was classified as Regeneration with Pasture. This could have 
happened due to high intensity of the spectral return of this class. So, to minimize such 
distortions, samples were extracted in polygon shapes of those regions whose correspondence 
between the original and classified images was true. 
 

  
         

Figura 2.  (A) Original Image                               (B) Classified Image from TerraClass 2010 
 

3.3. Data Transformation 
 
As pointed out in the methodology, data transformation process is divided into two stages: 
normalization and parameterization. After the pre-processing phase, it is necessary to normalize 
so that information in the images may be understood during the classification. 
 
For the normalization process, CSV formatted files were created containing information of the 
positioning of the pixel and gray levels of 3, 4 and 5 bands for those images considered for 
training and tests. For the parameterization, input values and output thematic classes were 
defined. Output classes were forest, secondary vegetation, pasture, regeneration with pasture and 
non-observed area (clouds and forest regional fires) due to their significance for the region of 
interest. Input values were the gray levels of bands 3, 4 and 5, and the variable “preserved area”, 
of binary type with 0 or 1. To classify an image of the year x, for example, all the pixels of 
classified image for the year x-1 are verified. If the pixel corresponds to forest, 1 is assigned to 
the variable, otherwise 0. Its main objective is not to allow that deforested areas are classified as 
forest. 
 

3.4. Supervised Classification 

 
CART (Classification and Regression Trees) algorithm-based Decision Tree (DT) technique was 
employed to generate supervised classification model. This is because it associates three 
important characteristics: speed, precision and simplicity. Besides, it is easy to understand and 
basically depends on rules based on if-then. 
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Decision Trees represent knowledge and they are an efficient way to build classifiers to predict 
classes based on attribute values of a set of data. In a Decision Tree, knowledge is tested and 
represented in each node that conducts a search to its offspring, going down right from the root 
towards the leaves [17]. CART, proposed in [19] searches for relationships among data besides 
generating simple decision tree that is readable. To validate the results from employing DT, MLC 
(Maximum-Likelihood Classification) was compared as it is widely known and applied in several 
remote sensing problems [18]. Besides, most of the Geo-Processing tools include this algorithm. 
 

3.5. Precision Evaluation 
 
It is important to evaluate the quality of the classification results as it is concerned with extracting 
intended patterns from the input data. Here, confusion matrix and Kappa coefficient were used to 
express the precision.. Confusion matrix enables understanding the behavior of the classifier, 
reacting to effects of wrong prediction. Rows represent expected values and columns real ones. 
As per Kappa coefficient, it evaluates how good is the model. It is a discrete multi-variate 
technique that determines the level of the precision varying between 0 and 1. Closer to 1, better is 
the classification result. 
 

Agreement Level Values 

Poor 0.20 < 

Weak 0.21 – 0.40 

Moderate 0.41 – 0.60 

Good 0.61 – 0.80 

Excellent 0.81 - 1 

 
Table 1. Kapp Coefficient Values [19] 

 
The test samples obtained the following results: general precision of the classification technique 
of DT was 97.7%, with Kappa coefficient 0.97 and the time to classify was 11 seconds. MLC 
technique yielded 82.75% with Kappa coefficient of 0.78 and within 4 minutes.  
 

Class (%) Forest 
Secondary 
Vegetation 

Pasture 
Regeneration 
with Pasture 

 
Non Observed 

Area 
 

 AD MLC AD MLC AD MLC AD MLC AD MLC 

Forest 98.75 83.53 0 0 0.76 28.57 0 0 0 0 

Secondary 
Vegetation 

0 1.18 97.81 76.67 0 1.50 0 4.35 3.97 7.94 

Pasture 1.10 15.29 0 1.67 97.79 66.92 0.84 4.35 0.37 0 

Regeneration 
with Pasture 

0.15 0 0 15 1.39 3.01 98.38 91.30 1.08 0 

Non Observed 
Area 

0 0 2.19 6.67 0.06 0 0.78 0 94.58 92.06 

 
Table 2. Confusion Matrix from Classification Techniques 
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Table 2 shows that MLC was inferior to DT with an emphasis on “Pasture” class that was 
wrongly classified with only 69.2% of correct classification. The difference is of 30.87% when 
compared to DT. For the “Non-Preserved Area”, MLC was successful in 92.06% of the cases 
while DT 94.58%, smallest rate of success.  
 

4. RESULTS 

 
For this study, five classes were defined: forest, pasture, regeneration with pasture, secondary 
vegetation and non-observed area. After employing DT and MLC, it is clear that there is fragility 
in classifying small areas from TerraClass. It is important to point out that TerraClass is an 
excellent to tool to deal with areas of continental dimensions, such as Legal Amazon. DT showed 
to be much more efficient with respect to MLC obtaining a general precision of 97.7% and Kappa 
coefficient of 0.97. MLC obtained 82.75% and Kappa coefficient of 0.78. Figure 3 shows the 
results of the classification for the years 2008 and 2010 based on TerraClass, DT and MLC. 
 

        
 

Figure 3.  Original Test Image resulted from DT and TerraClass Classification from 2008 and 2009 
 

Based on the classification from DT, one can realize that vegetation coverage of 26th March 
Settlement suffered a significant degradation, giving place to large areas of pasture. Such 
dynamics may be explained from the struggle for land ownership between the MST-Movement of 
Workers without Land and owners of Cabeceiras farm that lead to cutting down a great part of the 
native forest thus trying to show that the land was productive to avoid expropriation by 
government in the land reform program. In 2008, when the settlement was created, those that 
were settled received areas that were highly anthropic. But, deforestation remains, at a slower 
pace, of course. This occurs due to lack of resources of the settled families that are unable to 
maintain the pastures clean, leading to, time to time, deforesting new areas. The abandoned 
pastures give place to regeneration with pasture and at a later stage to secondary vegetation as can 
be observed in Figure 4. 
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Figure 4.  Dynamics of Use and Occupation by Settlement 26th March. 
 

5. CONCLUSION  
 
The study showed that Decision Tree classification technique is more precise than Maximum 
Likelihood Classification used by ArcGIS 10 tool. The entire process after pre-processing is 
automatic without the need to train the model every time an image goes through a classification. 
This approach optimizes time and computational effort. By employing TerraClass, a domain 
specialist was not required by using thematic classes (resulted from TerraClass) as outputs to 
construct supervised classification model. Based on the obtained results from DT, it was possible 
to observe that the landscape of 26th March Settlement is dominated by cultivated pastures and 
degradation of forest areas increased and directly related to this type of practice. The work also 
demonstrated with respect to [10] that got a precision of 78% with DT. The work is expected to 
continue by including more information, such as, other sensors to measure land quality, use of 
UAV (Unmanned Aerial Vehicle) and socio-economic information of the local population. 
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