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A B S T R A C T
Deforestation in the Amazon has reached alarming numbers in recent 
decades. The main factors causing this issue are not only large and 
medium-sized farmers, land grabbing, and illegal mining but also 
agrarian reform settlements, which may be contributing to the increase 
in deforestation rates. In this context, this study aims to evaluate the 
dynamics of land use in the rural settlement Santo Antônio do Matupi, 
located in the south of the State of Amazonas. This time-series study 
analyzed changes in land use and land cover from 1992 to 2018 using 
supervised classification techniques. In this scenario, simulations 
were carried out of the dynamics of land use for the period between 
2028 and 2038 using the cellular automaton method of Markov (CA-
MARKOV). The results show that, in the studied period, the greatest 
losses were in primary forests and that the most critical period of 
deforestation rates recorded was from 2004 to 2018 when 63.28% 
of the area was converted into pastures. Future scenarios based on 
the period studied indicate losses of up to 5.26% of areas occupied 
by forests by 2028, and a further 5.60% by 2038, exceeding 80% of 
the total area deforested in the settlement. This study demonstrates 
that the current model of land use and occupation practiced in the 
settlement is unsustainable and that future scenarios are worrying. 
This situation highlights a need to effectively implement programs 
that aim a sustainable rural development in the settlement, in 
addition to monitoring and controlling deforestation, designed for 
current managers and other sectors of the society concerned with the 
conservation and preservation of forests.

Keywords: Amazon biome; agrarian reform; deforestation; CA-
Markov model.

R E S U M O
O desmatamento na Amazônia vem alcançando números alarmantes nas 
últimas décadas, sendo os principais responsáveis por essas ações não 
apenas os grandes e médios fazendeiros, a grilagem de terra e o garimpo 
ilegal, como também os assentamentos de reforma agrária podem estar 
contribuindo com o aumento nas taxas de desmatamento. Diante desse 
contexto, este trabalho visa avaliar a dinâmica do uso da terra no 
assentamento rural Santo Antônio do Matupi, localizado no sul do estado 
do Amazonas. Foi realizado um estudo temporal sobre a mudança no uso 
e cobertura da terra de 1992 a 2018, com uso de técnica de classificação 
supervisionada e, a partir desse cenário, foram realizadas simulações 
na dinâmica do uso da terra para o período de 2028 a 2038 utilizando o 
método autômatos celulares de Markov (CA-MARKOV). Os resultados 
mostraram que no período estudado as maiores perdas foram nas florestas 
primárias, sendo o período mais crítico nas taxas de desmatamento 
registrado de 2004 a 2018, quando 63,28% da área foi convertida para a 
implementação de pastagens. Os cenários futuros, com base no período 
estudado, indicam perda de até 5,26% de áreas ocupadas por florestas até 
2028, e mais 5,60% até 2038, superando 80% de área total desmatada no 
assentamento. O estudo demonstra que o atual modelo de uso e ocupação 
da terra praticado no assentamento é insustentável, e que os cenários 
futuros se mostram bastante preocupantes, o que evidencia a necessidade 
de implementação efetiva de programas voltados ao desenvolvimento 
rural sustentável no assentamento, além do monitoramento e controle do 
desmatamento voltado aos atuais gestores e demais setores da sociedade 
preocupados com a conservação e preservação das florestas.

Palavras-chave: bioma Amazônico; reforma agrária; desflorestamento; 
modulo CA-Markov.
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Introduction
The creation of the National Plan for Agrarian Reform (PNRA), 

under decree no. 91.766 of October 10, 1985, has driven the coloni-
zation of the Amazon region in Brazil. Its main objective is allocating 
43 million hectares for the benefit of more than 1.4 million families 
(Brasil, 1985). Current data show that more than 87 million hectares 
have been demarcated in rural settlements, of which 80.23% are locat-
ed inside the Legal Amazon (Brasil, 2020a).

Currently, the Amazon has been losing a large part of its native 
vegetation cover due to several factors, such as disordered exploitation 
of wood and deforestation to benefit the agricultural sector (Congil-
io and Moraes, 2016; Duarte et al., 2020; Rossoni and Moraes, 2020). 
The  tendency is that the increase in deforestation continues in the 
coming years mainly in the region located in the “Arc of Deforestation,” 
which comprises the western part of the State of Acre, the southern 
Amazon and Pará, northern Rondônia, and Mato Grosso, in addition 
to the area of transition from the State of Pará to Rondônia and Mara-
nhão (Carvalho and Domingues, 2016; Tollefson, 2018).

Studies have indicated that large and medium-sized farmers con-
tribute the most to deforestation activities in the Amazon (Walker 
et al., 2013; Fearnside, 2017). However, some studies have shown that 
deforestation in rural settlements may be contributing significantly to 
deforestation in locations where settlements are concentrated (Farias 
et al., 2018; Duarte et al., 2020).

Although rural settlements are important means of distributing 
land, their implementation process, in addition to contributing to 
deforestation, causes a series of socioenvironmental problems, which 
may render sustainability unfeasible (Ávila et al., 2019). According to 
Moutinho et al. (2016), about 10–30% of the deforestation in the Am-
azon is attributed to small landholders, especially in rural settlements 
established by the National Institute of Colonization and Agrarian Re-
form (INCRA).

The increase in deforestation inside the Legal Amazon is strong-
ly associated with the growth of cattle breeding (Walker et al., 2013). 
Data of the Brazilian Institute of Geography and Statistics (IBGE, 
2020) point out that between 1990 and 2017, the Brazilian cattle herd 
increased from 147 million to 217 million animals (about 140%) and 
that a large part of this increase occurs mainly in the Amazon region 
(264% between 1997 and 2017). In a way, it implies the deforestation 
of new areas for the opening of new pastures (Mello and Artaxo, 2017; 
Thaler et al., 2019).

The removal of forest areas for agricultural purposes is associated 
with loss of water and soil quality (Fearnside, 2017), as well as chang-
es in biological, physical, and chemical processes in natural systems 
(Thomaz et al., 2020). Thus, pressure on forest areas and inadequate 
land use are determining factors for environmental degradation, eco-
logical imbalance, and loss of biodiversity (FAO, 2017; Thaler et  al., 
2019; Duarte et al., 2020).

Considering the importance of maintaining natural vegetation to 
ensure the stability of the environment and the effects of rural settle-
ments on deforestation in the Amazon, it is relevant to assess the cur-
rent conditions of the dynamics of land occupation in view of such 
dynamics of suppression of the forest and, consequently, verify the 
future impacts on the forest. Geographic information systems (GIS) 
and remote sensing are powerful and low-cost tools to investigate these 
processes since they allow the evaluation of historical changes using 
multitemporal data, in addition to building future scenarios that can 
be used for monitoring and planning purposes (Olmedo et al., 2015; 
Firozjaei et al., 2019).

Thus, this work presents the results of a case study on the time 
dynamics of land use and land cover changes between 1992 and 2018 
in a rural settlement inside the Brazilian Amazon. Based on this dy-
namic, this study projects the consequences for future scenarios in 
2028 and 2038. The research sought to predict the likely future con-
servation status of forests in view of the current soil management 
and use, as well as to demonstrate the feasibility of applying remote 
sensing and geoprocessing techniques in diagnoses and prognoses of 
land use and occupation in rural settlements in forest areas of the 
Amazon Biome.

Characterization of the study area
The study area corresponds to the Santo Antônio do Matupi Ru-

ral Settlement Project (RS Matupi), located in the municipality of 
Manicoré, in the southern region of the State of Amazonas, inside 
the Legal Amazon (Figure 1). The settlement was created through the 
resolution no. 148 of June 20, 1992, by the National Institute of Col-
onization and Agrarian Reform (INCRA) (Brasil, 2020a) and covers 
an area of 34,889.77 hectares divided into 538 lots with an extension 
of 60 to 80 hectares.

Figure 1 – Location of the Santo Antônio do Matupi rural settlement.
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The RS Matupi aimed to incorporate new areas into the regional 
productive process and order occupations through an implanted in-
frastructure, thus avoiding invasions in and speculation on land own-
ership and use, in addition to providing better living conditions for 
farmers in the region (Leal et al., 2017). As it is a conventional settle-
ment, the RS Matupi followed the occupation and production model of 
the nearby states (Mato Grosso and Rondônia), which have extensive 
areas of forested land destined to the possibility of timber extraction 
and agricultural production (IDESAM, 2016).

Currently, the Technical, Social and Environmental Agrarian Re-
form Advisory Program (ATES) of the INCRA Regional Superinten-
dence monitors the settlement with support from the Amazonas Sus-
tainable Development Institute (Brasil, 2020a). It is also a part of the 
Green Settlement Program, which comprises a set of actions aiming 
to facilitate rural credit, training, and rural organization and assist in 
the production, sales and marketing system, technical assistance, and 
environmental conservation aiming a sustainable development of set-
tlements (Brasil, 2020a).

Materials and Methods

Plotting of the map of land use and land cover
The land use and land cover maps for the period between 1992 

and 2018 were prepared based on the classification of satellite images 
obtained by the Thematic Mapper (TM), Landsat 5, Enhanced The-
matic Mapper Plus (ETM +) Landsat 7 sensors, and the Operational 
Land Imager (OLI) Landsat 8, both with a spatial resolution of 30 m, 
obtained on the Earth Explorer website of the United States Geological 
Survey (USGS, 2019), at orbit/point 231/65.

The images on different dates were redesigned for the Universal 
Transverse Mercator coordinate system, Datum SIRGAS 2000, Zone 
20 South. Then, the atmospheric correction was performed using the 
Dark Object Subtraction 1 (DOS1) method, as described by Leroux 
et al. (2018), and its color composition was made using bands 5, 4, and 
3 of Landsat 5 and 7, and bands 6, 5, and 4 of Landsat 8.

Next, supervised classification of images was performed using the 
software QGIS 3.2.1 (OSGEO, 2019) and the function Semi-Automatic 
Classification Plugin v. 6.2.2 (Congedo, 2018), as described by Duarte 
and Silva (2019).

The supervised classification uses the maximum likelihood meth-
od, which calculates the probability that a pixel belongs to a land cover 
class based on the comparison of spectral signatures obtained from 
samples of calibration areas referring to the land surface category. In 
this method, calibration areas were selected to extract the signatures of 
the different covers of the Earth’s surface in the form of polygons on a 
composition of the Landsat 5, 7, and 8 images. On average, 20 samples 
were determined for each cover category. The dimensions of the poly-
gons were between 10 and 20 pixels.

Verifying mapping accuracy
To verify the precision and accuracy of the mapping of land use 

and land cover, fieldwork was carried out between September 17 and 
21, 2018, for photographic records and georeferencing of 50 samples 
obtained randomly, as described by Duarte and Silva (2019). This ac-
tivity was performed using a Garmin 64s global positioning system 
(GPS). The land use classes identified were as follows: native forest veg-
etation—area occupied by dense ombrophylous forest; secondary veg-
etation—area previously deforested in a natural regeneration process; 
pasture A—area occupied by pasture in good cultivation conditions; 
pasture B—areas with abandoned or underused grass, showing signs 
of erosion and low productivity; and exposed soil—mechanized areas 
with no vegetation.

The analysis of classification accuracy for the other years (e.g., 
1992, 1994, 1996, 1998, 2000, 2002, 2004, 2006, 2008, 2010, 2012, 
2014, and 2016) was carried out by obtaining 50 samples randomly 
distributed on the identified areas with similar characteristics (e.g., 
tonality, texture, and structure) as those observed in the field for 2018. 
Figure 2 shows examples of points verified in the field used to validate 
land use classes.

From the samples obtained in the field, an analysis of classifica-
tion accuracy was performed based on the construction of a confusion 
matrix (Fiumi et al., 2014). Then, the kappa coefficient was evaluated. 
This coefficient is a measure of agreement that provides an idea of the 
extent by which the observations depart from those expected (Landis 
and Koch, 1977), thus indicating the level of precision expected in in-
terpretations. The tau agreement coefficient was also calculated, which 
is based on an a priori probability, which allows obtaining the expected 
agreement value even before verifying the mapping simulation results 
(Ma and Redmond, 1995).

As defined by Landis and Koch (1977), the kappa index can be 
classified into six classes considering the relative strength of agreement 
(Table 1). For the tau index, the same categories as the kappa index 
were considered since they are interpreted in the same way.

Study of the current and future dynamics of land use
The study of the current dynamics and changes between the 

years studied serves as a basis for predicting future scenarios in 
terms of land surface cover that may play an important role in the 
formulation of public policies aiming the planning and drafting of 
policy goals of environmental protection and conservation (Hasan 
et al., 2020).

To study possible changes in land use and land cover, a land 
change modeler (LCM) was used. The LCM considered a transition 
matrix based on land use change and land cover maps for the years 
1998 to 2018 to identify changes in surface coverage during the an-
alyzed period.

The cellular automaton model (CA-MARKOV) was used to study 
the possible future scenarios. The CA-MARKOV is a stochastic model 
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that combines different variations in land use and land cover chang-
es during a studied period (Olmedo et al., 2015; Firozjaei et al., 2019; 
Hasan et al., 2020). In this case, the time series was the past 20 years 
(1998 to 2018). This research adds to the system an element of spatial 
contiguity based on the probable distribution of transitions using the 
known period to predict future scenarios, in this case the next 20 years 
(2018 to 2038).

In order to test the suitability of the prediction model for fu-
ture scenarios, a use forecast was generated for 2018 based on the 
time series from 1998 to 2008. Its result was evaluated using the 
kappa coefficient between the real map and the predicted map.

Results and Discussion

Land use and land cover maps
Figure 3 shows the land use and land cover maps of the study area 

from 1992 to 2018.
As the cartographic series show (Figure 3), there was a signifi-

cant increase in pasture classes over the forest areas, which shows 
the impacts of the settlement on forested areas. Table 2 shows the 
values related to land use and land cover in the studied area and the 
indicators of accuracy of the performed mapping.

Figure 4A shows the values, in accumulated percentages, of chang-
es in land use and land cover, and Figure 4B shows the deforestation 
rate in the studied period.

Figure 4A shows that forest losses in 1992 were less than 1% 
of the total settlement area and that the percentage represented by 
primary forest was less than 30% in 2018. In addition, deforestation 
rates (Figure 4B) did not follow the same trends observed for other 
regions of the Amazon. This statement is based on data from the re-
al-time deforestation detection system (DETER), which indicates a 
72% decrease in global deforestation rates between 2004 and 2018 
(Brasil, 2018). However, in the studied area, in the same period, there 
was an increase of 63.28% in deforestation, indicating that efforts to 

Figure 2 – Example of field verification points for validating land use classification.

Table 1 – Quality of the classification associated with kappa index values.

Kappa value Level of agreement

< 0.00 None

0.00–0.20 Minimum

0.21–0.40 Weak

0.41–0.60 Moderate

0.61–0.80 Strong

0.81–1.00 Almost perfect

Source: Landis and Koch (1977).
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Figure 3 – Land use and land cover maps from 1992 to 2018.

contain deforestation have not yet been effective in the settlement 
under study.

Between 2006 and 2018, about 1,300  hectares per year of for-
est were deforested, totaling 16,952 hectares, which is equivalent to 
73.26% of the deforestation in the settlement. The period with the 
greatest loss was between 2006 and 2008 (25.03%), followed by 2012 
to 2014 (17.93%), 2010 to 2012 (15.31%), and 2016 to 2018 (12.06%) 
(except between 2008 to 2010, which presented the lowest deforesta-
tion rate in the historical series, representing about 0.56% of the to-
tal deforestation in the settlement). Between 1992 and 2004, about 
320  hectares were deforested per year. The highest rates occurred 

from 1996 to 1998 (8.19%), and the lowest rates were between 1992 
and 1994 (0.82%). 

The lowest rates of deforestation observed between 1992 and 2004 
in the studied area are related to the beginning of the settlement due to 
the lack of infrastructure and accessibility to properties, as well as high 
rates of tropical diseases, resulting in a lower level of anthropic activity 
in the settlement (Souza et al., 2018; Souza et al., 2019).

On the contrary, the highest deforestation rates between 2004 and 
2018  may have been caused by the effective occupation of property 
owners, associated with the inefficiency of the “Command and Con-
trol” system in detecting deforestation in small areas. In addition, the 
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period of greatest forest loss coincided with an exponential increase in 
the cattle herd in the region, as IBGE data show (2020), which conse-
quently led to the opening of new areas for pastures. Silva et al. (2011) 
described the replacement of agricultural areas for pastures in the set-
tlement. According to the authors, this phenomenon began after 2000 
and became the main economic activity of the settlement. Souza et al. 
(2019) described that livestock currently represents about 85.8% of the 
local economy (55.1% of dairy cattle and 29.7% of beef cattle).

The implementation of the Action Plan for the Prevention and 
Control of Deforestation in the Legal Amazon (PPCDAm) in 2004 
proved to be very efficient in controlling deforestation in large ar-
eas, that is, areas over 25 hectares (Brasil, 2020b). In smaller areas, 
however, as observed in this study (smaller than 10 hectares), this 
system proves inefficient in fulfilling its main objective, that is, to 
contain deforestation.

Also, the behavior of the time series up to 2000 shows that the areas 
occupied by secondary vegetation were larger than the other cover cat-
egories (about 6.91% of the total) compared with 2.03% of the others. 
As of that year, the areas occupied by pasture became predominant, 
indicating the dominance of livestock activity in the settlement.

In the same way, there are significant percentages (greater than 
0.01%) of areas occupied by exposed soil from 2004 onwards, a pe-
riod during which the greatest losses of the forest began in the set-
tlement and the PPCDAm was implemented. These areas occupied 
< 1% of the total anthropized areas, except for the period from 2002 
to 2004, during which this percentage more than doubled concerning 
previous years.

Currently, deforested areas are predominantly occupied by pas-
ture in good cultivation conditions (38.42%), followed by degrad-
ed pastures (15.75%), vegetation in stages of regeneration (8.75%), 
and exposed soil (3.95%). These percentages total 66.87% of the 
settlement area.

Farias et al. (2018) related this increase in deforestation in the Am-
azon to the increase in the prices of commodities such as meat and soy. 
Indeed, the data of the IBGE (2020) on the cattle herd in the munici-

Table 2 – Values obtained by classified images of the study area from 1992 to 2018.

Class Forest (ha) Secondary vegetation (ha) Pasture A (ha) Pasture B (ha) Exposed soil (ha)

1992*’ 34,361.49 201.34 41.43 1.70 0.17

1994*’ 34,171.36 377.84 56.77 0.45 0.72

1996*’ 33,586.17 191.03 828.41 1.61 0.63

1998*’ 31,690.44 577.30 2,204.79 134.62 0.72

2000**’’ 31,506.94 2,391.96 496.94 203.04 3.50

2002*’ 31,033.23 616.13 2733.6 220.86 4.57

2004**’’ 30,553.21 543.71 3,128.41 329.23 54.80

2006**’’ 28,172.67 858.90 4,720.06 632.63 225.11

2008**’’ 22,380.36 1,553.77 7,612.11 2,949.56 112.28

2010**’’ 22,251.65 2,310.65 6,146.20 3,602.79 298.38

2012**’’ 18,709.14 7,813.53 4,073.35 3,766.01 247.35

2014**’’ 14,559.76 6,163.25 7,761.33 6,005.62 116.41

2016**’’ 14,011.46 4,110.21 10,103.77 6,127.93 253.00

2018**’’ 11,219.99 3,226.92 13,941.20 5,451.70 769.56

*Kappa coefficient intervals between 0.81 and 1.00 (almost perfect); **kappa coefficient intervals between 0.61 and 0.80 (strong); ‘tau coefficient intervals between 0.81 
and 1.00 (almost perfect); ‘’tau coefficient intervals between 0.61 and 0.80 (strong).

Figure 4 – (A) Accumulated percentage distribution of change in land use 
and land cover and (B) deforestation rate in the Santo Antônio do Matupi 
rural settlement between 1992 and 2018.
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pality point to an increase of 200% in the number of animals between 
2004 and 2018. Despite being local, these data reflect the increase in the 
size of the cattle herd in the settlement since it is the main area with an-
thropic occupation in the municipality, thus justifying the dominance 
of the agricultural activity, which occupied about 54.29% of the area in 
2018. Also, the fact that this type of activity has a low cost and is easy to 
implement may help to justify its greater occurrence in the settlements 
(Ávila et al., 2019).

The areas occupied by degraded pasture had significant percent-
ages (> 0.01%) from 1998 onwards. Since then, these areas increased 
proportionally to the areas occupied by pastures in good conditions, 
and in 2018, they represented about 15.75% of the total area in the 
settlement. On the contrary, the presence of areas occupied by sec-
ondary vegetation (regenerating vegetation) in large percentages can 
be associated with low productive pastures and fallow and traditional 
itinerant agriculture. With the subsequent abandonment of these areas, 
“capoeiras” (brushwood areas) appear as an initial natural regeneration 
process (Dick and Schumacher, 2015).

Forecasting future scenarios
The construction of scenarios for 2028 and 2038 based on the 

historical series from 1998 to 2018, considering the real map fore-
cast for 2018, showed a kappa coefficient of 0.80, indicating a high 
consistency (Landis and Koch, 1977). Thus, the transition matrix 
considering the historical series, at least theoretically, can be a good 
predictor to explain possible changes in future years (Munthali 
et al., 2020).

Table 3 shows the estimated transition rates from 1992 to 2018 
and the probable transition rates from 2018 to 2028 and from 2028 
to 2038. Negative values mean losses and positive values mean gains. 

From 1992 to 2018, forest losses were 66.87%, while the forecast 
for losses from 2018 to 2028 is 7.53% of deforested areas. For the pe-
riod 2028 to 2038, the scenario indicates a 5.60% loss, that is, a fore-
cast of replacement of forest in 80% of the area at the end of the pe-
riod. This high final percentage is in disagreement with the Law no. 
12.651 (Brasil, 2012). For rural properties, including settlements, 80% 
of native vegetation must be preserved in legal reserves (LR). No mat-
ter whether deforestation occurs, it should not compromise the per-

manent preservation area (PPA); otherwise, the owner of the area is 
obliged to recompose the vegetation.

The deforestation carried out before 2008 would eventually not be 
the object of an ecological restoration, considering that the offender 
would not be fined, for example, for irregularly deforesting the LR 
vegetation before July 22, 2008. Therefore, the offender would not be 
obliged to recompose the forest (Brasil, 2012).

In the 1992 and 2018 time series, deforested areas were convert-
ed predominantly into pastures in good condition, degraded pastures 
and areas of secondary vegetation, and small percentages of exposed 
soil. In the scenario forecast for 2028, the deforested areas follow the 
same trend, with emphasis on an increase of 5.26% in areas occu-
pied by pastures in good conditions (from 13,341.20  ha in 2018 to 
15,508.41 ha in 2028), followed by an increase of 2.72% in pastures 
in degraded conditions (from 5,451.70 ha in 2018 to 6,529.71 ha in 
2028), and an increase of 0.91% in areas in natural regeneration (from 
3,226.92  ha in 2018 to 3,544.22  ha in 2028). The exception is a de-
crease of 1.36% in areas occupied by exposed soil (from 769.56 ha in 
2018 to 413.17 ha in 2028).

If no protective measures are taken, in the 2038 scenario, follow-
ing the same trend as in the previous period, the areas occupied by 
pasture in good cultivation conditions will increase by 4.52% (from 
15,508.41 ha in 2028 to 17,074.02 ha in 2038), and the areas occupied 
by degraded pasture will increase by 2.02% (from 6,529.71 ha in 2028 
to 7,227.71 ha in 2038). The exception is for areas in stages of natural 
regeneration and exposed soils, which will decrease by 0.77% (from 
3,544.22 ha in 2028 to 3,277.14 ha in 2038) and 0.18% (from 413.17 ha 
in 2028 to 351.47 ha to 2038), respectively. 

The prediction of decreases in the natural regeneration area in 
2018–2038 is probably due to the fact that this vegetation has reached 
a dimension that allows its use, culminating in its suppression, or even 
because the occupied area will be destined to crops or to expanding 
pastures. Figure 5 shows the predicted maps of land use/land cover 
change for 2028 and 2038.

The maps of 2028 and 2038 (Figure 5) serve as a basis for the for-
mulation of public policies aiming at the protection and management 
of land use and land cover in general since they can not only provide 
scenarios of changes that may occur but also make it possible to predict 

Table 3 – Rates of change in land use/land cover for 2028 and 2038.

Area (%) Change of use (%)

Land use class 1992 2018 2028 2038 1992–2018 2018–2028 2028–2038

Forest 99.29 32.41 24.88 19.29 -66.87 -7.53 -5.60

Secondary vegetation 0.58 9.32 10.24 9.46 8.75 0.91 -0.77

Pasture A 0.12 38.54 44.80 49.33 38.42 5.26 4.52

Pasture B 0.00 15.75 18.86 20.88 15.75 2.72 2.02

Exposed soil 0.00 3.95 1.19 1.01 3.95 -1.36 -0.18
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future impacts. Therefore, this type of mapping is an important tool for 
the analysis of environmental degradation resulting mainly from the 
loss of forests since, with the removal of natural vegetation, there is a 
compromise of several ecosystem services considered essential for the 
quality of life of the population. 

The results of this study also make it possible to state that the 
combination of GIS tools and remote sensing techniques is efficient 
for mapping changes in land use and land cover on a small scale, as 
they provide essential information about the spatial and temporal 
dynamics in the settlement and allow predicting possible changes in 
these patterns.

Regarding the implementation process, there is a close relationship 
with the increase in deforestation in the settlement, where there is no 
minimum infrastructure. Even the way by which incentive practices 
aim to carry out activities that do not contribute to environmental sus-
tainability causes a social distortion of the real beneficiaries of agrarian 
reforms. Thus, it is of paramount importance to effectively implement 
programs aiming a sustainable rural development in the settlement, 
such as the provision of technical assistance to improve agricultural 
productivity in already deforested areas and the expansion of agri-
cultural credit for environmentally friendly producers, in addition 
to compensating settlers for the environmental services they provide 
(Moutinho et al., 2016).

Conclusions
The mapping of land use and land cover between 1992 and 2018 in 

the settlement made it possible to verify that the period with the high-

est deforestation rates was between 2008 and 2018, which represents 
about 73.26% of the accumulated deforestation. In 2018, only about 
30% of the primary forest remains in the settlement. The predominant 
class of land use and land cover is pasture. Livestock is the predomi-
nant economic activity in the settlement.

If measures are not taken, the scenarios for 2028 and 2038 in-
dicate the same trend of land use and coverage as of until 2018, 
which is marked by a landscape formed predominantly by pas-
tures since the current occupation model in the settlement is rep-
resented by this category of land use, thereby exerting pressure on 
native forests.

In view of the predictions, urgent measures are needed not only 
to provide the minimum infrastructure conditions for settlers to 
survive but also to directly relate this settlement policy to the main-
tenance of legal reserves and the protection of permanent preser-
vation areas. In addition, the adoption of stricter control policies 
and mandatory registration of properties in the CAR are important 
to prevent any further situations that might result in deforestation.

Finally, this study shows the urgency of implementing more ef-
fective measures aiming to monitor settlements and maintain the 
settled families, especially actions that ensure environmental sus-
tainability focused on reducing the suppression of forests, so that 
settlements change landscapes in a positive way.
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