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Mosaic results demonstrated that 26% (≅ 8410  km2) 
of the area was burned, and 15.5% (4971  km2) was 
anthropized in at least one of the analyzed periods. 
Among the PAs, the Serra Geral do Tocantins Eco-
logical Station (Integral Protection) presented the 
largest burned area (43.7% ≅ 3095  km2); however, 
there was no significant increase in the anthropized 
areas due to fire. Meanwhile, the anthropized areas 
in the Rio Preto and Serra da Tabatinga Environmen-
tal Protection Areas (Sustainable Use) increased by 
27.5% and by 75%, respectively, due to agricultural 
expansion. By analyzing the two groups of PAs and 
their surroundings, it was observed that the loss of 
natural vegetation was restrained and fires were less 
intense in the Integral Protection Units; in the Sus-
tainable Use Units, there was a significant increase in 
the anthropized areas. Furthermore, over 70% of the 
anthropized areas occurred in the surrounding areas, 
thus showing the importance of creating PAs.

Keywords Linear spectral mixing model (LSMM) · 
Land cover change · Deforestation · Cerrado biome · 
Protected area

Introduction

The Cerrado is the second largest biome in South Amer-
ica, accounting for 22% of the Brazilian territory and 
nearly 2 million  km2. In addition to its wide extension 
in the country, the region has many springs that contrib-
ute to the formation of important hydrographic basins 

Abstract This study aims to map the changes in 
land use and land cover between 1970 and 2018, 
analyzing the influence of the protected area s (PAs) 
in the Cerrado biome, specifically in the area of the 
Jalapão Mosaic. Images from the Landsat 1-MSS, 
5-TM, and 8-OLI satellites were used and processed 
in SPRING and ArcGIS software. The analyses were 
based on three approaches: (1) the boundary of the 
Jalapão Mosaic, (2) the PAs, and (3) a comparison 
between the PAs and their surroundings. The Jalapão 
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in South America (MMA, 2018a; WWF, 2019). The 
biome is considered the richest biodiversity savanna in 
the world due to its considerable amount of flora and 
fauna species (Klink & Machado, 2005; MMA, 2018a; 
Sawyer et al., 2017). The biome is, therefore, considered 
one of the world’s biodiversity hotspots, characterized 
by a high index of endemism and high threat degree 
to its species (Klink & Machado, 2005; Myers et  al., 
2000); nevertheless, high percentage of natural vegeta-
tion loss is observed in the past 20 years.

Between 2000 and 2018, the agricultural area in 
the biome increased 16.4% (MAPBIOMAS, 2021). 
Between 2000 and 2001, soybean comprised 75,300 
 km2, and from 2018 to 2019, reached 182,000  km2 
in the Cerrado states (Rudorff et al., 2020). Accord-
ing to the TerraClass Project (MMA, 2015a) mapping 
for 2013, the anthropic use corresponded to 43.4% of 
the total biome area, with the main uses being planted 
pasture (29.5%), annual agriculture (8.5%), and per-
ennial agriculture (3.1%). Furthermore, the MAPBI-
OMAS Project mapping for 2018 indicated a 44% of 
anthropized area in the biome (MAPBIOMAS, 2021).

Another activity threatening the Cerrado is 
anthropic fires. As some authors claim that con-
trolled and well-planned burnings help the ecosystem 
functionality and biodiversity, a policy that consid-
ers fire as part of the biome’s dynamics is necessary 
(Durigan & Ratter, 2016; Hoffmann, 2013; Schmidt 
et  al., 2016). Klink and Machado (2005) state that 
although the Cerrado is adapted to burning, uncon-
trolled and frequent use of this technique can lead to 
loss of nutrients, soil compaction, and erosion.

Among the regions intensely affected by deforestation 
and fires in the Cerrado is Brazil’s newest agricultural 
frontier, formed by the states of Maranhão, Tocantins, 
Piauí, and Bahia, called MATOPIBA. The region was 
officially delimited by Decree No. 8447 of May 2015 
and encompasses 73 million hectares (BRASIL, 2015; 
Miranda et al., 2014). However, some articles point that 
the area already was used as an agricultural region in 
the mid-1980s, when it was financially benefited by the 
Japanese-Brazilian Cooperation Program for the Develop-
ment of Cerrados (PRODECER) (Pires, 2000; Pessoa & 
Inocêncio, 2014; Santos, 2016; Salvador & Brito, 2018).

According to the Satellite Monitoring of Defor-
estation in Brazilian Biomes (MMA, 2009, 2011a, 
b, 2015b), between 2002 and 2008, the states in 
MATOPIBA were among the five that most deforested 
the Cerrado. During the years 2008–2009, 2009–2010, 

and 2010–2011 mappings showed that these states con-
tributed most to the biome’s deforestation. The region 
is also under pressure by agricultural expansion, espe-
cially soybeans, as well as pastures, coal, and min-
ing (Malleson et  al., 2018). Agricultural expansion in 
MATOPIBA occurred mainly over areas of native veg-
etation, while in other Cerrado areas, it happened over 
areas of pasture (Rudorff et  al., 2015). Contrastingly, 
in the crop seasons of 2013–2014 and 2018–2019 for 
MATOPIBA, 80.8% of the soybean expansion occurred 
in areas without deforestation (Rudorff et al., 2020).

In the MATOPIBA, fire management is used to 
open new agricultural areas, as it is the fastest and 
cheapest tool that farmers have to expand croplands, 
besides being used in a controlled way at harvest 
time and for weed control (Resende et  al., 2017; 
Silva et  al., 2020). According to Silva et  al. (2020), 
58% of the Cerrado biome’s burned areas occurred 
within MATOPIBA between 2001 and 2018, with 
50% of the areas corresponding to the Tocantins 
microregions. The Jalapão microregion was the most 
affected, on a data history of the past 18 years, 332% 
of its area burned (Silva et al., 2020).

Studies indicate that in Cerrado areas where natural 
vegetation has already been converted to other uses, 
the remnant of natural vegetation is located in pro-
tected areas (Alencar et al., 2020). One of the largest 
areas of forest remnants in the Cerrado is the Jalapão 
region, which has two categories of protected areas: 
(1) Integral Protection, whose main objective is nature 
protection, and (2) Sustainable Use, which purpose 
is to reconcile nature conservation and the sustain-
able use of available resources (ICMBIO, 2013; Klink 
& Machado, 2005; MMA, 2018b, c; Schmidt et  al., 
2011). In September 2016, through Ordinance No. 
434 (BRASIL, 2016), the PAs in the Jalapão region 
were converted into a Mosaic in order to ensure the 
conservation of the region’s fauna, flora, and tradi-
tional customs through integrated and participatory 
management, while still meeting the particular needs 
of each PA category (BRASIL, 2016; MMA, 2018b).

Despite the importance of Jalapão protection, due 
to its environmental richness, the agricultural expan-
sion is a big threat to the natural systems in this region 
(Cristo et  al., 2016; Gamba & Collicchio, 2018). 
The agricultural potential of the region, summed to 
the financial aid from the national and foreign gov-
ernments for soybean production (in particular on 
the periods of 1960 and 1985–1995) and the strong 
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financial support, on the 2000s, from a regional state 
government (Bahia) for the mechanization and expan-
sion of agriculture, directly framed the anthropic use  
of Jalapão Mosaic’s area (Cristo et al., 2016; Espíndola  
& Cunha, 2015; ICMBIO, 2013; Menke et  al.,  
2009; Pessoa & Inocêncio, 2014; Pires, 2000;  
Santos, 2016). Moreover, fires are generally misused for  
managing agricultural areas aiming on stimulating 
pasture regrowth for cattle grazing and stimulate the 
flowering of “capim-dourado” (golden grass) used in 
handicrafts (Schmidt et al., 2011, 2016). Resende et al. 
(2017) stressed the important of the management plan 
in MATOPIBA’s Pas. Lower percentage of burned area 
was observed in the Serra das Confusões National Park 
compared to the Araguaia National Park, where a man-
agement plan was ever established.

Due to the broad coverage, updating, and data fre-
quency, remote sensing is used in several environ-
mental studies, such as the detection of environmental 
damage, land use and land cover mapping, identifica-
tion and monitoring of deforestation, and occurrence 
of fires (Ortiz & Freitas, 2005; Vaeza et al., 2010). In 
this sense, linear spatial spectral mixture model and 
band ratio techniques were used by Barbosa et  al. 
(2009) to identify the pressure caused by logging in 
the Jamari National Forest in Rondônia and on two 
other national forests. Ferraz Neto et  al. (2011) used 
the linear spatial spectral mixture model and band ratio 
technique to map the deforestation resulting from the 
removal of timber for charcoal. The authors concluded 
that the Environmental Protection Area (EPA) estab-
lishment in 1997 reverted the deforestation in 1990 
and 1994, maintaining the region’s preservation in 
subsequent mappings. Resende et  al. (2017) used the 
linear spatial spectral mixture model and image seg-
mentation in mapping MATOPIBA, determining that 
96% of the fires occurred in savanna, woody savanna, 
and grass areas. In addition, they observed that fires 
occurred more frequently in drier years and on prop-
erties that use fire for land management. The PAs dis-
closed high burned area percentages, with those in the 
Jalapão Mosaic having 20% of their areas burned in the 
analyzed years. Gamba and Collichio (2018) analyzed 
soybean expansion in the Cerrado, in MATOPIBA, 
emphasizing the Jalapão Mosaic. They found that of 
the seventeen municipalities that encompass or are 
close to the PAs in the Jalapão Mosaic, only three do 
not produce soybean. Although created to conserve 
and preserve the environment, the authors concluded 

that the Jalapão Mosaic has been under intense pres-
sure from the agribusiness developed in MATOPIBA.

Considering the importance of MATOPIBA region 
in the context of the national discussion to cope agri-
cultural production and environmental conservation, 
this work focused on two central objectives: first, to 
identify and understand the main drivers of land use 
cover change for the Jalapão PAs based on land use 
and land cover change maps for the period between 
1970 and 2018 and secondly, to evaluate the influence 
of the creation of PAs on the containment of defor-
estation and fire control, and the preservation of for-
est remnants.

Study Area

The study region is the Jalapão Mosaic, which 
encompasses eight PAs (four of them being Integral 
Protection and four being Sustainable Use), as well as 
non-protected areas (BRASIL, 2016; MMA, 2018d). 
Together, they account for an area of approximately 
32,000  km2 spread over seventeen municipalities in 
the states that make up the MATOPIBA (Fig. 1).

The dry season in the region occurs between 
May and September, and the rainy season between 
October and April, with July being the driest month 
(ICMBIO, 2011; SEPLAN, 2003, 2017). The aver-
age annual rainfall of the region is between 1500 
and 1600 mm, 95% of which occurs during the rainy 
season; the average temperature is 25  °C (ICMBIO, 
2011; SEPLAN, 2012, 2017).

The region’s vegetation consists mainly of campo 
limpo, campo sujo, cerrado  sensu stricto, riparian, 
and gallery forests, besides presenting tablelands and 
veredas in its landscape (Cristo et al., 2016; SEPLAN, 
2017; Veloso, 2019). The predominant soils are Neo-
sol and Latosol (ICMBIO, 2013; SEPLAN, 2017). 
Neosol is a poorly developed soil, formed by mineral 
or organic material with low levels of natural fertility, 
low available water capacity, and high susceptibility to 
erosion (Lumbreras et al., 2015; EMBRAPA, 2018a). 
Latosol is a soil formed by mineral material with suit-
able physical conditions for crop root development 
and low susceptibility to erosion; however, it is also 
characterized by low natural fertility (Lumbreras et al., 
2015; EMBRAPA, 2018a).

The Jalapão Mosaic has the largest cluster of PAs 
in the Cerrado (Table  1), and its management is 
shared by the Chico Mendes Institute for Biodiversity 
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Fig. 1  Location of the study area and groups of PAs: A states constituting the MATOPIBA region, B boundary of MATOPIBA and 
Jalapão Mosaic, and C protected area belonging to the Jalapão Mosaic

Table 1  Protected area in the Jalapão Mosaic by group and date of creation

Protected area Area (km2) Group Year of creation

Rio Preto Environmental Protection Area 2199 Sustainable Use 2005
Jalapão Environmental Protection Area 1349 Sustainable Use 2000
Serra da Tabatinga Environmental Protection Area 418 Sustainable Use 1990, with a  

reduction in 2002
Serra Geral do Tocantins Ecological Station 7071 Integral Protection 2001
Canyons e Corredeiras do Rio Sono Natural Monument 15 Integral Protection 2012
Jalapão State Park 1590 Integral Protection 2001
Nascentes do Rio Parnaíba National Park 7312 Integral Protection 2002
Catedral do Jalapão Private Reserve of Natural Patrimony 3 Sustainable Use 2010
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Conservation, the Institute of Environment and Water 
Resources of Bahia, the São Félix do Tocantins 
Municipal Environment Secretariat, and a privately 
managed PA (Borges et  al., 2016; ICMBIO, 2013; 
Veloso, 2016).

Materials and methods

Datasets

Mapping was based on 36 images from the Landsat 
1-MSS, Landsat 5-TM, and Landsat 8-OLI satellite, 
corresponding to the period from 1970 to 2018 (see 
Table S1 Supplementary Material). Images of the dry 
period were selected with minimal cloud cover, and 
mosaics were prepared for six decadal periods of ana-
lyzes (1970s, 1980s, 1990s, 2000s, and 2010s, includ-
ing a mosaic for 2018). The images were chosen and 
acquired through the US Geological Survey website 
(https:// store. usgs. gov/). All images were made avail-
able with standard terrain correction, radiometric and 
geometric corrections, and orthorectified (USGS, 
2019).

The data on fires focuses and scars were acquired 
from the BdQueimadas Project of the Center for 
Weather Forecasting and Climate Studies of the 
National Institute for Space Research (INPE) for the 
last three mapped periods (2000, 2010, and 2018), 
since they began to be reported and made available in 
1998 (https:// queim adas. dgi. inpe. br/ queim adas/ por-
tal). In relation to water bodies, this data corresponds 
to a mask generated from the database derived from 
the MAPBIOMAS Project—collection 3.1, available 
at https:// mapbi omas. org/.

All data processing was performed using the free-
access SPRING software developed by INPE, ver-
sions 4.2 and 5.5.1, and ArcGIS 10.2.2 software.

Image processing

Initially, the Linear Spectral Mixture Model (LSMM) 
was applied to the Landsat images, considering 
the Blue (band 3), Red (band 4), and Green (band 
5) channels, to estimate the proportion of soil, veg-
etation, and shade (or water). From this stage, it was 
generated three fraction images: (1) the soil-fraction 
that highlights areas with high reflectance values 
such as bare soil and clear-cuts and also areas smaller 

such as log landings and logging roads of selective 
logging activities, (2) the vegetation-fraction that 
highlights the forest cover conditions and allow dif-
ferentiating between forest and non-forest areas, and 
(3) the shade-fraction image that highlights areas 
with low reflectance values such as water, shade, and 
burned areas and, consequently, allow forest degrada-
tion caused by fires to be identified (Shimabukuro & 
Smith, 1991; Shimabukuro et al., 2019). The fraction 
images reduce the size of the input data that will be 
used, for example, in image classification, in addi-
tion to highlighting targets of interest (Ferreira et al., 
2003). Thus, LSMM is written according to Eq. 1:

where Υi denotes average spectral reflectance in the 
spectral band i; aij denotes spectral response of the 
j component of the mixture in the spectral band i; xj 
denotes proportion of the component j at a pixel; εi 
denotes error in the spectral band i; i = 1, n (number 
of spectral bands used); j = 1, and m (number of con-
sidered components).

In order to derive a greater image to highlight the 
difference between forested and deforested areas, the 
arithmetic operation of band ratio was applied to the 
soil-fraction and vegetation-fraction images, calcu-
lated by the following equation (INPE - DPI, 2019a):

with the gain value is set at 90, A is the soil-fraction, 
B is the vegetation-fraction, and the offset value is set 
at 50, according to studies of Barbosa et  al. (2009) 
and Ferraz Neto et al. (2011).

The fraction images were segmented, dividing 
the image into regions or segments composed of sets 
of pixels with spectral similarities (Bins et  al., 1993; 
INPE - DPI, 2019b). The number of polygons gener-
ated, the image processing time, and the number of 
segmented classes depend on the similarity and area 
values that will be defined by the user taking into 
account the characteristics of the image (Jensen, 2005).

After the segmentation process, the segmented frac-
tion images were classified using the ISOSEG unsu-
pervised classification method (Bins et  al., 1993), in 
which several unknown pixels are divided into classes 
from image value groupings (Ganem et al., 2020). The 
groupings were defined by considering the classes 
of natural vegetation, anthropized area, burned area, 

(1)�i =
∑(

aijxjl
)
+ �i

(2)Band Ratio = Gain × (A∕B) + Off − set
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water, and not observed, following the interpretation 
key described in Table 2.

The burned area polygons were extracted from the 
BdQueimadas project database, being the raw data 
derived from satellite images, polygonized, classified, 
and converted to raster. The classes referring to cloud 
and cloud shadow were mapped using the Spatial Lan-
guage for Algebraic Geoprocessing – LEGAL (Câmara, 
1995) (Supplementary Material – Scripts S2). We also 
included to the mapping the information regarding 
water bodies provided by MAPBIOMAS. This class of 
the mapping was obtained by the following conditional:

with the numbers corresponding to the MAPBIO-
MAS classes, being 26 the “Water” class, 33 the 
“River, Lake and Ocean” one, and 31 the class 
“Aquaculture.”

All classes obtained by automatic classification were 
checked by visual interpretation and, when necessary, 
the polygons were adjusted or deleted.

In the final mosaic, a pixel cleanup was applied to 
eliminate areas with less than ten pixels, and the mosa-
ics were reprojected to the Albers/SAD 69 projection. 
In addition, the zero-valued pixels were changed to “No 
Data,” preventing these from being overlaid on top of 
the classified pixels. For this step, we used the follow-
ing conditional:

Mapping validation

The Kappa Index was calculated to assess mapping 
reliability using Eq. 3 (Cohen, 1960; Landis & Koch, 

Con((”layer” >= 0) and (”MAPBIOMAS datum” == 26)

|(”MAPBIOMAS datum” == 33)

|(”MAPBIOMAS datum” == 31)), 33,

Con((”layer” >= 0), ”layer”)}

SetNull(��layer�� == 0,
��layer��)

1977). The calculation was made using the “Interrater 
Reliability” analysis contained in the “Real Statistics” 
tool of the Excel software.

where pa is the observational probability of agree-
ment, ps is the hypothetical expected probability of 
agreement, and the value 1 is used to standardize the 
index so that the result is not above 1.

For the construction of the Kappa confusion 
matrix, information collected in the field campaign 
in 2018 was used as ground truth. Some of the pho-
tos taken during fieldwork, with their respective pat-
tern in the image and class description, can be seen in 
Table S2 in the Supplementary Material.

Results and discussion

Mapping of the burned and deforested/anthropized 
areas

The combination of soil-vegetation fraction image 
showed the best contrast for mapping the classes of 
interest, with segmentation defined by thresholds 
10 and 50, corresponding to the values of similarity 
and area, respectively. Figure  2 illustrates an origi-
nal image (Fig.  2A) and a soil-vegetation fraction 
image (Fig. 2B) highlighting burned and deforested/
anthropized areas.

The characteristics of the LSMM images helped 
to speed up the mapping of the classes of interest in 
relation to the original image. This happened because 
the fraction images contained the proportions refer-
ring to the soil, vegetation, and shadow components 
present in the different pixels of the image, in addi-
tion to highlighting the features to separate deforested 
areas from vegetated areas. Additionally, we used 

(3)
k = Pa−Ps

1−Ps

Fig. 2  Landsat image (A) 
and soil-vegetation fraction 
image (B) separating defor-
ested areas from vegetated 
areas (areas with higher 
brightness in the image)
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field information for a better acquisition of endmem-
bers (pure pixels) and collection of the samples visu-
ally. According to Dutra et al. (2019), the complexity 
of pixel composition of orbital images has been com-
monly referred to the spectral mixture problem and 
the better the input data, the more accurate the LSMM 
results. Figure  3 illustrates the mapping results for 
the Jalapão Mosaic for the six analyzed periods, and 
Table 3 presents the areas for each mapped classes.

Burned areas can also be observed in Fig.  3 and 
Table  3. The 1990s and 2010s showed consider-
able increases in burned areas; however, the largest 
occurred in the 1970s when 9.5% of the area of the 
Jalapão Mosaic was affected by fire. Results indicate 
that approximately 26% (8410  km2) of the total area 
was burned in at least one analyzed period. Figure 4 
shows the spatial distribution of all burned areas 
between 1970 and 2018 (4A), and how often each of 
these areas was burned during this period (4B).

According to Schmidt et al. (2016), the most com-
mon productive, commercial, and subsistence activi-
ties in Jalapão (agriculture, livestock, subsistence 
hunting, and handicrafts) depend on the use of fire. 
Durigan and Ratter (2016) argue that the lack of con-
sistent policies for fire management and contention, 
which would be essential to maintain the structure, 
biodiversity, and ecosystem functionality, threats the 
Cerrado biome. Figures 3 and 4 show a large burned 
area in the studied period, although few regions had a 
recurrence of fire or were converted into anthropized 
areas, allowing the natural vegetation recovery 
(Table 4).

During the initial years of the anthropic conver-
sion of natural areas, these actions accounted for a lit-
tle over 3% of the Mosaic, decreasing to 1.7% in the 
second decade. However, in the following periods, 
these areas experienced exponential growth, reaching 
10.2% in 2018 (Table  3). The anthropized areas are 
concentrated in the eastern and southeastern portions 
of the Jalapão Mosaic, where agriculture has occu-
pied natural vegetation areas (Fig.  5). These results 
corroborate those found by Rudorff et al. (2015), who 
identified that the MATOPIBA states have 4.2% of 
the anthropized areas with high agricultural suitabil-
ity; between 2000 and 2014, most of the expansion in 
the agricultural frontier occurred over areas of native 
vegetation. The mapping results indicate that 15.5% 
(4971  km2) of the total area was anthropized during at 
least one of the analyzed periods (Fig. 5B).

The increase in anthropized areas in the 1970s 
may have occurred because this period was marked 
by large financial incentives such as the institution 
of subsidized agricultural credit and linked to the 
technologies of the “Green Revolution,” through 
Law No. 4,829/1965. This law created the National 
Rural Credit System, the Development Program 
Midwest (in Portuguese PRODOESTE), which 
defined for agriculture the objective of supplying 
urban centers, supplying raw materials for indus-
tries and strengthening exports, among others.

In the 1980s, there was a reduction in credit and 
the governments, with the objective of environmen-
tal protection, implemented incentives for small 
producers, the permanence of the population in the 
rural area, the offer of basic services, and the ration-
alization of the use of natural resources in regional 
development programs (Franco et  al., 2016). In 
addition, the creation of the Nossa Natureza Pro-
gram, one of the most important ecological preser-
vation programs in Brazil, refined the legislation, 
changing important laws such as the Forest Code, 
the National Environmental Policy Law and cre-
ated the National Environment Fund (Law No. 
7,797/89), which resources had priority for projects 
destined to protected area, aiming at adapting the 
units to the new regulations and the purpose of their 
creation (Borges et  al., 2009). These actions are 
probably the main responsible for the reduction of 
anthropized areas, identified in this study.

From the 1990s onwards, there has been an 
increase in the agricultural sector, which became 
the main responsible for the surplus in the Brazil-
ian trade balance. Between 1990 and 2017, the 
country’s agricultural balance increased almost ten-
fold, reaching in this last year US$ 81.7 billion. The 
advancement of research and technology plant spe-
cies, such as soybeans, was developed, capable of 
adapting to any type of soil and climate in the coun-
try, which allowed planting in Cerrado areas that 
were not suitable until then (EMBRAPA, 2018b). 
In addition, we observed that 25.5 Mha of the Cer-
rado biome were converted to agricultural and pas-
ture lands between 1985 and 2019 (MAPBIOMAS, 
2021), highlighting the growth of the agricultural 
sector in the region.

Considering the land-use and land-cover changes 
 (km2) in the Jalapão Mosaic between 1970 and 2018, 
it was noted a decrease in natural vegetation and 
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increase in anthropized areas, especially from the 
2000s onward (Fig. 6).

As in the agricultural frontier area, the surround-
ings of the Jalapão region also show potential for 
agriculture, suffering pressure from the most com-
mon crops (soy, rice, corn, and cotton) (Cristo et al., 
2016; ICMBIO, 2013; Menke et al., 2009). Agricul-
ture in MATOPIBA was encouraged by several finan-
cial programs such as PRODECER, developed by 
the Brazilian and Japanese governments in 1985 and 
1995 in the states of Bahia, Maranhão, and Tocantins, 
to expand agricultural areas, especially for soybean 
cultivation (Pessoa & Inocêncio, 2014; Santos, 2016). 
From 2000 onwards, the government of Bahia imple-
mented four programs to leverage the agricultural 
production in the state, directly impacting the west of 
the state, and consequently, the municipality of For-
mosa do Rio Preto, one of the municipalities most 
occupied by anthropized areas in the Jalapão Mosaic 
(Gamba & Collicchio, 2018; Menke et al., 2009).

Mapping of the Integral Protection PAs

Table  5 presents data related to the quantification 
of the classes mapped over the analyzed periods 
concerning changes in land use and land cover spe-
cifically in the Integral Protection PAs in the Jalapão 
Mosaic.

The analysis of Table  5 showed that the Serra 
Geral do Tocantins Ecological Station was the PA 
with the largest burned area, with 43.7% (≅ 3095 
 km2) of the total area burned in at least one period, 
without significant loss of natural vegetation areas. 
The frequency in which fires occurred may justify 
the absence of fire conversion in anthropized areas, 
as there was a high frequency of fire in several areas 
(Fig.  7). Additionally in 2014, the Serra Geral do 
Tocantins Ecological Station was selected to imple-
ment the Integrated Fire Management Pilot Program. 
Among the techniques used by the program are early 
burns carried out at the beginning of the dry season, 
thus changing the fire regime of the PA, which until 
then, occurred at the end of the dry season. With the 
implementation of the new regime, fires were less 
severe and slower due to the weather conditions of 
the period (Schmidt et al., 2016).

Although there is a negative view of fire in natural 
areas, it is essential to emphasize that the use of fire 
is not prohibited in all PAs, and is allowed in three 
situations according to Art. 38 of Law No: 12.651 of 
2012: (I) specific conditions for agropastoral or for-
estry practices, (II) PAs that have controlled burning 
in their management plan and only in environments 
that have the use of fire in their evolution as ecologi-
cal characteristics, and (III) scientific research of duly 
approved projects conducted by a recognized research 
institution. All cases require an authorization from the 
responsible environmental agencies (BRASIL, 2012). 
Besides the national legislation, which allows fire in 
certain situations, in the municipalities within the State 
of Tocantins in the Jalapão Mosaic, controlled burning 
is allowed through authorization and compliance with 
regulations in the months of May, June, and July. How-
ever, these authorizations and actions are suspended in 
case of adverse meteorological conditions (DEFESA 
CIVIL, 2020; NATU RAT INS, 2020). The standardi-
zation of fire use may contribute to the moderate fre-
quency of burnings and to the non-conversion of these 
areas into anthropized areas.

The analysis of Table 5 also shows that the Rio do 
Sono Canyons and Rapids Natural Monument, the 
Jalapão State Park, and the Nascentes do Rio Par-
naíba National Park did not suffer significant loss of 
natural vegetation as the increase in anthropized areas 
was not significant and the fires occurred in a con-
trolled way.

Mapping of Sustainable Use PAs

Concerning the dynamics of land cover change in 
Sustainable Use PAs, the Rio Preto and Serra da 
Tabatinga EPA presented the most significant nega-
tive impacts in the Jalapão Mosaic in the analyzed 
period (Table 6). In both cases, the anthropized areas 
were the most prominent in the 2018 mapping, with 
27.5% of this class in the Rio Preto EPA located in 
the municipality of Formosa do Rio Preto in Bahia, 
and 75% in the Serra da Tabatinga EPA located in 
the municipality of Mateiros in Tocantins. These PAs 
are located to the east and southeast of the Jalapão 
Mosaic and, as mentioned earlier, comprise the larg-
est portion occupied by agriculture. MATOPIBA 
produced 8.3% (about US$ 8 billion) of Brazil’s total 
agribusiness exports in 2018 (MAPA, 2019), and the 
municipalities of Formosa do Rio Preto and Mateiros 

Fig. 3  Land use and land cover mapping of the Jalapão 
Mosaic for the period from 1970 to 2018

◂
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Table 2  Description of the classes mapped and their interpretation key considering Landsat images.

Classes Description Landsat Image Standard

Natural

Vegetation

Forest areas

Grassland areas

Anthropized Area Areas modified by

humans, such as pasture,

agriculture, urban areas,

mining, and exposed soil 

areas

Burned Areas with fire scars and

natural and anthropic

burned areas

Water Water bodies

Not observed Cloud and cloud shadow

areas
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produced the most soybeans in their respective states 
(Gamba & Collicchio, 2018).

According to Article 2 of Law No. 9985 of 2000, 
EPA are not required to have buffer zones, which fol-
low specific rules and restrictions (BRASIL, 2000); 
these are used to reduce the negative impacts on the 
PAs arising from human activities. According to Silva 
et al. (2017), the absence of buffer zones may contrib-
ute to the anthropic pressure on the PAs as the popu-
lation living near these units has difficulties in dis-
tinguishing their area limits. Additionally, the above 
mentioned PAs do not have a Management Plan in 
place. According to the MMA (2020), only 466 PAs 
(19.0%) in Brazil have Management Plans, while 
1,980 do not.

The Jalapão EPA obtained positive results; i.e., 
it maintained the natural vegetation and reduced 
anthropized areas. Two factors may have contributed 
to the preservation of the region: (1) It is the only PA 
of the EPA category in the state of Tocantins that has 

a management plan (MMA, 2020; Silva et al., 2017). 
(2) It is the only Sustainable Use CU located between 
Integral Protection PAs and is more protected than 
the other PAs in the region.

Dynamics of land use and land cover in the PAs 
(Integral Protection and Sustainable Use) and the 
Jalapão Mosaic

Figure 8 displays the distribution of land use and land 
cover in the Integral Protection and Sustainable Use 
PAs and in the Jalapão Mosaic area not protected by 
PAs.

Figure 8 shows that 64.1% (≅ 18,026  km2) of the 
natural vegetation of the Jalapão Mosaic is located 
in PAs, of which 52.1% are in areas of Integral 
Protection and 12% in areas of Sustainable Use. 
Regarding anthropized areas, 70.5% (≅ 1284  km2) 
are outside the Pas, while 22.6% (≅ 412  km2) are 
inside Sustainable Use PAs. A total of 58.5% of 

Fig. 4  Distribution of burned and unburned areas (A) and the frequency of burned areas (B) between 1970 and 2018

Table 3  Area of the 
mapped classes for each 
studied period in  km2

Classes 1970s 1980s 1990s 2000s 2010s 2018

Natural vegetation 28,172.4 27,571.7 29,009.3 28,944.5 27,448.6 27,648.7
Anthropized area 998.4 542.5 927.2 2140.5 3028.6 3291.6
Burned 3064.9 1403.8 1882.8 1140.5 1730.8 1286.0
Water 9.2 9.2 9.0 10.8 8.7 8.9
Not observed 0 2707.9 407.2 0 18,7 0
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the burned areas (≅ 1026  km2) occurred in Integral 
Protection PAs, and only 10.9% (≅ 190.75  km2) 
were in Sustainable Use PAs. In the case of Inte-
gral Protection PAs, the increase in the number of 
burnt areas may be associated with the integrated 
fire management plan. Since 2010, integrated fire 
management has been used in some PAs, of Cer-
rado, to preventing major forest fires, being found 
a decrease in Federal protected areas, of 33% when 
compared to years of critical weather events (El 
Niño) such as 2010 and 2017, and the reduction 

reached 40% in 2019 despite political reflexes in 
the increase of deforestation and fire occurrence 
(Berlinck & Batista, 2020). In 2014, Schmidt et al. 
(2016) implemented the integrated fire manage-
ment in three protected areas of Cerrado: Chapada 
das Mesas National Park (CMNP), the Jalapão State 
Park (JSP), and the Serra Geral do Tocantins Eco-
logical Station (SGTES) and used low intensity pre-
scribed fires at the beginning of the dry season as a 
management strategy. Results show that prescribed 
burns were of low intensity in the PAs since the fire 

Fig. 5  Anthropized areas (A) and frequency of anthropized areas (B) between 1970 and 2018

Fig. 6  Land use and land 
cover change between 1970 
and 2018  (km2)
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was carried out at the beginning of the dry season, 
in the late afternoon, and early evening with fuel 
consumption ranging between 46 and 84%.

Integral Protection PAs have greater amounts of  
natural vegetation and fire events, while the Sus-
tainable Use PAs have larger anthropized areas (see  
Figures S1 and S2 in the Supplementary Material). In  
general, the creation of the Integral Protection PAs 
positively influenced the preservation of natural veg-
etation and decrease of anthropized areas, while the 
creation of the Sustainable Use PAs was insufficient 
to prevent the increase and progress of anthropized 
areas.

Validation

First, the mapping for 2018 was compared with the 
points collected during the fieldwork for the same 
year. The overall accuracy index was 70%, with per-
centages of 68% for natural vegetation and 88% for 
burned areas. This map served as the basis for map-
ping previous years, in addition to the information 
contained in the MABIOMAS mapping, and in the 
high-resolution images from Google Earth that were 
used as secondary evidence.

Regarding the anthropized areas, the accuracy 
was only 49%. The high error associated with this 

Table 4  Status of burned 
areas after the fire event 
in  km2

Period Remained burnt Converted to  
natural vegetation

Converted to 
anthropized area

Not 
observed 
areas

1970 to 1980 197.6 2777.7 61.2 28.3
1980 to 1990 166.9 1175.9 61.0 0
1990 to 2000 171.7 1526.0 185.1 0
2000 to 2010 113.3 982.9 44.2 0.1
2010 to 2018 235.1 1449.4 46.4 0

Fig. 7  Frequency of fires 
in the Serra Geral do 
Tocantins Ecological Sta-
tion between 1970 and 2018
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Table 5  Land cover change 
in the Jalapão Mosaic for 
the Integral Protection 
protected area from 1970 
to 2018

Classes 1970s 1980s 1990s 2000s 2010s 2018

Serra Geral do Tocantins Ecological Station
 Natural vegetation 5849.9 5783.8 6206.4 6511.6 6305.9 6287.8
 Anthropized 226.2 58.8 52.2 92.6 9.4 24.6
 Burned 994.0 451.5 811.1 465.0 754.7 757.6
 Water 0.8 0.7 1.1 1.6 0.7 0.8
 Not observed 0 776.0 0 0 0 0

Canyons e Corredeiras do Rio Sono Natural Monument
 Natural vegetation 14.1 14.4 13.9 14.1 13.8 14.2
 Anthropized 0 0 0.1 0.1 0 0.1
 Burned 0.3 0.5 0.5 0.2 0.6 0.2
 Water 0.1 0.1 0.1 0.2 0.1 0.1
 Not observed 0 0 0 0 0 0

Jalapão State Park
 Natural vegetation 1512.1 1356.8 1411.3 1496.4 1421.2 1508.8
 Anthropized 6.1 21.8 33.2 0.6 0 0
 Burned 71.0 132.1 144.8 92.2 168.1 80.4
 Water 0.4 0.5 0.4 0.5 0.3 0.5
 Not observed 0 78.6 0 0 0 0

Nascentes do Rio Parnaíba National Park
 Natural vegetation 6755.2 7063.1 6995.0 7153.8 7109.1 7173.5
 Anthropized 82.0 36.2 36.8 8.1 13.1 50.2
 Burned 474.3 207.9 125.5 150.0 182.8 88.1
 Water 0 0 0 0 0 0
 Not observed 0 4.6 154.6 0 6.8 0

Fig. 8  Comparison 
between land use and land 
cover classes for the areas 
with and without PAs in the 
Jalapão Mosaic
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thematic class probably occurred due to spectral 
confusion between the anthropized area classes, 
mainly mining and bare soil with the grassland 
areas. The grassland vegetation, with predominance 
of herbaceous stratum, is associated with areas that 
have been anthropized and widely used for graz-
ing and mining activities in the study area (Vieira 
et  al., 2021). The complexity of discriminating the 
types of non forest natural formation in the Cerrado 
is also one of the main factors that compromise the 
global accuracy of several projects such as MAPBI-
OMAS that which recorded inclusion and omission 
errors at classification level II where the accuracy of 
the mapping is lower, 51.5% and 44% respectively, 
for the year 2018 (Oliveira et al., 2020). In the Terr-
aClass Cerrado project, the strata corresponding to 
mining, mosaic of occupations and urban area, and 
other bare soil had the highest omission rate, 61% 
and 39%, respectively.

In this work, the number of samples used in the val-
idation (Table 7) was determined based on the points 

collected in the field. Acquiring a larger set of field 
points could have improved the quality of the map-
ping. However, the heterogeneity of the landscape and 
the distance between the areas of interest was one of 
the factors that prevented a greater collection.

To improve the accuracy of mappings in the Cerrado, 
some studies have suggested the use of high-resolution 
image data such as the classification carried out in 2015 

Table 6  Jalapão 
Mosaic cover change for 
Sustainable Use protected 
area, between 1970 and 
2018

Classes 1970s 1980s 1990s 2000s 2010s 2018

Jalapão Environmental Protection Area
 Natural vegetation 1159.8 1239.1 1256.4 1319.6 1238.1 1236.7
 Anthropized 40.8 4.1 15.8 0.3 0 1.2
 Burned 147.3 96.5 75.5 27.7 109.6 109.8
 Water 1.6 1.6 1.8 1.9 1.8 1.8
 Not observed 0 8.1 0 0 0 0

Rio Preto Environmental Protection Area
 Natural vegetation 1927.4 2115.8 2008.6 1867.8 1554.9 1571.8
 Anthropized 42.0 1.9 79.2 305.6 585.4 605.5
 Burned 229.1 79.8 109.3 24.1 57.3 20.3
 Water 0 0 0 0 0 0
 Not observed 0 0 0.4586 0 0 0

Serra da Tabatinga Environmental Protection Area
 Natural vegetation 380.2 402.0 395.4 253.1 122.4 102.4
 Anthropized 0 0 18.9 164.6 293.5 315.4
 Burned 37.5 15.8 3.2 0 1.8 0
 Water 0 0 0 0 0 0
 Not observed 0 0 0.3 0 0 0

Catedral do Jalapão Private Reserve of Natural Patrimony
 Natural vegetation 3.3 3.3 3.2 3.2 3.2 3.2
 Anthropized 0 0 0 0 0 0
 Burned 0 0 0 0 0 0
 Water 0 0 0 0 0 0
 Not observed 0 0 0 0 0 0

Table 7  Degree of agreement between the field points, col-
lected in 2018, used for training and validation

Field points

Map Natural 
vegetation

Anthropized 
area

Burned Total

Natural  
vegetation

156 19 6 181

Anthropized 
area

0 11 0 11

Burned 0 0 27 27
Kappa 0.68 0.49 0.88 0.70
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by the Brazilian Biomes High Resolution Mapping 
Project done by the Brazilian Foundation for Sustain-
able Development (In Portuguese Fundação Brasileira 
para o Desenvolvimento Sustentável — FBDS). In this 
project, land use and land cover mapping was carried 
out through the supervised classification of RapidEye 
images, base year 2013, and the validation of the map-
ping was done with points randomly distributed by 
RapidEye scenes (100 points for each scene), which 
were compared in the high-resolution images. All 
mapped scenes reached a minimum accuracy of 95% 
(FBDS, 2015).

Vegetation indices such as Normalized Difference 
Vegetation Index (NDVI) and Enhanced Vegeta-
tion Index (EVI) can also help to improve mappings 
(Oliveira et  al., 2020). NDVI analysis, for example, 
has been successfully used to delimit areas of bare 
soil in areas of highly seasonal vegetation such as the 
Caatinga and Cerrado biomes (Tomasella et al., 2018; 
Vieira et al., 2021).

Table  7 illustrates the number of convergent and 
divergent points between the field truth and the 2018 
mapping.

Conclusion

Analysis showed that the Jalapão Mosaic has been 
losing natural vegetation area due to the expansion of 
anthropized areas, which have increased rapidly since 
the 1990s. The Serra Geral do Tocantins Ecological 
Station (Integral Protection protected area) had the 
highest number of burned areas between 1970 and 
2018. However, even with 43.7% of its area burned, at 
least in a mapped period, this PA remained preserved 
due to proper fire management. Meanwhile, the Rio 
Preto and Serra da Tabatinga EP and Sustainable Use 
Areas were the most deforested, with a significant 
increase in agriculture beginning in the 1990s.

Monitoring changes in land use and land cover 
changes in the period from 1970 to 2018 in the PAs 
inserted in the Jalapão Mosaic were possible due to 
the temporal frequency and spatial resolution of the 
Landsat images. The methodology used is widely 
applied in areas with highly seasonal vegetation such 
as the Cerrado and Caatinga. The techniques used in 
this work demonstrate the potential of the application 
of linear spectral mixing model to highlight vegetated 
areas and areas without vegetation. Nonetheless, it is 

necessary to explore the availability of new sensors 
with higher resolution, as well as environmental data 
such as indices of vegetation to improve the detail of 
the physiognomies and converted areas.

It is possible to conclude from this study that the 
pressure of anthropic uses in the Jalapão Mosaic 
highlights the need to create more PAs with appro-
priate Management Plans for each category. It is 
also necessary to create public policies that prior-
itize training for teams that work in the PAs and for 
the local population regarding uses that are and are 
allowed in each area. The continuous monitoring of 
the PAs is an acceptable way to evaluate and maintain 
the effectiveness of the conservation and preservation 
objectives assigned to these areas. This can be used as 
an efficient government plan to fight the degradation 
of Brazilian’s natural resources.
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