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Remote Sensing/ Scientific Notes

Land use dynamics in the
Brazilian Cerrado in the
period from 2002 to 2013

Abstract — The objective of this work was to analyze land use dynamics in the
Brazilian Cerrado region from 2002 to 2013. This analysis was based on the
interpretation of Landsat satellite images carried out by the projects Projeto
de Conservagdo e Utilizagao Sustentavel da Diversidade Bioldgica Brasileira
(Probio) and TerraClass Cerrado 2013, both coordinated by Ministério do
Meio Ambiente. In 2002, 38.9% of the Cerrado was covered by some type
of anthropic activity. In 2013, this percentage increased to 43.4%. One of the
main highlights is the emergence of a new agricultural frontier in the northern
region of the study area, known as Matopiba.

Index terms: Landsat, Probio, remote sensing, TerraClass Cerrado.

Dinamica do uso das terras no Cerrado
no periodo de 2002 a 2013

Resumo — O objetivo deste trabalho foi analisar a dindmica de uso das
terras na regido do Cerrado de 2002 a 2013. Essa analise foi baseada nas
interpretagdes de imagens do satélite Landsat realizadas pelo Projeto de
Conservagdo e Utilizacdo Sustentavel da Diversidade Biologica Brasileira
(Probio) e pelo projeto TerraClass Cerrado 2013, coordenados pelo Ministério
do Meio Ambiente. Em 2002, 38,9% do Cerrado eram cobertos por algum
tipo de atividade antropica. Em 2013, essa percentagem passou para 43,4%.
Um dos grandes destaques ¢ o surgimento de uma nova fronteira agricola na
regido norte da area de estudo, conhecida como Matopiba.

Termos para indexac¢ao: Landsat, Probio, sensoriamento remoto, TerraClass
Cerrado.

The Brazilian Cerrado (tropical savanna) is the second largest biome
in the country, covering approximately 204 million hectares in the
central uplands (IBGE, 2004), where it faces the most intensive land
use pressure. Mean annual rainfall ranges from 800 to 1,800 mm, with
marked climatic seasonality, i.e., six-month dry season, from April to
September, and six-month wet season, from October to March. Soils
are deep, well drained, with low levels of fertility and high Al and
Si toxicity. Natural vegetation corresponds to varying proportions of
grasses, shrubs, and trees. The two most important land use types
are: cultivated pasturelands, primarily with African Urochloa grass
species, for cattle ranching; and rainfed croplands, mostly soybean,
corn, cotton, and coffee.

In the Cerrado, land use mapping based on satellite images is
difficult because of extensive and persistent cloud cover conditions in
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some areas, highly sensitive climatic seasonality, and high dynamics
within land use classes (Silva & Sano, 2016). However, producing
accurate land use maps of the biome is important, for example, to
monitor biomass changes and related CO, emissions due to habitat
conversion and degradation, as well as to define public policies either
to prevent deforestation and degradation or to define the best strategies
and priorities for biodiversity conservation.

Up to now, land use mapping in the Cerrado biome has focused
on the use of medium spatial resolution (30 m) and optical satellite
images. The first “wall-to-wall” land use map, encompassing the entire
Cerrado, was prepared in 2002 based on the interpretation of more than
120 Landsat images by Projeto de Conservacdo e Utilizagdo Sustentavel
da Diversidade Biologica Brasileira (Probio) (Sano et al., 2008, 2010)
under the coordination of Ministério do Meio Ambiente (MMA). More
recently, Beuchle et al. (2015) analyzed land cover changes in the
Brazilian Cerrado and Caatinga biomes from 1990 to 2010, based on a
systematic remote sensing sampling approach; according to the authors,
in 2010, the estimated percentage of land use in the Cerrado was 53%.
Another initiative named Projeto de Monitoramento do Desmatamento
nos Biomas Brasileiros por Satélite (PMDBBS), conducted by Instituto
Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis
(Ibama), reported a 49% land use in the Cerrado in 2010 (PMDBBS,
2017).

Hansen et al. (2013) used the Google Cloud Platform and the Global
Land Analysis & Discovery (GLAD) platform to map global and
annual tree cover extent for 2000-2012. In 2015, MMA coordinated

another land use mapping project of the Cerrado,
known as TerraClass Cerrado 2013 (hereafter,
TerraClass Cerrado), using Landsat-8 images
(Mapeamento..., 2015). According to the project
Projeto de Mapeamento Anual da Cobertura e Uso do
Solo do Brasil (MapBiomas), based on the analysis of
time series of Landsat data and on the Google Engine
platform, the percentage of land use was 49% in 2016
(MapBiomas, 2017).

It should be noted that the studies carried out by
PMDBBS and Beuchle et al. (2015) do not allow the
long term (> 10 years) analysis of land use dynamics.
In addition, the usability and consistency of the results
obtained by GLAD have been questioned by some
authors, such as Tropek et al. (2014), especially in
the seasonal tropical domains. Because they are quite
recent, the annual land use maps from MapBiomas have
not yet been evaluated by the scientific community. In
this context, Probio and the TerraClass are currently
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the best options for the long-term analysis of land use
dynamics in the Cerrado. Such analysis is important
to estimate the rate of loss of natural vegetation in the
biome, as well as to estimate the ongoing conversion
between different land use types, particularly the level
of conversion of pasturelands into croplands.

The objective of this work was to analyze land use
dynamics in the Brazilian Cerrado region from 2002
to 2013.

Although the mapping projects Probio and TerraClass
Cerrado both used images obtained by the Landsat
satellite series, i.e., Landsat-7 Enhanced Thematic
Mapper Plus (ETM+) and Landsat-8 Operational Land
Imager (OLI), respectively, it is important to point out
the main differences and similarities between them
when comparing results. In Probio, the minimum
mapping area was defined as 40 ha and, in TerraClass
Cerrado, as 6.25 ha, which resulted in a finer detail
map for 2013. Moreover, non-identified areas (burned
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and cloud covered), bare soil, and mosaic of occupation
(areas composed of a mixture of varying land use
classes, such as houses, orchards, native vegetation,
and relatively small pastures that cannot be defined as
specific polygons) were only included in the TerraClass
Cerrado legend. The final product of TerraClass Cerrado
also received an independent validation, which showed
a high overall accuracy of 80.2% (Mapeamento...,
2015). However, in the two developed products, the
areas mapped as pasture refer only to the cultivated
pastures, whereas natural vegetation represents the
areas covered with native vegetation species, regardless
of the presence of some type of land use, as cattle on
natural grasslands (native pastures).

In the present study, the vector-based maps of Probio
and TerraClass Cerrado, in shapefile format, were
used to calculate the areas, in hectares, occupied by the
major land use classes in the Cerrado biome; for this,
the Calculate Geometry tool available in the ArcGIS
software, version 10.2 (Environmental Systems
Research Institute, Redlands, CA, USA), was adopted.
A transition matrix was also used to determine the
magnitude of changes in the major land cover types.
In the experimental period, land use in the Cerrado
increased from 38.9% (about 80 million hectares), in
2002, to 43.4% (about 88.5 million hectares) in 2013
(Figure 1). This corresponds to an average increase
of 0.41% per year, i.e., to 772 thousand hectares per
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Figure 1. Scatterplot between land use cover data from 2002 and 2013 obtained by Projeto de Conservacdo e Utilizagdo
Sustentavel da Diversidade Bioldgica Brasileira (Probio) and by TerraClass Cerrado 2013, respectively, for the five major
land use classes in the Brazilian Cerrado biome. REF, reforestation; CRP, croplands; FOR, forestlands; PAS, cultivated

pasturelands; and NFO, non-forestlands.
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year of new clear cuttings. This result is in alignment
with that from PMDBBS (2017), which estimated an
average annual deforestation of 0.34%, representing
712 thousand hectares per year, between 2008 and
2011. Pasturelands increased from 54 to 60 million
hectares, while croplands went from 22 to 24 million
hectares. Reforestation presented similar results.

The confusion matrix between Probio and Terra
Class Cerrado data indicated that 5.3 million hectares of
cultivated pasture in 2002 were converted into croplands
in 2013 and that another 1.1 million hectares were
converted into reforestation, especially with Eucalyptus.
Approximately 19.1 and 3.7 million hectares of natural
vegetation in 2002 were converted into cultivated
pastures and into croplands, respectively, in 2013.

Table 1 shows the areas occupied by pasturelands
and croplands in 2002 and 2013 at the state level.
The increase in areas occupied by croplands and
cultivated pasturelands was 11% for both types of
land use. However, the most noticeable feature is
the significant increase in croplands of 128, 328,
286, and 41% in the states of Maranhao, Tocantins,
Piaui, and Bahia, respectively. Estimates from the
survey on agricultural production, Produgdo Agricola
Municipal (IBGE, 2017), showed similar increases

for soybean [Glycine max (L.) Merr.] planted area in
the region: 136% for Maranhao, 400% for Tocantins,
533% for Piaui, and 51% for Bahia. Despite the
different methodologies and uncertainties related to
each project, the high magnitude of crop expansion
in these states was captured by both datasets. This
highlights the importance of the region encompassing
these states, known as Matopiba (Miranda et al.,
2014), the new agricultural frontier of the Cerrado.
Matopiba covers approximately 45 million hectares
and 151 municipalities and is already responsible for
10 and 15% of the national production of soybean
and corn (Zea mays L.), respectively (Esquerdo et al.,
2015).

The analysis of the maps produced by the Probio and
TerraClass Cerrado projects showed that, from 2002—
2013, the Cerrado biome lost its natural vegetation
at a rate of 0.41% per year. This is much higher than
the deforestation rate of 0.29% per year reported for
Amazodnia Legal during the same time period (INPE,
2018). The major changes in land use and cover
were related to the conversion of natural vegetation
into cultivated pastures and croplands, as well as of
cultivated pastures into croplands.

Table 1. Area and percentage occupied by cultivated pasturelands and croplands, the two largest types of land use in the

Brazilian Cerrado, per year and per state.

State State™ Cropland area (km? x 100) Increase Pastureland area (km? x 100) Increase
(%) 2002 2013 (%) 2002 2013 (%)
Piaui 37 21.5 83.0 286 52.1 60.3 16
Maranhio 65 35.6 81.0 128 190.1 3374 77
Tocantins 91 17.6 75.4 328 425.3 547.7 29
Bahia 27 157.3 2222 41 225.7 245.0 9
Mato Grosso 40 556.1 583.9 5 650.9 791.1 22
Minas Gerais 57 212.2 312.0 47 1,183.8 1,187.6
Goias 97 503.8 443.2 -12 1,293.2 1,397.7
Distrito Federal 100 13.7 9.6 -30 12.0 14.2 18
Mato Grosso do Sul 61 271.2 181.2 -33 1,094.8 1,218.1 11
Parana 2 8.3 8.9 7 10.4 7.2 -31
Sao Paulo 33 358.6 383.7 7 262.2 202.2 23
Rondonia 0.2 0.0 0.0 0.0 0.1 0
Total 2,155.9@ 2,384.1 11 5,400.5 6,008.6 11

(Percentage of the state covered by the Cerrado. ®Total areas of croplands and pasturelands differ slightly from those shown in the table because the

boundaries between the Cerrado and the state maps do not match.
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