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CHARACTERIZATION OF THE AGRICULTURE OCCUPATION
IN THE CERRADO BIOME USING MODIS TIME-SERIES
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Eder de Souza Martins® and Vinfcius Vasconcelos®

ABSTRACT. This paper aims to characterize the agriculture expansion in the Cerrado biome using time-series data of Moderate Resolution Imaging Spectroradiometer
(MODIS) sensor. The study area is the municipality of Luis Eduardo Magalhdes (Bahia State, Brazil), with recent growth of agribusiness. The methodology can be
subdivided into the following steps: 1) noise reduction, 2) endmembers identification, and 3) mixing linear analysis. In the noise reduction was applied the following
procedures: 1) moving median filter; 2) Minimum Noise Fraction (MNF) transformation, and 3) Inverse MNF transformation. The results provided a significant noise
reduction, besides eliminating the atmospheric interferences. Three endmembers were identified: 1) Natural Vegetation; 2) Agriculture; 3) Change Areas (conversion).
We used the linear mixture analysis with the selected endmembers to generate fraction images. These images evidenced the agriculture expansion from west to east.
These methods overcame the spatial resolution restrictions and evidenced the potential for discriminating the phenology of growing agricultural crops.
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RESUMO. O artigo objetiva caracterizar a expansao agricola no bioma Cerrado utilizando dados de séries temporais do sensor Moderate Resolution imaging Spectro-
radiometer (MODIS). A drea de estudo é o municipio de Luis Eduardo Magalh@es (Bahia), com recente crescimento do agronegdcio. A metodologia pode ser subdividida
nas seguintes etapas: (a) reducdo do ruido, (b) identificagdo dos membros finais, e (c) andlise linear de mistura. Na reducdo do rufdo foram aplicados os seguintes
procedimentos: (a) filtro de mediana, (b) transformacao Ainimum Noise Fraction (MNF), e (c) transformagao inversa MNF. Os resultados proporcionaram uma redugdo
significativa dos rufdos, além da eliminagdo de interferéncias atmosféricas. Trés membros finais foram identificados: 1) Vegetagdo Natural; 2) Agricultura; 3) Area de
Mudanga (Conversdo). Foi usada a andlise de mistura linear com os membros finais selecionados para gerar as imagens de fragdo. Estas imagens evidenciaram a
expansao agricola partindo de oeste para leste. Os métodos apresentados proporcionaram a superagdo da limitagdo da resoludo espacial e evidenciaram um potencial
de discriminagdo da fenologia de cultivos agricolas.

Palavras-chave: expansao agricola, cerrado, séries temporais, MODIS, deteccdo de mudanga.
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INTRODUCTION

The modern society depends on natural resources and crop
areas for food production (Ramankutty & Foley, 1998). Approx-
imately half of the terrestrial ecosystems without ice cover have
already been converted or significantly modified by human activi-
ties (Ramankutty & Foley, 1998; Lambin etal., 2003). These land-
cover changes were intensified by the global population growth
over the past 300 years (Goldewijk & Ramankutty, 2004), affect-
ing the biogeochemical cycles (Ramankutty & Foley, 1998), bio-
diversity (Lambin et al., 2003) and soil conservation (Trimble &
Crosson, 2000).

Land-cover monitoring has been developed to understand the
biologic system capacity to support human needs (Vitousek et
al., 1997). Thus, the development of orbital sensors with high
temporal-resolution (such as Moderate Resolution Imaging Spec-
troradiometer — MQDIS sensor) allows a continuous monitoring
of the earth’s surface. (Huete et al., 2002; Latorre et al., 2007; Car-
valho Janior et al., 2008, 2009). These sensors obtain accurate
measurements of the land-cover dynamics at regional to global
scale, favoring the phenological studies of crops and natural ar-
gas (Kang et al., 2003; Zhang et al., 2003; Sakamoto et al., 2005).
In this approach, vegetation indices are most widely used for tem-
poral analysis and change detection (Huete, 1988; Prince, 1991
a,b; Tucker et al., 1991; Defries & Townshend, 1994; Running et
al., 1995; Wessels et al., 2004).

Thus, the digital image processing considering temporal pat-
terns leads to a conceptual change in the remote sensing tech-
niques. This paper aims to characterize the agriculture occupa-
tion in the Cerrado biome using MODIS time-series vegetation
index data.

STUDY AREA

The study area is the Luis Eduardo Magalhdes (LEM) municipal-
ity, mesoregion of Western Bahia State, entirely inside the Cer-
rado Biome (Fig. 1). Its area is around 4,000 km? and its popula-
tion is nearly 60,000 habitants (IBGE, 2010).

The climate of the study area is divided in two well-defined
seasons: a dry and cold season (from May to September) and a
rainy and hot season (from October to April). The annual aver-
age precipitation is around 1,500 mm, varing from east to west.
Annual average maximum and minimum temperature varies be-
tween 21° and 27°C, respectively (Batistella et al., 2002).

In the geologic context, the area is over Late Cretaceous sed-
iments of the Urucuia Group, constituted almost exclusively by
golian sandstone (Campos & Dardenne, 1997). Alluvial deposits

present in the large rivers are composed by sand and gravel
(Silva, 2008).

LEM has a flat topography and average altitude of 900 me-
ters (Castro et al., 2010). The soils are predominantly deep,
well-weathered, nutrient-poor and acid, standing out Latosoil
and Neosoil (Batistella et al., 2002). The altitude and the soil
are the main determinant attributes of the floristic composition
and vegetation structure in Cerrado physiognomies (Felfili &
Silva Janior, 2001). Agriculture and livestock activities occupied
around 50%, in which the main products are: soya, corn, cotton
and coffee (Batistella et al., 2002; Menke et al., 2009).

MATERIAL AND METHODS
MODIS sensor data

The MODIS data aim to support the earth’s surface change as-
sessment, providing a broader understanding of the global system
functioning (Justice etal., 2002). These high temporal-resolution
data are freely available at National Aeronautics Space Adiminis-
tration (NASA), being georeferenced and corrected for the atmo-
spheric effects, like clouds and aerosols, among others (Wolfe et
al., 1998; Justice et al., 2002).

In this work was used the Normalized Difference Vegetation
Index (NDVI), from the MOD13 product (16-days composite and
250 meters). This product is generated from the daily surface re-
flectance (MODO9 — level 2) and is corrected for molecular scat-
tering, ozone and aerosol absorption (Vermote et al., 2002). The
vegetation index algorithm uses the surface reflectance data at
level 2G (reprojected) and makes a 16 day temporal composition
of these data (level 3).

The temporal series was generated with these co-registered
data, producing a temporal cube, where X refers to longitude;
Y, to latitude; and Z, to the Vegetation Index values (Fig. 2).
In this context, the Z profile represents the target behavior along
the time, and it is called temporal signature, similarly to the spec-
tral signature related to hyperspectral data.

Noise treatment

The temporal series has limitations caused by atmospheric inter-
ferences, cloud covers, radiometric variation (sensor oscillation,
solar illumination, among others) or reveals the presence of other
noises which are common features in the remote sensing (Du et
al., 2001; Furby & Campbell, 2001). In this study, noise reduc-
tion was achieved using the following methods (Carvalho Junior
gtal., 2008, 2009): (a) moving filter; (b) Minimum Noise Fraction
(MNF) transformation; and (c) Inverse MNF transformation.
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Figure 1 — The Cerrado Biome and the study areas (in black) [left side image]; Luis Eduardo Magalhaes limit [right side image].

Figure 2 — 3D-temporal cube generated from co-registered images in an
increasing sequence corresponding to 10 years.

The median filter is a particular case of the i order statistic
of a real number series, using a moving window over the tem-
poral signature and generating median values. Organizing the ob-
servations inan increasing order, the median generates the central
value of the window, requiring simple nonlinear operation.

The Minimum Noise Fraction (MNF) was originally developed
to the hyperspectral image processing (Green et al., 1988) and it
is also adequate for noise reduction of aerial gamma-ray survey
(Dickson & Taylor, 1998). MNF is a linear transformation similar
to the Principal Component Analysis (PCA), which maximizes the
signal/noise ratio to order the images according to their quality
(Green etal., 1988).

The separation of signal and noise components was obtained
from visual inspection of the image quality and eigenvalue plot
analysis. Considering only the signal components, the inverse

Brazilian Journal of Geophysics, Vol. 31(3), 2013

MNF transformation is performed in order to reset the values re-
lated to the time-series vegetation indices, in which the white
noise is eliminated (non-correlated noises with low variance).

Inthe noise reduction, the use of MNF alone (Carvalho Junior
et al., 2006; Couto Junior et al., 2011) or combined with the
median filter (Carvalho Janior et al., 2008, 2009, 2012; Santana
gtal., 2010) has produced positive results to identify and charac-
terize the Cerrado physiognomies.

Endmember Detection and Linear Mixture Analysis of
Temporal Series

The convex geometry (simplex model) is intensely used to
detect endmembers, as it establishes a spatial arrangement
for image pixels that describes the material mixture relations
(Tompkins et al., 1997, Winter, 1999; Batenson et al., 2000;
Berman et al., 2004; Carvalho Juanior et al., 2005). This geom-
etry is visualized in a n-dimensional space, where the axes are
non-correlated and describe the inherent dimensionality, such
as the Principal Component Analysis — PCA and MNF com-
ponents (Smith et al., 1985, 1990; Bateson & Curtiss, 1993,
1996; Boardman, 1993). The vertices of this simplex are the pure
pixels, while the other pixe/s inside the convex polygon are the
results of their mixtures (Carvalho Junior et al. 2003).

Carvalho Janior et al. (2008) used this analysis with tempo-
ral series considering natural area. In this work, this procedure is
used in natural and in agricultural areas. This approach allows a
new conception for the convex geometry, in which we can notice
vertices that represent time-invariant elements (same annual cy-
cle) and other vertices that present strong changes of the land-use.
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Figure 3 — Original NDVI temporal profiles (dotted line) with noises. Temporal profiles smoothed
through median filter and Minimum Noise Fraction (MNF) association (black line).

The presence of two invariant points related to agriculture and nat-
ural areas establishes an invariant axis, while the opposite vertex
represents areas that present changes related to the conversion,
i.e. that vary in the annual cycle.

The linear mixture analysis was applied to the temporal se-
ries (Adams et al., 1995). Differently from the traditional spec-
tral mixture analysis, in this approach we used temporal profiles
with constant and variable annual cycles. This procedure allows
us to describe the intensity of change, which opposes the initial
proposal of quantifying the percentage of pure elements inside
the pixel.

RESULTS
Noise treatment results

The combination of median filter and MNF transformation is very
simple and fast. This combination also improved the data quality;
reducing significantly impulse-type noises and eliminating areas
with cloud cover or shade (Fig. 3).

This work used a median filter with window size equal to
seven, eliminating impulse-type noises. Despite this elimination
procedure, some degrees may be generated due to the value
repetition.

MNF transformation ordered the data according to the sig-
nal/noise ratio, where the signal fractions are in the first com-
ponents. In this study, the 20 first components were consid-
ered as signal fraction, according to the eigenvalue plot and im-
age visual quality (Fig. 4). MNF inverse transformation gener-
ated a smoothed curve without white noises (non-correlated and
low variance) and eventual small degrees (repeated value succes-
sion) produced after the median filtering (Fig. 3).
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Figure 4 — Eigenvalue plot (superior) and image decreasing quality (inferior).

Endmember results and Multiple Linear Regression of
the Temporal Profiles

The scatter plot of the two first MNF components evidenced a
triangular distribution of the data (Fig. 5). This triangle is rotated
in order to place the invariant axis at its base, containing in its
extremes the endmembers related to Natural Vegetation (1) and
Agriculture (2). The third vertex corresponds to Change Area, i.e.
area converted from natural to agricultural patterns. Thus, the dis-
tance from the Cerrado-Agriculture invariant axis represents areas
with larger inter-annual changes (Fig. 5).
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Figure 6 — Average temporal signatures of the endmembers.

The Cerrado endmember contains the phytophysiognomy in
its natural state, presenting floristic wealth similar to other areas
inside the biome (Felifili & Silva Junior, 2001) (Fig. 5). The tem-
poral profiles of preserved natural vegetation showed an average
NDVI value of 0.6 with variations between 0.5 and 0.7 correspond
to phenological behavior during the seasons, dry and rainy, re-
spectively (Fig. 6).

The agriculture is represented by managements employed for
more than 10 years. This cover presents a seasonal variation over
60% (Fig. 6), according to the management step (for example,
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planting, canopy closure and harvesting). The greatest NDVI val-
ues (~0.8) evidence the maximum vigor of the crops and, on the
other hand, the minimum ones (~0.25) correspond to the low
vegetal cover. The minor photosynthetic activity variations were
observed in the areas that used the direct drilling system.

In this context, areas converted from natural vegetation to
agriculture represent a fit to one of two patterns (Fig. 6). The most
significant changes began in 2004. Before this period, there was a
gradual increase of the NDVI values, representing the land-cover
change transition.
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Linear mixture analysis was applied considering the tempo-
ral endmembers. The fraction images of Cerrado and Agriculture
indicated an farming increase from west to east, confirming the
scenario observed in the last decade in this municipality (Menke
gtal., 2009) (Fig. 7).

Figure 7 — Cerrado fraction image (a) and Agriculture fraction image (b).

The lighter pixels in the natural vegetation fraction image
usually represent the Gallery Forest. This is due to the associ-
ation to water courses, which provides conditions to keep the
photosynthetic activity, even during the dry period; reducing
the seasonal variations. The savannic formations showed greater
seasonal variations, according the arboreous density (Fig. 8).
The temporal profile of coffee crop showed a similar behavior to
the natural vegetation (mainly from 2003).

Agriculture is concentrated in the western part (Fig. 7), where
the flat topography and the well-distributed rainfalls occurs, pro-
vide favorable conditions for agricultural mechanization. In this
region, rainfed agriculture stands out and it can be conventional
(cotton) or direct drilling (soya and corn). The main difference

between these two managements resides in the cover between
crops, which practically does not exist in the conventional plant-
ing. This absence causes greater variation (amplitude) among
the cotton management phases due to the soil exposition after
harvesting (Fig. 9). In this way, the direct drilling employment,
soya and corn in succession, for example, keeps the soil covered
after harvesting.

The color composition (RGB) using fraction images (Agri-
culture, Cerrado and Change Areas) show the different spatial-
temporal patterns (Fig. 10). This result converges to the work
carried out by Menke et al. (2009), which used more refined spa-
tial resolution sensors: 1) Panchromatic Remote sensing Instru-
ment for Stereo Mapping (2.5 m); 2) LANDSAT (30 m).

CONCLUSION

The use of temporal series is an important information source for
land-use monitoring in the Cerrado biome. This earth’s surface
monitoring has been carried out through the relation between or-
bital data and biophysical factors, mainly the vegetation. With the
improvement of MODIS sensor, the knowledgement of land cover
changes has been expanded. This sensor aims to carry out sys-
temic and regional studies, providing a large spectrum and tem-
poral data volume. An important characteristic of this sensor is
its daily temporal resolution.

Inthis work, MODIS data were obtained with a 16 day interval.
However, these temporal-series are influenced by noises caused
by atmospheric interferences, restricting the full employment. The
noise elimination method of temporal signatures combining the
Median Filter and Minimum Noise Fraction (MNF) techniques
(Carvalho Janior et al., 2012) allowed generating smoothed
temporal profiles, indicating the main cover and management
characteristics, highlighting three endmembers, related to this
dynamics.
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Figure 8 — Temporal profiles of the main Cerrado phytophysiognomies and coffee planting.

Revista Brasileira de Geoffsica, Vol. 31(3), 2013



399

COUTO JUNIOR AF, CARVALHO JUNIOR OA, MARTINS ES & VASCONCELOS V

"3

/
<

i
1
L Y
0.2 " i / =
0.0 M M L
"o O - = o o o o %
S &6 0o o © © © @ o
S O © © © © © © ©
N o o o N o N o o
d O B O B B & O O
- - - - - = = =
i
N & & &8 § & N & A«

s M
T LV W YW ©W NN O X D D
S © © © © © © © © © 3
S © © & © © © © © © o
4 94 94 a4 4 N N 4 N o«
® % & I B B B S O O O
- - - = - = = 2
P
@ & @ A @ N & & & N @

Figure 9 — Temporal profiles related to the planting of Cotton and of the Soya-Corn succession.

Natural
vegetation

Agriculture Change
area

Figure 10 — Colored composition of the Temporal Linear Mixture Analysis
(TLMA) fractions, in which the RGB channels correspond to Agriculture, Natu-
ral Vegetation and Change Area, respectively.

The first member is the Cerrado, that comprises the original
phytophysiognomies with marked seasonality and the variation
of its NDVI values associated to the photosynthetic activity and
arboreous density. The second endmember corresponds to agri-
culture patterns, in which there is no more natural vegetation for
more than one decade. Also, it is characterized by the intense
NDVI amplitude, which results from the planting and havesting
periods. The last endmember, called Change Area, highlights the
fit to the two previous members and represents cover changes
only in the last 10 years.

The methodological procedures surpassed the spatial res-
olution limitation through its temporal high-resolution. In this
way, this work presents a potential to discriminate the landscape
changes.
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