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THE ASSESSMENT OF VEGETATION SEASONAL DYNAMICS USING MULTITEMPORAL
NDVI AND EVI IMAGES DERIVED FROM MODIS

Eduarda Martiniano de Oliveira Silveiral, Luis Marcelo Tavares de Carva ho?,
Fausto Weimar Acerbi-Jinior?, José Marcio de Mello?

(received: may 16, 2007; accepted: april 30, 2008)

ABSTRACT: The objectives of thiswork were to characterize seasonal dynamics of cerrado, deciduous and semideciduous forests
in the north of Minas Gerais, Brazil. Time series of NDVI (Normalized Difference Vegetation Index) and EVI (Enhanced Vegetation
Index) derived from MODI'S sensor, were compared by analyzing temporal profiles and image classification results. The results
showed that: (1) there is an agreement between vegetation indexes and the monthly precipitation pattern; (2) deciduous forest showed
the lowest values and the highest variation; (3) cerrado and the semideciduous forest presented higher values and lower variation; (4)
based on the classification accuracies the best vegetation index for mapping the vegetation classes in the study area was the NDVI,
however both indexes might be used to assess the vegetation seasonal dynamic; and (5) further research need to be carried out
exploring the use of feature extractions algorithms to improve classification accuracy of cerrado, semideciduous and deciduos forests
in Minas Gerais, Brazil.
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CARACTERIZACAO DA DINAMICA SAZONAL DA VEGETAGCAO USANDO IMAGENS
MULTITEMPORAIS NDVI E EVI DERIVADAS DO SENSOR MODIS

RESUMO: O objetivo deste trabalho foi caracterizar a dindmica sazonal do cerrado, floresta estacional semidecidual e decidual no
norte do estado de Minas Gerais, Brasil. Séries multitemporais dos indices de vegetagdo NDVI (indice de vegetagéo da diferenca
normalizada) e EVI (indice de vegetagao melhorado) derivados do sensor MODI S, foram comparadas analisando o perfil temporal
e os resultados de classificagao das imagens. Os resultados mostraram que: (1) Os indices de vegetacao estudados refletiram o
padrédo sazonal das fisionomias, diferenciando os periodos chuvosos e os periodos de seca; (2) a fisionomia floresta estacional
decidual apresentou menores valores dos indices e maior variagao; (3) as fisionomias cerrado e floresta estacional semidecidual
apresentaram alto valores dos indices e baixa variagéo; (4) de acordo com os resultados das classificagdes o melhor indice para o
mapeamento das fisionomias na area de estudo foi 0 NDVI, porém ambos podem ser usados para avaliar a dinamica sazonal da
vegetacao; e (5) estudos precisam ser realizados explorando algoritmos de extracdo de feigdes para melhorar a acuracidade do
mapeamento das fisionomias cerrado, floresta decidua e semidecidua na area de estudo.

Palavras-chave: Sensoriamento remoto, série multitemporal, indices de vegetagéo.

1 INTRODUCTION

Maps of the distribution and status of the Earth’s
vegetation and land cover are critical for parameterization
of global climate and ecosystem process models aswell as
characterization of the distribution and status of major land
surface types for environmental, ecological and natural
resource applications at global and regional scales
(MUCHONEY et al., 2000).

The seasonal behavior of vegetation is a
fundamental component of successful image interpretation
(LILLESAND & KIEFER, 1987). For land cover assessment,
the timing of image acquisition can be critical. Knowledge
of crop calendars and phenology is often acrucia element

in vegetation interpretation. Since the 1970s, researches
have recognized the potential of multitempora satellite
observations to provide information about the
phenological development of natural vegetation and crops
(REED et a., 1994) moreover the combination of vegetation
indexes with multitemporal imagery that captures
phenology has produced successful vegetation
classifications(SADER et ., 1990).

Because of the synoptic coverage and repeated
temporal sampling that satellite observations afford,
remotely sensed data possess significant potential for
monitoring vegetation dynamics (MY NENI et a., 1997).
Satellite vegetation index (V1) data such as the Normalized
Difference Vegetation Index (NDVI) are correlated with
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green leaf area index (LAI), green biomass, and percent
green vegetation cover (ASRAR et al., 1989; BARET &
GUYOT, 1991).

The radiometric and geometric properties of the
Moderate Resolution Imaging Spectroradiometer (MODIS)
onboard NASA’s Terra spacecraft, in combination with
improved atmospheric correction and cloud screening,
provide a substantially improved basis for studies of this
nature (ZHANG et al., 2002). The MODIS instrument has
36 spectral bands that range from 250 m to 1 km where
seven spectral bands are specifically designed for land
applications (JUSTICE et al., 1997).

The MODIS VI products provide consistent,
spatial and temporal comparisons of global vegetation
conditions which are used to monitor the Earth’s terrestrial
photosynthetic vegetation activity in support of
phenologic, change detection, and biophysical
interpretations. Two VI algorithms were produced. One is
the NDVI, which is referred to as the continuity index to
the existing NOAA-AVHRR derived NDVI. The other is an
enhanced vegetation index (EVI) with improved sensitivity
into high biomass regions and improved vegetation
monitoring through a de-coupling of the canopy
background signal and a reduction in atmosphere
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Figure 1 — Study area.
Figure 1 — Area de estudo.
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influences. This two VIs complement each other in global
vegetation studies and improve upon the extraction of
canopy biophysical parameters (HUETE etal., 1997).

Thus, this study was motivated by the following
research questions: (1) Are MODIS vegetation indexes
(NDVI and EVI) able to depict the seasonal dynamics of
cerrado, deciduous and semideciduous forest? (2) What
is the best vegetation index (VI) to map different land cover
types in the study area?

The general objectives of this study were: (1) To
characterize the seasonal vegetation dynamics captured
by NDVIand EVI; (2) To compare the performance of NDVI
and EVI temporal profiles for image classification.

2 MATERIAL AND METHODS

The study area (Figure 1) is located in the state of
Minas Gerais, Brazil and is delimited by the coordinates S
14°47°25”-S15°53° 16" and W 43°52°52”-W 45°6°17”.
The area is cover by three major land cover types:
deciduous forest, semideciduous forest and cerrado
(Brazilian savannas).

Figure 2 shows the seasonal patterns in monthly
precipitation for the year 2003, 2004 and 2005 as well as the
historical data for the last 31 years.
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Figure 2 — Monthly precipitation pattern.
Figura 2 — Precipitacdo média mensal.

MODIS 16-day vegetation indexes composite with
250 m of spatial resolution from TERRA satellite, were used
to derive three years (2003, 2004 and 2005) NDVI and EV1
temporal profiles. The images were resampled to Albers
Conic Equal Area projection.

Along with the image data, there exists a map that
associates a quality assurance number (QA) with each
pixel of theimage. The QA isa 16 bit coded integer. The
various groups of this 16 bit long binary code describe
different properties of the pixel. One can set thresholds or
specific values for these different groups to check the
‘quality’ of the pixel and then label it either good or bad
depending upon the application.

The quality assessment (QA) was carried out
through MODI S metadata in order to ensure that the images
were generated without errors or artifacts. Quality
assessment bits from each data indicted data of good
quality.

The NDVI is a normdized transform of the near
infrared (NIR) to red reflectanceratio, 0 nir/ o red, designed
to standardize V1 val ues between —1 and +1 formul ated as:

NDVI = {M} 1)
pnir + pred

179

In spite of the intensive use of the NDVI and its
variety of applications, several limitations of theindex are
known. Among these are the sensitivity for soil (especially
dark and/ or wet) background (HUETE et al., 1991),
saturation of the index values in case of dense and
multilayered canopy (LILLESAETER, 1982), and sensitivity
for atmospheric influence (HOLBEN, 1986) since aerosol
increases the apparent reflectance in the red band by
scattering sunlight directly to the sensor and decreases to
alesser degree the reflectance in the NIR by absorption of
sunlight (FRASER & KAUFMAN, 1985).

Liu & Huete (1995) developed a feedback based
approach to correct for the interactive canopy background
and atmospheric influences, incorporating both
background adjustment and atmospheric resistance
concepts. This enhanced, soil and atmosphere resistant
vegetation index (EVI) was simplified to:

(phir - pred) (2)

EVI =25
(L + prir + Crpred + Czpalue)

Where o is‘apparent’ (top-of-the-atmosphere) or
‘surface’ directional reflectances, L isacanopy background
adjustment term, and C, and C, weigh the use of the blue
channel in aerosol correction of the red channel (HUETE
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et al., 1994). The blue band is sensitive to atmospheric
conditions and is often used for atmospheric correction.
EVI directly adjusts the reflectance in the red bands as a
function of the reflectance in the blue band (HUETE el
al., 2002).

A set of 200 homogeneous pixels distributed over
the area were randomly selected from each land cover type
in order to generate the NDV I and EVI temporal profiles
and characterize seasonal dynamics of the vegetation. The
selection was based on field campaigns, as well as on a
vegetation map produced at the Federal University of
Lavras- UFLA (SCOLFORO & CARVALHO, 2006).

Additionally, the NDVI and EVI multitemporal
images were classified using a decision tree (DT) agorithm
(Figure 3). A DT is defined as a classification procedure
that recursively partitions a data set into more uniform
subdivisions based on tests defined at each node in the
tree (QUINLAN, 1993). A DT is composed of aroot node,
aset of internal nodes and a set of terminal nodes. Each
internal node has one parent node and two or more
descendant nodes.

A data set is classified according to the decision
surfaces defined by the tree, and class labels are assigned
to each observation according to the leaf node into which
the observation falls. Decisions trees share advantages
compared with traditional probabilistic algorithms because
they are strictly nonparametric, free from distribution
assumptions, able to deal with nonlinear relations,
insensitive to missing values and capable of handling
numerical and categorical inputs (CARVALHO, 2001).

The classifier was trained with a set of sampled
pixels (1500) distributed over seven main land cover types:
cerrado, semideciduous and deciduous forest, water and
others (eucalyptus, cultures and pasture).
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Figure 3 — Decision Tree.

Figura 3 — Arvore de Decis&o.
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To compare the classified images an accuracy
assessment using an independent validation set of 1500
pixels was carried out based on the overall and per class
accuracy as well as on the kappa coefficient. The validation
set was based on field campaigns.

Error matrices are very effective representations of
map accuracy because the individual accuracies of each
map category with both the errors of inclusion and errors
of exclusion (CONGALTON, 1999).

3 RESULTS AND DISCUSSION

The results showed agreement between the
vegetation indexes and the monthly precipitation pattern.
The seasonal behavior of the vegetation, which is mainly
driven by precipitation, is clearly seen in the NDVI and
EVI temporal profiles during the three years (Figure 4).

High NDVI and EVI values, indicative of high
photosynthetic activity and biomass accumulation were
found in the rainy months, while the lowest valuesin the
dry period.

Similar results were found by Espig et al. (2006)
using NDVI and EVI images for the year 2003 and 2004
working in a semiarid region of Brazil. They studied the
seasonal variation of six areas and reported that the highest
values of NDVI and EV1 occurred in the months of higher
precipitation.

Xiao et a. (2006) conducted aregional scale analysis
of tropical evergreen forestsin South America using time
series of EVI from MODIS in 2002 and the results showed
a large dynamic range and spatial variations of annual
maximum EVI The maximum EVI in 2002 typically occurs
during the late dry season to early wet season. This suggest
that leaf phenology in tropical evergreen forests is not
determined by the seasonality of precipitation.
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Compared to the deciduous forest the cerrado and
the semideciduous forest presented higher VI values and
lower variation. Thisis because most of the speciesin the
cerrado are evergreen or semideciduous. Thus, leaf fall
proceeds simultaneously with the development of new
leaves and the total green biomass may decrease during
the dry period, but the trees never remain entirely leafless.

Among the vegetation types the deciduous forest
showed the lowest VI values and the highest variation.
Thisis because more than 50% of the leaves are lost during
the dry season. These characteristics are consistent and
distinct in comparison with other land cover types, and
may provide valuable information that could potentially
be used when classifying land cover types.
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Figure4— NDVI and EVI temporal profilesfor (A) cerrado, (B) deciduous forest and (C) semideciduous forest.
Figura 4 — Perfil temporal dos indices NDVI e EVI para (A) cerrado, (B) floresta estacional decidual, (C) floresta estacional

semidecidual.
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According to Ferreira et a. (2004) there is alow
overal rangein VI values among the physiognomies, and
this can be readily attributed to the narrow radiometric
variations associated with the different land cover types.
Near infrared variation among the physiognomies were
low and thus, the EVI, which by design tends to be more
sensitive to NIR reflectances (HUETE et ., 1997), yielded
lower responses and variations.

The NDVI showed higher values than the EVI.
This occurred because the EVI is sensitive to shadows
and may be responding to the higher amount of shadows
in the land cover types. The NDV|1, by contrast, tends to
be higher with shaded backgrounds (FERREIRA et al.,
2004).

Considering the classified images, in terms of overall
accuracy and kappa coefficient the values were 89.9% and
0.86 for maps produced from NDV I images (Table 1), and
87.8% and 0.82 for maps produced from EVI images (Table
2). Based on these values the best vegetation index for
mapping the vegetation classes in the study area was
obtained using the NDVI images.

Analysing the error matrix 90.2 % of the cerrado
class areas have been correctly identified as cerrado and

Table 1 - Accuracy measures for maps produced from NDV1.

SILVEIRA,E. M. deO. et al.

90.6 % of the areas called cerrado on the map are actually
cerrado on the ground.

Considering the deciduous class, 89.6 % of this
class was correctly identified and 98.9% of the areas on
the map are deciduous forest on the ground. For
semideciduous class, 75.0% of this class area has been
correctly identified and 78.9 % of the areas called
semideciduous are actually semideciduous on the ground.

Thus, considering the NDVI time series for
classification, the user accuracy show higher values than
the producer accuracy for all classes. Asaresult the classes
areas were more excluded from the category to which they
actually belong than included in an incorrect category.

Considering the EVI time series for classification,
the user accuracy show higher values than the producer
accuracy only for the deciduous class. Thus considering
the cerrado and semideciduous classes, the areas were
more included incorrectly than excluded from the classes
to which they belong. The inverse occurred with the
deciduous class.

In both classifications, the higher commission error
values were encountered for semideciduous class. The
higher omission error values were encountered for

Tabela 1 - Medidas de acuracidade da classificagéo obtida através do NDVI.

Mapped class Cerrado Semideciduous Deciduous Commission error  User accuracy
Cerrado 90.2 22.0 33 9.4% 90.6 %
Semideciduous 6.6 75.0 0.0 21.0% 78.9%
Deciduous 0.0 0.0 89.6 11% 98.9 %
Omission error 9.8% 25.0% 10.3 %

Producer accuracy 90.2 % 75.0 % 89.7 %

Overall accuracy 89.9 % Kappa coefficient = 0.86

Table 2 — Accuracy measures for maps produced from EVI .

Tabela 2 - Medidas de acuracidade da classificagéo obtida através do EVI.

Mapped class Cerrado Semideciduous Deciduous Commission error User accuracy
Cerrado 92.0 125 9.7 10.4 % 89.6 %
Semideciduous 7.8 85.0 0.0 26.1 % 73.9%
Deciduous 0.0 0.0 80.0 59% 94.1 %
Omission error 8.0% 15.0 % 20.0%

Producer accuracy 92.0% 85.0 % 80.0 %

Overall accuracy 87.8% Kappa coefficient = 0.82

Cerne, Lavras, v. 14, n. 2, p. 177-184, abr /jun. 2008
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semideciduous class for NDVI (25.0%) and deciduous class
(20.0%) for EVI.

The classified NDVI and EVI images are shown in
Figure 5. Comparing the classified images, the shape and
spatial location of the classes were well defined in both
images. The highest misclassification value occurred
between semideciduous and cerrado class.

4 CONCLUSIONS

We evaluated the seasonal dynamics of cerrado,
deciduous and semideciduous forest in the north of Minas
Gerais, Brazil, using time series of NDVI and EV derived
from MODIS.

As a conclusion the vegetation indexestemporal
profiles were efficient to depict the seasonal dynamics of
vegetation showing an agreement with the monthly
precipitation pattern. The best index for mapping cerrado,
deciduous and semideciduos forest in the study area is
the NDVI. However both indexes might be used to assess
the vegetation seasonal dynamic.

After these promising results, further research need
to be carried out exploring the use of feature extractions
algorithms to improve classification accuracy of cerrado,
semideciduous and deciduos forests in Minas Gerais, Brazil .
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