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Abstract The structure of Brazilian savannah, named locally as “cerrado”, tends to change if the
human pressures, such as pasture and intensive fire, are suppressed showing a densification of the
physiognomies throughout the time. Vegetation Index acquired from remotely sensed data has been a
proper way to study and monitoring large areas, and the Normalized Difference Vegetation Index
(NDVI) is one of the most used for this purpose. The aim of this study was to assess the dynamic of
structural changes in protected and non-protected areas of cerrado vegetation using NDVI. For this
purpose, three cerrado fragments in the state of S&o Paulo, Brazil, were evaluated for a 26 year time
span from 1985 and 2011, being two of them protected against anthropogenic interference. Landsat 5
—Thematic Mapper images were used and processed in ArcGIS. In the protected areas NDVI indicated
that the vegetation followed the expected trend of changes for cerrado, with more open physiognomies
tending to be denser throughout this period of 26 years, whereas in the non-protected fragment the
NDVI evidences human pressure, showing lower phytomass in 2011. NDVI showed to be efficient in
detecting and monitoring changes in cerrado vegetation structure, and can be useful to study both, the
natural dynamics of cerrado vegetation and the anthropogenic interference in protected areas.
Keywords Brazilian Savannah; Phytomass; Remote Sensing

1. Introduction

The Cerrado (Brazilian savannah) phytogeographic domain occupies more than 20% of Brazilian
territory [1], but the intense human pressure during twentieth century led to drastic vegetation
suppression, remaining only 34% of original vegetation [2]. Its biodiversity is high expressive, and
adding to the fast destruction that it has been submitted, Cerrado has been considered a hotspot for
global conservation priorities [3].
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In Sdo Paulo State, it is estimated that cerrado occupied 14% of its territory in the beginning of
twentieth century and nowadays the remaining areas occupy minus than 1% of the total state area,
and less than half of them are protected in Conservation Units [4]. Furthermore, most of the Guarani
Aquifers recharge areas occur under Cerrado domain, increasing the importance and necessity of its
preservation, recovery and conservation [5].

Cerrado presents a complex of physiognomies ranging from grass open vegetation to forest
physiognomies [6]. The gradient of density, height and cover of woody species results in different
physiognomies presenting an increasing of woody [7] and phytomass content, in this sequence:
campo limpo: grasslands with no woody component; campo sujo: continuous grass vegetation,
interspersed by few scrubs and small trees; campo cerrado: mid-sized trees, slightly denser than
campo sujo, but don’t form canopy, because of the distance among the individuals; cerrado strictu
sensu: a continuous grass layer overlaid by a discontinuous tree and shrub layer; cerraddo: an almost
closed canopy, forming woodlands [1, 4, 8].

Several studies in Brazil show the structural dynamic of the cerrado physiognomies along time, in
which denser physiognomies, such as cerraddo and cerrado strictu sensu replace less dense ones [8
9, 10, 11, 12]. These studies associate this structural changes to suppression of human impacts,
mainly pasture and fire, assuming that the previous condition would be an ecosystem in which features
would remain stable if kept anthropogenic interference, but tending to evolve to a denser physiognomy
if protected [9].

In general, density and phytomass of the vegetation are related to the amount of leafs and to the
amount and geometry of stems and branches [7]. In the case of cerrado vegetation, the amount of
leaves is related to the structural gradient of the physiognomies and a rapid and non-destructive way
to study and monitoring large-scales phytomass is the use of optical remote sensing [7, 13].

Among several techniques for interpreting qualitatively vegetation cover with optical remotely sensed
acquired data, there are the Vegetation Indexes, which are numerical models, having a direct and
satisfactory relationship with green leaf biomass [14, 15, 16]. One of the most used Vegetation
Indexes is the Normalized Difference Vegetation Index (NDVI). The cerrado physiognomies show
increasingly cylindrical volume from less dense to more dense vegetation [7], and the NDVI has a
direct relationship with the cylindrical volume [14]. A strong relationship between NDVI and biomass
has been demonstrated for cerrado vegetation [17].

The aim of this study was to assess the dynamic of structural changes of the cerrado physiognomies
using NDVI, in three cerrado fragments of Sdo Paulo state.

2. Materials and Methods
2.1. Study Areas

Three cerrado fragments were studied, placed in S&o Paulo state in the municipalities of ltirapina,
Pratania and Botucatu (Figure 1). These fragments were chosen due to enable the assessment of
changes in vegetation cover in different cerrado physiognomies found in the State, under same
climatic condition. According to Kodppen climate classification, the climate on the region is Cwa,
mesothermal with dry winter and the average temperature in the coldest month is below 18°C and the
average temperature in the warmest month is above 22°C [18].
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Figure 1: Location Map of the Municipalities in which the Cerrado Fragments are placed in the State of Sdo Paulo
(Gray Colour)

The cerrado fragment placed in ltirapina is part of an integral Conservation Unit, called “Estacdo
Ecologica de lItirapina (ESECI), shown in Figure 2. Its total area is 2300 hectares. Campo sujo
vegetation predominates with some disrupted patches of campo cerrado. The soil is classified as
guartzarenic neosol [19].

Figure 2: Fragment of Cerrado Vegetation at Estagdo Ecoldgica de ltirapina (ESECI), Itirapina Municipality, S&o
Paulo State, Brazil

In Botucatu, the fragment placed in the neighbourhood Rio Bonito (Figure 3) is formed by cerrado
sensu strictu and cerraddo, and has 31, 5 hectares. The soil is classified as red-yellow latosol [20]. It is
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an area on the edge of a highway, surrounded by crops and therefore susceptible to distinct kinds of
human impacts.

Figure 3: Fragment of Cerrado Vegetation at Botucatu Municipality, Sdo Paulo State, Brazil

The Cerrado Reserve Palmeira da Serra (CRPS) (Figure 4) is a private reserve in the municipality of
Pratania, with 180 hectares and has areas of cerrado sensu strictu and cerrraddo. Land use around
this fragment is characterized by sugar cane and Eucalyptus crops. There are two types of soil, red-
yellow latosol and red latosol [20].

Figure 4: Fragment of Cerrado Vegetation at Cerrado Reserve “Palmeira da Serra” (CRPS), Praténia
Municipality, Sdo Paulo state, Brazil (Photo: André Santachiara Fossaluza)

Polygons were drawn delimiting the perimeter of the fragments based on 2011 Landsat images, and
was used the ArcGIS tool “Extract by mask” for processing. From the total area of ESECI we used just
372 hectares for this analysis that characterized the local vegetation.
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2.2. Satellite Images

Landsat-5 Thematic Mapper images from 1985, March 19" and 2011, March 27" were used. This pre-
drought period corresponds to the best season to separate cerrado physiognomies. From the spectral
point of view, this period has a better contrast between open and dense physiognomies [14]. The
study areas are located on the scenes orbit/point 220/75 and 220/76.

2.3. Image Processing

The images were registered using a Landsat-7 Enhanced Thematic Mapper orthorectified image, with
the software TerraPixel. Other processing steps were made in ArcGIS, 9.3.

The vegetation index is sensitive to atmospheric interference and its necessary to correct this effect
[21]. In this study was used the method developed by Chavez [22]. In this method, the atmospheric
correction is achieved from the atmospheric interference estimate in each spectral band, and then the
digital numbers are converted into radiance values (Equation 1) and following into reflectance
(Equation 2).

Radiance values are obtained by the following equation (Equation 1):

1= ( Lmaxd — Lmind ] . . )

= Qealmax — Qealmin Qeal — Qealmin + Lmind
Where, LA is the spectral radiance at the sensor’s aperture (W/m? sr um); LmaxA is the spectral at-
sensor radiance that is scaled to Qcalmax (W/m? sr ym); LminA is the spectral at-sensor radiance that
is scaled to Qcalmin (W/m? sr pm); Qcalmin is the minimum quantized calibrated pixel value
corresponding to LminA (Digital Number); Qcalmax is the maximum quantized calibrated pixel value
corresponding to LmaxA (Digital Number); Qcal is the quantized calibrated pixel value (Digital Number)
[23].

Reflectance in each band is obtained by the following equation (Equation 2):

m. L1 d*

A==
P Esund. Cos8 @
Where, pA is the planetary Top-Of-Atmosphere (TOA) reflectance (unitless); 1 is the mathematical
constant equal to ~3,14159 (unitless); LA is the spectral radiance at sensor’s aperture (W/m? sr ym); d?
is the square of Earth-Sun distance (astronomical units); EsunA is the mean exoatmospheric irradiance
(W/m2 pm); Cos@ is the solar zenith angle (degrees) [23].

All values to calculate radiance and reflectance were obtained from (Chander et al., 2009) [23].
2.4. NDVI

Green leafs absorb solar radiation in the red spectral region (0, 6 micrometers) and use this radiation
as a source of energy in the process of photosynthesis, whereas in the near-infrared spectral region
(0, 8 micrometers) the energy is not enough to synthesize organic molecules, moreover the absorption
in this wavelength would result in the overheating of the plant and possible damages to the tissues, so
the plants reflects the energy in the near-infrared region.
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The Normalized Difference Vegetation Index is obtained by calculating the ratio between the difference
in reflectance in the red spectral region (TM5 Band 3) and near-infrared (TM5 Band 4), divided by the
sum of these wavelengths, according to the equation:

NIR — Red) 3)

NDVI = (—

NIR + Red
Where, NIR is the near-infrared spectral region that corresponds to the TM5 sensor band 4 and Red is
the red spectral region that corresponds to the TM5 sensor band 3.

NDVI values vary from -1 to +1, and higher values are related to more dense vegetation (e.g. forest)
and lower values are related to less dense vegetation, (e.g. grass fields). Exposed soil values may
vary from 0, 2 to negative values, meanwhile water has negative values.

3. Results and Discussion

Comparison of the NDVI images and the histograms (Figures 5-6) shows that, over the twenty-six
years range, the vegetation in CRPS (Figure 7-9) and in ESECI (Figures 8-10) followed the expected
trend of changes in cerrado vegetation, observed in protected areas, with more open physiognomies
tending to more dense vegetation with higher biomass.
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Figure 5: NDVI Values Histograms for the Fragment of Cerrado Vegetation at Cerrado Reserve “Palmeira da
Serra” (CRPS) in 1985 (Blue) and 2011 (Red)
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Figure 6: NDVI Values Histograms for the Fragment of Cerrado Vegetation at “Estagdo Ecoldgica de ltirapina”
(ESECI) in 1985 (Blue) and 2011 (Red)

Figure 7 presents the NDVI map of the fragment of cerrado vegetation at Cerrado Reserve “Palmeira
da Serra” in 1985. It is possible to find out the heterogeneity of vegetation cover with NDVI varying
from the lowest to the highest values possible for vegetation cover. These lower NDVI values verified
inside the fragment are associated to less dense physiognomies. In Figure 8, the map of the same
fragment shows a more homogeneous vegetation cover with higher NDVI values than in 1985. It
means that the denser physiognomies area increasing in area in the fragment, although we can
observe some patches of lower NDVI values, indicating areas still covered by opener vegetation.
Similar results in interface areas between forest and savannah were found in other studies about
vegetation cover dynamics using remote sensing data [8].
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Figure 7: Fragment of Cerrado Vegetation at Cerrado Reserve “Palmeira da Serra” (CRPS) NDVI image from
1985
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Figure 8: Fragment of Cerrado Vegetation at Cerrado Reserve “Palmeira da Serra” (CRPS) NDVI Image from
2011

In this fragment of cerrado there were indicated two main physiognomies [24]. However it is not
possible to distinguish accurately these physiognomies using NDVI image.

The cerrado fragment at Estacdo Ecolégica de ltirapina is nowadays characterized by campo sujo
interspersed by campo cerrado physiognomy, which is less dense than the physiognomies found at
CRPS. The NDVI map of 1985 for this fragment (Figure 9) shows very low homogeneous NDVI values
with some small patches of slightly denser vegetation, indicating the predominance of grass vegetation
with some shrub layer that changed in the period of twenty six years. It evolved to the vegetation cover
described above and illustrated in Figure 10. Other studies have found the same trend of structural
changes in grass physiognomies in USA, Israel and Australian savannah [25, 26, 27]; all of them in
protected areas against pasture and fire. This tendency, found in both protected fragments in our
study, could be specially related to the warm temperate climate that presents moderate temperature
and moisture [28] favouring forest vegetation. So, when one area in this region is protected from
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pasture and fire, we expect an expansion and development of shrub and tree layer towards a denser
and forest physiognomies [8]. The increase of the frequency of fire in woody vegetation results in the
establishment of opener physiognomies because of high woody mortality rates, which favours grass
vegetation development [29, 30]. The pasture impact is more associated to the trampling damage over
seedlings by the cattle, hindering growth of shrub and arboreal specimens.
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Figure 9: Fragment of Cerrado Vegetation at “Estagdo Ecolégica de Itirapina” (ESECI) NDVI image from 1985
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Figure 10: Fragment of Cerrado Vegetation at “Estagdo Ecoldgica de ltirapina” (ESECI) NDVI Image from 2011

Figure 11 shows the region with lower NDVI values in CRPS that is related to the cerrado sensu strictu
that when compared with other areas inside this fragment presents lower species richness [24]. The
lower NDVI values and species richness may be related to invasion of cattle from adjacent pastures in
the past, although this area is currently under environmental recovery process it still presents a mosaic
of different physiognomies with distinct floristic composition [24].
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Figure 11: Fragment of Cerrado Vegetation at Cerrado Reserve “Palmeira da Serra” (CRPS) Map showing a
Region with Lower NDVI Values, Evidenced by the Red Polygon in 2011 Map

In cerrado there is a tendency of substitution of physiognomies towards a vegetation type called
cerraddo, a dense forest forming a canopy [9]. So, the result expected for Botucatu fragment, if there
was no interference in the vegetation dynamics, was similar histograms of the years 1985 and 2011
indicating the maintenance of the dense vegetation, registered in the former analysis. In this scenario
NDVI could also be higher in 2011 by the replacement of cerrado sensu strictu by cerraddo, however it
was registered lower NDVI values in 2011 (Figure 12). These lower NDVI values may be related to the
human interference in this fragment. Similar results were found in African savannah where degraded
areas also had lower NDVI values than non-degraded areas across all growth seasons [31, 32]. As a
strong correlation has been established between NDVI and vegetation cover, changes in this
vegetation cover can be measured using remote sensing data.
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Figure 12: NDVI Values Histograms for the Fragment of Cerrado Vegetation at Botucatu in 1985 (Blue) e 2011
(Red).

Although fire is a factor of savannah degradation it does not means that it will always influence NDVI
with lower values, once the fire is also important for maintenance of more open physiognomies,
leading to maintenance of NDVI in these less dense physiognomies [32]. In the case of Botucatu
fragment, the fire is a negative impact factor, because of its forest structure, evidenced in both 1985
and 2011 NDVI images (Figure 12-13). Moreover, evidences of fire and gaps opened to install
honeybee colonies for apiculture were observed inside the fragment (Figure 14), besides the historical
selective logging in the region, which may have contributed to the lower NDVI values in 2011 than in

1985.

Evidence of vegetation

replaced
Low:-1

by crops

Figure 13: Fragment of Cerrado Vegetation at Botucatu. NDVI Images from 1985 (Left) and 2011 (Right). The
Vegetation around the Fragment in 1985 was replaced by Crops and Pasture during the 26 Years Period,

Evidenced with Red Polyg

ons in Both Images

International Journal of Advanced Remote Sensing and GIS

565



IJARSG- An Open Access Journal (ISSN 2320 — 0243)

Figure 14: Evidences of Fire and Apiculture for the Fragment of Cerrado Vegetation at Botucatu Municipality, Sdo
Paulo State, Brazil

Furthermore, changes in the land use around the fragment can be observed between 1985 and 2011
(Figure 13), with the replacement of the original vegetation by agricultural crops and pasture,
confirming that this fragment was under human pressures and several types of impact along the
twenty six years period of study.

4. Conclusion

In both protected cerrado fragments studied, the vegetation showed the same tendency of other
protected areas of cerrado in Brazil [8, 9]. This tendency means that physiognomies with lower
biomass and more open vegetation is being replaced by denser physiognomies with higher biomass,
which may continue if maintained protection condition, until reaching the cerraddo physiognomy.

In the cerrado fragment more vulnerable to human impacts, in Botucatu, the NDVI was efficient to
detect disturbances in vegetation around the fragment, such as changes in land use, evidencing the
replacement of natural vegetation by crops. So the NDVI showed to be useful to verify anthropogenic
impacts on vegetation, especially in the Brazilian savannah, which has suffered intensive pressures in
the last decades [2, 4, 33].

Additionally, NDVI seems to be efficient to study and assess the dynamics of cerrado vegetation,
allowing to identify structural changes throughout the period in which the area has been protected.

However, it is not possible to distinguish accurately among different physiognomies of cerrado,
especially the denser ones just using NDVI images, without field check. It stills remains as a limitation
of this method, but efforts should be directed aiming to improve its accuracy.
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