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BACKGROUND AND OBJECTIVES
Observations indicate that Earth's natural systems are being affected by climate changes, which arouses
great concern about the human occupation in several regions. Among the causes for these changes, carbon
dioxide (CO2) emissions resulting from land use and land cover changes stand out. Due to its occupation
course, the Amazonian region has lately received a lot of attention from the scientific community in terms
of its influence on the global carbon flow. Although the region is composed by a heterogeneous land-use
mosaic, its amount of agroforestry systems (AFSs) is growing. These systems are part of an important
land-use strategy aimed at life quality, commerce and environmental services such as biodiversity
improvement and carbon fixation. AFSs can be acknowledged as clean development mechanisms (CDMs)
within the Kyoto Protocol context as long as such classification is scientifically endorsed by means of
carbon stock evaluation methods. Few researches are focused on these methods, since there is great
technical and scientific difficulty in obtaining and analyzing the characteristics which are intrinsic to each
agroforest. From that perspective, this study aimed at generating models for the estimation of the amount
of carbon stocked in the epigeous biomass of AFSs located in the Tomé-Açu region, PA, Brazil, by means
of the correlation among spectral variables and biophysical parameters.
APPROACH AND METHODS
Tomé-Açu is part of the Northeastern Pará Mesoregion, Brazil (2º25'00''S / 48º09'09''W). The most
representative original vegetation is the ombrophilous forest, which is currently very altered, and hinting at
the emergence of secondary forests. The methodology used was divided in five phases. (1) Collection and
analysis of field data – surveys were carried out in agroforestry properties according to the example shown
in Figure 1 (a). Fifty-seven 10 x 10 m sample plots were inventoried, and the diameter at breast height
(DBH) of the trees was measured, along with total height (H) for individuals with DBH greater than 2.5
cm. The plots' geographic coordinates were located using global positioning system (GPS). (2) Carbon
estimation in epigeous biomass – four allometric models developed for the Amazonian region were used
with the objective of estimating the vegetation's epigeous biomass, and subsequently the carbon stock (CS)
(HIGUCHI et al., 1998). The field data were then inserted in a geographic database. (3) Preprocessing of
orbital images – this step was performed with the aim of minimizing changes detected in the Landsat 5/TM
satellite image from 2008, shown in Figure 1 (b), and of attenuating geometric and radiometric distortions
(CHUVIECO, 1996; NASA, 2008). The images were geometrically corrected based on the Universal
Transverse Mercator (UTM) projection (zone 22S, SAD 69). (4) Application of vegetation indices –
synthetic images were generated within three groups: a) simple ratio index, b) normalized difference
index, and c) complex index. (5) Generation of carbon maps – the CS (Mg C ha-1) was calculated for each
of the sample plots, classified as AFS 1, AFS 2, AFS 3 and AFS 4. Thus, using the CS obtained on the
field as a dependent variable and the vegetation indices obtained as independent variables the correlation
was calculated from simple linear regression models, and carbon stock maps organized by agroforestry
class were generated.
RESULTS
The AFSs were grouped into four classes (AFS 1, AFS 2, AFS 3 and AFS 4), according to the variability
observed. Carbon stock was estimated in average (47.93 Mg C ha-1) and individually for each class.
Results showed that the AFSs studied are important carbon accumulators, and may contribute to the CO2
sequestration process. The correlations among spectral variables (vegetation indices) and (carbon)
biophysical characteristics obtained by linear regression were, to their greatest extent, significant (r² = 0.54
to r² = 0.84), which indicates potential for carbon stock prediction, as shown in Figure 1 (c). Among the
best models, the ones obtained by Normalized Difference Vegetation Index (NDVI), Ratio Vegetation
Index (RVI), Transformed Soil Adjusted Vegetation Index 1 (TSAVI 1), Simple Ratio (SR 5:3),
Normalized Difference (ND 5:7), Transformed Soil Adjusted Vegetation Index 2 (TSAVI 2) and
Perpendicular Vegetation Index 3 (PVI 3) stood out.
CONCLUSION AND FUTURE PLANS

The vegetation indices tested have positive and significant correlation with the carbon stocked in the
epigeous biomass in the different agroforestry systems at the study region. The results obtained enabled
the generation of carbon maps of the region, which may subsidize sustainable rural development. We
suggest that new studies are conducted using other vegetation indices with the objective of confirming and
expanding the correlation values observed for carbon at each agroforestry class.
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Figure 1. (a) Oblique aerial photography of the agroforestry-system property; (b) Landsat 5/TM satellite
image for 2008; (c) spatial distribution of carbon stock in the region of Tomé-Açu, PA, Brazil.

