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Introduction 
The possible consequences of CO2 enhancement in the atmosphere in 
response to the use of fossil fuels as well as the rise of oil prices have triggered 
a global interest in biofuels, since they are considered less pollutant and 
renewable sources of energy. Studies indicate a future replacement of 5% up to 
50% of the global energy supply by biofuels. However, the effective reduction of 
global carbon emissions from biofuels production is highly dependent on the 
direct and indirect land use and land cover (LULC) change. Remote sensing 
imagery and Geographic Information Systems (GIS) play a major rule in issues 
related to direct and indirect LULC change. Brazil is the largest world producer 
of sugarcane and is likely to continue increasing its production in response to a 
potential world demand of ethanol and sugar. The Brazilian South-Central 
region has a favorable climate and plenty of land available to produce 
sugarcane. This region is responsible for about 90% of the Brazilian sugarcane 
production. A major expansion of 3.5 Mha in the sugarcane area was observed 
in the South-Central region between 2005 and 2010. The present work has the 
objective to analyze the direct LULC change in response to sugarcane 
expansion in the entire South-Central region of Brazil. 
 
Results and Conclusions 
Yearly thematic maps of sugarcane for crop years 2005 to 2010 derived from 
Landsat images were analyzed using time series of MODIS/EVI2 data from 
2000 to 2009 to evaluate the LULC transition patterns. The wavelets technique 
was used to reduce the noise present in the MODIS temporal image data set. A 
total of 1035 pure pixels of MODIS images (250 x 250m) over the sugarcane 
expansion area were systematically sampled. Each MODIS pixel from the time 
series was carefully analyzed with the aid of several Landsat-5 TM images 
acquired on key periods in order to correctly identify the previous land use 
converted to sugarcane. Adopting the year 2000 as reference year for the LULC 
change analysis it was observed that: 69.8% of the converted sugarcane area 
was previously covered with pasture land; 26.2% was previously used by 
annual crops; 0.6% was previously covered by native vegetation; and 3.4 % 
was already covered with sugarcane that was being renovated to new 
sugarcane crop. In order to improve the physical soil characteristics it is a 
common agricultural practice to change the land use from pasture to annual 
crop (e.g. soybean) for one to two years before introducing the sugarcane crop. 
It was observed that 35% of the pasture land in 2000 was first converted to 
annual crops and then to sugarcane. New grassland for cattle pasture is 
currently being incentivized, in Brazil, by increasing the herd carrying capacity 
rather than converting new land (forest) into pasture land as was commonly 
done in the past. It was also observed that the 0.6 % of native vegetation 
changed to sugarcane was previously converted to either annual crop (33%) or 



pasture land (67%). The results clearly show that the direct LULC change for 
the recent and major sugarcane expansion for ethanol and sugar production in 
the South-Central region of Brazil is predominantly occurring on pasture and 
agricultural land. This is a strong indicator that ethanol production in Brazil can 
benefit the environment without major impact on environment and food security. 
Also, the temporal series of MODIS/EVI2 data are adequate to identify and 
correctly classify annual crops and pasture land providing an objective and 
relatively fast procedure to evaluate the land use changed to sugarcane crop 
over a wider range of years. 
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