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1. Mapping and Forecasting Cultivated Area; 

2. Monitoring of Harvest Practice; 

3. Land Use Conversion Due to Expansion; 

4. Time-series to Monitor Land Use Change. 

 

The Canasat Project 
Monitoring of Sugarcane Crop using Remote Sensing Images 



 

 

Map and Forecast of Cultivated Area 

 

The Canasat Project 
Monitoring of Sugarcane Crop using Remote Sensing Images 

• 90% of sugarcane in Brazil is 

cultivated in the South-Central Region; 

 

• Cultivated sugarcane land went from 

4,3 Mha in 2003 to 8,6 Mha in 2011  



Expansion – new sugarcane plantation 



Renewal  with crop rotation –  18 months sugarcane plant 



http://www.dsr.inpe.br/laf/canasat/ 

RUDORFF, B. F. T.; AGUIAR, D. A.; SILVA, W. F.; SUGAWARA, L. M.; ADAMI, M.; MOREIRA, M. A.Studies on the Rapid 

Expansion of Sugarcane for Ethanol Production in São Paulo State (Brazil) Using Landsat Data. Remote Sensing. 2010; 

2(4):1057-1076. doi: <10.3390/rs2041057> 

http://www.dsr.inpe.br/laf/canasat/
http://www.dsr.inpe.br/laf/canasat/
http://www.mdpi.com/2072-4292/2/4/1057/
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Monitoring of Sugarcane Harvest Practice 

Green Harvest 

Pre-Harvest Burning 



Green harvest    and   Pre-harvest burning 

Landsat-5  18 August 2011 Other than sugarcane 



Harvest 

Season 

Green  

harvest  

Pre-harvest 

Burning 

2006 34.2 65.8 

2007 46.6 53.4 

2008 49.1 50.9 

2009  55.5 44.5 

2010  55.6 44.4 

2011 64.8 35.2 

Percentage of Sugarcane by Harvest Type  

2008 2007 2006 2009 2010 2011 
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Harvested sugarcane area in São Paulo 



http://www.dsr.inpe.br/laf/canacrua/ 

Aguiar, D.A.; Rudorff, B.F.T.; Silva, W.F.; Adami, M.; Mello, M.P. Remote Sensing Images in Support of Environmental Protocol:  

Monitoring the Sugarcane Harvest in São Paulo State, Brazil. Remote Sens. 2011, 3, 2682-2703. 

http://www.dsr.inpe.br/laf/canacrua/


 

Evaluation of land use conversion 

due to sugarcane expansion 
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Safra  Cultivated area (1,000 ha) 

    4,786            5,269              6,221             7,326            8,007            8,341       8,660 

 Relative expansion 

      8.5%            10.0%            16.4%            15.9%           9.0% 4.7%        4.8% 

422 

2011/12 



direct Land Use Change 

Pasture                        Soybean                       Citrus              Arboreous Vegetation 
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Reference Year 2006 

Land use prior to sugarcane expansion over four crop seasons: 2006/07 to 2009/10 

Crop 

Pasture 

Citrus 

Arboreous Vegetation 

NASSAR, A. M.; RUDORFF, B. F. T.; ANTONIAZZI, L. B.; AGUIAR, D. A.; BACCHI, M. R. P.; ADAMI, M. Prospects of the sugarcane expansion in Brazil: impacts on direct and indirect land use 

changes (Peter Zuurbier and Jos van de Vooren) Sugarcane ethanol - Contributions to climate change mitigation and the environment. Wageningen: Wageningen Academic Publishers, 2008. p. 63-

93. ISBN 9789086860906. 

http://www.wageningenacademic.com/Default.asp?pageid=0&docid=16&artdetail=sugarcane&webgroupfilter=950&
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Sampling procedure 

to evaluate the dLUC dynamic 

over the period of 2000 to 2009 

for sugarcane expansion  

from 2006 to 2009 using 

Landsat and MODIS time series 







Land Use Change Dynamic from 2000 to 2009 for  

Sugarcane Expansion during 2006 to 2009 
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Adami, M.; Rudorff, B.; Freitas, R.; Aguiar, D.; Sugawara, L.; Mello, M. Remote Sensing Time Series to Evaluate Direct Land Use Change of 

Recent Expanded Sugarcane Crop in Brazil. In Proceedings of the 1st World Sustain. Forum, 1-30 November 2011; Sciforum Electronic 

Conferences Series, 2011. 



 

 

Thematic Project FAPESP/BIOEN 
Process 2008/56252-0 

 
Environmental and Socioeconomic Impacts Associated with the  

Production and Consumption of Sugarcane Ethanol in South Central Brazil 

 Principal Investigator:  

Bernardo Rudorff (INPE) 

 

Co-Principal Investigators: 

Evlyn Novo (INPE) 

Cláudia Almeida (INPE) 

Karla Longo (INPE) 

Saulo Freitas (INPE) 

Mirian Bacchi (ESALQ-USP) 

Claudio Barbosa (INPE) 

Elisabete Morais (INPE) 

Mauricio Alves Moreira (INPE) 

José Stech (INPE) 

João Lorenzetti (INPE) 

Enner Alcântara (INPE) 
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Sergio Franchito (INPE) 

Luciano Marani (INPE) 

Ely Cortez (INPE) 

Turibio Soares Neto (INPE) 

Maria Cristina Forti (INPE) 

José Alexandre Melo Demattê (ESALQ-
USP) 

Carlos Clemente Cerri (CENA-USP) 

Isaias de Carvalho Macedo (NIPE-
UNICAMP) 

                                             

Associate Investigators: 

Britaldo Soares Filho (UFMG) 

Sandra Hacon (FioCruz - RJ) 

Eliane Ignotti (FioCruz - RJ) 

                                

Work packages 
 1) Temporal-spatial evaluation of sugarcane crop based on remote sensing images 

2) Temporal-spatial analysis of sugarcane albedo and spectral reflectance 

3) Spatial dynamic modelling to generate scenarios for sugarcane crop expansion 

4) Temporal-spatial evaluation of inland aquatic system’s eutrophication 

     in response to sugarcane expansion using remote sensing images 

5) Assessing the regional weather, climate and air chemistry composition impacts  

     of the ethanol sugarcane production in South Central Brazil 

6) Characterization of the atmospheric chemistry composition changes 

    and its impacts associated with sugarcane plantation and ethanol 

    and bioelectricity plants in South Central Brazil 

7) The impacts of Brazilian biofuel program on human health 

8) Social-economic impacts of the expansion of sugarcane activity in the São Paulo 

    State 

 

 

January 2011/December 2014 







Municipality of Buritizeiro, Minas Gerais, Brazil www.dsr.inpe.br/laf/series/ 

http://www.dsr.inpe.br/laf/series/
http://www.dsr.inpe.br/laf/series/




Ex. de Cana 

-22.407711, -50.790675 
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SOY MORATORIUM 
 

MONITORING SOY PLANTATION IN THE 
AMAZON BIOME IN DEFORESTED FIELDS 

AFTER 24TH JULY 2006 



MT RO 

PA 

Soybean in the Amazon biome 

•Brazilian Amazon biome (4.2 Mkm2) has 
   553 municipalities; 

•7.5% of Brazilian soybean is produced in the 
  Amazon biome (1.9 Mha) and concentrated in 
  53 municipalities; 

•Deforestation in the Legal Amazon from 
   2007 to 2010 was 39,026 km2; 

•Deforestation in soy municipalities from 
  2007 to 2010 was 4,862 km2 (12.5%); 

 

 



Monitoring Deforested Fields 
 through Satellite Images 
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• In the 4th year (2010/11) of the Soy Moratorium 11,698 ha were identified as soybean in recent 

deforestations;  

• This soybean area corresponds to: 0.3% of the deforestation in the Legal Amazon since the beginning 

of the Moratorium; 2.4% of the deforestation of soy producing municipalities (3.1% of deforestation > 

25 ha); and 0.6% of the soybean area of the Amazon Biome. 

Rudorff, B.F.T.; Adami, M.; Aguiar, D.A.; Moreira, M.A.; Mello, M.P.; Fabiani, L.; Amaral, D.F.; Pires, B.M. The Soy Moratorium in the Amazon 

Biome Monitored by Remote Sensing Images. Remote Sens. 2011, 3, 185-202. 

Rudorff, B.; Adami, M.; Risso, J.; Aguiar, D.; Pires, B.; Amaral, D.; Fabiani, L.; Cecarelli, I. Remote Sensing Images to Detect Soy Plantations in 

the Amazon Biome – the Soy Moratorium Initiative. In Proceedings of the 1st World Sustain. Forum, 1-30 November 2011; Sciforum Electronic 

Conferences Series, 2011. 
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Canasat & Soy Moratorium Team 
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Fernando Yuzo Sato  Trainee 

Flávia de Souza Mendes Fellowship PCI/INPE 
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Luciana Miura Sugawara Post Doctorate 

Magog Araújo de Carvalho Project contract  

Márcio Pupin Mello  Doctorate Student– SERE  

Marcos Adami  Post Doctorate 

Maurício Alves Moreira  INPE/DSR 

Moisés P. Galvão Salgado Fellowship PCI/INPE 

Naiara Pontes  Trainee 

Ramon Morais de Freitas Doctorate Student– CAP 

Tamara de Morais Fernandes Project contract 
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