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Biofuels might have a potential benefit to the environment if they actually mitigate greenhouse gases 

emissions. This issue has been widely discussed among both scientists and policy makers and there are still 

controversies mainly due to the direct and indirect effects of land use change that can negatively impact the 

environment [1]. A yearly updated thematic map of sugarcane crop area, including the annual sugarcane crop 

expansion, in the entire South Central Region of Brazil, has been published since 2003 by the Brazilian Space 

Research Institute (INPE) through the Canasat project using remote sensing images from Landsat-5, CBERS-2 

and -2b, and DMC satellites (http://www.dsr.inpe.br/canasat/eng). The information derived by this project has 

been used in Brazil, not only by the private industry related to sugar and ethanol production, but also by 

government and non-governmental agencies related to environmental protection and food production. In Brazil, 

this is the region of major sugarcane cultivation and by far the most important region for recent (last five years) 

and future sugarcane crop expansion. Currently, Brazil cultivates 5.6 million ha of sugarcane in the South Central 

Region from which 3.3 million ha are used to produce ethanol. Only during the last two crop years about 2.1 

million ha were added to the sugarcane cultivated area in this region. The sugarcane crop expansion is a dynamic 

process that has to be monitored over several years in order to detect the correct land use change. This information 

is useful to establish and implement public policies related to food security and to land use zoning. [2] pointed out 

that the direct effects of land use conversion from both grain (annual crops) and pasture to sugarcane crop, and the 

indirect pressure that they put on deforestation as being a negative point for biofuels production in Brazil. [3] 

analyzed the land use conversion from: annual crops, pasture land, forested and reforested areas, to sugarcane 

crop in the entire South Central Region of Brazil in 2007. They visually interpreted Landsat-5 images, acquired 

from 2005 on, in order to identify the prior land use in the 2007 expanded sugarcane crop area. The result was 

quite precise due to the careful visual interpretation of the multitemporal Landsat-5 scenes; however, this is a 

tedious activity and also a time consuming method. Furthermore, they used images, to identify land use 



conversion to sugarcane crop, considering a single crop year to observe a dynamic process that often can take 

more than a single year. In this context, the present work has the objective to evaluate the use of spectral-temporal 

series of EVI/MODIS images to identify the land use cover change dynamic of the sugarcane crop expansion. For 

this study we selected an area located in the North Northwest of Paraná State (49º49’00” W to 53º47’00” W and 

22º21’00” S to 24º34’00” S), which was responsible for 11.0% of the sugarcane crop expansion in the South 

Central Region of Brazil in 2007. The analysis was performed using EVI/MODIS compositions of 16 days from 

February of 2000 to August 2008. The Wavelets technique was used to reduce the noise in the image data set. 

According to the thematic map of the land use change, performed by [3], a total of 366 plots was converted to 

sugarcane crop in 2006 from which 195 (53%) were occupied with pasture land and 171 (47%) were cultivated 

with annual crops in 2005. Spectral-temporal series of medium EVI values (from 2000 to 2008) were obtained for 

each of the 366 plots. Reference spectral-temporal series for the year of 2005 were generated for annual crops and 

pasture land and the spectral-temporal series of each plot, prior to 2005, was analyzed using a k-mean algorithm 

to classify them into either annual crop or pasture land. As input parameters we used data from the period in 

which the greatest difference among the spectral-temporal series were observed. The classification result was 

evaluated using visual interpretation of Landsat images acquired in 2001 and 2002. From the evaluated plots, 91 

(25%) were pasture land in 2001 that were gradually converted to annual crop until 2005. On the opposite, only 

three plots were annual crop in 2001 and gradually converted to pasture until 2005. Therefore, if we consider the 

baseline to be the year of 2001 instead of 2006 the land use change evaluation for annual crops would have 91 

plots less, i.e. 80 (22%) and not 171 (47%) plots of annual crops were converted to sugarcane. In this case, [3] 

largely over estimated the land use changed from annual crop to sugarcane crop and that pasture is by far the 

major source of land used for sugarcane crop expansion to produce biomass for ethanol production. This is a 

strong indicator that ethanol production in Brazil can benefit the environment without major impact on

environment and food security. Also, the spectral-temporal series of EVI/MODIS images 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 crop years. 

[1] Food and Agriculture Organization of the United Nations, The state of food and agriculture. FAO, Rome, 

2008. 

[2] R. Naylor, A.J.  Liska, M.B.  Burke, W.P.  Falcon, J.C. Gaskell, S.D. & C. Rozelle, “The ripple effect: 

biofuels, food security, and the environment”. Environment, K.G. pp 31–43, 2007. 

[3] A.M. Nassar, B.F.T. Rudorff, L.B. Antoniazzi, D.A. Aguiar, M.R.P. Bacchi, M. Adami, “Prospects of the 

sugarcane expansion in Brazil: impacts on direct and indirect land use changes”. In: Peter Zuurbier; Jos van de 

Vooren. (Org.). Sugarcane ethanol. Wageningen Academic Publishers, Wageningen, pp. 63-93, 2008. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Acro8.recommended.6Dec2006_FontEmb'] Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


