
• Hyperspectral/narrow-band:

(1)

• ASTER:

(2)

• Landsat TM:

Introduction

• Conservation tillage practices, which leave increased 
quantities of crop residue cover, improve soil structure, 
reduce soil erosion, and increase soil organic carbon (SOC) 
content.

• Technology for biofuels from cellulosic ethanol could result 
in a reduction in conservation tillage and surface residues, 
which could further deplete soil organic carbon stocks.

• The quantity of non-photosynthetic vegetation is also an 
important indicator of rangeland quality and soil health, and 
also predicts potential for forest and range wildfires.

• Field methods currently used for crop residue cover 
estimation are tedious and subject to operator bias.

• A number of remote sensing methods were developed for 
remote estimation and assessment of crop residue cover.

• Most remote sensing methods met with limited success, 
except for the Cellulose Absorption Index (CAI), which is 
based upon a distinct spectral feature limited mostly to 
residues (Daughtry et al., 2001).

• Other methods used include the ASTER Lignin-Cellulose 
Absorption (LCA) Index (Daughtry et al., 2005) and the 
Landsat TM indices NDTI (van Deventer et al., 1997), NDI 
(McNairn and Protz, 1993, and NDSVI (Qi et al., 2002).

• Globally, soils have different mineral and organic matter  
compositions, which may bias estimates.

A. Conventionally tilled field B. No-tilled field

D. Line-transect. E. Photographic. F. Photo comparison.

Residue cover measurement methods

Study objective

Evaluate spectral indices for detection of crop residue/non-
photosynthetic vegetation and make recommendations for 
future satellite sensor bands.
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Spectral datasets
• Data from Brown et al. (2006), which were acquired from a 

subset of the USDA-NRCS National Soil Survey Center’s 
Characterization Data Library (Lincoln, NE).

• Hyperspectral imagery collected by SpecTIR LLC (Sparks, 
NV) over Fulton and Cass counties in Indiana on May 29, 
2006.  Ground-truth acquisition utilized line-transect data.
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CAI is better for assessing residue cover than 
ASTER or Landsat TM-based indices

• Soil index values are dependent upon mineralogy, 
SOC, and particle size.

• CAI separates residues best from soils and green 
photosynthetic vegetation.

• LCA also shows good separation among residue, most 
soils, and green photosynthetic vegetation.

• However, LCA is sensitive to mineral absorptions, e.g., 
carbonates.

• All Landsat TM-based indices show higher significantly 
higher values for green vegetation than soils or 
residues. 

• Thus, any green photosynthetic vegetation will strongly 
bias Landsat TM index values for non-photosynthetic 
vegetation/crop residue.

• While green vegetation affects CAI and LCA, it is less 
of an issue.

• Green vegetation is particularly an issue if acquisitions 
become delayed after planting due to weather, or if 
fields have abundant weeds.

• Of the Landsat TM indices, NDTI has the best 
separation between soils and residues; other indices 
show poor or no separation.
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Spectral indices used in this study
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Airborne SpecTIR data show that CAI has the highest accuracy

• CAI had the highest r2 and lowest RMSE of any of the indices.

• CAI also had the highest accuracy for separating residue 
classes.

• LCA also produced acceptable results with respect to accuracy.

• NDTI fared the best for Landsat-TM based indices, but was not 
as effective for residue cover estimation as CAI or LCA.

• NDSVI, NDI5, and NDI7 were ineffective for residue cover 
estimation.

• Two-sample Z-test of the k-hat statistic from show NDTI is 
significantly less accurate than CAI (Z = 2.99, where Zcritical = 
1.96 and P = 0.9986) for classification of residue cover.

Recommendations for future sensors

• Thus, we recommend for future multispectral sensors that 
Landsat TM band 7 be replaced with multiple SWIR bands 
similar to ASTER, by including the CAI bands. 

• The CAI bands should be centered at 2031, 2101, and 2211 
nm with a narrow band width to detect cellulose 
absorption.

• Including CAI bands in future sensors would benefit the 
following monitoring applications:

•Tillage determination and carbon sequestration

•Rangeland health and soil quality

•Brush and forest fire risk

• These multiple SWIR bands could be averaged to provide 
an equivalent Landsat TM7 band for data continuity.

202fR ≥ 0.3

469fR < 0.3

fR ≥ 0.3fR < 0.3Class

1714fR ≥ 0.3

757fR < 0.3

fR ≥ 0.3fR < 0.3Class

References

• Brown, D.J., Shepherd, K.D., Walsh, M.G., Mays, M.D., & Reinsch, T.G. (2006). Global soil characterization with VNIR 
diffuse reflectance spectroscopy. Geoderma, 132, 273-290

• Daughtry, C.S.T. (2001). Discriminating crop residues from soil by shortwave infrared reflectance. Agronomy Journal, 93, 
125-131

• Daughtry, C.S.T., Hunt, E.R., Jr., Doraiswamy, P.C., & McMurtrey, J.E., III (2005). Remote sensing the spatial distribution of 
crop residues. Agronomy Journal, 97, 864-871

• McNairn, H., & Protz, R. (1993). Mapping corn residue cover on agricultural fields in Oxford County, Ontario, using Thematic 
Mapper. Canadian Journal of Remote Sensing, 19, 152:159

• Qi, J., Marsett, R., Heilman, P., Biedenbender, S., Moran, S., Goodrich, D., & Weltz, M. (2002). RANGES improves satellite-
based information and land cover assessments in southwest United States. Eos, 83, 601-606

• van Deventer, A.P., Ward, A.P., Gowda, P.H., & Lyon, J.G. (1997). Using Thematic Mapper data to identify contrasting soil 
plains to tillage practices. Photogrammetric Engineering and Remote Sensing, 63, 87-93

Ground data

C
AI

N
D

TI
Ground data



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


