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multi-source geospatial data using neural networks and Kriging interpolation
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Abstract:

Several projects aiming for a better understanding of the state of Canadian forests and
designing techniques for fast and effective interpretations of their situation have been carried out
or are being developed by a great number of universities and institutions. Among these projects,
we have the "Earth Observation for Sustainable Development (EOSD)" project which aims at
developing techniques for monitoring forest ecosystem changes, estimating biomass and
automated data processing to create tools for forest inventory. In this research context, our study
has as objectives the estimation and the mapping of aboveground forest biomass, using inventory
plot biomass data, remote sensing and/or environmental data. Forest biomass is defined as the
mass of the aboveground portion of live trees per unit area (Bonner, 1985). Forest biomass
contributes to the reduction of greenhouse gases like atmospheric CO,, by fixing it and thus
allowing the creation of carbon stocks. Besides, forest biomass is also related to indicators of
forests sustainable development, forest productivity and ecosystem processes. Thus, monitoring
the aboveground forest biomass changes can yield a wealth of information relating to the state of
our forests. Several methods of biomass mapping have been developed in pilot regions across
Canada within the framework of the Earth Observation for Sustainable Development (Fournier et
al. 2003; Hall et al. 2006a; Labrecque et al. 2006; Luther et al. 2006). Some of these methods
map forest biomass from forest structure (Exp.: BioCLUST, Luther et al. 2006; BioSTRUCT,
Hall et al. 2006b). Others directly use inventory plot biomass data using the k-nearest neighbour
approach (kNN, Guindon et al. 2005). An other approach called BioSF method is based on
Shadow Fraction (SF) extracted from high resolution imagery such as QuickBird or Ikonos to
derive surrogate plots (Leboeuf ef al. 2007). The generated surrogate plots are then used as inputs
to any of the above-mentioned methods.

The present study develops another method of aboveground forest biomass mapping from
Ikonos high resolution satellite imagery and geospatial data. We assessed a geostatistical method
(ordinary kriging) to map the biomass estimated with the neural networks approach trained with
inventory plot biomass data. The study area, covering approximately 19720 hectares, is located in
the North-West of New Brunswick (Canada). Reference biomass values by group of species
(spruce, balsam fir, intolerant hardwood, tolerant hardwood and other conifers) were estimated
using the equations of Ker (1980, 1984) and inventory data from permanent sample plots (PEP)
of 400 m*. Following an image pre-processing, a fusion of different bands of the Ikonos image
(red, green and near infra-red bands with the panchromatic one) by means of the Brovey method
at 1 m spatial resolution was carried out. The fusion was followed by a supervised classification
based on the maximum likelihood method which yielded a result of 70.4% accuracy. The
obtained classified image presented the five species groups inventoried in the field study.
Thereafter, various vegetation indices (NDVI: normalised difference vegetation index, TSAVI:



transformed soil adjusted vegetation index, ARVI: atmospherically resistant vegetation index,
OSAVI: optimized soil-adjusted vegetation index, etc.) and texture parameters (entropy,
homogeneity, average, second angular momentum, etc.) were extracted from the Ikonos image.
The extracted Ikonos data were then combined with geospatial data (DEM, slope, aspect, soil
type, drainage, precipitation, etc.) at the same 1 m spatial resolution. Inventory plots biomass
values estimated by group of species were used for the neural networks (Multilayer Perceptron
Network model) training with the backpropagation algorithm. For all species groups, the neural
networks estimates showed excellent values of standard deviations ratios for both validation and
training plots, ranging between 0.003 and 0.196, and 0.5 and 0.7, respectively. Thereafter,
biomass values for sample pixels generated randomly by group of species were predicted with the
Multilayer Perceptron Network model. Then, sample pixels biomass values of each group were
used to derive biomass values of other pixels of the same species group by interpolation with the
ordinary kriging method using five different variogram models. In order to take into account
discontinuities of the forest environment related to variations in forest types, cut areas, streams,
fires and others, the cartography of biomass by kriging was carried out for each species group
within corresponding polygons of the same species group derived from the classified image
converted into five binary images (one binary image for each species group). For each species
group, a biomass map showing only pixels of that group was obtained. A fusion of the five
biomass maps representing the five groups of species was finally carried out to generate the
biomass of the study zone. Among the various variogram types considered, the Gaussian one was
retained; it yielded the best biomass estimates by comparison with reference biomass values, with
percentages of residual errors ranging between 2,6 and 9,8% (absolute value) and percentages of
RMSE (root mean square error) ranging between 17,2 and 61,1%.

Reference:

Bonner, G.M. 1985. Inventory of forest biomass in Canada. Petawawa National Forestry Institute, Canadian Forest
Service, Ontario.

Fournier, R.A.; Luther, J.E.; Guindon, L.; Lambert, M.-C.; Piercey, D.; Hall, R. 2003. Mapping aboveground tree
biomass at the stand level from inventory information, test cases in Newfoundland and Quebec. Can. J. For.
Res. 33:1846-1863.

Guindon, L.; Beaudoin, A.; Leboeuf, A.; Ung, C.-H.; Luther, J.E.; Coté, S.; Lambert, M.-C. 2005. Regional mapping
of Canadian subarctic forest biomass using a scaling up method combining QuickBird and Landsat imagery.
Pages 71-75 in Proceedings FORESTSAT 2005: Operational Tools in Forestry using Remote Sensing
Techniques, 31 May — 1 June 2005, Boras, Sweden.

Hall, R.J.; Price, D.T.; Raulier, F.; Arsenault, E.; Bernier, P.Y.; Case, B.S.; Guo, X. 2006a. Integrating remote
sensing and climate data with process models to map forest productivity: Ecoleap-West. The Forestry
Chronicle 82:159-176.

Hall, R.J.; Skakun, R.S.; Arsenault, E.J.; Case, B.S. 2006b. Modeling forest stand structure attributes using Landsat
ETM+ data: Application to mapping of aboveground biomass and stand volume. Forest Ecology and
Management 225:378-390.

Ker, M.F. 1984. Biomass equations for seven major maritimes tree species, Canadian Forestry Service. Maritime
Forest Research Center Inf. Rep. M-X-148.

Ker, M.F. 1980. Tree biomass equations for seven species in southwestern New-Brunswick. Canadian Forestry
Service Inf. Rep. M-X-114.

Labrecque, S.; Fournier, R.A.; Luther, J.E.; Piercey, D.E. 2006. A comparison of four methods to map forest biomass
from Landsat-TM and inventory data in western Newfoundland. Forest Ecology and Management 226:129—
144.

Luther, J.E.; Fournier, R.A.; Piercey, D.E.; Guindon, L.; Hall. R.J. 2006. Biomass mapping using forest type and
structure derived from Landsat TM imagery. International Journal of Applied Earth Observation and
Geoinformation 8:173-187.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /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 true
  /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 true
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


