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Modelling of land cover change using support vector machine
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ABSTRACT

Spatially explicit modeling approaches have been successfully applied to analysis of land use and
cover change (LUCC). Theories and methods of LUCC modelling include economic theories, spatial
interactions, cellular automata, statistical analysis, optimisation techniques, rule-based simulation or
multi-agent models (Koomen, Stillwell, 2007). The aim of this study is to introduce the methodology
which combines a relatively new method in LUCC modelling — support vector machine (SVM) — and
frequently used geographical cellular automata (GCA; Ménard, Marceau, 2007) for developing
scenarios of land cover change. The GCA-SVM methodology is implemented to simulate the land
cover dynamics in the Carpathians between 2006 and 2056.

Geographical cellular automata (GCA) models are a combination of the original cellular automata
(CA) and multiple transformations required for the modeling of the geographical space (Ménard,
Marceau, 2007). In general, a simulation environment in the CA models is a space of grids, in which a
set of transition rules determines the attributes which are assigned to each cell. Typically, a linear type
of the rules like multi-criteria evaluation is used in the models (Yang et al. 2008). However, linear
transition rules cannot suitably hold nonlinear characteristics of complex land use or land cover
dynamics. Recently, the nonlinear transition rules based on artificial neural networks (ANN) have
been tested but it was found that ANN are not well-controlled learning machines (Vapnik, 1998, Li
and Yeh, 2004, Ostapowicz and Kozak 2009). In this study, the transition rules are based on SVM.
SVM is a data mining method (for more details see Vapnik 1998) which operates by projecting input
vectors to a Hilbert space in which they can be linearly classified by a hyperplane. The hyperplane is
generated by applying a kernel function to given support vector (Vapnik, 1998, Yang et al., 2008).

Our GCA-SVM model calibration and accuracy assessment is based on the information of LUCC
between 1987, 2000 and 2006 and its driving forces. The analysis concerns five land cover classes:
built-up areas, agriculture, forest, semi-natural areas non-forested areas, and water. The source of
information about past land cover were satellite land cover maps with spatial resolution 30 m
obtained from Landsat TM and +ETM (SVM classification). The driving forces were estimated on a
basis of the Shuttle Radar Topography Mission digital elevation model (the SRTM DEM; elevation
and slope), topographic vector data (roads and railway network — the Digital Atlas of the Matopolska
Region; forest ownership — the Polish State Forest data), socio-economic statistical survey data from
the Polish Central Statistical Office (NUTS 5 level; level of migration, employment in industrial,
agricultural or service sector).

The proposed GCA-SVM model was implemented using SML in Erdas Imagine and imagesSVM
in IDL (www.hu-geomatics.de). The SVM allowed to build the non-linear transition rules for the
GCA simulation. The results of simulation were probabilities of different types of land cover change.
We modelled, based on our knowledge about study area, six types of changes (and six transition
functions): (1) increase of built-up areas, (2) decrease of forests, (3) increase of forests, (4) decrease
of agricultural areas, (5) increase of semi-natural areas, (6) decrease of semi-natural areas. For each
type of change and for each cell the probability of transformation was estimated and assigned. The
decision about a change of cell was based on probability values: transformation type with the highest
probability of change was selected. To control the area of land cover changes and construct
alternative scenarios, various probability thresholds were used. Generally, the cell with probability
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lower than 0.75 were assumed to be stable. Scenarios were generated using the calibrated models
until 2056 (five 10-year iterations). Three types of scenarios were implemented: (A) extrapolation of
the current LUCC processes, (B) cultural landscape conservation, (C) significant increase of forest
cover. We inserted also to our model some additional assumptions derived from e.g. existing
development plans — particularly to outline the areas where changes are unlikely (e.g. within the State
Forest property or in the national parks).

The results suggest that coupling the two different modeling techniques — CGA and SVM provide
new insights into spatial patterns and underlying processes of land cover change. In three scenarios,
two processes were dominated; increase of built-up areas and forest cover but with different
intensities.

ACKNOWLEDGEMENTS

This research is supported by national budget funds for science, 2008-2010. Project N N306 050034

BIBLIOGRAPHY

Koomen E., Stillwell J., Modelling land-use change, Theories and methods. In E. Koomen et al.
(eds.). Modelling land-use change: progress and applications. Springer Verlag: 1-24, 2007.

Li and Yeh, 2004 Data mining of cellular automata's transition rules. International Journal of
Geographical Information Science, 18: 723-744.

Me¢nard, A., Marceau, D.J., 2007 Simulating the impact of forest management scenarios in an
agricultural landscape of Southern Quebec, Canada, using a geographic cellular automata.
Landscape and Urban Planning, 79, 3-4: 253-265.

Ostapowicz K., Kozak J., 2009 Modelling of future land use change with cellular automata. In A. Car,
G. Griesebner, J. Strobl (eds.) Proceedings of the Geoinformatics Forum Salzburg 2009,
Wichmann Heidelberg: 158-159

Yang, Q., Li X., Shi X., 2008 Cellular automata for simulating land use changes based on support
vector machines. Computers & Geosciences, 34: 592-602.

Vapnik V., 1998 Statistical Learning Theory. John Wiley & Sons.




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


