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Evaluation of Priority Order for The Landslide Treatment Using
Biodiversity Index in A Watershed
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ABSTRACT
altitude ranges due to violent tectonic activities and humid tropical weather conditions with ocean surrounded. With

The abundance of endemic species in Taiwan is a great natural treasure accomplished by a diverse

the characteristics of few flatlands, the slope lands are inevitable and have been developed for economic and social
requirement gradually, which has caused habitation shrinking of animal and plant. Furthermore, Taiwan also suffers
disasters such as striking of torrential rains and typhoons during summer season annually, and is vulnerable to land-
slide because of fragile geology which threats to the living things. Thus, to enhance the efficiency of vegetation re-
covery in landslide area can benefit the habitats of species. Typhoon Morakot induced landslides and vegetation re-
covery rate in Kao-Ping watershed can be quickly extracted and/or derived from the satellite images in this study. The
biodiversity index established in the database of the watershed can then be applied to assess the treatment priority of
landslides. The result shows that the highest landslide rate in Chi-Shan and Lao-Nong watersheds are Xiao-Lin and
Ching-Shui Xi sub-watersheds respectively. For vegetation recovery rate, the downstream area is higher than up-
stream area. For treatment priority, the top 10 of sub-watersheds almost distribute in Lao-Nong watershed. It hopes
that the result could provide the related authorities as the references of environmental restoration.

Key Words : Landslide mitigation, Vegetation recovery rate, Biodiversity index.
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Table 3 Error matrix of extracted landslides

Classification Reference data

class HRIEH JEHRIEHE PR
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Table 4 Landslide volume in Chi-Shan and Lao-Nong
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i [E] FRERIAIE (ha) iR () PR (m)
JHUNZ 2,163 166,361,821 7.69
ERZ 5,661 375,937,160 6.64
& 7,823 542,298,981 6.93
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Table 5 Vegetation recovery rate of landslide induced Table 6 Vegetation recovery rate of landslide induced
by typhoon Morakot in Chi-Shan watershed by typhoon Morakot in Lao-Nong watershed
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<0 690.20 3245 | 275.86 1297 | 32591 15.32 <0 2379.85 42.04 | 1366.47 24.14 | 1407.80 24.87
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50-70 121.76 572 | 35434 16.66 | 218.16 10.26 50-70 133.88 236 | 481.96 8.51 381.22 6.73
>70 26.71 1.26 | 409.18 1924 | 23284 10.95 >70 182.06 322 | 596.65 10.54 | 440.51 7.78
=5 2126.84 100.00 | 2126.84 100.00 | 2126.84 100.00 = 5661.44 100.00 | 5661.44 100.00 | 5661.44 100.00
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Table 7 Vegetation recovery rate of landslide induced

by typhoon Morakot in Kao-Ping watershed

a4 20104 20114 20124
wEk [ @M | A% | EW | BA% | mW | BAk
) | b | o | ) | 0 | (w | )
<0 3070.06 36.37 | 1642.33 19.46 | 1733.71 20.54
0-10 | 2021.66 2395 | 151243 17.92 | 1549.94 18.36
10-30 | 1520.75 18.02 | 1644.93 19.49 | 228297 27.05
30-50 711.41 843 | 1146.47 13.58 | 948.93 1124
50-70 255.64 3.03 | 83629 991 | 59939 7.10
>70 208.77 2.47 | 1005.83 11.92 | 673.35 7.98
a3 7,823.28 | 100.00 |7,823.28 | 100.00 |7,823.28 | 100.00
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Fig.9 Illustration of watershed vegetation recovery rate
derived from the outlet scanned along the river
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Table 8 Treatment priority rank in Chi-shan and Lao-Nong watersheds

sk Feokg T WEASE QIR AL R _ “mpen® — 5%
Wi R EER OWEL R B EY e

1 % Ak 003 0.50 007 038 020 000 056 038 054 000 000 000 000 266 47

2 EISE EfEEE 006 0.52 017 050 060 000 023 072 017 000 009 000 000 306 40

3 % fugls 008 0.53 012 038 020 000 023 063 017 000 000 000 000 234 55

124 ZmEszo EERL 007 0.62 100 08 060 016 029 076 026 000 0.1 014 038 527 13

125 Zmpwg Empsg 005 0.82 000 000 000 000 000 000 000 000 000 000 000 087 88




(3]

(3]

KL R - 45(2), 2014 127

SENR

MTZ L&~ AR (2012) 0 TSR T EELDE
oK@ EH e R S ARt A8 F R B H9E ) KR
FFE2E » 44(3) > 295-312 » (Lin, Y.C., Chiang, M.L., and Lin,
C.Y. (2012). “Effects of topographic factors on the vegeta-
tion recovery for the landslides caused by Typhoon Morakot
in the Chishan streams watershed.” Journal of Soil and Wa-
ter Conservation, 44(3), 295-312. (in Chinese))

PRI ~ S ~ MR (2001) 0 T 921 BE S g AR
EERMNEERHE o PR ORRFERHR - 32(1) » 59-66 -
(Lin, C.Y., Wu J.P., and Lin, W.T., (2001). “Monitoring and
Assessment of Vegetation Recovery for the Landslide
Caused by the 921 Earthquake.” Journal of Chinese Soil and
Water Conservation, 32(1), 59-66. (in Chinese))

FRZE ~ HEREE (2009) 0 T 921 SRS AR SRR B S
oA 5 > 921 shEES A R B B bR & w5 -
% &8 5 11-32 - (Lin, C.Y., and Chuang, C.W. (2009).
“Extracting Topographic Information and Monitoring Land-
scape Change for the Landslide Caused by the 921 Earth-
quake.” Proceedings of 921 earthquake and restore the eco-
logical conference, Nantou, Taiwan, 11-32. (in Chinese))
BZ SEE PRI 0 (2004) - TAFTKEME K B
7K & AR 3 0 M7 5 A i
Technology Center for Disaster Reduction (2004). “Evalua-

> (National Science and

tion Report of Shi-Men Reservoir Deposit and Landslide in
the Upstream Watershed.” (in Chinese))

Aguilera, P., Cornejo, P., Borie, F., Barea, J.M., Baer, E.V.,
and Oehl, F. (2014). “Diversity of arbuscular mycorrhizal
fungi associated with Triticum aestivum L. plants growing in
an Andosol with high aluminum level.” Agriculture, Eco-
systems and Environment, 186, 178-184.

Congalton, R.G. (1991). “A review of assessing the accuracy
of classifications of remotely sensed data.” Remote Sensing
of Environment, 37, 35-46.

[7] Congalton, R.G., and Mead, R.A. (1983). “A quantitative
method to test for consistency and correctness in photointer-
pretation.” Photogrammetric Engineering & Remote sensing,
49(1), 69-74.

[8] Gupta R., Garg, N., and Singh, S. (2013). “Stock Market
Prediction Accuracy Analysis Using Kappa Measure.” In-
ternational Conference on Communication Systems and
Network Technologies, Gwalior.

[9] Jensen, J. R. (1996). “Introductory Digital Image Processing
A Remote Sensing Perspective.” Second Edition, Prentice
Hall.

[10] Khazai, B., and Sitar, N. (2000). “Landsliding in Native
Ground: A GIS-Based Approach to Regional Seismic Slope
Stability Assessment.” Internet Report.

[11] Lin C.Y., Chuang, C.W., Lin, W.T., and Chou, W.C. (2010).
“Vegetation recovery and landscape change assessment at
Chiufenershan landslide area caused by Chichi earthquake in
central Taiwan.” Nat Hazards, 210, 55-66.

[12] Lin W.T., Chou, W.C., and Lin, C.Y. (2006). “Assessment
of vegetation recovery and soil erosion at landslides caused
by a catastrophic earthquake: A case study in Central Tai-
wan.” Ecological Engineering, 28(1), 79-89.

[13] Simpson, E.M. (1949). “Measurement of diversity.” Nature
163: 688.

[14] Wilson, J.L. and Gallant, J.C. (2000). “Terrain analysis.”
John Wiley & Son, Inc., 51-58.

2013512 B 26 8 Wiz

201403 8 18 H {&IF

201404 B 02 H &S
(AR EmE 2014 4F 12 H 31 H)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 600
  /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 900
  /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 false
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


