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ABSTRACT   
 
Japan is an island chain located off the north-western rim of the Pacific 
Ocean. Generally, in Japan, precipitation occurs mostly during typhoon 
seasons on the Pacific Ocean side, and in winter (heavy snow) on the 
Japan Sea side. This paper deals with synoptic descriptions of failures 
that occurred in various areas, along with rainfall and failure 
relationships during the typhoons of 2004 in Shikoku. In this paper, the 
effective amount of rainfall that triggered landslides in the Shikoku 
Island during these typhoons was identified along with information of 
occurrence time and landslide-triggering thresholds for Shikoku Island 
were interpreted. 
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INTRODUCTION 
 
Experience shows that landslide occurrences on hill slopes have very 
close relationship with availability of water. As a result, many types of 
landslides occur after heavy rainfall in tropical and temperate climatic 
zones (Jakob and Weatherly, 2003). Landslides triggered by rainfall 
occur in most mountainous landscape of the world. They pose a 
significant natural hazard and they have a high damage potential. Many 
statistically meaningful analyses have been published to demonstrate 
threshold values of rainfall and landslide triggering (e.g., Caine, 1980; 
Wilson and Wieczorek, 1995; Crozier, 1999; Aleotti, 2004; Guzzetti et 
al., 2007). Within the last few years, many studies focusing on rainfall 
thresholds for triggering landslides with hydroclimatic condition, 
antecedent rainfall (Crozier, 1999; Glade et al., 2000), and hydraulic 
conductivity (Terlien, 1998) were conducted. In this context, this paper 
describes some scenarios of rainfall-triggered landslides that occurred 
in Shikoku Island, Japan (north western Pacific Ocean side) during 
various typhoon events in 2004.  
 
It is 225 km long and 50-150 km wide, with more than 80% of land 
consisting of steep mountain slopes. It is a heavily forested 
mountainous region of Japan. It has a few plain areas along the coastal 
lines and elevated peaks in the central part. There are only small 
villages on the mountains but the mountain bases are considerably 
populated. The mean annual precipitation of Shikoku ranges from 
3,500 to 1,000 mm. Shikoku Island can be roughly divided into three 
geological zones: Ryoke, Sambagawa-Chichibu, and Shimanto belts 
from north to south (Fig. 1). 

The three zones are bounded by two northerly dipping major faults, the 
Median Tectonic Line (MTL) and the Butsuzo Tectonic Line (BTL) 
from north to south, respectively. The Ryoke Belt consists of late 
Cretaceous granitic rocks, late Cretaceous sedimentary rocks (Izumi 
Group), and Miocene volcanic rocks (Sanuki Group). Cretaceous 
granite is widely distributed in the north of Seto Inland Sea. The MTL 
topographically marks a distinct sharp boundary for Shikoku Range. 
This range, with a maximum altitude of nearly 2,000 m, is occupied by 
the Sambagawa-Chichibu Belt. The Sambagawa Belt is composed of 
low-grade metamorphic rocks. The southern Chichibu Belt is mainly 
composed of carboniferous to Jurassic sedimentary rocks and low-
grade metamorphic rocks. The Shimanto Belt consists of Cretaceous 
and Palaeogene sedimentary rocks and this belt occupies the two 
southern peninsulas protruding into the Pacific Ocean. The middle 
Miocene granitic and partially gabbroic rocks are sporadically 
distributed along the axes of Muroto and Ashizuri peninsulas. 
 
Owing to the geological and morphological settings, landslides and 
floods caused by typhoon rainfall are frequent in Shikoku. Also, in 
2004, Shikoku experienced extreme events of typhoon rainfall and 
faced huge losses of life and property. In this paper, rainfall events due 
to typhoons of 2004 are critically evaluated and landslide events during 
the rains are also described. The main objectives of this paper are (a) to 
document the pattern of landslides in response to the typhoon rainfall 
events of 2004, (b) to derive the intensity-duration relation of rainfall 
that triggered the landslides during the typhoons of 2004, and (c) to 
determine the effect of typhoon rainfall on the different geological and 
physiographical terrain of Shikoku Island. 
 
TYPHOONS IN JAPAN AND SHIKOKU 
 
Typhoons are the most significant meteorological events for natural 
disasters on earth, which are caused by strong winds, heavy rains, river 
floods, storm surges, and high waves. It is noticed that the horizontal 
scale of a typhoon ranges from several 100 km to a few 1,000 km, 
while that of the cumulonimbus clouds is in the order of 10 km 
(Tsuboki, 2005). The heavy rain is usually localized in the eye wall and 
spiral rainbands. From 1951 to 2005, there were 1,468 typhoon events 
in the northern part of the Pacific Ocean, 163 of which hit the Japanese 
archipelago. In 2004, Japan was hit by 10 typhoons which are the 
maximum annual typhoon events within the last 55 years (Fig. 2) and 
the lowest number of typhoons occurs in February, whereas the highest 
number is in August (Fig. 3). 

Proceedings of the Eighteenth (2008) International Offshore and Polar Engineering Conference
Vancouver, BC, Canada, July 6-11, 2008 
Copyright © 2008 by The International Society of Offshore and Polar Engineers (ISOPE)
ISBN 978-1-880653-70-8 (Set); ISBN 1-880653-68-0 (Set)

795



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice




