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ML ≥ 5

ML 發震次數 平均每年
發震次數

ML < 3 385998 3509
3 ≤ ML < 4 56303 512
4 ≤ ML < 5 9856 90
5 ≤ ML < 6 1843 17
6 ≤ ML < 7 184 2
7 ≤ ML < 8 39 0.4

ML ≥ 8 1

Seismicity
1900.01.01 ~ 2010.02.28

119⁰E~123⁰E, 21⁰N ~26⁰N

資料來源 ： TEC Data Center (http://tecdc.earth.sinica.edu.tw)



Bathymetry and Tectonic Setting near Taiwan



環太平洋地震帯



1600~
災害地震

背景地震

1975-2010
M>5

Importance of 
Studying historical earthquakes

20160206 
美濃地震 (M6.5)



 Active faults/Seismogenic
Structure                               
活動斷層 孕震構造

 Historical earthquakes 歷
史地震

 Geodetic strain 大地變形

 Ground motion prediction 
equations and simulation                                     
地動預估及地震景況模
擬

 Shaking amplification in 
soil and basins 放大效應

 Exposure  暴露性

Population

Buildings

Remote sensing

 Vulnerability 脆弱性

Damage data

Fragility functions

 Decision tools 政策 =>防
救災

 Urban scenarios 景況 =>
防救災

 Risk transfer tools 轉移 =>
保險

 Building design codes 

耐震 =>工程

Hazard 危害
(PSHA 2015)
(faulting & shaking)

Risk 風險
(deaths & damage)

Social Impact
(change actions)

台灣地震模型: 台灣地震危害潛勢
Taiwan Earthquake Model (TEM)  2013~
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Global Earthquake Model, GEM, OpenQuake
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地殼地震

隱沒帶地震

地震動預估

發生機率
地震動機率
（震度機率）
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未來五十年超越機率10% 地震危害潛勢 National Seismic Hazard Map
(10% exceedance in 50 years on ground motion, 475 years return period)

Peak Ground Acceleration, PGA       Response Spectra, Sa0.3 sec             Sa1.0 sec



竹科

中科

南科





Sa Intensity level with period

0.43g
0.33g

475 years return period 2475 years return period



PGA with Exposure time

0.43g
0.33g



Disaggregation in Magnitudes and Distances



Taiwan Seismic and GPS Network since 1991    計算程式建構 (2002~)
臺灣地震及地球物理觀測網

Broadband Stations > 60 
Strong Motion Stations> 900 
Short-Period + Boreholes Stations
Continuous GPS ~ 400
Strainmeters~ 15



• Scenario earthquake simulations increase 
understanding of ground motions

• Computes seismograms from 0-10 Hz
• Valuable in determining seismic hazard
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Simulation of
1999 Chi-Chi
Eartqhuake

集集地震震波傳遞 模擬

1999 Chi-Chi 
wave
propagation 
simulation

中研院地球所
李憲忠

Lee et al., 2005



Strong‐motion simulation is more precise when considering asperity distance
to site. (Cohee et al., 1991) 

Predicting strong ground motions with a “Recipe”.  (Irikura, K.,  2006) 

Earthquake Physics and Seismotectonics Laboratory

震源: 斷層機制 幾何 滑移分布

路徑

場址

地震情境模擬



 台南的地震危害度主要來自規模
6的地震，以及10公里內的震源



21

‐科技部臺灣地震模型公布之

50年內孕震構造發震機率數據

‐選取南科半徑20公里範圍內

最大潛勢規模與發生機率之孕

震構造－中洲構造

指標性分析之中洲孕震構造



Scenario Simulation from the Chungchou Structure
- Ground motion simulation (up to ~ 0.8 Hz)
- 3-D velocity model (Kuo-Chen et al., 2012)
- ETOPO1 topography 

Vector Norm of Ground Velocity

strongweak
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475年均布危害度反應譜及調適地震歷時，供結構設計參考

ID_01景況模擬調適地震歷時
Case of ID_01

475年均布危害度反應譜
Response Spectrum



現地預警

區域預警

地震預警

EEW



V      VI+

預警期望時間

＊持續發展以新科技爭取預警時間
智慧定位智慧訊息自動控制

規模

距
離

時
間



地震

主震
前震機率？

餘震

Log N=a‐bM;   b~1
地震的次數與規模的關係
小地震多
大地震少

另一主餘震系列

餘震次數隨時間遞減
N(t)=k/(c+t)p   p=0.75‐1.5

地震：主震 (前震) 餘震系列
隨時間變化的機率活動行為評估
＝> 餘震行為預估

餘震地震動值預估

?
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地動潛勢及危害度分析

Science – Engineering – Industry

(social‐economic impact)

• 整合相關技術與地質調查研究資料，建立地震
危害度分析結果與相關參數，並整合地球科學
與地震工程領域之共識，依防救災需求產製更
細緻之地震災害潛勢圖資

 由定性至定量的地震危害分析提供重要建設的地震
危害及風險分析
工業 4.0 防災 4.0 New era on Disaster Reduction

 減少地震造成的社經衝擊
數位防災（由數據＝>對策）

『震識』社群部落格
https://www.facebook.com/quakeledge/

(Sendai  Framework for Disaster Risk 
Reduction, SFDRR）



台灣地震科學中心

1862 台南地震







台南地震



地動潛勢及危害度分析

Science – Engineering – Industry

(social‐economic impact)

• 整合相關技術與地質調查研究資料，建立地震
危害度分析結果與相關參數，並整合地球科學
與地震工程領域之共識，依防救災需求產製更
細緻之地震災害潛勢圖資

 由定性至定量的地震危害分析提供重要建設的地震
危害及風險分析
工業 4.0 防災 4.0 New era on Disaster Reduction

 減少地震造成的社經衝擊
數位防災（由數據＝>對策）

『震識』社群部落格
https://www.facebook.com/quakeledge/

(Sendai  Framework for Disaster Risk 
Reduction, SFDRR）







<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /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.)
  >>
  /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


