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ABSTRACT

On December 26, 2004, a devastating earthquake initiated off the western coast of Sumatra, Indonesia, and propagated roughly 1200 km to the north.
This earthquake created seismic and tsunami waves that affected people who live around the entire Indian Ocean region. The Sumatra-Nicobar-
Andaman Earthquake (Sumatra Earthquake) had a moment magnitude of Mw9 (or possibly higher), making it one of the largest earthquakes ever
recorded. The most severe damage occurred in low-lying coastal regions of Indonesia, Thailand, Sri Lanka and India. The tsunami destroyed much of
what lay in its path and resulted in an international human tragedy with an estimated one-quarter million deaths or more. This poster compares the 2004
Sumatra earthquake and tsunami with the Cascadia Subduction Zone. Comparisons between plate tectonic settings, recent earthquakes, probabilistic
ground motions, and damage and loss (actual for Sumatra versus projected for Cascadia) are provided. There is a section on damage patterns noted in
Thailand. It concludes with some of the lessons learned from the 2004 Sumatra earthquake and tsunami and future science and policy actions items.
Findings indicate that structures and lifelines should require modern engineering design and construction, including tsunami-resistant buildings (at least
for more important structures), tsunami education for communities, and regional tsunami warning systems.

I. SUMATRA EARTHQUAKE VERSUS CASCADIA SUBDUCTION ZONE
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(USGS Earthquake Hazards Program Website, 2004)

(USGS Earthquake Hazards Program Website, 2004)
Cascadia Subduction Zone Setting
and Recent Earthquakes

Indian Ocean Subduction Zone Setting
and Recent Earthquakes

Cascadia Earthquake Summary Statistics

Date; TBA (last earthquake January 26, 1700)
Frequency: 10%-15% chance in 50 years
Magnitude: M,8.5-9.0

Length of Shaking: Estimate of 5 minutes +

Type: Subduction Zone (Juan De Fuca Plate>North

Sumatra Earthquake Statistics

Date: 2004 December 26 00:58:53 UTC
Frequency: Every few hundred years

Magnitude: M, 9.0 (or possibly 9.3)

Length of Shaking: ~7-10 mins

Type: Subduction Zone (India Plate>Burma Plate)

Rate of Movement: ~6 cm/yr American Plate)

Rupture Length: ~1200 km fault rupture Rate of Movement: ~4cm/yr

Tsunamis: local ~30 m; distant ~11m Rupture Length: ~1000 km

(Park and Others, 2005, Stein and Okal, 2005, and USGS Earthquake Hazards Program Website, 2005) :!;gb Ina }znls. of‘fshore thrust creates local and d_lstant
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Peak Ground Acceleration (m/s?) with 10% Probability of Exceedance in 50 Years
(Global Seismic Hazard Assessment Program Website, 2004)

Peak Ground Acceleration (m/s?) with a
10% Probability of Exceedance in 50

(Frankel, A. and others, 2002)

Peak Ground Acceleration (%g) with a
10% Probability of Exceedance in 50

Cascadia Earthquake Damage and Losses Statistics
Fatalities: ~5,000 in Oregon (Global unknown)

Sumatra Earthquake Damage and Losses Statistics
Fatalities: ~100,000 in Sumatra (~300,000 Global)
Estimated Losses: Untold billions Estimated Losses: ~$12 billion in buildings in Oregon
Displaced Population: ~425,000 in Sumatra (~1.1 Displaced Population: ~17,000 in Oregon (Global
million Global) unknown)

(USGS Earthquake Hazards Program Website, 2004) (Wang, 1999)

Il. DAMAGE PATTERNS NOTED FROM THE SUMATRA EARTHQUAKE

A) Extensive scouring and erosion from tsunami wave ~ B) Structures that allow water to flow through
forces exacerbated by debris laden receding waters

generally performed better

(Wang, 2005) N (Wang, 2005)
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(Wang’. 2005) (Wang, 2005)
C) Protection from tsunamis, even as minimal as D) Local and distant tsunamis were both destructive. Run up heights
this sea-wall, generally had less landward damage and inundation distances were, in places, surprisingly extensive

Ill. LESSsONS LEARNED FROM SUMATRA EARTHQUAKE

- Global scale disasters are getting bigger and more expensive

- Strong ground shaking for ~5+ minutes

- Coseismic subsidence ~2 m

- Damaging near field (local) and distant tsunamis

- Education was not part of the culture in communities within tsunami zones
- Tsunami design was not included in building code

- Regional tsunami warning system was needed

IV. SCIENCE AND PoOLICY ACTIONS NEEDED

- Need more scientific studies and understanding of the hazards, including
damage and loss studies

- Apply the science to public policy such as: including tsunami design in the
building code and incorporating education into the culture of communities
within tsunami inundation zones

- Government to community level support of comprehensive mitigation
programs and modern engineering design and construction

- Perform pre-disaster mitigation of emergency facilities, schools, and
infrastructure

REFERENCES

Clague, J., Atwater, B., Wang, K., Wang, Y., Wong, L, 2000. Penrose Conference 2000: Great Cascadia ial. Oregon De of Geology and Mineral Industries, Special Paper 33.

Frankel, D., Petersen, M., Mueller, C., Haller, K., Wheeler, R., Leyendecker, E., Wesson, R., Harmsen, S., Cramer, C Perkins, D., Rukstales, K., 2002. Documentation for the 2002 Update of the National Seismic Hazard Maps, USGS Open-File Report 02-420
Global Seismic Hazard Assessment Program (GSHAP) Website, 2004. Seismic Hazards Map of GSHAP Region 10, South-West Pacific, http://www.seismo.ethz.ch/ GSHAP/

NASA Earth Observatory Natural Hazards Website, 2004. Modeled maximum wave height (top) and travel time (lower) for the Indian Ocean Tsunami of December 26, 2004 http:; atory.nasa.gov/)
Park, J., Anderson, K., Aster, R., Butler, R., Lay, T., Simpson, D., 2005. Global Seismic Network Records the Great Sumatra-Andaman Earthquake, EOS, American Geophysical Union, Volume 86, Number 6
Priest, G., 2000. Digital reissue of tsunami hazard maps of coastal quadrangles originally mandated by Senate Bill 379 (1995), Oregon Department of Geology and Mineral Industries, Open File Report 0-00-05.
Stein, S. and Okal, E., 2005. Long period seismic moment of the 2004 Sumatra earthquake and implications for the slip process and tsunami ion. http://www.earth 2 html
USGS Earthquake Hazards Program Website, 2004. itude 9.0 tr d: Islands Off the West Coast of Northern Sumatra 2004 December 26 00:58:53 UTC, http: //ea ke.usg; i

Wang, Y., 1999, Risk assessment and risk management in Oregon, American Society of Civil Engineers Technical Council on Lifeline Earthquake Engincering for the Sth U.S. Conference in Seattle Washington, 10 pp.
Wang,Y., 2005. Unpublished site photos from ASCE sponsored reconnaissance field trip to Thailand.

(Priest, 2000)

Tsunami inundation mép and
aerial photo of Newport, OR

ds /natural_hazards_v2.php3?img_id=12645

2004/ussl ing_lg gif

Acknowledgments: American Society of Civil Engineers (ASCE); Technical Council on Lifeline Earthquake Engineering (TCLEE)

WWW.ORECGONGEQLOGY . COM





<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


