Hydrodynamic modelling of coastal inundation
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Background Model Validation (Okushiri 1993) Tsunami Impact Applications

Impact§ to the. t.)uilt.environment .from natural ha?ards such. as riverine flooding, storm. surges or A.NUGPT has been validated ag.ai.nst measured rfzsults from.a wave tank ANUGA is currently being applied in a number of
tsugam1 are critical in understanding the economic and soc1a.l ef.fects on our Co.mmumues. In o?der simulation of the 1993 Okushiri Isl.anq tsunami off Hokkz1.1do, Japap ! projects where impacts from potential tsunami events
to s1mqlate the behav101.1r of wa.lter ﬂow. from such hazards .VVIthln the built env1r9nment, Geoscience (Mat.suyama and Tanaka, 2001). A significant feature of this t§unam1 was a on coastal communities are simulated, examples are
Australia and the Austraha.n I\Tatlona.l University are develoopmg a software modelling tool (called maximum run-up of SZ.m observed at the head of the Monai Vall.ey. T he shown in Figures 4 and 5. Predicting the impact from
ANUGA) for hydrodynamic simulations. The software will eventually be released under an Open wave tank dataset provided bathymetry and topography along with initial a tsunami is not only important for effective warnings
Source license. water depth and the wave specifications. The dataset also contained water

and disaster management, it is also integral to the
quantification of risk to infrastructure, buildings and
communities. A range of plausible tsunami events are
being simulated using the Method of Splitting Tsunami
(MOST) method (Titov, 1997) which models the genesis
of a tsunami event and propagates the wave in deep
water. ANUGA then “picks up” the MOST output near

depth time series from a wave gauge situated offshore from the simulated
inundation area.

Figure 2 compares the observed wave tank and modelled ANUGA water

MOdEI desc I‘i pti on depth at the gauge. The plots show good agreement between the two
time series, with AnuGA closely modelling the initial draw down, the wave

shoulder and the subsequent reflections. The discrepancy between modelled

The software implements the finite-volume method for solving the Shallow Water Wave equation.

Figure 4: Visualisation of ANUGA hypothetical scenario

An advantage of this method is that the study area can be represented by an unstructured mesh with and simulated data in the first 10 seconds is due to the initial condition in simulation illustrating coastal inundation. The maximum a coastline under scrutiny and propagates the wave
variable resolution to suit the particular problem. ANUGA uses a triangular mesh and solves the the physical tank not being uniformly zero. Additionally, ANUGA replicates inundation map is calculated from this output. through the shallow water and onshore. In this way, the
governing equations within each cell to determine the water depth and horizontal momentum over exceptionally well the 32 m Monai Valley run-up, and demonstrates its MOST output becomes the boundary condition for the

time. An important capability of the software is that it can model the process of wetting and drying ANUGA simulation.

as water enters and leaves an area. This means that it is suitable for simulating water flow onto a
beach or dry land and around structures such as buildings.

occurrence to be due to the interaction of the tsunami wave with two

juxtaposed valleys above the coastline, see Figure 3. As ANUGA calculates the water depth and horizontal

momentum throughout the simulation, a map of the
maximum water depth is easily developed and provided
to emergency managers, see Figure 6. The momentum
and velocity data, as well as the time series of water
depth at key locations, adds increased detail to the
estimation of risk and finer detail to evacuation plans.
Current projects include Tsunami Impact Modelling for
Western Australia and support to the Australian

Tsunami Warning System.
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\ Figure 5: Simulation incorporating infrastructure to illustrate
ANUGA’s capability to model water flow around buildings.
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ANUGA /
Figure 1: Data requirements for an ANUGA simulation include; | ' |
topography of the study area, a triangular mesh, definition of 0 5 10 20 25 8 @ avteof ot
initial and boundary conditions, as well as any forcing terms, Time (s) e
such as wind stress. Boundary conditions could capture 5 o102
incoming waves from a range of sources, €.g. output from O o os
other models, runoff or tidal variations. Figure 3: Visualisation of
ﬂ ANUGA output illustrating the Qo2
Sea of Japan ' capability to capture complex,
interacting behaviour, such as

the 32 m Monai Valley run-up.
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Programming

ANUGA is written in the object-oriented programming language Python. Software written
in Python can be readily adapted to changing requirements throughout its lifetime
allowing for a flexible and easy to use interface. Computationally intensive components are
written for efficiency in C routines working directly with the Numerical Python structures. et S tool”.
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Zoppou, C., and S. Roberts (1999), Catastrophic collapse of water supply reservoirs

Figure 6: Example of inundation map provided to emergency in urban areas, Journal of Hydraulic Engineering, American Society of Civil
managers. Here, the map is embedded in a GIS product enabling Engineering, 125(7), 686-695.

emergency managers to use the output as a “decision support

GEOSCIENCE AUSTH

For further information contact;:

SPATIAL INFORMATION FOR THE NATION Ole Niclsen, 61 2 6249 904s

ole.nielsen@ga.gov.au





<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /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 <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 841.890]
>> setpagedevice


