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ExampleExample 2: 2: ModelsModels withwith real real 
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NearNear surfacesurface layerlayer issuesissues
DelayDelay causedcaused by by 
TopographyTopography, , 
heterogeneityheterogeneity in in 
thicknessthickness andand velocitiesvelocities
(Statics).(Statics).
CriticalCritical forfor convertedconverted
waveswaves: time : time delaysdelays can can 
be be aboutabout 100 100 msms..
NoiseNoise generatedgenerated atat thethe
NSL: NSL: RayleighRayleigh waveswaves andand
so so onon..
How How toto overcomeovercome thesethese
issuesissues??



FD 2D FD 2D ElasticElastic modellingmodelling

FiniteFinite differencedifference correspondscorresponds toto thethe
wavewave equationequation: P, : P, SvSv, , RayleighRayleigh..
TopographyTopography can be can be implementedimplemented. . 
RealisticRealistic..
MethodsMethods forfor analysisanalysis andand filteringfiltering can can 
be be testedtested. . 



TopographyTopography implementationimplementation

Stencil: staggered grid by Levander, 1988.
Topography by Hayashi et al., 2001.



ModelsModels testedtested
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•Not horizontal surface.
•Near Surface Layer about 40 m in thickness
•Near Surface Vp about 900 m/s.
•A flat reflector.
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EXAMPLE 1:EXAMPLE 1: SlopingSloping flatflat surfacesurface
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Source Freq=20 Hz
Slope=~45°
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NSL Case 1: NSL Case 1: ThicknessThickness 20 m20 m
VpVp//VsVs=4=4




Case 1: Case 1: ThicknessThickness 20 m20 m



Case 2: Case 2: ThicknessThickness 50 m50 m
VpVp//VsVs=2=2




Z-component X-component

NSL Case 2: NSL Case 2: ThicknessThickness 50 m50 m
VpVp//VsVs=2=2



FlatFlat slopeslope: : PolarizationPolarization analysisanalysis

With Near surface layer Without Near surface layer



EXAMPLE 2:EXAMPLE 2: Real Real topographytopography
modellingmodelling
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•Based on a real setting in the Andes (Colombia).






SeismogramSeismogram: real : real topographytopography

Vertical Component Horizontal Component



ComparisonComparison: : SeismogramSeismogram withoutwithout
a a NearNear SurfaveSurfave lowlow--velocityvelocity LayerLayer

Vertical Component Horizontal Component



DiscussionDiscussion
NoiseNoise generatedgenerated by by thethe NearNear SurfaceSurface
LayerLayer showsshows relationrelation toto velocitiesvelocities, , 
thicknessthickness, , sourcesource signaturesignature.   .   
How real are How real are thesethese resultsresults??
SomeSome effectseffects can be can be relatedrelated toto thethe
algorithmalgorithm implementationimplementation: 2D : 2D elasticelastic, , 
discretizationdiscretization ((surfacesurface).).
RequiredRequired testingtesting ofof algorithmsalgorithms..
AlsoAlso requiredrequired improvementimprovement in in geologicalgeological
modelsmodels..



Final Final remarksremarks
FD FD isis a valuable a valuable tooltool toto studystudy thethe
characteristicscharacteristics ofof real real seismogramsseismograms relatedrelated
toto NearNear surfacesurface problemsproblems andand toto testtest
processingprocessing methodsmethods. . 
ViscoelasticityViscoelasticity andand anisotropyanisotropy can can havehave
meaningfulmeaningful effecteffect, , andand couldcould be be 
implementedimplemented in FD. in FD. 
ShortcomingShortcoming: : ComputerComputer costcost..
TheThe resultsresults agreesagrees withwith real data real data thatthat, , 
underunder somesome conditionsconditions, , seismicseismic eventsevents
((speciallyspecially convertedconverted waveswaves) are ) are difficultdifficult toto
observe. observe. 
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