Application of  omega2x.f (High-Freq Method using Greenn’s functions of 

homogeneous full-space or Far-Field S and P waves) programs:

1992 Landers EQ Simulation using the Wald and Heaton Model (1994)

Y. Hisada, Aug. 23, 2006

0. References

  a. The source data of the 1992 Landers earthquake model 

      http://pasadena.wr.usgs.gov/office/wald/Landers/bssa.html
      http://pasadena.wr.usgs.gov/office/wald/slip_models.html#Landers
    We used the source data of Wald and Heaton (Combined Model) to reproduce the strong motion at the Lucerne Valley Station.

  b. Simulation results using this program 
      Not available yet.

  c. Theories of this program

     http://kouzou.cc.kogakuin.ac.jp/Member/Boss/Paper/95cgf/cgf.html   for Green’s function.

     http://kouzou.cc.kogakuin.ac.jp/Member/Boss/Paper/2005/JEEA2004.pdf  for Phase Spectra (in Japansese) 

     Paper for the detail theory is not yet available.

1. Input Data

  As shown in Figure 1, the 1992 Landers earthquake model consists of the following three fault models. In order to obtain the strong motion at the Lucerne valley station, the three results have to be superposed.

 a. omega2x-CEF1.csv (Full-Space GF), -CEF0.csv (Far-Field GF) : Camp Rock/ Emerson Fault 

 b. omega2x-HVF1.csv (Full-Space GF), -HVF0.csv (Far-Field GF): Homestead Valley Fault 

 c. omega2x-JVF1.csv (Full-Space GF), -JVF0.csv (Far-Field GF): Johnson Valley Fault
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[image: image3.emf]*** Data for Input Wave ***

0 : Incident Wave Angle (degree; =0 for the vertical incinent)

1 : Choice of Input Data Type (=1: Theoretical Input Data, or =2: Data Observed at Borehole)

*** Data for Medium ***

3 NL (NUMBER OF LAYERS) (Note: Frequency-Dependent Qi; Qi(f) = Qi0 x f ** Qif, and Qi(f) > Qi0, where i=S and P)

Layer Number density(t/m3) Vp(m/s) Qp0 Qpf Vs(m/s) Qs0 Qsf Thichness(m)

1 2.3 3800 60 0.8 1980 30 0.8 1500 : 1st layer

2 2.6 5500 600 0.8 3150 300 0.8 2500 : 2nd layer

3 2.7 6200 600 0.8 3520 300 0.8 0 : Bottom Half-Space (Bedrock)



 2. Run the Programs

a. Compile and run omega2x.f to obtain strong motions in bedrock in the frequency domain.

    See Figure 2 for the coordinate system and fault parameters. 
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b. Compile and run grfftpx.f to obtain strong motions in bedrock in the time domain.

  The Fourier amplitude data are stored in “amp.csv”, and the waveform data are stored in “

wave.csv”. 
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c. Compile and run multi4x.f to obtain strong motions at free surface in the time domain.

  Multi4x.f calculates the 1-D amplification factors due to surface layers, and strong motions at free surface. The input data of surface layers must be “soil_dat.csv” (see Table 1).  The Fourier amplitude data are stored in “amp1.csv”, and the waveform data are stored in “wave1.csv”. The amplification factors of the S and P waves are stored in “Amp-Factors.csv”. Note that the UD component is multiplied by the P wave amplification factor.
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[image: image9.emf]Simulated Velocities (CEF1 Model)
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[image: image10.emf]NS (CEF1 Model)
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[image: image11.emf]EW (CEF1 Model) 
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[image: image12.emf]Fault Parallel (SUM)
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3. Simulated Results 

  As an example, Figures and 5 4 show the velocities and the accelerations simulated at Lucerne valley using omega2x-CEF1.csv (Camp Rock/ Emerson Fault Model using the full-space Green’s function). The simulations are high-cut filtered tapering from 6 Hz to 8 Hz
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[image: image14.emf]Fault Parallel  (N40W: full-space model)
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[image: image15.emf]Fault Normal  (N130W: full-space model)
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[image: image16.emf]Fault Parallel  (N40W: far-field model)
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[image: image17.emf]Fault Normal  (N130W: sfar-field model)
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4. Comparison of Simulation Results with the Observations 

  We obtain the final simulated strong motion at the Lucerne valley station by summing up the results from the three fault models (omega2x-CEF.csv, -HVF.csv, and -JVF.csv; see Figure 1). Figure 6 and Figures 7, 8 and 9 show the comparisons of Fourier amplitudes and waves between the simulations and the observed records; the records were corrected by Dr. Iwan of Caltech, and can be downloaded from COSMOS Virtual Data Center (http://db.cosmos-eq.org/). Note that the data are rotated in the fault parallel (N40W) and normal (N130W) components (see Figure 1). And all the waves are high-cut filtered tapering from 6 Hz to 8 Hz.
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[image: image19.emf]Fault Normal (N40W)
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[image: image20.emf]Fault Parallel (N130W)
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   Even though this simulation is the very first try without considering realistic high-frequency source parameters (e.g., distributions of stress drops and fmax), and soil structures (especially, surface soil layers), the comparison between the simulation and observation show relatively good agreements at broad frequencies. The smaller amplitudes at very high-frequencies (see Figure 6) are probably caused by neglecting surface layers.  The shorter duration in accelerations (see Figure 7) are probably caused by shorter durations of faulting process., in addition to scattering of seismic waves in the medium. Even though this method is for high-frequency simulations, the simulated velocities and displacements show relatively good agreements with the observation, the directivity pulse in the fault normal component, and the fling step in the fault parallel component (the full-space model). These indicate the validity of Hisada’s phase spectra for the moment-rate functions (Hisada, 2005), where [image: image21.emf]Fault Normal (N40W)
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coherent  (zero) and random phases are used at lower- and higher- frequencies, respectively. 









Figure 3: Amplification factors of the example data (Table 1)





Enter 0, when you do not use the band-pass filter.





Enter 0, when you do not integrate or differentiate the wave.





Enter wave.csv, which is from grfftpx.f and the input wave file in the bedrock














Figure 6. Comparison of Fourier accelerations at Lucerne valley between the simulation and observation.





Enter omega2x-CEF1.csv for the Camp Rock/ Emerson Fault Model.








Figure 7. Comparison of accelerations at Lucerne valley between the simulations and observations.





Enter 1, when you change the unit of m to that of cm. Otherwise enters 0. 





Enter 1, when you use a shorter delta time (dt). Otherwise enter 0. In this case, dt=0.0625 s.





Enter the four corner frequencies of the trapezoidal band pass filter. In this case, a high cut filter tapering from 6 Hz to 8 Hz is used.





Enter 1 to use the band pass filter. Otherwise 0.





Enter 1 to plot velocities, 0 to plot acceleration, or 2 to plot accelerations.





Enter 1, when you change the sign of the amplitude. Otherwise, enter 0. In this case, the sign of the Z component is changed (UP is plus).








Enter 1, when you change signs of amplitude. Otherwise, enter 0.





Choose an observation station number (In this case, Enter 1)





Enter 1, when you plot waves in the X, Y, and Z coordinate system





Figure 4. The velocities at Lucerne valley using the Camp Rock/ Emerson fault model.





Figure 5. The accelerations at Lucerne valley using the Camp Rock/ Emerson fault model.
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Figure 2: Coordinate system
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Table 1: Example data of soil_dat.csv (after Wald and Heaton, 1994)





Figure 1: The fault model of 1992 Landers earthquake and the Lucerne valley station
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Figure 8. Comparison of velocities at Lucerne valley between the simulation and observation.





Figure 9. Comparison of displacements at Lucerne valley between the simulations and the observations.








