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SH-Waves 

SH-waves are shear waves with only a
horizontal component normal to the
propagation direction

Therefore, SH-waves are the least
complicated elastic body waves in terms of
mode conversions at boundaries.

What are the appropriate seismic modeling
programs for utilizing SH-waves in full
waveform seismic inversions?
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Rays and Waves for incident, reflected and transmitted SH-waves 
from Krebes 2016 lecture “Computing Reflection Coefficients for 

Viscoelastic Media”
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SH Reflection coefficients reparameterized
(Krebes, 2016)



SH Reflection coefficients for viscoelastic media 
(Krebes, 2016)



Reflection Coefficients from Geometrical Ray Theory 

Geometrical ray theory is not at all accurate in
the critical zone. There is a singularity at the
critical angle and there are jump-
discontinuities in η (Krebes and Daley,
Geophys. J. Int., 2007)

In the near critical zone and post-critical zone
we shall use finite-difference solutions to the
wave equation as described by Boore (1970)
for the elastic case and by Carcione (2007) for
the viscoelastic case.
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SH-Wave Model
Layer 

number

Density 

(gm/cc)

S-wave 

velocity 

(m/s)

Q

1 2.1 1000 15

2 2.2 2000 20



Source-receiver geometry for modeling 
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Source number Source offset Receiver locations Trace number

1 95 0-595m 1-120

2 145 0-595m 121-240

3 195 0-595m 241-360

4 245 0-595m 361-480

5 295 0-595m 481-600

6 345 0-595m 601-720

7 395 0-595m 721--840

8 445 0-595m 841-960

9 495 0-595m 961-1080



SH-wave reflection coefficient as a function of ray parameter .  Red curve = elastic 
wave reflection coefficient; black curve = viscoelastic reflection coefficient.

 1 1SH SH Reflection Coefficient Amplitude



2-D finite-difference code for viscoelastic SH-wave propagation from Carcione (2007)
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SH-Wave Reflection Response for 
source near centre of model



Comparison SH-wave reflection coefficients from ray-reflectivity with amplitudes 
from FD synthetic seismogram as a function of ray parameter .  Red curve = elastic 
wave reflection coefficient; black curve = viscoelastic reflection coefficient.  Blue 
stars were amplitudes from FD synthetic seismograms  -obtained by taking maxima 
of trace envelopes for the wave equation seismograms.  Excellent agreement for 
precritical reflections.  (Critical angle at p=0.5)



Relation of Plane Waves to Cylindrical Waves; figure from Whitmore (1995 PhD 
thesis).  Plane wave constructed from superposition of wavefronts. Plane wave 
function in terms of Hankel/Bessel functions (Sommerfeld, 1964, Pilante, 1979).
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Numerical Calculations from FD seismograms – summing to approximate plane waves

Wavefronts snapshots 
generated by initiating 9 shots 
for our SH-wave model



Numerical Calculations from FD seismograms – summing to approximate plane waves

Shot records obtained 
after filtering off direct 
arrivals

Left: Summation 
of shot records.
Right: Windowed 
version



Plane waves at different angles through sum and delay

Summation to simulate p=0

Sum and delay to 
simulate p=0.1



Quick and better simulation of normal incidence plane wave through use of 
exploding reflector model

Simulation of p=0 with 
source at every node 
point



Question: Which model is best for full 

waveform inversion?

• For small offsets (ray parameters) in the 
precritical range, ray reflectivity approximated 
by FD seismograms.  In far field at small 
offset, a cylindrical wavefront is closely 
approximated by plane waves

• In critical and postcritical region, use FD 
modeling

• For 3-D models with relatively flat reflectors, 
2.5 hybrid modeling may be appropriate.



References

• Aki, K., and Richards, P., 1980, Quantitative seismology, W.H. Freeman and Company, San Francisco, 

Ca.

• Boore, D.M., 1970, Finite-difference solutions to the equations of elastic waves propagation with 

applications to Love waves over dipping interfaces, Ph.D. thesis, Massachusetts Institute of 

Technology.

• Carcione. J., 2007, Wavefields in real media: Elsevier Publishing Co., ISBN-13 978-0-08-046408-4.

• Daley, P.F., Krebes, E.S., and Lines, L.R., 2008,  A hybrid method applied to a 2.5D scalar wave 

equation, Can. J. Earth Sci., 45, 1517-1525.

• Krebes, E.S., and Hron, F., 1980, Ray-synthetic seismograms for SH waves in anelastic media, Bulletin 

of the Seismological Society of America, v. 70, no. 1, 29-46.

• Krebes, E.S., 1984, On the reflection and transmission of viscoelastic waves – Some numerical results, 

Geophysics, 49, 1374-1380.

• Krebes, E.S., and Daley, 2007, Difficulties with computing anelastic plane-wave reflection and 

transmission coefficients, Geophys. J. Int., 170, 205-216.

• Lines, L., Vasheghani, F. and Treitel, S., 2008, Reflections on Q. CSEG Recorder, December, 36-38.

• Novais, A., and Santos, L.T., 2005, 2.5D finite-difference solution of the acoustic wave equation, 

Geophysical Prospecting, 53, 523-531.

• Lines, L., Vasheghani, F. and Treitel, S., 2008, Reflections on Q. CSEG Recorder, December, 36-38.

• Sommerfeld, A., 1964, Partial differential equations in physics, Academic Press, New York, NY.

• Treitel, S., Gutowski, P.R., and Wagner, D.E., 1982, Plane wave decomposition of seismograms, 

Geophysics, 47, 1375-1401.

• White, J.E., 1965, Reflections from lossy media. The Journal of the Acoustical Society of America, 38, 

604-607.

• Whitmore, N.D., 1995, An imaging hierarchy for common-angle plane wave seismograms, Ph.D. thesis, 

University of Tulsa.



Acknowledgements
• Thanks to CREWES, CHORUS and NSERC CRD 461179-13.

• Thanks to Ed Krebes for his CSEG/EAGE/SEG lecture on ray 

reflectivity.

• Thanks to all creatures who listen to my theories.


