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Research Reports

• Ursenbach, Haase and Downton, “Improved 
modeling of spherical-wave AVO”

• Ursenbach and Haase, “AVO modeling of 
monochromatic spherical waves: 
comparison to band-limited waves”



Outline

• Review: An efficient approach for 
modeling spherical-wave reflectivity

• Improvement 1: more compact and  
general expressions → shorter run time, 
higher n values

• Comparison to monochromatic results
• Improvement 2: fitting parameters to those 

of common wavelets
• Demonstration of updated Explorer



Efficient modeling of spherical-wave AVO
Standard Approach

•Obtain displacement 
spectrum for a single ω by 
numerical integration of 
weighted plane-wave 
reflection coefficients

•Repeat for other ω as 
required

•Multiply displacement and 
wavelet spectra and apply   
FT-1 → yields time trace

•Extract reflection 
coefficient from maximum 
in time trace envelope

Efficient Approach

•Multiply Rayleigh wavelet 
spectrum and weighting 
function and integrate 
analytically over frequency

•Set time equal to ray 
theoretical arrival time

•Perform a single numerical 
integration to obtain reflection 
coefficient
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• Simplified expression

• Shorter runtime
• Can use arbitrary values of n

Improvement #1
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Monochromatic wavelet
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The spectrum of the displacement along the ray path:

Normalize by
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Reflectivity 
Curves for 
a Mono-
chromatic 
Wavelet



Comparison 
of 

Weighting 
Functions



High n
Reflectivity 
Curves for 
Rayleigh 
Wavelets



High n
Weighting 
Functions
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Fundamental Ormsby parameters
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Influence of tapers

f [Hz]



Determining S
matches lower 
band edge

matches avg. 
frequency

matches upper 
band edge and 
bandwidth



Determining S



Determining n



Determining 
n





Conclusions
• The Spherical Zoeppritz Explorer is now 

based on simpler and more general 
expressions

• It now runs more quickly, and allows one to 
choose values of n>5

• As before, the Rayleigh wavelet 
parameters may be input directly

• A new feature is that the Rayleigh wavelet 
parameters may alternatively be calculated 
to represent a Ricker or Ormsby wavelet 
whose parameters are input instead




