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Summary 
 
We investigate the behaviours of anisotropy parameters and 
moveout of PS converted-waves in the presence of vertical 
transverse isotropy (VTI) and develop a simplified PS-
wave moveout equation. In this equation, κ , a combination 
parameter, is used to replace the vertical Vp/Vs ratio, 
effective Vp/Vs ratio and PS-wave anisotropy, and m, 
another combination of these parameters, is empirically set 
as a function of κ . This allows us to write the PS-wave 
moveout equation with only two parameters without losing 
accuracy. Tools are developed to estimate these parameters 
and perform moveout correction. Applying these tools to a 
real dataset shows that the new approach can reduce the 
uncertainty in parameter estimation and simplify the 
processing steps. The results obtained from the new 
equation are the same as that from the original method. 
 
Introduction 
 
PS converted-waves in multi-component seismic data have 
been used increasingly in the oil industry because they can 
be used for imaging through gas clouds and for lithology-
fluid prediction. The moveout of PS converted-waves plays 
a crucial role in imaging and velocity model building. For 
vertical transverse isotropy (VTI), different formulae have 
been derived for the moveout of PS converted-waves with 
different kinds of parameterization (Alkhalifah, 1997; 
Cheret, et al., 2000; Li and Yuan, 2003; Thomsen, 1986, 
1999; Tsvankin and Thomsen, 1994). Several formulae 
with three, four, or five parameters are used. Therefore 
different approaches and software need to be applied to PS 
converted-wave datasets. Unlike processing P- and S-
waves, not all the parameters in these formulae can be 
reliably estimated from the PS converted-wave alone. This 
gives rise to some ambiguities in parameter estimation 
using PS converted-wave moveout. In order to simplify the 
approaches for processing PS converted-waves and 
overcome the problems in parameter estimation, we 
proposed a simplified formula for the PS converted-wave. 
In this paper, we investigate the behaviour of the moveout 
and parameters of PS converted-waves and show how to 
apply this formula in PS converted-wave processing and 
discuss its merit for data processing. 
 
PS converted-wave moveout 
 
In multi-layer VTI media, the moveout of a PS converted 
wave is written as (Dai and Li, 2005): 
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where, h is the half offset; psV  is the stacking velocity of 

PS converted-waves; 0γ  is the vertical velocity ratio; effγ  

is the effective velocity ratio; and effχ  is the anisotropic 
coefficient for PS converted- waves. κ  and m are 
combinations of 0γ , effγ  and effχ . Note that 0γ  is 
estimated by correlating events in the P-wave and PS 
converted-wave images. Therefore psV , effγ  and effχ  
need to be estimated from the PS-wave moveout (Equation 
1). When using this formula to estimate these parameters 
for the PS-wave moveout, the values of these parameters 
may not be unique and have ambiguities. Generally, an 
iteration procedure is needed to estimate the four 
parameters. 
 
During processing, after binning the dataset into ACP 
gathers, psV , effγ  and effχ  can be estimated with an 

initial value of 0γ . A NMO correction is applied to the 
ACP gathers based on these parameters, and the gathers are 
stacked to form a stacked section. Based on the stacked 
section, new values of 0γ  can be estimated from 
registering events on the PS and the PP wave sections.  
Because the new values of 0γ  may be different from the 
initial values, psV , effγ  and effχ  have to be re-estimated 

with the new values of 0γ . The NMO correction and 
stacking are performed again to obtain a new stacked 
section. Actually, this iteration procedure is caused by the 
ambiguities in estimating psV , effγ  and effχ  which also 

depend on the value of 0γ . In order to reduce the 
ambiguities and dependence, we found that κ  and m, 
instead of effγ  and effχ  can be estimated. In this paper, 
we will perform a numerical analysis to investigate the 
behaviours of the moveout and the relationship between κ  
and m. Then, based on the numerical analysis, we proposed 
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a simplified moveout equation for PS converted-waves in 
VTI media. 
 
Numerical Analysis 
 
Two series of synthetic models are used in this numerical 
analysis.  Model series 1 is based a three-layer anisotropic 
model with a strong velocity contrast and large anisotropy. 
Model series 2 is based on a four-layer anisotropic model 
with a moderated velocity contrast and weak anisotropy. 
The true moveout for each model will be calculated by a 
ray-tracing method. 
 
For each model series, we fix the P-wave velocities and 
change the S-wave velocities, so that for each model series, 
the vertical Vp/Vs ratio various from 1.5 to 3.5 with 
increment 0.1. Each model series has 21 sub-models. In 
order to test the accuracy of Equation (1), we need to 
calculate the effective RMS (root-mean-squared) 
parameters. For each sub-model, we consider two cases: the 
anisotropic case and the isotropic case (in which the 
anisotropic parameters are set to zero). Totally there are 84 
models (21x4) and 294 residual moveout curves. Table 1 
shows the interval and RMS parameters of one of the 
models as an example. 
 
Table1: Interval parameters of one model in Model series 2 

iz (m) ipV 0 (m/s) iε  isV 0 (m/s) iδ  
500 2130 0.110 852 0.03 
500 2200 0.110 880 0.03 
500 2500 0.110 1000 0.04 
500 2560 0.110 1025 0.06 
 
Table2: The corresponding RMS parameters of Table 1 

2psV (m/s) 0γ  effγ  effχ  κ  m  

1553 2.5 1.325 0.197 0.101 0.357 
1578 2.5 1.325 0.198 0.101 0.357 
1651 2.5 1.325 0.215 0.106 0.371 
1704 2.5 1.325 0.226 0.198 0.379 
 
For each model, we calculate κ  and m. Figures 1 and 2 
show the cross-plot between κ  and 0γ , and the cross-plot 
between m and 0γ , respectively. There is no simple 
correlation between these pairs of parameters. However, 
Figure 3 shows the cross-plotting between m and κ . 
Clearly, these two parameters are correlated, and therefore, 
m may be expressed as a function of κ for these models. As 
a result,  Equation (1) depends only on two parameters, and 
this may simplify parameter estimation.  
 
The accuracy of Equation (1) can be evaluated by the 
residual moveout, which is the difference between the 

moveout calculated from Equation (1) and the true moveout 
calculated from the ray-tracing methods. It is written as: 

0ttt −=Δ . 0t  is calculated by ray-tracing. t  is calculated 
using Equation (1). To improve the accuracy of Equation (1) 
we investigate the effects of m on the residual moveout.  
For this, the residual moveout for each reflector and each 
model is calculated with six values of m. Figure 4 shows 
one example selected from Table 2. The red curve in Figure 
4 shows the residual moveout calculated using m as defined 
by equation (3). As shown in Figure 4, the calculated m 
from euqation (3) may cause a large error on the moveout, 
and it is possible to adjusting the value of m to reduce the 
residual moveout. 
 
Based on the data in Figure 3, several functions can be used 
to express the relationship between m and κ . The simplest 
one is using a linear function, which can be written as: 

κ7.21.0 +=m                                            (4) 
And equation (1) becomes: 
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To check the accuracy of this formula, we plot the residual 
moveouts with m calculated from this formula and from 
model parameters. Figures 5, 6, 7, and 8 show the residual 
moveout for all cases related to Model series 2. These 
figures show that, the residual moveouts calculated using 
Equation (5) have similar accuracy with the residual 
moveouts calculated using Equation (1). Equation (4) can 
replace Equation (3) in PS converted-wave moveout for a 
wide range of models. The advantage is that equation (5) 

only have two parameters: ( psV
 and κ ), and the moveout 

correction and parameter estimation can be greatly 
simplified.  
 

 
Figure 1. Cross-plot between κ  and 0γ . Black, red, blue, 
and green lines are for anisotropic Model 1, isotropic model 
1, anisotropic model 2 and isotropic model 2.  Solid, doted, 
and dashed lines are for the first, second, and third reflectors 
respectively. 
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Figure 2. The same as Figure 1, but for m and 0γ . 
 

 
Figure 3.  The same as Figure 1, but for m and κ  . 
 

 
Figure 4. Residual moveout for the third reflector of Table 2. 
Six curves indicate the residual moveout with different 
values of m. m=0.355 (red curve, calculated from Equation 
(1)), 0.39, 0.41, 0.44 (the solid black curve), 0.46,  and 0.48. 
 
Data example 
 
The data used to test this approach is a 2D line from a 3D-
4C marine dataset acquired in August 2001 (Courtesy of 
Kerr-McGee North Sea UK Ltd). This is a North Sea 
survey which was centred on a domed structure obscured 
by a gas chimney. Faulting is thought to be present beneath 

the summit of the dome. Since the P-waves are attenuated 
by gas clouds, the P-wave image of the structure beneath 
the gas chimney is dimmed, but PS converted waves can 
image that structure (Dai, et al 2007). Here we compare the 
results obtained using the original approach and the new 
approach.  
 

 
Figure 5. Residual moveout for anisotropic model series 1 
with m calculated from Equation (3). Black, red, and green 
curves for Reflectors 1, 2, and 3 respectively.   
 

 
 
Figure 6. Residual moveout for anisotropic model series 1 
with m calculated from Equation (4). 
 

 
Figure 7. Residual moveout for isotropic model series 1 with 
m calculated from Equation (3). 
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Figure 8. Residual moveout for isotropic model series 1 with 
m calculated from Equation (4). 
 
Figure 9 is a snapshoot of the velocity analysis with two 
parameters. This approach can easily flatten the events in 
this ACP gather by adjusting psV  and κ . However, using 
the original four parameter approach (Figure 10), we need 
to carefully adjust psV , effγ  and effχ  several times to 
flatten the events, and sometimes we also need to adjust 

0γ . Final stacking image shows that both approaches give 
similar results. 
 
 
Conclusions  
 
A simplified two-parameter equation for PS-wave moveout 
is used to estimate PS-wave velocity model and process 
PS-waves in VTI media. This moveout controlled by psV  

and κ  with κ7.21.0 +=m  has the same accuracy as the 
original four-parameter equation. Estimating psV  and  

κ  is easier than estimating psV effγ  and effχ . The 
simplified formula indicates that for VTI, only two 
parameters ( psV  and κ ) can be recovered from the 
reflection moveout for PS-waves, and the velocity ratios 

0γ  and effγ , and the anisotropic coefficient effχ  cannot 
be recovered from the PS-wave moveout alone. Results 
obtained by applying the two-parameter approach to 
process a real dataset show similar accuracy with the four 
parameter approach. However the two-parameter approach 
can reduce the uncertainty in parameter estimation and 
simplify the processing step.  
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Figure 9. Snapshoot of the velocity analysis based on 

psV and κ only. The far left panel is psV  and the far right 
panel is the ACP gather, the middle panel is κ  
 
 

 
Figure 10. Snapshoot of the velocity analysis based on psV , 

0γ , effγ ,and effχ  and. The second left panel is effγ  and 

the middle panel is effχ . 
 
 


