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Summary

We present a study of anisotropic parameter estimation
in the near surface layers of P-wave and converted wave
(C-wave) data. Near surface data is a�ected by apparent
anisotropy due to a vertical velocity compaction gradient.
Thus, parameter estimation will give erroneous values
which a�ect the imaging of the target area. We extract
the P-wave anisotropy parameter � from P-wave data
and compare the result with reference values from a
model, built according to well, VSP and surface data.
As the parameters show di�erences up to an order of
magnitude we use C-wave data to estimate the e�ect of
anisotropy (�) and compute � from these values. The
resulting parameters �t the reference values much better
and show values of the same order of magnitude.

Introduction

In recent years we have seen that in many cases anisotropy
cannot be neglected in seismic processing routines. Fur-
thermore we know that sea-bed properties play an
important role in marine seismics, particularly for sea-
bed multicomponent seismic, because they signi�cantly
inuence the amplitudes, phases and travel times of
seismic waves. These properties are also inuenced by
compaction processes (velocity and density gradient)
in the near surface layers. In order to get a reliable
estimate of seismic anisotropy at the target depth we
have to investigate the e�ect of near surface e�ects on
anisotropic parameter estimation. Seismic anisotropy
can be quanti�ed for P-wave data by the parameter �
(Alkhalifah and Tsvankin, 1995) which can be related
to Thomsen's (Thomsen, 1986) � and � formulation by
� = (�� �)=(1 + 2�). To extract anisotropy from C-wave
data a new parameter � has been introduced (Yuan
et al., 2001) which combines the P-wave and S-wave
anisotropy parameters to describe the e�ect of anisotropy
on the C-wave. In this work we investigate using near
surface layer multicomponent data from the Alba Field,
North Sea, how reliably we can extract � from P- and
C-wave data.

Theory

There are various ways to describe the e�ect of anisotropy
on the moveout for P-wave and C-wave data. One ap-
proach is to use higher-order Taylor series expansion.
Throughout this paper we use Thomsen's notation
(Thomsen, 1999) where subscripts P, S and C denote
P�, S� and C�waves respectively. Subscripts i, 2 and
0 denote interval, root-mean-square (rms) and vertical or

average quantities, respectively. t stands for traveltime,
V for velocity and  for velocity ratio For a P-wave in
a transversely isotropic medium with a vertical axes of
symmetry (TIV) traveltimes can be approximated by the
the following equation (Alkhalifah and Tsvankin, 1995):
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Equation 1 shows that the moveout is governed by the
parameters Vp2 and �e� which is de�ned for a layered
medium by
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Thus, this equation can be used to perform a double sem-
blance scan in order to determine � and Vp2. Note, the
e�ective parameters describe not only the anisotropy ef-
fects but also the inuence of the layering.

The e�ect of anisotropy on the converted waves in a single
layer can be described by the parameter

� = (0 � 1)2e��; with e� =
22
0
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where 0 is the vertical velocity ratio, 2 the rms velocity
ratio and e� the e�ective velocity ratio. This equation is
true for a single TIV layer. In this case � can be calculated
from � and vice versa.

The moveout of C-waves in a multilayered TIV medium
is described by (Yuan et al., 2001)
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where Vph is the horizontal P-wave velocity. Again this
equation can be used to perform a double semblance scan-
ning analysis to extract anisotropy parameter � and the
velocity of the C-wave vc2 if 0 and e� are known.

Estimating � from P-wave data

We applied a double scanning semblance analysis after
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Alkhalifah (Alkhalifah, 1997) to the vertical compo-
nent of the 4C Alba data. Figure 1 shows the �rst
second of one cdp supergather (consisting of 5 cdp
gathers). Arrows indicate three near surface events
at tp0 = 0:347; 0:631; 0:66 seconds which were used to
estimate � and vp2.

No parameter could be resolved for the event at

Fig. 1: CDP supergather (consisting of 5 individual gathers)
with arrows indicating the three events used for the parameter
estimation.

tp0[s] � vp2 [km/s]
0.347 - -
0.631 0.163 1.545
0.66 0.35 1.61

Table 1: Picked � parameters from near surface events of one
CDP supergather in the vertical component of the 4C Alba
data. The corresponding gather is displayed in Figuer 1.

tp0 = 0:347 s. The double scanning results for the other 2
events are shown in Figure 2 with picked values indicated
by an \x". Results are summarised in table 1. Well
and surface data from the Alba Field provides us with
information about vp,0,� and � for various depths. From
these data we calculated �, � and the corresponding
traveltimes tp0 and tc0 (see table 2) in order to get an
idea about the size and behaviour of the parameters. We
can see, that the range of � in the near surface layer
estimated from surface P-wave data is much larger than
the model data, but values for vp2 show agreement.

Fig. 2: cdp 500 pick from vertical component for tp0 =
0:631; 0:66 s events. For the event at tp0 = 0:347 s. no pa-
rameters were resolved. Picked values are indicated by a \x"
and results are shown in table 1.

The near surface layers of a marine environment feature
very strong P- and S-wave di�erences and also velocity
gradients due to compaction e�ects of sand and mud. We
carried out a synthetic study inuence the anisotropic
parameter estimation for these properties.

tp0[s] vp2[km=s] � tc0 [s] � vc2 [km/s]
0.301 1.590 0.005 0.858 0.39 0.744
0.545 1.701 0.017 1.467 0.65 0.845
0.650 1.746 0.023 1.726 0.71 0.885

Table 2: Parameters �, vp2, � and vc2 calculated for near
surface events using model data according to well and surface
data.

Apparent anisotropy due to compaction

Parameter estimation for the near surface layers may be
erroneous due to vertical velocity compaction gradients
(Jones et al., 2002). In order to investigate the e�ect
of apparent anisotropy on parameter estimation in an
isotropic medium due to compaction a modelling study
was carried out. We generated synthetic seismograms
using a Pseudo-Spectral Finite-Di�erence code. We used
a model with a 660 m thick isotropic layer with a velocity
and density gradient overlaying an isotropic uniform
velocity layer. The velocity gradient for the P-wave is
vp = 1:6 � 1:8 km/s, for the S-wave vs = 0:4� 0:9 km/s,
the density gradient is � = 1:5 � 2:3g=cm3. The PP
reection on the vertical component has a zero o�set
time of tp0 = 0:86 s and the C-wave reection on the
horizontal component tc0 = 1:43 s. Figure 3 shows
the horizontal component and an arrow indicates the
C-wave. Applying the double semblance scanning tech-
nique to the vertical component (Figure 4, left) we �nd
an apparent anisotropy of � = 0:1 with corresponding
velocity vp2 = 1:6 km/s. On the horizontal component we
estimate an anisotropy value of � = �0:07 and a velocity
for the converted wave of vc2 = 1:06 km/s. (Figure 4,
right). Thus, we can conclude that the compaction e�ect
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of the velocity gradient induces an apparent anisotropy in
an isotropic medium. This e�ect might lead to incorrect
estimation of parameters.

Fig. 3: Seismogram of horizontal component of isotropic model
with velocity and density gradient. The C-wave is indicated
by an arrow.

Fig. 4: Results of double scanning semblance analysis. Left:
Using the vertical component (i.e. P-wave) scanning for � and
vp2. The result is not unique. Right: Using the horizontal
component (i.e. C-wave) to estimate � and vc2. The picked
values are indicated by an \x".

Estimating � using converted waves

As an alternative way to estimate � we propose to use
converted-wave analysis on the horizontal component
of a multicomponent data set. C-waves are more
strongly a�ected by anisotropy due to its S-wave leg
and increased o�set for the P-wave leg. Therefore
they show non-hyperbolic moveout already in the mid
o�set range. We apply a semblance double scanning
technique using equation 4 on the three events on the
horizontal component corresponding to the ones used on
the vertical component (Figure 5). The results from the

Fig. 5: Common conversion point (CCP) supergather (consist-
ing of 5 individual ones) with arrows pointing at the events for
tc0 = 0:913; 1:578; 1:64 seconds which correspond to the events
chosen on the vertical component.

double scanning are illustrated in Figure 6, where picked
values are indicated by an \x". To compute � from the
picked �-values we �rst calculate e� using equation (7)
below. Using only near surface events we can rearrange
equation 3 to calculate � by:

2e� =
v2p2

v2c2(1� 0)� v2p2
(7)

� =
�

2eff(0 � 1)
(8)
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The picked parameters � and vc2 and calculated param-

Fig. 6: ' Parameter estimation results for events on the hori-
zontal component at tc0 = 0:913; 1:578; 1:64 seconds which cor-
respond to the events used in the vertical component. Picked
values are indicated by a \x' and results are shown in table 3.

eter � are listed in table 3. We compare these values with
our model values in table 2. We see that the estimated
values of � from the C-wave are much smaller than the
ones estimated from the P-wave and therefore correspond
better to the expected values according to the model data.
The values are still bigger than the model values, espe-
cially for the �rst event, but have the same order of mag-
nitude. A reason for the di�erence might be that the �rst
near surface layer shows a stronger P- to S-wave contrast,
i.e. larger 0, than we used for our analysis. The � values
are only slightly smaller than the expected ones from the
model data and have the same order of magnitude. Note
that the converted wave analysis also shows an induced
anisotropy in the presence of a compaction velocity gradi-
ent and, therefore, � values are a�ected. However, both,
� and � estimated from the C-wave have the same order
of magnitude as expected from the model values.

tc0 � vc2 tp0 vp2 0 �
[s] [km=s] [s] [km=s]

0.913 0.19 0.95 0.347 1.53 4.25 0.06
1.578 0.45 0.927 0.631 1.545 4. 0.096
1.64 0.34 0.941 0.66 1.6 3.9 0.057

Table 3: Picked � parameter and velocity vc2 from near surface
events of one CCP supergather in the horizontal component of
the 4C alba data (Figure 5). � is calculated from � using
equation 8.

Conclusions

In this work we have estimated anisotropy parameters
from P-wave and C-wave data using a double scanning
semblance analysis for near surface events. We �nd that
near surface e�ects like compaction gradients induce
apparent anisotropy which leads to erroneous parameter
values inuencing the imaging of the target in deeper
layers.

From well,VSP and surface data we generate a model
which allows us to calculate reference parameter values.
Estimating anisotropy parameter � from P-wave data

gives values an order of magnitude larger than those of
the reference model. Therefore, we propose use C-wave
data, scanning for the C-wave parameter � and C-wave
velocity vc2 and computing � from these results. Both, �
and � show results in the same order of magnitude as the
reference model.
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