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Introduction
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Seismic wave attenuation is caused by two major factors:
scattering at heterogeneities in the earth and intrinsic absorption
by anelasticity of the earth. Intrinsic absoprtion reduces both the
direct wave amplitude and the coda wave amplitude with
propagation distance, while scattering reduces the direct wave
amplitude but enlarges the coda wave amplitude.

The overall quality factor Qt, representing the total attenuation, can
be given by 1/Qt = 1/Qs + 1/Qj, where Qs and Qt are the quality
factors due to scattering losses and intrinsic absorption
respectively. In this study we used coda waves to measure these
quality factors. We applied two analysis techniques, the coda Q
method as originally proposed by Aki and Chouet (1975) and the
Multiple Lapse Time Window Analysis developed by Hoshiba et al.
(1991). The interpretation of the results of both methods is based
on a scattering model presented by Wu (1985) and Zeng et al.
(1991).
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Data used in this study. The events (black dots) and stations
(triangles) are plotted together with the different station-event
combinations that are used in this study. Different colors are
different epicentral distances. The pink station-event
combinations are only used in the second method.

Methodology and results
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In the coda Q method the coda Q (Qc) is calculated from the decay
rate of coda waves. No separation between Qs and Qj is possible
with this method.
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Coda Q¢ models for the southern part of the Netherlands,
estimation following Aki and Chouet (1975). De red lines
represent epicentral distances larger than 25 km, blue lines
distances smaller than 25 km.

Solid lines are the data, dashed lines the linear regression. Q¢
for the larger distances is significantly higher than Qc for the
small distances. The frequency dependence of both groups is
the same.

With the multiple scattering approach and the Multiple Lapse Time
Window method (MLTW) of Hoshiba et al. (1991) Qt can be
separated into Qs and Qj.
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Intrinsic absorption reduces both the direct wave amplitude
and the coda wave amplitude with propagation distance, while
scattering reduces the direct wave amplitude but enlarges the
coda wave amplitude. To compare these differences the energy
in three time windows after the arrival time of the S-wave (O-
15 s, 15-30 s and 30-45 s) is calculated and plot as a function

of epicentral distance.
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Comparison of the attenuation parameters Qj-1,Qs-1 and Qt-1
with Qc-1 for four analyzed frequency bands between 6 and 18
Hz. Qc¢1-1 are the values of Qc for short epicentral distances (r
< 25 km) and Qc2-1 are the values for longer epicentral
distances (r > 25 km).
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Seismogram used in the coda Q method. The decay rate of
the coda is determined and from this decay rate Q could be
calculated.
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Energy as a function of epicentral distance.
Plot of the observed data together with the best fitting
reference curves. The blue dots and line represent the first
time window (0-15 s after the S-wave arrival), the red dots
and line the second time window (15-30 s) and the green
ones the third time window (30-45 s). From the reference
curves Qs and Qj could be determined. For every frequency
band intrinsic absorption dominates over scattering

attenuation (Bg < 0.5).

Discussion

The different Q's determined in this study are compared with each
other and Qs and Qj are compared with the results from other
studies. The Q¢ estimate for small hypocentral distances (< 25
km) comes close to the Qt estimates from the MLTW method. This
suggests that the single scattering model is a reasonable
assumption for modelling small epicentral distances. For longer
epicentral distances multiple scattering will have more influence
and probably also crustal-mantle heterogenieties.

Conclusions
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With the coda Q technique we obtained consistently lower Q¢
values for short epicentral distances as compared to Q¢ values for
longer epicentral distances. The decomposition into Qj and Qs as
obtained in the MLTW method gave a seismic albedo that is lower
than 0.5 for all frequency bands, suggesting that intrinsic
absorption dominates over scattering attenuation. We conclude
that for short epicentral distances (< 25 km) the single scattering
interpretation of the coda Q seems valid, as Qt, obtained from the
MLTW method, corresponds closely to the Q¢ (< 25 km).
However, the probable influence of crustal-mantle heterogenieties
need to be considered. This may have especially effect in the
MLTW method that combines long lapse times with short lapse
times. Therefore, the relative ratios of Qj and Qs obtained with
simple half-space models should probably be used with care.
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