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In order to estimate attenuation of seismic waves, different methods have been introduced into seismology by using
different part of seismograms (body wave, codawave, surface wave, etc). In order to estimate the attenuation properties of
media, several methods use coda waves (Single backscattering method, coda normalization method, etc). Based on the
Single backscattering method (Aki and Chouet, 1975; Sato et a., 2012), the coda-Q (Q_) can be determined by investigation
the decay rate of seismogram’s envelope at lapse times greater than twice the S-wave’s arrival times. In order to estimate
shear waves attenuation (Q), the coda normalization method (Aki, 1980; Sato et al., 2012) has been widely used. In this
study we modified the coda normalized (MCNM) method to simultaneously estimate Qg and Q. parameter of media. By
using radiative transfer theory (RTT) and Paasschens approximation (Paasschens, 1997) of radiative transfer equation
(RTE), several synthetic seismogram’s envelope has been generated at different hypocentral distances (10, 20 30, ..., 100,
110). By using synthetic seismograms the modified coda normalized method (MCNM) has been tested and modified. It has
been seen in this study that for low noise synthetic envelopes, the MCNM method can precisely estimate Q, and Q.. val ues.
Based on the similarities found in the increase rate of normalized amplitude of S-waves and the decay rate of coda waves,
the modified coda normalization method (MCNM) has been introduced to simultaneously estimate the coda-Q (Q_) and
quality factor of shear wave (Q,) by using the following formula
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Where A is the maximum amplitude of direct S-waves at hypocentral distance of r, for a filtered seismogram with
central frequency of f. A _ is the average amplitude of coda wave at Iapse time t_ and G(r) is the geometrical spreading
correction factor that consider to be r* for maximum amplitude of body waves at distances lower than 120 km. V is the
average velocity of S-waves which considered to be 3.5 km/s.
The equation has been used on all data paths and can be presented as equation:

77N International Institute of Earthquake Engineering and Seismology (1| EES) I 185



[A5(Firy, )G ry, )] r

Tf ey ]
Ac':f;fa_:'i'i E I~ Ve ﬂ:ftl :
i Acl:f_,tc._:'.tc i il Vg ﬂ-ftf i Q_S
D{f.rit)=|. A == 1 |==D*=em=p (2
As(fir;)6(ry) I mfr, ||
actfee | Vg & const
[MJ_I'] —L wfte 1
Ll aclrecdee J1 & 75 -

In order to solve equation (2), bootstrap procedure and | east square method have been used. In bootstrap method twenty
setsof 20,000 initial valuesfor the Q, Q_, and constant values have been randomly generated with the following conditions:

10 < Q, <4000, Q< Q, 0 < const. < 10 ©

In each set of 20,000 random model parameters, those with the lowest residual (D®-D%¢ =¢) has been selected. The
mean and standard deviation of twenty input parameters with minimum residua have been calculated and considered asthe
results of Eq. (2). The results of bootstrap procedure seems to be comparable with the least square results ([G'G][G'D*].
Finally the results of MCNM have been compared with those of traditional methods of Aki and Chouet (AC, 1975) and coda
normalized method (CNM; Aki, 1980). As can find from Figure 1, MCNM has good correlation with those estimated using
traditional methods of AC (1975) and CNM (1980).

Results of this study have proved that the newly introduced method, modified coda normalized method (MCND) can
find precise results in low noise dataset.

3
8
5
o
3

IS
R ®
o
2
@
o
o

Estimated Qc (AC 1975)
8
Estimated Q_ (CNM)
H
o

synthetic amplitude
3
H
o
o

416 296,

0 50 100 160 200 ] 60 100 160 200 20 4 6 80 100 120
Lapse Time (s) Lapse Time (5) Lapse Time (<)

£ least square
500 =

]+

80 100 160 200 20 40 60 80 100 260 300 360 400 480 500
Lapse Time (5) Lapse Time (s) Estimated @ _ (MCNM)

Estimated Q_ (MCNM)

log(Ag /(A )
log(Ag.r/(A_t))?

N s e ®
® N o

o

Figure 1. Synthetic envelopes calculated at different hypocentral distances (10, 20, 30 ... 100, 110 km) is shown in top left. Estimated
Q, values using AC (top center) and Q values determined by CNM method (top right). The synthetic envelopes has been calcul ated
at 3 Hz, for total quality factor of (Q, = 285, Q, = 398, Q ., = 1003) derive from attenuation results of Alborz region (Farrokhi et al.,
2014). The procedure of determination of MCNM at different lapse times is shown in bottom left image for lapse times from 0 to
200 seconds. The input data of Eq. (2) is shown in bottom image. Comparison between results of MCNM method cal culated using
bootstrap and least square method is shown in bottom right image
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