SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

Estimation of Coda-Wave Attenuation in the
Vicinity of Metropolitan Cairo, Egypt

Moustafa, Sayed S.R

Egyptian National Network Laboratory, National Research Institute of Astronomy and Geophysics

Takenaka, Hiroshi
Department of Earth and Planetary Sciences, Faculty of Sciences, Kyushu University

Mamada, Yutaka
Institute of Geoscience, Geological Survey of Japan, National Institute of Advanced Industrial
Science and Technology

https://doi.org/10.5109/1546837

HARIER « UM KEKRFEIRIES o4 E : Series D, Earth and planetary sciences. 31 (2),
pp.71-79, 2002-02-07. Faculty of Science, Kyushu University
N— 30

HEFIBAMR




Mem. Fac. Sci, Kyushu Univ,, Ser. D, Earth & Planet. Sci, Vol. XXXI, No. 2,
pp. 71-79, text-figs. 1-4, table 1, February 7, 2002

Estimation of Coda-Wave Attenuation in the Vicinity of

Metropolitan Cairo, Egypt

Sayed S. R. MOUSTAFA*, Hiroshi TAKENAKA™ and Yutaka MAMADA***

Abstract

Seismic wave attenuation in the shallow crust around Cairo, Egypt was investigated
using seismograms of local earthquakes recorded by the Egyptian National Network (ENN).
The seismic wave attenuation was measured in the study area from the time decay of coda
wave amplitudes on narrow bandpass filtered seismograms on the basis of the single
scattering theory. The frequency bands of interest are from 1.5 Hz to 18 Hz. A regional
attenuation law Q. = 104.66 f 07 \was obtained, with no significant differences throughout
the region.
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I. Introduction

Seismic wave attenuation is one of significant factors that affect seismic ground motion. The
disastrous earthquakes occurring in and/or around Egypt during the past decades, confirmed the
stressing need for vigorous investigations to reduce the losses of lives and properties. Consequently,
regional as well as detailed metropolitan planning in a seismic active area should rely on the proper
awareness of a lot of different implications (including seismological) of the earthquakes in that
region. The conclusions drawn from such studies must be combined in order to contribute to the
mitigation of seismic hazard, especially in large urban areas where the social and economic cost
can be significant. For that reason, the present study attempts to evaluate the response of ground
formations to seismic motion at selected sites in the vicinity of Cairo metropolitan area that was
struck by a strong earthquake (M,,=5.8) on October 12th, 1992 at 13:09:59.2 GMT. As a result of this
disastrous event, 5004 houses were destroyed and 11540 slightly damaged, while more than 40000
people remained homeless. 552 people were killed and more than 9929 were injured.

Besides its societal importance, the 1992 earthquake attracts attention also because it occurred
in one of very few tectonically quiet parts of Egypt. The epicentral area of 1992 earthquake,
southwest of Cairo, and its surroundings are considered as a separate seismic zone in the general
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division of the active seismic zones in Egypt, depending on the epicentral distribution, seismicity
level, and the similarity of focal mechanisms. Tectonically, the faults of this area are trending east-
west, parallel to the Mediterranean trend, or northwest-southwest, parallel to the Gulf of Suez trend.
These directions accord with the surface features that appeared immediately after the occurrence
of 1992 earthquake. Figure | shows the general recent seismicity pattern in Egypt as recorded by
the Egyptian National Network ( ENN ) for the period from 1997 to 2000.

Fig. 1. Recent seismicity map of Egypt. Star is the epicenter of the 1992 earthquake.

There are some reasons which have motivated us to carry out the present study in order to
quantify the general attenuation law for these vital area in Egypt. First, the extensive devastation
during the 1992 catastrophic earthquake requires vigorous investigations to reduce the losses of
lives and properties. As well as, lack of mathematical formulas that pay attention to local geological
conditions to be used in the prediction of ground motion response and the absence of a good
definition and estimation of seismic attenuation law for rays propagating in this area.

The main goal of the current study is to evaluate the attenuation of seismic shear waves in the
vicinity of Cairo metropolitan area, incorporating the evaluation of the quality factor of coda
waves as a function of frequency.

II. Data

The data used in this study are velocity seismograms of events occurring within or around the
study area, which were recorded by three-component seismometers connected to digital data
acquisition systems at three stations (HAG, FYM, and KOT) of the ENN. We selected 35
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seismograms with high S/N ratio from local earthquakes recorded in the period from October 1997
to July 2000. The magnitude is less than three for the most part. Figure 2 shows the location of the
three seismic stations together with the location of the events used in this study. The hypocentral
locations were determined by the ENN. The focal depths and epicentral distances of these events
are estimated to be less than 20 km and 40 km respectively by assuming a homogeneous velocity
structure with P- and S-wave velocities of 5.5 km/s and 3.2 km/s, respectively. Direct body waves
are thus expected to penetrate only the upper shallow part of the crust.

Fig. 2 Map showing the study area (solid square) and the locations of seismic stations (solid
triangles) and events (circles) used in this study. Epicenter of the 1992 earthquake is also shown
by a solid star.

M. Method

An important factor in studying the ground motion is the attenuation of seismic waves in their
path between the source and the receiver. Several different approaches have been used to quantify
the attenuation from different parts of seismograms (e.g., Ak, 1969, 1980; HERRMANN, 1980; MITCHELL,
1995), each of which could be sensitive to different physical processes (e.g., anelastic absorption and
scattering). At local or regional distances (< 10 ), for evaluating the seismic wave attenuation of
high frequencies (> 1 Hz), the most common methods are as follows: (1) methods that parameterize
the source and fit body wave spectra (e.g., HOUGH et al., 1988; BOATWRIGHT, 1978); (2) methods that
cancel the seismic source through spectral ratio of different parts of seismograms (e.g., FRANKEL et
al., 1990; Ak1, 1980); (3) methods that measure coda amplitude decay with increasing lapse time (e.g.,
Aki and CHOUET, 1975); and (4) methods that use a nearby smaller event as an empirical Green's
function (e.g., HoucH, 1997). Some methods assume frequency-dependent Q, while others assume a
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frequency-independent Q. Historically, the study on the crustal seismic attenuation of § waves has
been more advanced than that on P waves (CASTRO et al.,, 1990; KinosHITA, 1994). [t is mostly due to
the requirement of the engineering seismology. The quality factor (Q) determined using coda
waves, hereafter called Q. , has been used since the first measurements done by Akt and CHOUET
(1975) as a crucial factor to describe the regional attenuation of seismic waves. This method has
been used by several authors (e.g., MAMADA et al., 1997; NAKAMURA et al, 1997), and a comprehensive
review was given by HerrAIz and Espinosa (1987).

In order to estimate the Q. value, the single backscattering model (Akl and CHOUET, 1975, SaTo,
1977) was proposed in which coda waves are considered as backscattering waves coming from
numerous scatterers (heterogeneities) distributed over a large area surrounding the stations and
epicenters. If the seismic focus and the receiver are assumed to be at the same point and only the
effect of single scattering is considered, the coda power spectrum P( w | ¢) in 3-D media can be
expressed as (Aki and CHOUET, 1975):

P(w]t)=S(w)r “e e, ()

where S(w) is a factor that describes the spectral characteristics of source, w is the angular
frequency of the wave under consideration, ¢ is the lapse time measured from the origin time. For
seismograms of a certain frequency band, the relationship between the root mean square coda
amplitude A( w | ) and power spectrum is

Al )=[2P(w]1)Af1"2, 2)
where A f is the band width. Combination of equations (1) and (2) gives
In[A(w/t) tl=c(w)~lfw/2Q () It . (3)

where ¢{w) represents the source factor and band width, which is related only to frequency.

When coda records of a shorter lapse time are involved, the source and receiver must be
considered as being not at the same point. According to the single isotropic scattering model (SATO,
1977), the energy density of scattered S wave is then

Wiw) .

E(r,w|t)= K (o) |
(r,wlt) PN (@) (4)

where W is the total energy released by the source in unit angular frequency range, [ is the mean
free path of § wave, r is the distance from the source to the point of receiver, a = 1,/7, with ¢, being
the travel time of § wave, and the function K'(a) is

a+1
a—1

. (5)

For narrow-band displacement seismograms, there is the relationship
E(r,w | )=pw?P(r, wl1), (6)
where p is the density of medium. From equations (2), (4) and (6), the following equation can be derived:

}_{W(w)Af!]/z IK, (a)‘l/gfwr/ZQt-(w) (! ~wit/2Q.(w)
w| 2npl | r ¢ =C'(w)K(r,a)e , o

Alr,wlt)=
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where K (r,a) = [K'(« )1"/r is the modification factor of coda amplitude. The coda wave amplitude
A(w |t) at angular frequency w and lapse time ¢ can then be expressed logarithmically as:

Alr,w] 1) w

———=Clw)~ ! (8)

K(ra) 20 (w)

(A1 and CHOUET, 1975, Sato, 1977). Qs easily obtained by a linear regression as the slope of the
straight line fitting the measured amplitude A( w | 1) versus lapse time r at a fixed frequency w. The
geometrical spreading is considered to be proportional to !, which only applies to body waves in a
uniform medium. The above equation has been validated in many studies, as summarized by
HEerRrAIZ and Espinosa (1987).

Q-value usually varies with frequency f, and the form of variation can be taken as
0=0of" )

Besides, by actually observing the coda part, it can be seen that the decay rate of the coda envelope
decreases with increasing lapse time. Many researchers (e. g, ZHANG, et al, 1991; Li, et al, 1991) have
pointed out that the length of lapse time of coda is related to the reflected medium range or sampling
depth. The starting time of coda window analyzed depends on the distance from the seismic source
to the receiver. Empirically, it holds for > 2z, , where 7, is the S-wave travel time. In order to obtain
A( w | 1), the signal under analysis is bandpass filtered around w (Rautian and KHALTURIN, 1978). For
analysis of the coda waves, we used the program developed by Mamapa and TAKeENAKA (1997).

IV. Results

In order to calculate the Q-values for seismic waves of different frequencies, it is necessary to
use frequency division seismogram. We employ a narrow-band filter to obtain the frequency
division seismograms from the original digital waveform records. Each trace of horizontal records
was first filtered by using a phaseless Butterworth bandpass filter (Saito, 1978) with five passbands
whose central frequencies are 1.5, 3.0, 6.0, 12 and 18 Hz. An example of a bandpass-filtered
seismogram used is shown in Figure 3.

Then, for determining @7, a time window of 2(/ 8) to 2(+/ B) + 20 sec from the origin time of
the earthquake was adopted to perform a least-squares regression of equation (8) for each
frequency band. Two estimates of Q7. are obtained for each frequency band. One corresponds to
NS component, while the other corresponds to EW component. On completion, the average values
are calculated and a Q! versus f curve is fitted to the calculated values for each station, and then
finally a general attenuation law was calculated from all data. The resulting Q. values for each
station are shown in Figure 4 and Table 1.

Throughout the analysis conducted, no significant regional differences became evident,
indicating that a very similar tectonic setting is being sampled by the coda waves. This result may
justify the characterization of the entire region with a single attenuation relation. The regional O,
values obtained by using all station data are also shown in Figure 4 and Table 1. The regional
attenuation law of the form

Q.= 10466707

was obtained.



(.T. 2000 03 10_13:45:03.9 Lat.29.97 Long 3167
Dep.19.10 Mag. 110 KOT Station.

bl bamigy 0D

P
S
|
s

b \ M%WWMMWM" Ns

L Lt WMMMMMMW Ew

Time (sec)

15Hz

WPV A A AR AN A A R A A

Al A AN "
VAR

0.0

T T T ]

100 Laps Time (sec) 30.0 40.0

waveforms of the NS trace for five frequency bands are in the right panel.
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Fig. 4. The resulting Q'C' values for each station and the general attenuation law from all stations. The solid
line indicates the best-fit line from the least-squares estimate.

Table 1. Estimated Q, values for each station

FYM Station | HAG Station KOT Station ALL Stations
f(Hz) Qe Qe Qe Q.
1.5 122.0075 114.4399 180.6026 148.5461
3.0 213.7825 225.2304 382.8620 267.6308
6.0 336.9474 339.0849 567.5929 374.5503
12.0 734.0770 643.0217 910.5587 700.4926
18.0 1256.4268 1108.7864 2143.1997 1173.1309
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V. Discussion and conclusions

The vicinity of Cairo Metropolitan Area has been studied in terms of coda wave attenuation.
The single-scattering model of Akl and CHOUET (1975) has been applied to estimate Q.. Considering
that the selected seismogram should have the coda wave amplitude of a certain length of time on
the one hand, and it should not be clipped on the other hand, the magnitude of events selected for
analysis is M| =0.7-3.5. For earthquakes that the station network can give the epicenter, the
seismograms recorded by the stations not farther than 40 km from the epicenter were selected. A
total of 35 earthquakes have been analyzed, including 30 ones whose epicenters were given by the
station network and five ones recorded by only a single station.

Q.is used to understand the regional attenuation of coda waves in the vicinity of Cairo area.
Q. is calculated for groups of events and three stations at given frequencies. On completion, the
average values were calculated and a Q" versus frequency curve was fitted to the calculated
values. A regional attenuation law of the form Q,= 104.67]”0'79 was obtained. Throughout the
analysis conducted, no significant regional differences became evident, indicating that a very
similar tectonic setting is being sampled by the coda waves. This result may justify the
characterization of the entire region with a single attenuation relation. It is clear that, the
generation mechanism of the coda wave Q-value is rather complex; it is related to the sampling
range reflected, the components of different times of scattering and the regional tectonics. For this
reason, the results obtained in this paper and the interpretation of them are only preliminary;
verification by the computational results of data for other regions and theoretical explanation are
still needed.

As pointed out in many studies, when discussing on seismic hazard analysis, the large
uncertainties faced are not a defect of the methodologies implemented; they do result from the
lack of knowledge about the earthquake phenomena. Besides, the quality of the results can be
improved by obtaining and quantifying the appropriate inputs to the analysis. But, on the other
hand, it is very important to understand the difference between reporting the extent of scientific
uncertainty and the misunderstanding of the randomness of the phenomena.

This paper has attempted to understand a few basic phenomena related to the earthquake
occurrence and the seismic hazard in Egypt. There is still a large amount of work to be done in
order to improve the understanding of the behavior of seismic sources and their related effects in
the country. Probably the three more relevant challenges for the earth scientists community in
Cairo Metropolitan are:

(i) the improvement of the local seismic recording facilities,
(i) the incorporation of multidisciplinary teams of experts into the study of the effects of the
earthquake occurrence, and

(iii) the improvement in their relationship with the users of the earth science information.
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