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Abstract. Scaling relations for the attenuation of intensity and peak ground acceleration in terms of epicentral 
and hypocentral distances, surface-wave and body-wave magnitudes, and focal depth were preliminarily 
developed in the Red Sea region. The attenuation relations were determined empirically from homogeneous 
modeling of the modified isoseismal maps of earthquake events originating from different areas in the region, 
observed PGA data, and conversion of intensity to magnitude with focal depth. 

The obtained scaling equations were generally expressed in the form: I 
= aiMi - bilog(D+Di) - ciD - dilog(h) + ei 
I = aiMi - bilog(r/h) - ci(r-h) -dilog(h) + ei log(PGA) = 
aiMi - bilog(D+Di) - ciD - dilog(h) + ei log(PGA) = 
aiMi - bilog(r/h) - ci(r-h) - dilog(h) +ei 

where the coefficients ai, bi, ci, di correspond to the type of magnitude, distance, auelastic attenuation 
coefficients; and focal depth respectively.  Di is the approximate radius of perceptibility of the meizoseismal 
area corresponding to the type of attenuation coefficient, and ei the different constant terms. The findings can 
be considered as preliminary endeavors in providing the necessary means of estimating ground motion in the 
Red Sea region. The scaling relations could assist in the formulation of rational decision and strategies in 
environmental protection. 

Introduction 

Earthquakes are significant agent of natural disaster. A destructive earthquake leaves 
and causes a devastating impact to society and environment. Approximately 140,000 
lives were lost from the 1923 Kwanto earthquake in Japan due to conflagration of fires 
and ground shaking [1]. Around 240,000 people were feared to have died from the 1976 
Tangshan earthquake in China [2]. Several countries were adversely affected by the 
tsunami generated in the Chile earthquake of 1960 [3). The earthquake that struck the 
highlands of Dhamar in Yemen in December 13, 1982 caused around 400,000 people 
homeless [4]. 
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The 1992 earthquake in Egpyt has caused death to at least 540 people, 6,500 injuries, and 
thousands of damaged buildings [5]. 

Earthquakes are generally defined and classified in terms of certain parameters 
such as magnitude, intensity, epicentral distance, and focal depth. Different types of 
earthquake hazards are generated when seismic events occur, but usually the most 
destructive type one is the severity of ground vibrations. This hazard can cause 
distortion, destruction, and collapse of natural and man made structures. Other secondary 
effects could presumably contribute to further destruction, if not given appropriate 
counter measures. 

To minimize earthquake losses and mitigate their disastrous effects, a 
comprehensive study of earthquake nature, characteristics, and occurrences in spacetime 
is essential. One contributory aspect toward mitigation is the study of the basic relations 
among seismic parameters. In light of these relations, further studies in terms of 
correlation to other -physical entities can be undertaken to develop strategies for 
protection. 

Because of regional peculiarities, a number of authors [6-18] have studied the basic 
relations among the seismic parameters. Due to the important applications of the 
parametric relations in the engineering field, other investigators [19-23] have correlated 
the seismic parameters to ground acceleration with the operation of appropriate types of 
instrumentation. 

The attenuation relations are currently applied in the field of seismic hazard 
assessment, microzoning, seismic vulnerability and risk. Information obtained from these 
areas is useful in generating and preparing earthquake disaster preparedness plan in the 
national and regional level for the mitigation of earthquake losses. Since the present state 
of art in seismology cannot yet predict the time occurrence of seismic events, the best 
approach is a comprehensive preparation plan utilizing the scaling relations. 

Thus, to contribute to the attainment of the objectives of earthquake mitigation, 
preliminary modeling of the scaling relations among the earthquake parameters is 
conducted for application in the study area (Fig. 1). The modeling approach is 
undertaken due to insufficient local parametric data that prevent direct determination of 
the scaling relations. Preliminarily, the modeled scaling relations can be applied in 
earthquake hazards estimation in the study region, within the limits of the utilized data. 
The estimates could provide supplemental support in assisting concerned agencies in 
making rational decisions for environmental protection. 
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Fig. 1. Location map of study area. Solid circles represent earthquake events from the merged data base, 
irrespective of magnitude values. 
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Data and Materials 

The earthquake parameters required for scaling relations are the surface-wave 
magnitude (Ms), body-wave magnitude (mb), intensity (I) in the Medvedev-Sponhueur-
Karnik (MSK) Intensity Scale [24], epicentral (D) and hypocentral (r) distance, focal 
depth (h), and peak ground acceleration (PGA). A merged database is utilized in this 
study. The main data sources were the USGS preliminary determination of epicenters 
(PDE) (1965-1995), Ambraseys [19] compiled data for Saudi Arabia and adjacent areas, 
isoseismal maps drawn and prepared by Maamoun and El-Kashab [25], Maamoun et al. 
[26], Shehata et al. [27], Kebeasy et al. [28], Ibrahim [29], Ben Avraham and Tibor 
[30], Osman and Ghobarah [31]and PGA data from Amrat [32]. 

Re-analysis and slight modifications were conducted to some of the isoseismal 
maps to confonn to the general trends in the shapes and directivity of the isoseismal 
curves. To some extent, the minor modifications were done in consideration of some 
previously established international relations among the seismic parameters [6-18]. 

There were 23 observed focal depth from out of 50 seismic events taken from the 
merged database. Acceleration data were composed of 14 samples from 8 events. 
Allowing some percentage of non-inclusion of the data in the analysis due to 
inconsistencies, a relative insufficient number of these parameters exist. These 
constraints prompted this study to search for and apply alternative approaches in the 
determination of the scaling relations that lead to modeling processes. 

No re-evaluation has been done to the other parametric data taken from the USGS 
PDE bulletins and Ambraseys [19], as it was assumed that comprehensive collection 
and compilation were conducted in the process of data acquisition. Moreover, flexibility 
in data handling and assigning parametric values were observed to be within allowable 
limits. 

Procedure and Methodology 

A. Intensity-distance relation 

(a) The attenuation equation 

The intensity attenuation equation with respect to distance can be derived from the 
concept of spherical propagation of energy in a homogeneous model. If E is the energy 
at the hypocenter, considered as a point at a depth (h), then the energy density at an 

Er = Eexp(-cr)/(4(pi)r^2) (1) 

where r^2= D^2+h^2, and c is the seismic absorption coefficient. At the epicenter (r=h), 
the energy density is 

Eo = Eexp(-ch)/(4(pi)h^2) (2) 
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The ratio of the energy densities at the epicenter and epicentral distance D is 

Eo/Er = (r/h)^2exp(c(r-h)) (3)

Taking decadic logarithm gives 

log(EolEr) = 21og(r/h) +c(r-h)loge (4)

From Weber-Fechner law [33,34, pp.459-461]

log (Eo/Er) _ (1 /f)(Io-I) (5)

where f is a constant, lo is the intensity at the epicenter, I is the intensity at D. 
Substitution of (5) in (4) gives 

I = lo - klog(r/h) -m(r-h) (6)

where k=2f and m= cflog(e) are constants related to the attenuation rate and absorption 
coefficient respectively. When the depth of focus is not considered, (6) becomes 

I = lo -klog(D) - mD (7)

(b) The initial data 

Ten modified isoseismal maps in the MSK intensity scale description have been 
utilized in the study of intensity attenuation in the Red Sea region. Each isoseismal map 
is defined in terms of the earthquake event epicenter, magnitude, and focal depth, Table 
Table 1. List of earthquake events with isoseismal map 

Year 
1847 

Lat(N) 
29.7 

Lon(E) 
30.8 

Mag(Ms) 
5.8 Mag(Mb) Depth(h) 

15 
Refer.

[21] 

1955 32.5 30 6.4 6.5 30 [21] 
1966 12.6 30.7 5.6 5.1 22 [21] 
1969 27.6 33.9 6.6 6.1 33 [20] 
1981 23.8 32.6 5.5 5.1 10 [21] 
1982 14.7 44.2 6.1 6 5 [22] 
1987 30.5 32.2  5 24 [21] 
1992 29.8 31.1 5.3 5.9 21 [23] 
1993 28.7 34.5 5.8 5.9 10 [24] 
1995 28.8 34.8 7.3 62 10 [25] 

On each isoseismal map (Figs. 2-3), diagonal lines in many arbitrary directions 
were drawn from the epicenter to the isoseismal curves. The epicentral distances 
associated to each of the iso-intensity curves are the line segments of the diagonals 
drawn from the epicenter intersecting the respective isoseismal curves. The line 
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segments were measured and converted to distance (km) from the given scale in each 
map respectively, and the corresponding mean epicentral distance for each isoline is 
calculated. From the mean epicentral distances, the respective mean hypocentral 
distances were computed with the corresponding depths of foci. The respective 
intensities were plotted against the corresponding mean hypocentral and epicentral 
distances separately as shown in Figs. 4-5. It is presumed that in taking the average 
values of the hypocentral and epicentral distances lead to homogeneous modeling of 
the actual conditions portrayed in each isoseismal map. 

r
  28.00          29.00          30.00          31.00           32.00           33.00            34.00          35.00 

Fig. 2. Alodified computerized isoseismal map of 1Iarch 31, 1)6) earthquake in the northern Red Sea. 
Epicenter: 27.7N; 3=1E. Reference: ;Maamoun and El-tiashab (1978) isoseismal lines are 
based on MSK intensity scale. 
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Fig. 3. Computerized isoseismal map of December 13, 1982 earthquake in Dhamar, Yemen. 
Macroseismic epicenter 14.68 N; 44.24 E. Reference Shehata et nL (1983). Isoseismal lines are 
based on 16'ISK intensity sale. 

(c) Modeling the intensity attenuation relation

Each plot of the mean hypocentral and epicentral distances against corresponding 
intensity (Figs. 4-5) was fitted by (6) and (7) respectively by means of regression analysis.
 There were 10 set of lo, k, and m values for (6) and another 10 for (7) 
obtained by this method of fitting as shown in Table 2. In Table 2, there were two ranges 
of values for the seismic absorption coefficient. They are classified as low and high 
anelastic attenuation coefficients. In practice, it is tedious and cumbersome to use many 



 





























 


