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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, anelastic 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 space-
time 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. 
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 conform 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 
epicentral distance (D) is 

 
Er = Eexp(-cr)/(4(pi)r^2)                                           (1) 
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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) 
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(Eo/Er) = 2log(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, Io is the intensity at the epicenter, I is the intensity at D. 
Substitution of (5) in (4) gives 
 

I = Io – 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 = Io –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 1.  

      
Table 1. List of earthquake events with isoseismal map 

Year Lat(N) Lon(E) Mag(Ms) Mag(Mb) Depth(h) Refer. 
1847 29.7 30.8 5.8  15 [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 6.2 10 [25] 
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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 
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. 
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Fig. 2. Modified computerized isoseismal map of March 31, 1969 earthquake in the northern Red Sea. 

Epicenter: 27.7N; 34E. Reference: Maamoun and El-Kashab (1978) isoseismal lines are based 
on MSK intensity scale. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Computerized isoseismal map of December 13, 1982 earthquake in Dhamar, Yemen. 
Macroseismic epicenter 14.68 N; 44.24 E. Reference Shehata et al. (1983). Isoseismal lines are 
based on MSK intensity sale. 

 
(c) Modeling the intensity attenuation relation  
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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 Io, 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 equations. Hence, reducing the initial findings for less number of relations was 
envisioned to be developed for the different types of attenuation coefficients. The 
concept in modeling approach is to find a new value for k and m for each of the two 
types from the different values of k and m belonging to each type, that are presumably 
representative for any value of Io and appropriate for application in the study area. To 
start with, equation (6) is differentiated with respect to hypocentral distance 

 
dI/dr = -klog(e)/r – m                                                  (8)  
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Fig. 4. Intensity mean distance graph of March 31, 1969 earthquake in Eqypt. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Intensity-mean distance graph of October 12m 1992 earchquake in Egypt. 
 
Table 2. Regressed intensity attenuation relations  

0BEpicentral distance 1BHypocentral distance 
2BYear 3BIo 4Bk 5Bm 6BIo 7Bk 8Bm 
1847 8.84 1.654 0.0048 7.99 1.218 0.0059 
1955   8.8 1.638 0.0056 6.49 2.293 0.0046 
1966 9.58 1.288 0.0213 7.92   1.16   0.212 
1969 8.47 1.035 0.0055 7.15   1.87 0.0042 
1981   8.8 1.312 0.0051 7.56 1.457 0.0047 
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1982 10.69 2.202 0.0183   9.8 1.702 0.0207 
1987 8.93   1.29 0.0199 7.04 1.276 0.0197 
1992 8.45 1.472 0.0049 6.58 1.815 0.0043 
1993 9.85 2.797   0.011 8.12 1.784 0.0162 
1995 10.54 1.635 0.005 9.95 1.382 0.0053 
 

The value of the slope (dI/dr) can be estimated at arbitrary values of D (km), since 
k and m are previously known from the regressed equations, and h is given (Tables 1 and 
2). The slopes at every increment of 50 km, starting from 50 km epicentral distance up to 
500 km were calculated. Calculation is done for each corresponding values of k and m. 
The average value of the slopes at corresponding average hypocentral distances were 
computed, and the respective values were plotted as shown in Figs. 6-7. Each point in 
the plot corresponds to (-dI/dr, r), so that the plots are graphs of differential equations. It 
can be seen that the graphs of the data points resemble generally a hyperbolic equation 

    
Y = q/r + g                                                      (9) 

 
where q and g are the modified constants to be determined by regression techniques, and 
Y= -dI/dr. After determining the values of the constant q and g, the regressed equation is 
integrated to obtain the equation of the integral curve (I, r) [35,pp.6-10]. This method of 
treatment reverts back to (6), where Io is now an arbitrary constant. The empirical 
relation that was obtained in Fig. 6 for the (I, r) equation for the low attenuation 
coefficient after integration was  
     

I = Io -1.85Log (r/h) – 0.0047 (r-h)                                     (10) 
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Fig. 6. Stop-mean distance graph [low rate]. 

Applying the same method of approach and treatment to equation (7), the intensity 
and epicentral distance (I, D) empirical relation for the low attenuation coefficient can be 
determined (Fig. 6). This was found to be  

 
I = Io – 1.37Log (D) – 0.0053 D                                     (11)  

 
However, the real estimate on the true value of Io is given in (10), while the 

apparent value is from (11). In Table 2, the apparent values can be reduced to the true 
values by adding a constant epicentral distance Do to D, since Io in (10) is estimated 
when D is zero. From the difference of the apparent and true values of Io, the average 
value of Do was found to be 13 km.  Hence, (11) becomes  

  
I = Io - 1.37log(D +13) – 0.0053D                                  (12) 

 
where Io is the apparent value. In (12), the value of Do can be considered as the 
approximate radius of perceptibility of the meizoseismal area.  
 

In applying the same method and treatment to the high attenuation coefficient 
(Fig. 7), the following (I, r) and (I, D) relations were obtained respectively: 

 
I = Io – 1.8log(r/h) – 0.018(r-h)                                      (13) 

and 
I = Io – 2.2log(D+6) – 0.015D                                       (14) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



B.T. Punsalan and A.M. Al-Amri 

 

٩٢ 
 

 
 
 
 

 
 
Fig. 7. Slope-mean distance graph [high rate]. 

For discussion purposes, (10) and (12) are considered as low rate attenuation in 
terms of the parameter r and D, while (13) and (14) as high rate attenuation in r and D 
respectively. 
 

The assessment of Io is not immediately available, and sometimes its evaluation 
encounters time delay and physical constraints, especially if the epicenter is inaccessible 
and devoid of the factors from which intensity is estimated, such as the effects to 
population and infrastructures. In such cases, the practical application of (10) or (12), 
and (13) or (14) for immediate assessment of earthquake danger in affected places 
becomes ineffective. Perhaps, these conditions prompted the authors [14,15,20,23] to 
correlate the instrumental magnitude to Io. The magnitude is a measured quantity from 
instrumental recordings, and handily available as inference, compared to intensity which 
is a subjective parameter.       

 
B.  Magnitude – epicentral intensity relation 

Statistically, the data in Table 2 are insufficient to determine the representative 
empirical relation between magnitude and epicentral intensity. The initial data were 
augmented from the merged database. A total of 50 Ms and 29 Mb data with their 
corresponding Io were plotted in Figs. 8-9. The relation established by the investigators 
[14,15,20,23], where a and b are constants and the subscript i indicating the type of 
magnitude was fitted. The obtained values for the coefficient (a) for Ms and Mb were too 
low, (0.29) and (0.2) respectively, compared to the international value range which is 
from 0.4 – 0.7. One probable cause of the low values is the wide scattering of data points 
due to under or over estimation of the epicentral intensities. This notion was slightly 
considered, since the data points seemed to form into different and distinct groupings. 
The other factor for the low value could be due to the influence of geology, but possibly 
tolerable due to consideration of a single geological unit for most parts of the region. 
Assuming these factors have minimal contributions to the low value of the coefficient a, 
then another alternative approach and data treatment have been undertaken.  

 
Mi = aiIo + bi                                                           (15)    

  
Scatter of the data points into different clusters is observable for both Ms and mb 

plots, but the clusters in each plot seemed to be oriented linearly at some inclination from 
the horizontal. Since the data points are conglomeration of different values of magnitude, 
epicentral intensity, and focal depth, then different clusters (A,B,C,D,E,F) bounded by 
solid lines as shown in Figs. 8 -9, were treated and fitted with equation (15) separately. A 
probable logical explanation for the group clustering is the tendency of the data points to 
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stick with the cluster of the same depth value range, since intensity is influenced by the 
focal depth. Following this line of argument, the obtained regressed relations were 

 
Cluster A :        Ms = 0.65Io + 2..2                                      (16 a) 

 
Cluster B :        Ms = 0.65Io + 1.36                                     (16 b) 
Cluster C :        Ms = 0.66Io + 0.82                                     (16 c) 
Cluster D :        mb = 0.55Io + 2.8                                       (16d)                 
Cluster E :        mb = 0.54Io + 2.13                                      (16e)  
Cluster F :         mb = 0.53 + 1.25                                         (16f) 

 
In (16a, 16b, 16c), the coefficients of Io for the Ms-Io relation have almost the 

same values, while the constants differ. Likewise, the same situation is also observed in 
(16d, 16e, 16f) for the mb-Io relation. The above results follow from the assumption that 
each cluster belongs to different depth value range. Quantitatively, it requires a larger 
magnitude value at deeper focal depth to be felt at the same level of intensity at the 
epicenter with a smaller magnitude earthquake situated at a shallower focal depth.   

      
  Due to insufficiency of numerical values for the focal depth in each cluster, the 

results cannot be confirmed for correctness of the constants. Nonetheless, the influence 
of the focal depth to assessment of earthquake hazards is essential and important. To 
establish a preliminary basis for the empirical relation between focal depth, magnitude, 
and epicentral intensity, a modeling scheme was undertaken.      
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Fig. 8. Surface-wave magnitude-epicentral intensity graph. Some solid circles are displaced along the 

intensity axis to show the number of data belonging to these particular points. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9. Body-wave magnitude-epicientral intensity graph. Soild circles are displaced along the intensity 

axis to show number of data belonging to these particular points. 
 
C.  Modeling magnitude-intensity-depth relation 

In relations (16a, 16b, 16c), the coefficient (a) was taken as 0.65 due to median 
value consideration and number of data events in each cluster. In the same consideration, 
the value 0.54 was selected for the coefficient in the mb-Io relation. Using these values, 
the difference (Ms–0.65Io) and (mb-0.54Io) for each of the utilized earthquake events 
was estimated. The difference values for the Ms-Io and mb-Io relations were arranged 
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separately in ascending order of magnitude. The shallowest observed focal depth 
from the database is 5 km, while the deepest is 57 km. Using this range of focal depth, 
the smallest and largest difference values for (Ms-0.65Io) and  (mb-0.54Io) were made to 
correspond to 5 km and 57 km respectively. This arrangement was selected since the 
epicentral intensity for shallow focus earthquakes is relatively of higher degree than that 
of an event at deeper focus. This situation makes the difference value between 
magnitude and epicentral intensity in the relation a small quantity for shallow events.       

The magnitude-intensity-depth relation is linear in the decadic logarithm of the 
depth (h). This is given as 

 
Mi = aiIo + filog(h) + di                                           (17) 

 
which was commonly used and established in different studies [14,15,16,18], where f 
and d are constants to be known,  with the subscript i indicating the type of magnitude 
considered. From the preliminary assigned focal depths, the distribution of 
corresponding depth for the other difference values were determined by interpolation 
procedure subject to the linearity of (17). Using regression analysis, the approximate 
empirical relations were found to be 
 

Ms = 0.65Io  + 2.2log(h) –1.3                                   (18)   
and  

mb = 0.54Io +2.3log(h) – 0.95                                  (19) 
 

D. Interrelations from scaling relations 
Developing interrelations from the scaling relations is necessary in the aspects of 

application. The interrelations are the results of simplifying and expressing the   scaling 
relations to parameters that are handily available and quantifiable. 

  
Eliminating Io in (10), (12), (18), and (19), gave the resulting equations for the low 

rate:  
 

I=1.54Ms–1.37log(D+13)–0.0053D–3.4log(h)+2                         (20a) 
I =1.85mb–1.37log(D +13)–0.0053D-4.3log(h)+1.8                    (20b) 
I=1.54Ms – 1.85log(r/h) – 0.0047(r-h)-3.4log(h)+2                      (20c) 
I = 1.85mb – 1.85log(r/h) – 0.0047(r-h)-4.3log(h)+1.8                (20d) 

 
Elimination of Io in (13), (14), (18), and (19) yield the following expressions for 

the high rate: 
  

I=1.54Ms-2.2log(D+6)-0.015D-3.4log(h) +2                                (21a) 
I=1.85mb-2.2log(D+6)-0.015D-4.3log(h)+1.8                              (21b) 
I=1.54Ms-1.8log(r/h)-0.018(r-h)-3.4log(h)+2                               (21c) 
I=1.85mb-1.8log(r/h)-0.018(r-h)-4.3log(h)+1.8                            (21d)  
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However, intensity as a subjective and dimensionless entity is not acceptable in 

engineering fields. For useful applications, studies were made regarding the relation of 
intensity and ground acceleration. The results obtained by Trifunac and Brady [23], Bath 
[21], and the relation between intensity and ground acceleration deduced from the given 
acceleration ranges in the MSK scale [24,33] are as follows respectively: 

 
log(Ah) = 0.3I – 0.014                                          (22a) 

log(A) = 0.3I –1.5                                                    (22b) 
log(Amax) = 0.3I –0.11                                             (22c) 

 
where Ah, A, and Amax in gals are the horizontal ground acceleration, ground 
acceleration, and maximum value of acceleration in each intensity grade respectively. It 
is shown in the 3 relations that the coefficients of I are of the same value, differing only 
with the constant term. Substitution of (22c) as preference in (20a) up to (21d) gives the 
following equations for the low rate: 
 

log(Amax)=0.46Ms–0.4log(D+13)-0.0016D–log(h)+0.57+d1               (23a) 
log(Amax)=0.46Ms–0.56log(r/h)-0.0014(r-h)-log(h)+0.57+d2              (23b) 
log(Amax)=0.56mb–0.4log(D+13)-0.0016D-1.28log(h)+0.5+d3          (23c) 
log(Amax)= 0.56mb–0.56log(r/h)-0.0014(r-h)-1.28log(h)+0.5+d4       (22d) 

 
For the high rate: 
 

  log(Amax)=0.46Ms-0.65log(D+6)-0.0046D-log(h) +0.57+d5                (24a) 
log(Amax)=0.46Ms-0.55log(r/h)-0.0054(r-h)-log(h)+0.57+d6               (24b) 

            log(Amax)=0.56mb-0.65log(D+6)-0.0046(D+6) 
            -1.28log(h)+0.5+d7                                                             (24c) 

log(Amax)=0.56mb-0.55log(r/h)-0.0054(r-h)-1.28log(h)+0.5+d8         (24d) 
 

where the di with i from 1 to 8 are considered constants to be adjusted after testing the 
validity of the attenuation equations with the observed Gulf of Aqaba PGA data from 
Amrat [32]. The outcomes in applying this procedure for the low rate were:  
 

log(PGA)=0.46Ms–0.4log(D+13)–0.0016D–log(h)+0.78                       (25a) 
log(PGA)=0.46Ms–0.56log(r/h)–0.0014(r-h)-log(h)+0.33                      (25b) 
log(PGA)=0.56mb–0.4log(D+13) –0.0016D-1.28log(h)+0.73                (25c) 
log(PGA)=0.56mb–0.56log(r/h)–0.0014(r-h)-1.28log(h)+0.31               (25d) 

 
For the high rate:  
 

log(PGA)=0.46Ms-0.65log(D+6)-0.0045D-log(h)+1.43                          (26a) 
log(PGA)=0.46Ms-0.55log(r/h)-0.0054(r-h)-log(h)+0.53                        (26b) 
log(PGA)=0.56mb-0.65log(D+6)-0.0045D-1.28log(h)+1.39                  (26c) 
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log(PGA)=0.56mb-0.54log(r/h)-0.0054(r-h)-1.28log(h)+0.54                (26d) 

 
Provided, the assumptions and modeling processes, sufficiency and accuracy of the 

data are valid and acceptable, equations (20), (21), (25), and (26) are locally applicable 
in the estimation of ground motion as a first approximation, in areas that conform to the 
corresponding attenuation rate in the region.  

 
Discussion of Results 

 
There are eight scaling relations (20a - 20d and 23a - 23d) for intensity and 

acceleration attenuation in terms of epicentral and hypocentral distance and magnitude 
Ms and mb for the low rate. Likewise, there are also eight scaling relations (21a - 21d 
and 24a - 24d) with the same parameters for the high rate. The purpose of all these 
relations is mainly due to the needs and requirements in applicability.  Usually, local 
seismographic networks do not cater and possess the appropriate type of instrumentation 
for surface-wave magnitude determination, except for special purposes. The main 
interest of local networks is the detection and determination of the seismic parameters of 
local and near events. It follows that the development of magnitude formulas are 
presumably locally calibrated using mb values as standard, for the establishment of an 
independent and immediate reactions in times of earthquake emergencies. Ms values are 
mostly determined routinely by international agencies for major and large-scale events, 
and infrequently for strong and moderate events. Ms values are preferable because they 
reflect the total seismic energy, but the restraining factors and requirements in their 
determination are deterrent processes. The same constraint also arises for the focal depth 
when the resolution is poor. This leads to uncertainties in the results of computations, 
such that it may be appropriate to use the parameter D instead of r in the scaling 
relations.  

 
There were two types of anelastic attenuation coefficients found from the initial data 

of the modified isoseismal maps. The low coefficient is associated with earthquake events 
originating from the interior portion of the shelf and massif areas in the Red Sea region. 
For example the 1969, 1981, and 1992 earthquakes in the territory of Egypt belong to this 
coefficient. The 1982 Yemen earthquake, the 1987 Egypt earthquake, and the 1993 Gulf of 
Aqaba earthquake belong to the high coefficient. These earthquake events are located in 
the Yellow Trap Series volcanic in northern Yemen, extension of the main fold axis of the 
mountainous region from Lebanon, and in the Aragonese Deep which is one of the 
depressions at step zones in the Gulf of Aqaba respectively. It seems that rift systems 
associated with geophysical anomalies and folding mechanisms are associated to the high 
coefficient. Associated to the low coefficient are continental areas that are efficient in 
propagating ground vibrations. Such observations prompted separate consideration for the 
anelastic attenuation coefficients, and constrained the selective application of attenuation 
equations to appropriate areas in the Red Sea region for better results.  
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In the Mi-Io-h relation, the focal depth of an earthquake is a vital factor that 

contributes to the degree of ground shaking in the epicentral area. Shallow seismic 
events are usually destructive even for moderate earthquakes. The coefficients obtained 
for log(h) in the Mi-Io-h relation were very close to that found by Shebalin [18]. 

 
Values obtained from the present modeled attenuation equations can be considered 

as a first approximation. The relations were the outcomes from assumptions and 
homogeneous modeling. Modified and accurate results can be taken from dense 
networks of the appropriate type of seismic instrumentation that may not be feasible at 
present.  In the meantime, the present findings are suitable as supplements or alternatives 
to related formulas used in specified areas in the region within the limits of the utilized 
data.  

 
It was noted that in testing the acceleration attenuation equations in terms of the 

PGA values from Amrat [32] data, the high rate equation (26c) gave better correlation to 
the observed values. The percentage error ranges were approximately 6%- 13% for 8 
samples, and 23% for 2 samples from 10 total samples. For the (26a) relation for the 
high rate, the percentage error ranges were approximately 4%-12% for 4 samples, and 
22%-32% for 3 samples from 7 total samples. The percentage error range for the low 
rate (25c) relation is approximately 2%-17% for 7 samples, and 23%-30% for 3 samples 
from 10 total samples. The high rate attenuation equations (26a-26d) gave better 
correlation to the observed values is an indication of the appropriateness of the 
relations due to conformity with the source type of earthquake occurrences in the Gulf 
of Aqaba. 

 
The other relations (25a-25d) gave wide range of percentage error from 

approximately 1%-62%. The wide range of error in relations (25a-25d) does not reflect 
inaccuracy, but the absence of the appropriate observed PGA values for the test. The 1% 
error is an indication of validity for these relations, which might be connected to the 
source path of the generated seismic waves and the geographical location of source and 
sites.  The high percentage error in all the acceleration attenuation equations could 
presumably be related to the discrepancies regarding epicenters in the USGS seismic 
bulletin and Amrat [32] data for the earthquake events in Aug.2, 1993, Sept. 16, 1994, 
and Nov. 22, 1995.  Since the attenuation equations are partly dependent on distance, the 
discrepancies could affect the outcomes of the test. However, this supposition cannot be 
verified because the coordinates of the sites from which the observed PGA values were 
recorded were not mentioned. Other affecting factor is the focal depth. At relatively 
farther distances, the value of r approaches that of D for shallow focus. From the 8 
events that were used, 7 events have focal depth of 10 km. given in the USGS bulletin. 
At these conditions, the estimates from the attenuation equation dependent on D gave 
better results.     
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Comparison of equations (23) and (25) shows that the additive constant (di) 

gave positive and negative values for the relations with the D and r parameters 
respectively. On the other hand, the additive constants in the high rate with the r 
parameter gave negative and positive values in (26b) and (26d) respectively. The 
explanation for these observations depends upon the value assumed by r and D. The 
parameter r is longer in length than D, so that the values obtained with the term r are 
approximately larger to incur negative or smaller di values for adjustment.   

  
 

Conclusion 
 
The developed scaling relations of earthquake parameters are preferable in 

application due to regional peculiarities in the geologic structures, and utilization of 
domestic seismic data that satisfy the requirements of national needs and development. 
Initial test of the preliminary developed acceleration attenuation equations from 
observed PGA values had shown certain degree of accuracy, despite inadequacy of data 
appropriateness and possible data discrepancies. This may indicate that the assumptions 
and modeling approaches are presumably valid and acceptable. The acceptability and 
validity also imply for the intensity attenuation equations due to correlation of the two 
parameters. Hence, the developed attenuation equations could be sources of ground 
motion estimation formulas for first approximate values in the study area, subject to 
further improvement from appropriate dense seismic instrumentation network.   
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 العلاقات القياسية للمعاملات الزلزالية في منطقة البحر الأحمر
 

 بنيتو بونزا لان  و  عبداالله العمري
 المملكة العربية السعودية، الرياض ، ة الملك سعودجامع ،مركز الدراسات الزلزالية

 
 )هـ۲٦/۱/۱٤۲۳؛ وقبل للنشر في هـ۱۹/۷/۱٤۲۲قدم للنشر في 

 
ي الأقصى بالنسبة العلاقات القياسية لتخامد الشدة الزلزالية والتعجيل الأرض .ملخص البحث

الزلزالي للموجات الس�طحية  لزلزال السطحي والمسافة البؤرية والقدرا لبعدها عن مركز
 .والباطنية والعمق البؤري تم تطويرها لتطبيقها في منطقة البحر الأحمر

علاق��ات التخام��د ت��م تحدي��دها م��ن النمذج��ة المتجانس��ة للخ��رائط الزلزالي��ة المعدّل��ة 
للأحداث الزلزالية م�ن من�اطق  مختلف�ة وم�ن معلوم�ات التعجي�ل الأرض�ي الأقص�ى وم�ن 

 .لزالية إلى القدر الزلزالي مع العمق البؤريتحويل الشدّة الز
 :عمومًا المعادلات القياسية المشتقّة في هذه الدراسة يعبّر عنها بالآتي

I      = aiMi-bi log(D+Di) - ciD-di log(h)+ei 
I      = aiMi-bi log(r/h)-ci(r-h)-di log(h)+ei 
Log(PGA)=aiMi-bi log(D+Di)-ciD-di log(h)+ei 
Log(PGA)=aiMi-bi log(r/h)-ci(r-h)-di log(h)+ei 

تمث��ل عل��ى الت��والي الق��در الزلزال��ي، المس��افة،  di، و ai ،bi ،ciحي��ث إن المع��املات 
فه��ي تمث��ل نص��ف القط��ر التقريب��ي  Diأم��ا . مع��املات التخام��د اللام��رن والعم��ق الب��ؤري

 .بت مختلفثا eiالمناظرة لنوع معامل التعتيم و  Meizoseismalللمطقة الزلزالية 
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الض�رورية والأساس�ية  الط�رقوير نتيجة هذه الدراسة س�وف تس�اعد عل�ى تط�
وكمصدر إضافي للمعادلات ف�ي تق�دير . لتقدير الحركة الأرضية في منطقة البحر الأحمر

الخط���ر الزلزال���ي ف���إن ه���ذه العلاق���ات القياس���ية س���وف تس���اعد ف���ي ص���ياغة ق���رارات 
  .استراتيجيات حماية البيئة
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