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ABSTRACT 

Seismic activity is higher along inter-plate boundaries, decreasing in intra-plate regions. Although a few 

locations in Stable Continental Regions (SCRs) have been subjected to earthquakes with magnitudes 

above Mw = 8, the largest events do not exceed Mw ≈ 7 and their prediction presents great difficulties on 

account of the scarce evidence on seismic activity in intra-plate regions. In view of the difficulty to 

identify seismic sources in those areas, the assumption of diffuse seismicity is often accepted in Seismic 

Risk Analysis. The model justifies the assumption of a Poisson process to describe the occurrence in time 

of seismic events. In the paper the authors examine available seismic data for a 1200km square region in 

the South American SCR, showing conclusively that the distribution of amplitudes is not exponential, but 

may be satisfactorily approximated by a Weibull (minimum) distribution, giving rise to a relation that 
differs from the G-R Law. The approach permits the identification of seismic events that should not be 

included in the background seismicity data base, but belong to a set of large earthquakes, similar to the 

so-called characteristic earthquake, for which instrumental or historical records are very limited. On the 

basis of a preliminary probability distribution of large earthquake for the SCR considered herein, the 

authors examine in this paper the influence on the probability of occurrence of PGA amplitudes at a site 

of a zone free of active faults around it. 

INTRODUCTION 

 In view of the difficulty to identify seismic sources in most SCRs, the assumption of diffuse 

seismicity is often accepted in Seismic Risk Analysis of Nuclear Power Plants (NPP). This not surprising 

since there is no widely accepted criterion to reject the hypothesis that the uniform seismicity model is 

acceptable in any given site, although the issue has been recently examined by Beauval et al (2006). In 

this connection, Riera & Iturrioz (2014) also observe that the assumption of diffuse seismicity justifies the 

adoption of a Poisson process to describe the time distribution of the occurrence of seismic events in the 

region. Note that when in addition the distribution of magnitudes of seismic events is assumed to be 

exponential, the result is the widely employed Gutenberg-Richter (G-R) Law. The authors examined 

available seismic data for a 1200km square region in the South American SCR, showing that the 

distribution of amplitudes is not exponential, although it is satisfactorily modeled by a Weibull 

(minimum) distribution, which leads to a frequency-magnitude relation that differs from the G-R Law. 

The approach permits the identification of seismic events that should not be included in the background 
seismicity data base, being in fact samples of a different, large earthquakes data set, which occur with a 

frequency that cannot be inferred from the background seismic activity.  

 Riera and Iturrioz (2013) considerations, although derived from observations at very different 

time and space scales, lend support to the assumption of diffuse seismicity associated to a Poisson time 

process for Stable Continental Regions (SCRs), such as the internal area of the South American plate. The 
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risk posed by low probability of occurrence, large seismic events, requires the independent consideration 

of outliers of the background seismicity data set. These outliers are attributed to seismic events at regions 

of damage localization along active faults, capable of generating large earthquakes, characterized as 

indicated before, by a different rate of occurrence (Scholz, 2002). In this paper the influence of the 

geometry of the diffuse seismicity region on PSHA predictions in a SCR location is assessed, by 

assuming that around the site of interest there is a circular region free of large active faults.  

 

FIT OF CENSORED DATA TO FREQUENCY-MAGNITUDE PLOTS 

 

Let N designate the number of seismic events in the region and time period under consideration. 
Typically, only events with magnitude exceeding a threshold value Mo are included in the data base, 

hence, let: ΔN = number of events with magnitude Mw < Mo , N  = number of events with magnitude Mw ≥ 
Mo (incomplete data set) and N + ΔN = total number of seismic events (complete data set). In such case, 

assuming a Weibull probability distribution of the seismic events magnitudes leads to: 

 

  Prob (Mw > m) = exp [– (βm)
γ
]      (1) 

 

The probability of an event Mw > m may be estimated by the past relative frequency: 

 

  n / (N + ΔN ) = exp [-(βm)
γ
]      (2) 

 

The left-hand side may be expressed as: 

 

  n / (N + ΔN ) = (1/a) n / N      (3) 

 

in which a = 1+ΔN/N is a dimensionless number equal to or larger than 1. Taking logarithms of both sides 

of eq. (3) leads to: 

 

  Log10 (n/N) = Log10 a – 0.43429 (βm)
γ
      (4) 

 

Setting m = Mo in eq. (4), it may be shown that: 

 

  a = 1 + { 1 – exp[– (β Mo)
γ
]} / exp[– (β Mo)

γ
]    (5) 

 

Introducing eq. (5) in eq. (4) an expression results that depends on γ and β. Note that the mean value μm , 

that enters into coefficient β, is also a function of γ. For the Type III (Weibull) distribution it is known 

that:  

 

  μm = Γ (1+ 1/ γ ) / β        (6) 

 

 

FREQUENCY-MAGNITUDE RELATIONS IN SCR 
 

Available seismic data (Berrocal et al, 2013) recorded within a square region with 1600 km sides in the 

South American SCR was used to characterize the background seismicity. The Mw magnitudes as well as 

Log10 (n/N) values are shown in Table 1. Three events (Mw = 4.7, 4.8 and 5.2) in the data base, with 

magnitudes Mw > 4.4, were regarded as outliers in a preliminary analysis, as justified below. The 

epicenters of these three events are located in the Atlantic Ocean, at distances larger than 100 km from the 

coastline, and were not included in the diffuse seismicity region under consideration. Thus, eq. (4) was 
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fitted to the values shown in Table 1 by means of nonlinear regression, to estimate the values of Log10 a, β 

and g . Note that, as previously defined, the positive coefficient a ≥ 1 is given by: 
 

a = 1+ΔN/N                           ``                                                           (7) 

     
Table 1.  Values of Mw and cumulative number of events for the SCR area 

shown in Figure 1. Three events Mw ≥ 4,4 were deleted from the data base. 

 
The mean value μm of the (N+ΔN) complete set is not known, but may be estimated by means of eq. (8):  

 
μm  = exp (- 0.3665/ γ) / β                                                                                                         (8) 

 

 

The coefficients obtained for the N = 852 events are g=3.1672, β =0.41 and a=1.0109. Applying then 

equation (7) and (8), μm=2.1412 and ΔN =93 result. The standard error is s=0.04866, and the correlation 

coefficient = 0.998453. The mean value for the censored data set N was determined as μm=2.95. The data 

points presented in Table 1 as well as the Weibull Type III distribution based fit are shown in Figure 1. 

The agreement between the observed seismic data and the theoretical model is quite satisfactory. The 

events (Mw = 4.7, 4.8 and 5.2) were removed from the original data set employing standard criteria of 

statistical analysis, supported by the locations of the epicenters, all of them more than 100km offshore.  

 

 

4. COMMENTS ON THE EVOLUTION OF SEISMIC ACTIVITY IN SCR´s 

 

Field evidence so far available in so-called Stable Continental Regions (SCR), jointly with both 

numerical and experimental analyses of solids subjected to various stress states strongly suggest 
that at initial stages of the loading process, the assumptions of diffuse seismicity associated to an extreme 

Type III distribution of the magnitudes of the seismic events lead to Log(n/N) vs. Mw relations that 

satisfactorily fit available data. Note that the widely used Gutenberg-Richter law, which implies an 

exponential distribution of the amplitudes, requires the introduction of artificial upper and lower limits of 

the magnitude to preserve a reasonable fit to field data.  

 

Mw Nac Log10(Nac) Log10 (n/N) Mw Nac Log10(Nac) Log10 (n/N) 

1.5 850 2.9294 0 3.0 105 2.0212 -0.9082 

1.6 715 2.8543 -0.0751 3.1 88 1.9445 -0.9849 

1.7 617 2.7903 -0.1391 3.2 69 1.8388 -1.0906 

1.9 541 2.7332 -0.1962 3.4 55 1.7404 -1.1891 

2.0 483 2.6839 -0.2455 3.5 41 1.6128 -1.3166 

2.1 430 2.6335 -0.2959 3.6 24 1.3802 -1.5492 

2.2 378 2.5775 -0.3519 3.7 18 1.2553 -1.6741 

2.3 326 2.5132 -0.4162 3.8 12 1.0792 -1.8502 

2.4 286 2.4564 -0.4731 3.9 8 0.9031 -2.0263 

2.5 240 2.3802 -0.5492 4.1 4 0.6021 -2.3274 

2.7 202 2.3054 -0.6241 4.2 2 0.3010 -2.6284 

2.8 164 2.2148 -0.7146 4.4 1 0.0000 -2.9294 

2.9 139 2.1430 -0.7802 -- -- -- -- 
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Figure 1. Relation between Log(n/N) and Mw for the approximately 1200 km square area around 

Angra dos Reis NPP in the South American SCR. Three events with magnitude  Mw ≥ 4,4 
occurred in the region in the 50 years considered in the analysis were deleted from the data base 

and should be assessed independently.   
 

 

As damage localization occurs, the Poisson process assumption increasingly fails to describe the 

occurrence in time of seismic (or AE) events, which as damage grows appear to take place at more 

regular intervals. The proposal of the so-called characteristic earthquake constitutes an attempt to 

account for the occurrence of these larger seismic events, but the procedures developed to merge both 

seismic data groups in seismic reliability analyses present deficiencies. In fact, the numbers of well 

documented seismic events in characteristic earthquake data bases are still insufficient to establish 

whether the Poisson Process model or any probability distribution of the magnitudes can be accepted, 

even if historic evidence is resorted to. These views will be illustrated with data from southern Brazil 

SCR.   

 
DISTRIBUTION OF LARGE MAGNITUDE EARTHQUAKES  
 

Three events (Mw = 4.7, 4.8 and 5.2) in the data considered in the previous section, with magnitudes Mw > 

4.4, were regarded as outliers in the analysis of the complete data base. The epicenters of these three 

events were located in the Atlantic Ocean, at distances larger than 100 km from the coastline. It is herein 

assumed that these events belong in a different group, the so-called characteristic earthquake, with 

different distribution of magnitudes and rate of occurrence. In connection with the latter, the assumption 

of a Poisson Process will be maintained, with a mean recurrence period equal to No = 16.7 years, based on 

the observation of three events in the last 50 years, resulting in a mean frequency μ = 0.06/year.   

 

There is also very scarce data to estimate the parameters of a probability distribution of the magnitude, let 

alone its functional form. Thus, it was assumed that the magnitude m of large seismic events within the 

region under consideration was also characterized by a Type III, but with a smaller exponent γ =2, 

corresponding to the Raleigh distribution with two parameters. Hence, given an event, the probability that 

its magnitude is larger than m would be given by: 
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  Prob(Mw > m) = 1 - exp{-[β(m - Mmin )]
2
} = z;    ( m > Mmin )  (9)  

 
In which the lower bound Mmin = 4.5 was adopted so that all outliers of the previous analysis (Mw ≥ 4.7) 

are included. The remaining parameter β= 1.25 was determined from the condition that the mean value of 

the distribution (9) slightly exceeds the largest observed value Mw= 5.2 in the 50 years sample. The 

annual probability of exceedence of magnitude Mw is estimated assuming that the events are independent. 

According to the multiplicative rule, it then follows that: 

 

  pa   =   μ  Prob(Mw > m)        (10) 

 
in which the mean frequency μ = 0.06/year estimates the probability that a characteristic seismic event 

actually occurs. Consider now a circular region of radius r1 centered at a location of interest in the diffuse 

seismicity region. If this region is divided in an inner circle and an annular region with equal areas ½ π 
r1

2
, it may readily be found that the radius of the inner circle is r1/ √2. In the ensuing discretization 

procedure it will be admitted that this value (0.7071 r1) estimates the mean distance between the epicenter 

of seismic events occurred within the circle of radius r1 and the center of the circle. Similarly, for the 

adjacent annular region with external radius r2, the mean distance results: 

 
  r = 0.707 (r1

2
 + r2

2
)

½
       (11) 

 

Eq. (11) is applicable to any annular section with internal and external radii r1 and r2 respectively. The 

radii (in km) of the circles in which the area around the location of interest was subdivided in the 

discretization scheme, as well as internal and external radii and mean distances to the center for each 

annular sector, are presented in Table 2, which also shows the values for each zone of the coefficient η 

that defines the relative area. 

 
Table 2. Coefficients η (× 10

-3
) for the central circular area and remaining annular areas 

 and corresponding mean distances from the epicenter to the site  

 
 Zone    1     2   3    4    5     6     7    8 

ri (km)    0 14.14 24.33 34.75 61.58 94.91 140.88 318.31 

re(km) 14.14 24.33 34.75 61.58 94.91 140.88 318.31 564.19 

R(km)   10    20  30   50   80   120   246   458 

   η 0.656 1.23
 

1.93
 

8.12
 

16.3
 

34.1
 

256
 

682 

 

For the parameters indicated above, Table 2 presents then the annual probability of occurrence of seismic 

events with moment magnitudes Mw in the range (3, 8) within the circular or annular areas previously 

described, for characteristic earthquake events and diffuse (uniform) seismicity in the region.  Note that 

Riera & Iturrioz (2014) cannot reject the second assumption for background seismicity events (Mw < 4,5), 

but the very low number of large earthquakes in the data base does not permit any statistical assessment 

of the assumption for so-called characteristic earthquakes. Figure 2 shows the resulting relation between 

Log (pa) and Mw, in which pa denotes the annual probability that the magnitude Mw of large earthquakes 

(characteristic earthquakes) be exceeded within each region for Zones 1 to 6 around location of interest.   

 

It was assumed that the diffuse (uniform) seismicity assumption is applicable. Finally Figure 3 

shows the relation between Log (pa) and Mw, in which pa denotes the annual probability that the 

magnitude Mw be exceeded in the entire region of total area AT ≈ 10
6
 km

2
, for background seismicity pa (1) 

and characteristic earthquakes pa (2). The probability per km
2
 may be estimated, assuming diffuse 

(uniform) seismicity by dividing the values indicated by the area AT. 
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Figure 2. Relation between Log (pa), in which pa denotes the annual probability that the magnitude 

Mw be exceeded in the region under consideration, of total area AT ≈ 10
6
 km

2
, and Mw for background 

seismicity pa(1)×10
-3

 and large earthquakes pa(2)×10
-3

.   

 

Table 3. Annual probability of occurrence of large seismic events and probabilities (× 10
-3

) of seismic 

events in zones within the SCR admitting diffuse (uniform) seismicity in the region  

 
     pa     Zone 1   Zone 2   Zone 3  Zone 4  Zone 5   Zone 6 Zone 7 Zone 8 

Mw ≥ 3 60.000 0.039360 0.073800 0.115800 0.487200 0.978000 2.046000 15.36 40.92 

Mw ≥ 4 60.000 0.039360 0.073800 0.115800 0.487200 0.978000 2.046000 15.36 40.92 

Mw ≥ 5 40.598 0.026632 0.049936 0.078354 0.329658 0.661747 1.384392 10.393 27.688 

Mw ≥ 6 1.784 0.001170 0.002194 0.003443 0.014486 0.029079 0.060834 0.4567 1.2167 

Mw ≥ 7 7×10
-3

  5.×10
-6

 9.×10
-6

 0.000013 0.000057 0.000114 0.000239 0.00179 0.00477 

Mw ≥ 8  3×10
-7

  2.×10
-10

  4.×10
-10

  6.×10
-10

  2.×10
-9

   5.×10
-9

   1.×10
-8

 7.7×10
-5

 2.×10
-4

 

 

 

DETERMINATION OF PEAK GROUND ACCELERATIONS 
 

The Toro et al. (1997) Grund Motion Prediction Equation (GMPE) were used because they provide 

versions in terms of both moment magnitude Mw and body-wave magnitude mb(Lg). The latter is 

considered to be broadly equivalent to the regional magnitude scale, mR used in Brazil and in which the 

earthquake catalogue was originally expressed. Comparisons of PGA values from recordings of small-to-

moderate magnitude earthquakes in Brazil with predictions from the Toro et al. (1997) GMPE, suggest 

this model is also broadly applicable in this region. Hence, the moment magnitude-based GMPE for 

Eastern North-America mid-continent region is regarded as applicable to SCR´s in general and was 

adopted in this study. Moreover, the version of the GMPE as modified by Toro (2002) was used, which 

includes near-source saturation that was absent from the original model. The form of the Toro et al. 
(1997, 2002) equation for the prediction of median values of the spectral accelerations, Sa, in units of g, 

has the following functional form: 

 

 

  ln(As) =  C1 + C2 (Mw – 6) + C3 (Mw – 6)
2
 – C4 ln(RM) – (C5 - C4) max[RM/100,0) – C6 RM   (12) 

 

 RM  =  { Rjb
2 + C7

2 [exp (-1.25 + 0.227 Mw)]
2
 }

1/2
                                                          (13) 
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In which Rjb denotes de Joyner-Boore distance. Coefficients Cj  (j = 1, 7) for 10 target response 

frequencies, namely 0.5, 1.0, 2.5, 5, 10, 20, 25, 30, 50 and 100 Hz, are shown in Table 4. Toro et al. 

(1997) provided coefficients for the prediction of spectral accelerations at the following frequencies: 0.5, 

1.0, 2.5, 5, 10, 25, 35 and 100 Hz (the highest value coming from the assumption that the spectral 

acceleration at 100 Hz is equivalent to PGA). Therefore, a cubic spline was resorted to, interpolating the 

missing coefficients against the logarithm of the response frequencies, as recommend by Bommer et al. 
(2012). In this paper, only predictions for the PGA (coefficients in last line of the table) are reported, 

since its objective is to assess the influence of the source geometry.  

 

Table 4. Coefficients for the Toro et al. (1997) GMPE 

 
Freq.[Hz] C1 C2 C3 C4 C5 C6 C7 

0.5 -0.74 1.86 -0.31 0.92 0.46 0.0017 6.9 

1.0 0.09 1.42 -0.20 0.90 0.49 0.0023 6.8 

2.5 1.07 1.05 -0.10 0.93 0.56 0.0033 7.1 

5 1.73 0.84 0.0 0.98 0.66 0.0042 7.5 

10 2.37 0.81 0.0 1.10 1.02 0.0040 8.3 

20* 3.3744 0.8055 0.0** 1.3686 1.6343 0.001918 9.965 

25 3.68 0.80 0.0 1.46 1.77 0.0013 10.5 

30* 3.8823 0.7946 0.0** 1.5257 1.8240 0.000963 10.866 

50* 3.9914 0.7832 0.0** 1.6092 1.7230 0.000813 11.264 

100 2.20 0.81 0.0 1.27 1.16 0.0021 9.3 

 

*Obtained by interpolation using cubic spline and expressed to more decimal places than original  coefficients to 

maintain accuracy; ** interpolation gives non-zero values but since for all frequencies from 5 Hz and higher the 

original coefficients were zero, this condition is imposed  

 

INFLUENCE OF SOURCE GEOMETRY ON RISK ESTIMATES 

 

On the basis of the distribution of earthquake magnitudes described in Section 4 and the GMPE presented 

in Section 5, the annual probability of exceeding the PGA at the site will be determined for various 

assumptions concerning the seismic source geometry. Two basic geometries are evaluated: (a) diffuse 

(uniform) seismicity through the entire SCR under consideration and (b) diffuse (uniform) seismicity 

outside a circle of radius R centred at the site of interest. Table 5 presents, for case (a), the annual 

probabilities of occurrence of seismic events for each zone, while Tables 6  present similar information 

for case (b), with R equal to 14.14,  24.33 and 34.75km, respectively. 

 

 

Table 5. Annual probability of occurrence of seismic events in circular or annular areas around site of 

interest (× 10
-4

) 
Magnitude Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Total 

4.5≤Mw <5.0     0.143 0.428 0.714 2.284 5.567 11.420 65.833 213.06 299.4 

5.0≤Mw <5.5 0.097 0.291 0.485 1.553 3.785 7.764 44.752 144.84 203.5 

5.5≤Mw <6.0 0.036 0.108 0.180 0.577 1.407 2.887 16.643 53.86 75.70 

6.0≤Mw <6.5 0.004 0.0126 0.0210 0.0673 0.1641 0.3367 1.9410 6.282 8.829 

6.5≤Mw <7.0 1.42E-03 0.00425 0.00709 0.0227 0.0553 0.1134 0.6538 2.116 2.974 

7.0≤Mw <7.5 1.65E-05 4.95E-05 8.25E-05 2.6E-04 6.4E-04 0.00132 0.0076 0.0246 0.0345 

7.5≤Mw <8.0 5.50E-06 1.65E-05 2.75E-05 8.8E-05 2.1E-04 0.00044 0.0025 0.0082 0.0114 
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Table 6. Annual prob. of occurrence of seismic events (× 10
-4

), in annular areas around site of interest  

 

Magnitude Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Total 

4.5≤Mw <5.0 

(*R1à)  0 0.428 0.714 2.285 5.570 11.425 65.864 213.161 299.592 

(
+
R2à)  0 0 0.715 2.288 5.578 11.4422 65.959 213.467 300.021 

(
#
R3à) 0   0 0 2.2944 5.591 11.470 66.117 213.978 300.741 

5.0≤Mw <5.5 

(R1à)   0 0.291 0.4852 1.554 3.787 7.767 44.773 144.909 203.667 

(R2à)   0 0 0.486 1.556 3.792 7.779 44.837 145.117 203.959 

(R3à)   0 0 0 1.560 3.801 7.797 44.945 145.464 204.447 

5.5≤Mw <6.0 

(R1à)   0 0.108 0.180 0.577 1.408 2.888 16.651 53.886 75.736 

(R2à)   0 0 0.180 0.578 1.410 2.893 16.675 53.963 75.845 

(R3à)   0 0 0 0.579 1.413 2.899 16.715 54.092 76.0263 

6.0≤Mw <6.5 

(R1à)   0 0.0126 0.0210 0.067 0.164 0.337 1.9419 6.285 8.833 

(R2à)   0 0 0.0210 0.0674 0.1644 0.337 1.948 6.294 8.846 

(R3à)   0 0 0 0.0676 0.165 0.338 1.949 6.309 8.867 

6.5≤Mw<7.0 

(R1à)   0 0.00425 0.00709 0.0227 0.055 0.113 0.6541 2.11700 2.975 

(R2à)   0 0 0.00713 0.0227 0.0554 0.114 0.655 2.120 2.979 

(R3à)   0 0 0 0.0228 0.0555 0.114 0.657 2.125 2.987 

7.0≤Mw <7.5 
(R1à)   0 4.952E-05 8.254E-05 0.000260 0.000640 0.00132 0.00760 0.0246 0.0346 

(R2à)   0 0 8.26E-05 0.000261 0.000641 0.00132 0.00761 0.0246 0.0346 

(R3à)   0 0 0 0.000261 0.000643 0.00136 0.00763 0.0247 0.0347 

7.5≤Mw <8.0 

(R1à)   0 1.651E-05 2.751E-05 8.804E-05 0.000210 0.000440 0.00250 0.00820 0.0115 

(R2à)   0 0 2.75E-05 8.817E-05 0.000210 0.000441 0.00250 0.00822 0.0115 

(R3à)   0 0 0 8.838E-05 0.000211 0.000442 0.00251 0.00823 0.0115 

 

(*) assuming that no seismic source exist in Zone 1  of external radius R1 = 14.14km. 

(+) assuming that no seismic source exist in Zone 1 and 2, of external radius R2 =24.33km. 
(#) assuming that no seismic source exist in Zone 1, 2 and 3 , of external radius R3 =34.75km.  

 

 

Table 7. PGA induced at site of interest by seismic events with epicenter in zones 1 to 8. 

 
Magnitude Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 

4.5≤Mw <5.0 0.1265 0.0638 0.0392 0.0202 0.0105 0.0059 0.0020 0.0006 

5.0≤Mw <5.5 0.1787 0.0935 0.0581 0.0301 0.0158 0.0089 0.0030 0.0009 

5.5≤Mw <6.0 0.2503 0.1365 0.0860 0.0450 0.0236 0.0133 0.0044 0.0014 

6.0≤Mw <6.5 0.3474 0.1983 0.1268 0.0670 0.0353 0.0199 0.0067 0.0021 

6.5≤Mw <7.0 0.4784 0.2862 0.1865 0.0996 0.0527 0.0298 0.0100 0.0031 

7.0≤Mw <7.5 0.6534 0.4103 0.2729 0.1479 0.0787 0.0447 0.0150 0.0047 

7.5≤Mw <8.0 0.8855 0.5838 0.3974 0.2190 0.1174 0.0668 0.0225 0.0070 

 
Next, Table 7 shows the mean Peak Ground Acceleration (PGA) at the site of interest, due to 

seismic events with epicenters at each zone i (i= 1 to 8). The Ground Motion Prediction Equation 

(GMPE) proposed by Toro et al. (1997) and described in Section 6 was used for this purpose. Hence, 

each PGA may be associated to the corresponding annual probability of occurrence, indicated in Tables 5 

to 8, leading to the total probability of exceeding PGA levels at the site indicated in Table 10, in which 

pa denotes the probability for case (a), i.e. diffuse (uniform) seismicity through the entire SCR, 

and pa1, pa2, pa3 assuming that no seismic source exist within Zones 1  to 3, respectively. 
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Table 8. Annual probability of exceedance of  PGA levels due to characteristic events (×10
-4

). 

 

PGA      0.30     0.25    0.20      0.15     0.10      0.05   0.00 

 pa 0.00572 0.0460 0.0600 0.177 0.472 2.002 590.6 

  pa1
 

9.354E-05 0.00745 0.00754 0.0272 0.157 1.632 590.6 

  pa2
 

2.75E-05 0.00011 0.00020 0.0073 0.0288 0.842 590.6 

pa3
 

---- ------ --------- 8.838E-05 0.00056 0.148 590.6 

 
The probabilities of  PGA levels at the site for the cases indicated in Table 10 are shown in Figure 4. The 

equation: 

  Log (pa) = 1.2287 [ 1 + c exp(- 8 PGA)]     (14) 

 

provides a satisfactory fit to the computed probabilities, with the following regression constants: 

 

  R = 0   (uniform seismicity)      c = 4.3 

                        R = 14.14 km   (excluded region)   c = 5.2 

  R = 24.33 km (excluded region)      c = 6.4 

  R = 34.75 km (excluded region)      c = 8.4 

 

 
Figure 4. Annual probability of occurrence of PGA values at the site of interest 

(Red curve pa, blue curve pa1, green curve pa2, violet curve pa3) 

 

 
The curves shown in Figure 4 define the annual probability of occurrence of PGA levels at a typical site 

in a SCR, assuming uniform diffuse seismicity (red curve), and excluding circular zones centered at the 

site with radius ranging from 14.33 to 34.75km (blue, green and violet curves). Although the uniform 

diffuse seismicity model is a reasonable assumption for background seismicity in SCRs, it appears to be 

questionable to estimate the risk of large events - so-called characteristic earthquakes - which can only 

happen along larger faults, which are less likely to remain undetected. On the basis of the numerical 

results presented in the paper, if the existence of an active fault at a distance less than R (km) from the site 

can be ruled out, at a 10
-3

 annual probability level, the PGA determined assuming uniform seismicity is 

reduced by a factor: 
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   ζ = 1 - 0.014 R        (15) 

 

The factor multiplying R (in km) in eq. (15) increases to 0.017 and 0.018 at annual probability levels of  

10
-4

 and 10
-5

 , respectively, implying an even more significant reduction of the design PGA at the site.     

 

CONCLUSIONS 

 

The paper presents in the first part an assessment of models and assumptions currently employed in the 

seismic reliability analysis of engineering systems, including a discussion of the validity of the widely 

accepted Gutenberg-Richter (G-R) relation. It is shown that, since the so-called G-R law implies the 

validity of the assumptions that seismic events occur as a Poisson time sequence, with the amplitudes of 

the individual events characterized by an exponential probability distribution, the latter is an unnecessary 

simplifying assumption.  Data for an approximately 10
6
 km

2
 area in the South American Stable 

Continental Region (SCR) shows that the Weibull extreme type III distribution satisfactorily fits the 

magnitudes observed in the last fifty years, confirming similar evidence collected worldwide. Resorting to 

a general Type III distribution (a) allows the identification of events that deserve being considered 

samples of a different group of seismic events (the characteristic earthquake) and (b) eliminates the need 

to introduce a cut-off or maximum magnitude in the analysis, which is an artificial mean to maintain a 

relation that is rarely, if ever, confirmed by observational data. In seismic risk assessments in SCRs, in 

view of the difficulty to identify seismic sources, the assumption of diffuse (uniform) seismicity is 

commonly accepted and adopted herein to complete the analysis with a model, also based on the 

assumption of a Poisson process, to account for the so-called characteristic earthquake in a SCR. 

Although the uniform diffuse seismicity model is a reasonable assumption for background seismicity in 

SCRs, it appears to be questionable to estimate the risk of large events - so-called characteristic 
earthquakes - which can only happen along larger faults, which are less likely to remain undetected. On 

the basis of the numerical results presented in the paper, the reduction of the PGA determined assuming 

uniform seismicity is then quantified for various probability levels, if the existence of an active fault at a 

distance less than R kilometers from the site can be ruled out.  
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