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ABSTRACT 
 

New earthquake ground-motion relations in East-Central Iran (ECI) have been developed based on a 

stochastic finite-fault model. The model incorporates new information obtained from ECI seismographic 

data, including three-component broadband data that provide new information on ECI source and path 

effects. We develop an empirical-stochastic source model to obtain ground motions at different 

magnitude-distance range of interest. The attenuation characteristics of strong motion in near-field are 

studied in this paper and the attenuation relations for horizontal acceleration response spectrum in the 

period range of 0.1–5 s, with magnitude range of Mw 5.0 to 7.6 in ECI are established. These equations 

were derived by two-stage regression analysis on a set of 1200 simulated strong-motion records and 137 

observed ground motion records recorded in this area. The present results will be useful in estimating 

strong ground motion parameters and in the earthquake resistant design in the east-Central Iran region.  
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INTRODUCTION 
 

Ground-motion prediction equations are an essential element of PSHA. The equations generally predict 

median values of ground-motion parameters as a function of explanatory variables such as magnitude, 

distance, site classification and style-of-faulting. The reliability of all ground-motion prediction equations 

are strongly influenced by the characteristics of the dataset used to calibrate them. The optimal condition 

to obtain stable regressions would be to have a large amount of data with a wide distribution of 

magnitudes, distances and source mechanisms (Douglas, 2003). Unfortunately, this is a very rare case; in 

fact prediction equations are usually limited to the typical magnitude range observed in the study region 

that, in general, allows to derive empirical relationships only for strong motion data (Ambraseys et al. 

2005 a,b; Sabetta and Pugliese, 1987,1996; Tento et al. 1992; Campbell, 1985; Douglas, 2003) or weak 

motion data (Frisenda et al. 2005; Massa et al., 2007). 

 

Stochastic finite-fault modeling techniques that can be used to develop regional ground-motion prediction 

equations for both point sources and large faults have been extended and validated (Beresnev and 

Atkinson, 1997a, 1998b, 2002; Motazedian and Atkinson, 2005). As a result of developments in 

stochastic modeling, it is now feasible to use a finite-fault model to improve ground-motion predictions 

for larger earthquakes in ECI. The use of a finite-fault model is particularly important in improving the 

reliability of estimates for large-magnitude events at close distances. 
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The spatial distribution of events and stations may introduce an azimuthal effect on the amplitudes of the 

ground motion (Sabetta and Pugliese, 1987; Campbell and Bozorgnia, 1994). Azimuthal dependence is 

probably due to the limited number of data points. To reduce this effect it is important to have a good 

source-to-station azimuthal coverage. In such areas of high seismicity, sufficient ground-motion data are 

available to perform a statistical fitting procedure for the purpose of developing an attenuation 

relationship in a seismic hazard analysis, but what about regions where ground-motion data are 

incomplete in the large magnitude and small distance ranges? For instance, there are insufficient ground-

motion data to provide a complete database for developing an empirical attenuation relationship in the 

ECI. When acceleration time-histories are required as the input to engineering design or analysis, two 

basic options are available: First, select real accelerograms from strong motion data bases. Second, 

simulate synthetic ground motions from theoretical seismological models of seismic fault rupture (low 

frequency limitation f< 1-5 Hz) or simulate artificial accelerograms, from stochastic methods, to match 

target response spectra (generally used in engineering). The simulating ground motions is widely used to 

predict ground motions for regions of the world in which recordings of motion from potentially damaging 

earthquakes are not available. To overcome the incompleteness of the data set, stochastic finite-fault 

modeling was applied to generate a set of generic artificial waveforms for different magnitudes and 

distances. 

 

Peak ground acceleration, PGA, and response spectral ordinates, PSA, have many applications in 

earthquake engineering and engineering seismology, but there are relatively few prediction equations for 

these parameters in Iran, especially in the ECI. This lack of empirical equations for PGA and horizontal 

acceleration response spectrum has led to widespread use of the practice of other region relations, which 

is a poor substitute for direct prediction of the parameters. A better estimation of ECI ground-motion 

requires an increase in the number of pure ECI data, particularly with respect to near-fault and wide 

magnitude range records. Responding to the need to provide equations for the prediction of PGA and 

acceleration response spectrum, this paper derives new equations using the theoretical and empirical 

strong motion databases for the seismically active area of ECI. 

 

 

STRONG-MOTION DATABASE 
 

The strong ground motion data base considered in the present work consists of simulated and observed 

earthquakes recorded in the East-Central Iran (ECI). A total of 1200 strong-motion simulated 

accelerograms at distances less than 100 km and 137 strong-motion accelerograms recorded at distances 

of up to 150 km from 24 earthquakes with moment magnitudes ranging from Mw 5.0 to 7.6 are used to 

derive equations. 

 
The available observed dataset for this study is composed of 137 strong ground-motion data recorded 

since 1978 by regional strong motion seismology network operating in Iran (Fig 1). We have considered 

data with a good signal-to-noise ratio with Mw ranging from 5.0 to 7.6 and a maximum epicentral distance 

of 150 km, to derive empirical ground motion models. The locations of the selected data are shown in 

Figure 1. 

 

In Fig. 2 the distribution of magnitude with distance of the selected data is shown. As shown in this 

figure, seismic data of ECI are insufficient for direct empirical regressions to obtain ground-motion 

relations and there is a shortage of ground motion data for large-magnitude earthquakes, and earthquakes 

at short distances. As stated by Douglas (2003) few earthquakes may be a limit in constraining the 

behavior of the ground motion equations. We use a stochastic finite-fault method, in which a large 

earthquake fault can be divided into smaller earthquake faults (subfaults). By applying stochastic Finite 
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Fault Modeling, we can simulate the acceleration time series for large earthquakes at any distances. In 

this approach, a stochastic model is first used to generate a set of generic artificial waveforms for 

different magnitudes and distances. ECI data were used to determine key attenuation parameters, such as 

regional Q, duration behavior, geometric attenuation behavior and generic site amplification. Key 

attenuation parameters were applied in stochastic finite fault modeling. In Fig. 2, circles, the distribution 

of magnitude with distance of the 1200 simulated data and triangles, the distribution of magnitude with 

distance of the 137 observed data are shown. 1337 strong-motion waveforms have been collected merging 

information from observed and simulated data with magnitude range of Mw 5.0 to 7.6 and distance to the 

surface projection of the fault less than 100 km. In Fig. 2 the distribution of magnitude with distance of 

the simulated and observed data is shown. 

  

 
Figure 1. Tectonic and seismicity of East-Central Iran. Circles represent earthquakes  and 

triangles represent regional strong motion seismology network. 
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Figure 2. Distribution of simulated and observed recordings used in the regression analysis of 
peak ground acceleration and spectral acceleration (5%-damping). Circles represent observed 
recordings, and triangles represent additional simulated recordings from the database.Caption 

 

 

GROUND-MOTION RELATIONS 
 

The attenuation is typically considered a function of the magnitude of the event, the frequency being 

considered, and geological conditions between the event and the site. The equation we selected to 

represent the ground-motion relations for the average horizontal component of PGA and PSA is given by 

 

erjbww hrdMcMbaLogY εε ++++−+−+= 2/1222 )()6()6(                                                   (1) 
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In first equation, Y is the average horizontal component, of PGA or 5% damped PSA in g (g =981 

cm/sec2); M is moment magnitude; rjb is the closest distance to the surface projection of fault rupture in 

km (Boore et al., 1997); h=7.0 (average depth of ECI earthquakes); a, b, c and d are frequency-dependent 
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parameters to be determined. Residuals for ith event and kth record are described by εe and εr, 

respectively, and n is number of records in each event. 

The coefficients of the models have been determined using functional forms with an independent 

magnitude decay rate and applying the random effects model (Abrahamson and Youngs, 1992; 

Joyner and Boore, 1993) that allow the determination of the inter-event, inter-station and record-

to-record components of variance. The goodness of fit between observed and predicted values has 

been evaluated using the maximum likelihood approach as in Spudich et al. (1999). 
 

 

RESULTS 
 

Analysis of the present dataset largely follows the method adopted by Joyner and Boore (1993). The 

coefficients in the Eq.1 for predicting ground motion were determined by using nonlinear regression 

analysis. Unlike traditional linear regression, which is restricted to estimating linear models, nonlinear 

regression can estimate models with arbitrary relationships between independent and dependent variables. 

This is accomplished using iterative estimation algorithms. This exercise was performed separately on 

PGA and PSA data at each oscillator period considered (total of 14 periods from 0.1 to 5.0 s).  

We have merged all observed and simulated data and the coefficients for estimating the maximum 

horizontal-component pseudo-acceleration response by Eq.1 are given in Table 1 for rock classification. 

Because of shortage in knowledge of site condition and site amplification of ECI, the site classification 

used in this study is very basic. Only one class is defined: Rock.  

 

Table 1. Attenuation relationships of horizontal PGA and PSA for rock (5% damping) 

LogY=a+b(Mw - 6)+c(Mw – 6)
2
 +d(rjb + h

2
)
1/2

 +σ      with  h=7 

 Period a b c d σ 
PGA 2.615 3.10E-01 -4.55E-02 -1.26E-02 0.33 

0.1 2.830 2.95E-01 -6.82E-02 -2.25E-02 0.35 

0.2 2.936 2.59E-01 -6.66E-02 -1.54E-02 0.32 

0.3 2.855 3.08E-01 -7.77E-02 -1.82E-02 0.36 

0.4 2.757 3.69E-01 -9.13E-02 -2.16E-02 0.34 

0.5 2.662 4.06E-01 -9.85E-02 -1.44E-02 0.33 

0.6 2.598 4.39E-01 -1.07E-01 -1.54E-02 0.37 

0.7 2.497 4.48E-01 -1.09E-01 -1.41E-02 0.29 

0.8 2.451 4.80E-01 -1.13E-01 -1.32E-02 0.35 

0.9 2.374 5.14E-01 -1.08E-01 -1.34E-02 0.34 

1.0 2.303 5.23E-01 -9.61E-02 -1.29E-02 0.32 

2.0 1.859 6.19E-01 -8.61E-02 -2.15E-02 0.34 

3.0 1.580 6.65E-01 -6.64E-02 -1.96E-02 0.36 

4.0 1.344 6.90E-01 -5.35E-02 -2.27E-02 0.33 

5.0 1.185 7.09E-01 -5.11E-02 -2.18E-02  0.37  

 

 

For the model to be unbiased, the residuals should have zero mean and be uncorrelated with respect to the 

parameters in the regression model. Amplitude residuals are, on average, relatively small and do not 

appear to vary significantly with hypocentral distance and magnitude.  
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Figure 3. Plot of the hybrid empirical ground-motion relations for hard rock and soil 
developed in this study for: peak ground acceleration, 5% damped response spectral 

acceleration at 0.2 s period and 5% damped response spectral acceleration at 1.0 s period. 
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The resulting ground-motion relations for selected response spectral ordinates are plotted in Figure 3. In 

this Figure, PGA, PSA at 0.2 and 1.0 s are shown versus closest site-source distance for magnitude range 

of 5.0-7.5. 

 

 

DISCUSSION 
 

The work presented in this article provides an important framework for developing regional ground-

motion relations and indicates that we can not simply rely on ground-motion attenuation models from 

other regions for Iranian earthquake hazard and risk assessments. Attenuation parameters derived in these 

empirical studies are currently being used as key inputs for stochastic models to predict ground motions 

for larger-magnitude events. The attenuation behavior of small to moderate earthquakes over a wide range 

of distances can be obtained from real records, but they are insufficient to establish key attenuation 

parameters.  
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Figure 4. Comparison of 5% damped acceleration response spectra predicted from eight widely 
used empirical ground-motion relations in seismology and engineering for generic soil and rock. 

The comparison is for Mw 7.0 and a distance of 10 km. 
 

The stochastic method has been used to derive ground-motion relations for many different regions such as 

eastern North America (ENA) and California. The developed ground motion relations for ECI are 

validated using available seismographic data, and compared to ground motion relations for other regions 

(Fig. 4). We compared our new ground-motion relations with some ground-motion relations that are 

widely used to estimate horizontal response spectra for seismological and engineering analyses in 

nonextensional regions of western North America (WNA) and other world regions. (Abrahamson and 

Silva, 2007; Boore et al., 1997; Ambraseys et al., 1996; Campbell and Bozorgnia, 2003, 2007; Zare et al., 

1999; Ohno et al., 2001; Zhao et al., 2005). All of these relations represent a seismically active, shallow-

crustal tectonic environment, consistent with our study. The Campbell and Bozorgnia (2003) relations are 

valid for earthquakes of MW ≥ 5.0 and distances of rseis ≤ 60 km for shallow-crustal earthquake in western 
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North America and in similar seismically active tectonic regimes world-wide. The Boore et al. (1997) 

equations are valid for magnitude 5.5 – 7.5 and distance no greater than 80 km.  

 

As mentioned by Fukushima (2003), each different tectonic environment should be associated with one 

specific ground motion attenuation relationship. In fact, however, three categories of regional ground 

motion attenuation relationship are typically used in seismic hazard assessments [Abrahamson and 

Shedlock, 1997]: 

(i) Shallow crustal earthquakes in active tectonic regions (e.g. western North America, but also Italy, 

Turkey, Algeria, and Greece). 

(ii) Shallow crustal earthquakes in stable continental regions (characterised by high stress drops, high Q 

values, and therefore high-frequency ground-motions as experienced during the Saguenay, Canada, 

earthquake). 

(iii) Subduction zone earthquakes (characterized by deep events). 

 

The spectral accelerations are compared with the world-wide ground-motion relationships to test the 

prediction of ground-motion relationships developed in this study. The results of spectral accelerations 

calculated for an earthquake of magnitude 7.0 in ECI are compared with the other recent relations. Figure 

4 compare the predicted median spectral acceleration from the selected ground-motion relations with that 

predicted from our ground motion relations for a site located at 10 km. This distance corresponds to rjb = 

rrup = 10 km and rseis= 10.4 km, assuming the fault ruptures to the surface and that the depth to 

seismogenic rupture is 3 km (Abrahamson and Silva, 1997; Campbell, 2002, 2003). rrup is the distance 

measure used by Abrahamson and Silva (1997) and represents the closest distance to fault rupture. 

 

The apparent differences in the shape of the attenuation curves come mainly from the mathematical 

functional form of the relations. The comparison in Figure 4 shows that our relations predict spectral 

accelerations that are generally similar to those of the other ground-motion relations. The least variability 

among the models occurs and our ground-motion relations predict median amplitudes at all periods, 

consistent with that of Zare et al. (1999), Campbell and Bozorgnia for periods less than 0.2 s and 

Abrahamson and Silva (2007) and Ambraseys et al. (1996) for periods greater than 0.2 s. 

 

The values of PGA and PSA developed in this study decreases relatively high. This indicate that the 

attenuation characteristics in ECI, which is seismically active, is strong, which is consistent with previous 

observations performed after the 2003 Bam, and 2005 Dahooye-Zarand, earthquakes (Zare and 

Hamzehloo, 2005, Mahood and Hamzehloo, 2009).  

 

 

CONCLUSION 
 

We have derived hybrid-empirical ground-motion prediction equations for the East-Central Iran based on 

137 recorded and 1200 simulated events. Due to a paucity of data at short distances and large magnitudes, 

ground motion data cannot be used directly to obtain ground motion relations for the East-Central Iran. 

The main conclusions of this work can be summarized as follow: 

 

The attenuation characteristics of horizontal spectral accelerations of strong motion in near-field are 

studied in this paper and the attenuation relations for horizontal acceleration response spectrum in the 

period range of 0.1–5 s for rock classification in the East-Central Iran are established. 

 

Based on compared figures, concluded that the attenuation relationships developed in this study are in 

good agreement with the other regions relationships. 
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