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A widely used approach to separate simultaneously the source spectra, path attenuation characteristics and site 
responses from the observed amplitude spectra is the generalized inversion technique (GIT) originally proposed by 
Andrews (1986). This method can be performed adopting either the parametric approach with a particular shape for 
attenuation or nonparametric approach (Castro et al., 1990) without any predefined attenuation function. The logarithm of 
the Fourier amplitude spectra (FAS) of ground motion can be described as: 

 
log10Uij(f, Mi, Rij) =log10 Si(f, Mi) +log10 A(f,Rij) + log10Gj(f)                                                                                      (1) 
 
where Uij(f, Mi, Rij) is the observed FAS at site j for an event i; Si(f, Mi) represents the source spectrum of the ith event; A(f, 
Rij) is the attenuation along the travel path, and Gj(f) is the site amplification function. 
Equation 1 represents a linear system of equations of the form Ax=b that can be resolved adopting appropriate inversion 
algorithms in a least square sense. The inversion can be performed in two steps or one step. According to Castro et al. 
(1990) in the first step of a two-step procedure the observed amplitude spectra are modeled by: 
 
log10Uij(f, Mi, Rij) =log10   i(f, Mi) +log10 A(f,Rij)                                                                                                                   (2) 
 
where   i(f, Mi) is a scaling factor for the source i. In the second step after correcting the observed spectra for attenuation, 
the residual amplitudes are separated into source and site function as fallows: 
 
log10Wij (f, Mi) =log10 Si(f, Mi) + log10Gj(f)                                                                                                                (3) 
 

Considering the Equation 2 in the first step of this inversion scheme the site effects are included both in scaling factor   i(f, Mi) and in the obtained attenuation function A(f,Rij). As the average of site effects are included in   i(f, Mi) and in 
determination of A(f,Rij) if the site responses are similar for all stations one can expect that the estimated attenuation 
function will be unbiased. However, if stations are exposed to high amplification effects may lead to inaccurate estimates 
of A(f,Rij) as described by Oth et al. (2011). 

We performed the GIT for two datasets including the Silakhor aftershocks located in the Zagros region and also for 
313 events occurred in the Alborz region using one-step and two-step procedure. The obtained attenuation functions are 
depicted in Figure 1. The estimated attenuation functions for the Alborz region using one step (by solving Equation 1 
directly) and using the first step of the two-step GIT approach (as defined by Equation 2) are approximately the same. 
However, for the Silakhor aftershocks, the obtained functions show considerable differences. These results may reflect the 
fact that the permanent stations of Alborz were deployed on the typical rock sites without significant amplification 
effects with relatively similar site responses (Ahmadzadeh, 2018). On the other hand, the temporary seismic stations of 
the Zagros that were located on the surface of the ground with a few meters of clay have severe amplification effects with 

ES-03050080

mailto:s.ahmadzadeh@iiees.ac.ir
mailto:javndoloei@iiees.ac.ir


 
 
 

 
 

International Institute of Earthquake Engineering and Seismology (IIEES) 

SEE 8 

considerable differences between site responses as discussed by Ahmadzadeh et al. (2017). Hence, the amplification 
functions obtained from two-step inversion in the Zagros region are significantly biased while this is not the case for the 
Alborz region. Therefore, it is important to adopt an appropriate inversion approach to obtain robust inversion results and 
avoid inaccurate interpretations of the estimated path attenuation functions.  
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Figure 1. Comparison of nonparametric attenuation functions for the Alborz and Zagros regions using one step (left column) and two-step GIT 

approach (right column). (a),(b) Results for the Alborz region. (c),(d) Results for the Zagros region 
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