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ABSTRACT 

 

In this paper potential use of the EGF (empirical green function) approach as a 

prediction tool in strong ground motion seismology is presented. This analysis was 

carried out on Kojoor earthquake. Here thirty possible rupture models are 

generated on causative fault‟s plane to account for source variability. These 

models were based on previous study of this area and without including any 

knowledge of the source characteristics prior to the occurrence of this earthquake. 

The strong ground motion prediction provides an accurate, justifiable means to 

characterize site and path effects, and therefore allows the uncertainties in the 

predicted hazard to be because of unresolved issues about the earthquake source 

such as the geological constraints of a particular fault and details about the physics 

of earthquakes. It is found that the actual ground motion recordings fell within the 

range of synthesized ground motions. To conclude, it is possible to make 

reasonable strong ground motion “predictions” even without having an extensive 

knowledge of the fault characteristics using proposed methodology. 

 

Introduction 
 

In recent years, seismologists have attempted to develop quantitative models of 

earthquake rupture process with the ultimate goal of predicting strong ground motion. The idea of 

studying large earthquakes by means of seismograms of small earthquakes, used as empirical 

Green‟s function (EGF), was introduced initially by Hartzell (1978). Later methods proposed by 

Irikura (1983), Joyner & Boore (1986), Boatwright (1988), Wennerberg (1990), Hutchings et al 

(1990), are modifications of EGF‟s method. In empirical Green‟s function approach, rupture 

propagation and radiation pattern were specified deterministically and the source propagation and 
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radiation effects were included empirically by assuming that the motions observed from 

aftershocks contained this information (Somerville et al., 1991). 

  

The EGF methods can be used in both inverse and direct problems. In the inverse 

problems, EGF method help to retrieve the focal mechanism and the source time function, to 

determine the moment tensor, or to find the rupture parameters or the slip distribution on fault 

(Mueller, 1985; Mori and Frankel, 1990; Hutchings, 1991; Courboulex et. al., 1997). In direct 

problems, EGF method can be used as a predicting tool in strong ground motion seismology as 

developed by Irikura, 1983; Joyner and Boore, 1986; Boatwright, 1988; Tumarkin et al., 1994; 

Hutchings (1991 and 1994).  

 

In this study, we tested the potential of EGF approach usage as a predicting tool in strong 

ground motion prior to an earthquake and with little information about the future rupture process. 

To test this idea, we analyzed the May 28, 2004, Mw = 6.2 Kojoor Earthquake, North of Iran. The 

main shock, which occurred about 70 kms north of Tehran and at a similar distance to another 

metropolitan area caused little loss but it was felt severely at a radius of over about 200 kms. 

  

Thirty possible earthquake scenarios were randomly generated for Kojoor fault. We tested 

if synthesized ground motions have a range that span the observed records for the 2004 Kojoor 

earthquake. In this situation, the rupture parameters were randomly allowed to vary within a 

larger range to encompass the parametric uncertainty. In this paper, we only consider linear 

ground motion response. The records were used in the study occurred on geologically competent 

or low enough values to be considered as a linear response. 

 

Methodology 
 

The summation of the small events (EGFs) is thus based on scaling relations between small 

and large events. The number of sub events or EGFs is N
3
, where the scaling parameter N is an 

integer value determined as the ratio of the moment of the target event to the moment of the small 

event. Because this number is relatively small, the discretization of the rupture process is quite 

coarse, which produces high-frequency spatial and temporal aliasing effects (Bour & Cara 1997). 

On the other hand, a lack of high-frequency content above the corner frequency of the EGFs 

results in deficiencies in the high-frequency part of the large event. Therefore, some approaches 

(e.g.Wennerberg1990) use random summation to artificially generate high frequencies. 

In contrast, „the rupture parameter approach „(Hutchings 1991) requires very small events 

(M0<1.5×1014 N.m), for which scaling relations are not valid. By deconvolving the assumed 

source time function and normalizing the time-series of the small earthquake with its moment, 

records of the these events can be used directly in the representation relation (Aki& Richards 

1980) as empirical Green‟s function as shown by Hutchings & Wu (1990). The actual rupture 

process is simulated by adding up EGFs using a kinematic rupture model. Therefore, the fault 

plane of the target event is discretized into elemental areas that are small enough to model 

continuous rupture up to the highest frequency of interest. The sum of the moments of all 

elements matches any arbitrary given target moment. 

There were not enough small events available to provide the empirical Green‟s functions 

because of poor signal to noise ratios. Therefore, moderate-size earthquakes were used to provide 

empirical Green‟s functions. Impulsive point source empirical Green‟s functions were created 



from these moderated size events by deconvolving out a Brune source. In this paper, Green‟s 

functions for each portion of the fault are calculated and convolved with source functions at each 

point along the rupture surface. Here, we use empirical Green‟s functions and synthesized ground 

motion from 0.3 to 30.0 Hz, Because of availability and better signal to noise for recorded 

earthquake. Figure 1 shows three recordings that were corrected to provide effective impulsive 

and point shear source event recordings (EGFs). 

Strong Ground Motion Data 
 

The main Kojoor earthquake was recorded by 138 stations. Digitized three-component 

recordings from this earthquake were obtained from building & housing research center (BHRC). 

Only three stations were considered in this study because they are the only ones that have 

recorded both the main shock and aftershocks. Therefore, in this study the observed records were 

synthesized at Pool, Noor, Noshahr stations for three components. Observed records in three 

components at Pool, Noor and Noshahr stations for the main Kojoor earthquake are shown in 

figure 1. Table 1 lists the salient feature of these three stations. The Peak ground acceleration 

(PGA) of the records used in this study ranged from 0.02 to 0.11 g for these three stations except 

Pool, which had 0.29 g PGA, are in the linear response range. Station Pool is on alluvial site and 

furthermore, the observation that its records are modeled as well as other stations suggests that it 

has not had non-linear response. 

 

 
 

Figure 1.     Observed time-series, Fourier and pseudo acceleration response spectra in three 



components at Pool, Noor and Noshahr station for the main Kojoor earthquake. 

 

The first aftershock was recorded about 2 minutes after the main shock with the PGA of 

0.012g at the Pool station. The largest aftershock occurred at 13:53:51 local time on May 29, 

2004 (Mb=5 and with Mw=4.8 and it is shown in Table 2). This aftershock also has been recorded 

by Pool station accelerograph with the PGA of 0.083g.  

 
 

Figure 2.     Recorded seismograms and spectra (identified by EGF) and results after the Brune 

source model have been deconvoled (identified by “corrected”) at Pool, Noor, and 

Noshahr stations, respectively. 

 

Table 1:      Coordinate of stations which have recorded both the main shock and aftershocks, 

hypocentral distance of main shock, azimuth of two horizontal components, and their 

Geol. Class 

 

Station 

 

 

No. EGF 

with 

4<M<5 

 

Geographical 

Coordinates 
Hypocentral 

Distance 

(km) 

Azimuth 
Geol. 

Class 
E N L T 

Pool 7 51.72 36.38 18 220 310 Group 2 

Noor 4 52.02 36.57 45 355 85 Group 3 

Noshahr 2 51.5 36.65 40 112 202 Group 3 

 

Table 2:      Hypocentral coordinates and source parameters such as corner frequency, moment 

magnitude, and site-specific for the EGF‟s 

 

Pool Station 

recorded event ID 
Lat. ( ) Long. ( ) 

Depth 

(km) 

fc 

(Hz) 
Mw g ,  g , 



Hori.Comp. Ver. Comp. 

040528131507 36.45 51.59 37 2.8 4.6 0.03 0.019 

040528133556 36.40 51.61 28 3.1 4.4 0.025 0.0208 

040528194705 36.37 51.45 28 1.3 4.8 0.041 0.031 

040529092351 36.41 51.35 28 1.2 4.8 0.026 0.019 

040530014241 36.40 51.61 28 1.9 4.5 0.032 0.02 

040530192702 36.42 51.66 10 2.1 4.6 0.034 0.0227 

040607040123 36.41 51.51 28 1.5 4.1 0.02 0.028 

Noor Station 

recorded event ID 
Latitude Longitude Depth 

fc 

(Hz) 
Mw 

g , Hori. 

Comp. 

g , Ver. 

Comp. 

040528131507 36.45 51.59 37 1.5 4.6 0.051 0.0327 

040529092351 36.41 51.35 28 0.7 4.8 0.053 0.0435 

040530014241 36.40 51.61 28 1.4 4.5 0.053 0.04 

040530192702 36.42 51.66 10 1.5 4.6 0.056 0.049 

Noshahr Station 

recorded event ID 
Latitude Longitude Depth 

fc 

(Hz) 
Mw 

g , Hori. 

Comp. 

g , Ver. 

Comp. 

040529092351 36.41 51.35 28 0.7 4.8 0.045 0.036 

040530014241 36.40 51.61 28 1.1 4.5 0.048 0.035 

 

Strong Ground Motion “Prediction” Analysis 

 

We tried to establish the potential of this rupture parameters approach as a prediction tool 

in strong ground motion seismology. Golara et al (2006) found that Kojoor fault was the 

causative fault for this earthquake. Here, a range of possible ground motion was evaluated 

running some scenarios solely on the Kojoor fault plan. (Region II in Figure 3).  
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Figure 3.    Location of epicenter reported by IIEES, HRVD, EMSC, USGC, RMES, NEIC, and 

location of aftershocks, and the rectangles are the larger and smaller source zones 

referred to in the text. 

 

Hutchings et al (2007) synthesized 500 earthquakes that distributed throughout a source 

volume likely to have Mw=6.0 earthquakes near Athens. They showed that after about 30 



scenarios, the mean of predicted data stabilizes and full variability of possible ground motion from 

this approach have been accounted for. Therefore, we compute some strong ground motion 

parameters from 30 different random scenarios supposing no previous information regarding the 

source characteristics of the Kojoor main earthquake are available. Then we tested if the actual 

ground motion record fell within the range predicted. The rupture surface geometry was chosen 

as a rectangular with dimension correlated with the magnitude of the earthquake to synthesize 

(Mw=6.2). The hypocentral location was left free to vary within the hazard area. Input parameters 

values used for calculating scenarios are displayed in Table 3. Synthetic seismograms were 

evaluated for each rupture scenario at all stations for all components that would lead to 90 

waveforms. The comparisons were based on some ground motion parameters and response 

spectra at Pool station (soil type 2 and focal distance near 18 km), Noor station (soil type 3 and 

focal distance near 45 km) and at Noshahr station (soil type 3 and focal distance near 40 km). For 

estimating the prediction uncertainty, the mean plus one standard deviation of these parameters 

and spectra was also calculated. The results are shown in Table 4 and Figure 4. 

 

Table 3:      The limits of input parameters that are used for prediction of the main Kojoor 

earthquake 

Rupture parameters 

Slip Function Kostrov with healing 

Fault Geometry 
Length of rupture 10.0 km ± 5.0 km 

Width of rupture 8.0 km ± 3.5 km 

Focal Mechanism Strike 100

 ±20.0


, dip 30.0


 ± 15.0


 

Roughness 

percentage 

is selected to be either 0, 10, 20, 33, 55% of 

fault surface 

Moment ( 2.3 ± 0.5 )*E+25 dyne-cm 

Rise Time Dependent on Vr, Vh and hypocenter location 

Shear wave Velocity 3.2 ± 0.3  Km/s 

Rupture Velocity 0.8 times the shear wave velocity 

Healing Velocity 0.9 times the rupture velocity 

Slip Vector constrained to 68.0

 ± 20.0


 

 

Considering  Uncertainties 
 

Following the terminology introduced by Abrahamson et al. (1990), two elements should 

be taken into account for predicting the uncertainties: the parametric uncertainty and the so-called 

“modeling and random errors”. While the first depends on the parameters used and their 

uncertainties, the second depends on the moment estimates for the EGF‟s and on the random 

errors that can affect the interpolation of events along with fault. Concerning the parametric 

uncertainties, it is important to verify the choice of using just 30 scenarios by randomly varying 

each parameter that we assume uniformly distributed over its own allowed range and uncorrelated 

with the others.  

 

Hutchings et al (2003) showed the engineering parameters fit into a lognormal 

distribution. Therefore, they pass a 
2 test (Freund, 1962) for the log normal distribution. Here, 

ground-motion intensity measurement is defined by calculating the PGA, Acc RMS, Duration and 



PSA (pseudo acceleration response spectra) values of the synthetic ground motion waveforms, 

calculated as the average of the log of longitudinal and transverse components and also, as the log 

of vertical component. However, about PSA in this paper, result is only calculated as the average 

of the log of longitudinal. Therefore, the estimation of the median (lognormal mean) parameters 

is:  

    




n

i

ij R
n

H
1

)log(
1ˆ

 
(1) 

Where, R is one of the engineering parameters. For (PSA), it is calculate for each period. The 

index i range over the 30 scenarios.  Finally, the ranges of engineering parameters for future 

earthquake are estimated as:   jj HH ˆ
, where: 

2 = 
2222

remp    and 
2

p
 is the variance 

of the distribution of log(R) for the 30 scenarios. This estimation comes from the uncertainty on 

which earthquake scenario is likely to occur; 
2

m  accounts for modeling errors, which comes from 

the uncertainty of the actual rupture scenarios, and from random errors due to the interpolation of 

Green‟s functions and their incorrect moment estimation. These errors, unknown for this study, 

are assumed to be equal to the standard deviation obtained by Jarpe and Kasameyer (1996), which 

is 0.0795; 
2

e  is the variance due to random errors in source parameters of empirical Green‟s 

functions; 
2

r  is the variance of the computation of both the lognormal mean and the standard 

deviation, and it has a value of 0.0011 (Hutchings et al., 2003).  

 

 
Figure 4.      Comparison of pseudo acceleration spectra (for 5% damping) for predicted and 

observed main earthquake at Pool, Noor, and Noshahr station, respectively. 

 

Though in an authentic prediction tool the comparison between the real and the synthetic 

strong ground motion is impossible, it was decided to complete the prediction analysis by 

performing the score evaluation between preferred engineering parameters and response spectra 

of synthetic seismograms and the actual recordings of the Kojoor main earthquake. As can be 

seen in Table 4, results demonstrate that the engineering characteristics of actual time series can 

be captured at each site with a range of possible assumed rupture models. The comparison 



between response spectra computed from the synthesized accelerograms and observed response 

spectra are shown in Figure 4. At Noor and Noshahr stations synthesized response spectra match 

the observed response spectra very well and at Pool station deviations to higher values are evident 

in the high-period range (>0.3 sec) by source rupture parameter combinations. However, they 

partly fit in the  -standard deviation range.   

 

 

 

Table 4:      Predicted bands and observed engineering parameters values of the Kojoor 

earthquake at station of Pool, Noor, and Noshahr 

 

Pool Station Mean Mean-std 
Observed 

Value 
Mean+std Validation 

PGA (g)-Mean Horizontal 

Comp. 
0.198 0.118 0.228 0.278 Good 

PGA (g)-Vertical Comp. 0.13 0.06 0.25 0.2 Bad 

Acc RMS (g)-Mean 

Horizontal Comp. 
0.0265 0.0177 0.032 0.0353 Good 

Acc RMS (g)-Vertical Comp. 0.019 0.011 0.0153 0.027 Good 

Duration (s)-Mean Horizontal 

Comp. 
6.678 4.886 5.0175 8.47 Good 

Duration (s)-Vertical Comp. 6.39 4.81 5.235 7.97 Good 

Noor Station Mean Mean-std 
Observed 

Value 
Mean+std Validation 

PGA (g)-Mean Horizontal 

Comp. 
0.0598 0.0266 0.0559 0.093 Good 

PGA (g)-Vertical Comp. 0.031 0.011 0.0186 0.051 Good 

Acc RMS (g)-Mean 

Horizontal Comp. 
0.0103 0.0099 0.00935 0.0107 Good 

Acc RMS (g)-Vertical Comp. 0.00533 0.002652 0.00396 0.008 Good 

Duration (s)-Mean Horizontal 

Comp. 
11.099 8.918 11.95 13.28 Good 

Duration (s)-Vertical Comp. 13.9692 11.06834 20.88 16.87 Bad 

Noshahr Station Mean Mean-std 
Observed 

Value 
Mean+std Validation 

PGA (g)-Mean Horizontal 

Comp. 
0.096 0.073 0.087 0.119 Good 

PGA (g)-Vertical Comp. 0.037 0.031 0.036 0.043 Good 

Acc RMS (g)-Mean 

Horizontal Comp. 
0.0232 0.015 0.0122 0.0314 Good 

Acc RMS (g)-Vertical Comp. 0.0081 0.0062 0.0053 0.01 Bad 

Duration (s)-Mean Horizontal 

Comp. 
10.4 9.01 9.417 11.79 Good 

Duration (s)-Vertical Comp. 13.65 12.4 13.57 14.9 Good 



 
 

Conclusion 

 

The purpose of this investigation was to test the rupture parameter approach proposed by 

Hutchings (1991). Nevertheless, in this study 4.0<M5 events instead of very small events have 

been used. For this purpose, impulsive point shear source empirical Green‟s functions have been 

generated by deconvolving out the source contribution of moderate-size events.  

It was decided to use the procedure in its real objective that is a prediction of the ground 

motion in advance if very little is known about what is going to happen. In this study, thirty 

possible ground motions scenarios have been developed starting from the main Kojoor 

earthquake source parameters to see if the actual ground motion recordings fall within the range 

predicted ones. The comparison have been carried out on engineering parameters and pseudo 

acceleration spectra (PSA) and by evaluating the match‟s score between the 90 synthetic 

seismograms evaluated for each station, and the real records. Generally, it has been found these 

engineering parameters and the PSA calculated for the Kojoor fall well within the predicted 

range. It emerges that it is possible to make reasonable strong ground motion “predictions” even 

without having a deep knowledge of the fault characteristics at least for this main earthquake, by 

running thirty possible models. 
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