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Abstract In this study, the 11 August 2012 Mw 6.4
Ahar earthquake is investigated using the ground mo-
tion simulation based on the stochastic finite-fault mod-
el. The earthquake occurred in northwestern Iran and
causing extensive damage in the city of Ahar and sur-
rounding areas. A network consisting of 58 acceleration
stations recorded the earthquake within 8–217 km of the
epicenter. Strong ground motion records from six sig-
nificant well-recorded stations close to the epicenter
have been simulated. These stations are installed in areas
which experienced significant structural damage and
humanity loss during the earthquake. The simulation is
carried out using the dynamic corner frequency model
of rupture propagation by extended fault simulation
program (EXSIM). For this purpose, the propagation
features of shear-wave including Qs value, kappa value
k0, and soil amplification coefficients at each site are
required. The kappa values are obtained from the slope
of smoothed amplitude of Fourier spectra of accelera-
tion at higher frequencies. The determined kappa values
for vertical and horizontal components are 0.02 and
0.05 s, respectively. Furthermore, an anelastic attenua-
tion parameter is derived from energy decay of a seismic
wave by using continuous wavelet transform (CWT) for
each station. The average frequency-dependent relation

estimated for the region is Q ¼ 122� 38ð Þ f 1:40�0:16ð Þ:
Moreover, the horizontal to vertical spectral ratio H=V

is applied to estimate the site effects at stations. Spectral
analysis of the data indicates that the best match be-
tween the observed and simulated spectra occurs for an
average stress drop of 70 bars. Finally, the simulated and
observed results are compared with pseudo acceleration
spectra and peak ground motions. The comparison of
time series spectra shows good agreement between the
observed and the simulated waveforms at frequencies of
engineering interest.
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1 Introduction

On August 11, 2012, two destructive earthquakes oc-
curred a few minutes apart at Azerbaijan region of
northwestern Iran (Fig. 1a). At 12:23 UTC, the first
moderate event with the magnitude of Mw 6.4 (The
United States Geological Survey, USGS, http://
earthquake.usgs.gov/) was recorded through 58
acceleration stations with epicentral distance between
8 and about 217 km (Fig. 1). The maximum values of
horizontal peak ground accelerations (PGAs) of 470 and
441 cm/s2 were recorded at Satarkhan Dam and
Varzaghan stations, respectively. This event ruptured
an E-W striking fault in a dominantly right-lateral
strike-slip faulting. Only 11 min after the first event,
the second earthquake at 12:34 UTCwith the magnitude
of Mw 6.3 occurred with maximum horizontal PGA of
almost 532 cm/s2 at Varzaghan station. The second
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event was an oblique combination of thrust and strike-
slip motion (Fig. 1). It must be noticed that Ahar-
Varzaghan earthquakes occurred on an unfamiliar active
fault at the north of North Tabriz Fault (NFT) (e.g.,
Hessami et al. 2003) in an area with no experienced
significant historical and instrumental seismicity. These
two events struck a wide area around Ahar and
Varzaghan cities which caused the death of 300 people,
about 2500 injuries, and 20 to 100 % damage to 50
villages (Bolourchi et al. 2012).

In the present study, synthetic accelerograms for the
first Ahar-Varzaghan earthquake (Ahar event) are gen-
erated using the stochastic finite-fault modeling pro-
posed by Motazedian and Atkinson (2005). In this
method, the finite fault (a rectangular plane) is
subdivided into a number of subfaults as point sources
which radiate an ω-square model of the spectrum.

Furthermore, a simple dynamic model (Motazedian
and Atkinson 2005) is used to simulate the rupture
propagation, which is radially propagated at the hypo-
center. For the purpose of spectral simulation of the
Ahar event, the region-specific seismic parameters in-
cluding anelastic attenuation, local site effects (soil am-
plification), and decay parameter are needed. Thus, the
current study estimates these propagation characteris-
tics. These parameters are difficult to estimate in Iran
due to the presence of different seismotectonic regions
(e.g., Berberian 1976; Nowroozi 1976; and Mirzaei
et al. 1999). Motazedian (2006) presents the region-
specific seismic parameters and stress drop at Alborz
province in northern Iran by using records of 23 earth-
quakes whose locations are shown in Fig. 1a. The Ahar
earthquake also occurred in the same region (Fig. 1).
Generally, the primary purpose in this study is the

Fig. 1 Seismotectonic map of
Iran. a Focal mechanisms of
introduced earthquakes in this
study and distribution of the
studied earthquakes in
Motazedian (2006) in northern
Iran (e.g., Manjil Mw 7.4, 1990;
Garmkhan Mw 6.5, 1997; Kojour
Mw 6.3, 2004; etc.). b Location of
the 11 August 2012 double
earthquakes and their focal
mechanisms. Large black
triangles indicate the target
stations, which are simulated
based on their records; small gray
triangles in the other ISMN
stations and small gray circles
show distribution of aftershocks
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calibration of the path and source parameters of the Ahar
earthquake. Moreover, the comparison of obtained
region-specific seismic parameters with those predicted
by the Motazedian (2006) is also interesting.

2 Tectonic setting

The current tectonics of northwestern Iran is mostly the
result of the oblique exposure between the Arabia-
Eurasian plates with the ratio coverage in order of
20 mm/year in Tabriz city (Vernant et al. 2004). This
oblique convergence of motion leads to partitioning of
the motion to shortening along Caucasus and right-
lateral strike-slip movements along NFT (Jackson
1992; McClusky et al. 2000; Copley and Jackson
2006). The more recent seismicity behaviors in two
Ahar-Varzaghan earthquakes highlight this partitioning
(Fig. 1b; see focal mechanisms). The first event is close-
ly pure right-lateral strike-slip, and another is the com-
bination of thrust and strike-slip motions. The most
significant NFT is the most striking tectonic structure
in vicinity of Tabriz city with a clear WNW-ESE strike-
slip motion and length of more than ∼100 km. Hessami
et al. (2003) and Solaymani Azad et al. (2010) suggested
that this faulting system experienced at least three large
earthquakes since 33.5 ka. In addition, based on histor-
ical seismicity documents, Tabriz city suffered several
devastating earthquakes with magnitude of more than
6.0, imposing massive losses to human lives
(Ambraseys and Melville 1982; Berberian 1994;
Berberian and Yeats 1999).

Copley et al. (2013) mapped the location of the
amount slip and surface faulting for the Ahar earthquake
satellite images and showed that the event ruptured to
the surface on a ∼E-W striking fault plane with mostly
right-lateral strike-slip motion. They also estimated a
centroid depth of 7 km, though the rupture reached to
surface and extended to about 14 km in depth. They
calculated 265, 90, and 175 values for strike, dip, and

rake during the Ahar earthquake, respectively. In this
study, their proposed values were used as input for
EXSIM.

3 Ground-motion data

The data consists of more than 190 vertical and hori-
zontal acceleration waveforms recorded by the Iranian
StrongMotion Network (ISMN) which is maintained by
the Building and Housing Research Center (BHRC;
http://www.bhrc.gov.ir). These accelerograms were
recorded by 64 three-component accelerometers (SSA-
2) with a sampling rate of 200 samples per second. The
data is related to two main Ahar-Varzaghan events and
an aftershock. Table 1 shows the specifications of the
studied events. Among the available records in this
dataset, horizontal records of the 11 August 2012 Ahar
earthquake at Varzaghan, Meshkin Shahr, Damirchi,
Hoorand, and Khajeh stations were selected for simula-
tion (Fig. 1). The motioned stations are installed in areas
which have experienced significant structural destruc-
tion. The relatively strong signal-to-noise ratios (SNR)
of those records are significantly high, and there are
good and enough records of the three motioned events
to quantify the local specifications (site effects). More-
over, these stations were located within 18–75 km of the
epicenter and record PGAs between 49 and 441 gal.
Generally, different approaches can be applied to define
rock and soil sites. The average shear-wave velocity
over the top 30 m, VS30, is widely used for site classi-
fication. Mousavi et al. (2014) classified 35 stations in
northwestern Iran in terms of their fundamental reso-
nance frequency. The soil information of the used six
stations in this study was extracted from Mousavi et al.
(2014) study. Names, locations, fault distance (RJB), and
VS30 of these stations are listed in Table 2.

In order to calculate the decay parameter k0, both
vertical and horizontal records of the two main 11 Au-
gust 2012 Ahar-Varzaghan earthquakes were used (the

Table 1 List of earthquakes in this study, recorded by ISMN in NW Iran

Event no. Month, day, year hh:mm:ss Latitude Longitude Mw Depth (km) Reference

First (Ahar) August 11, 2012 12:23:15.2 38.32 46.88 6.4 9.9 USGS

Second August 11, 2012 12:34:33.8 38.32 46.76 6.3 9.8 USGS

Aftershock August 11, 2012 12:30:12.4 38.41 46.78 4.8a 6.1 IRSC

aM is Nuttli magnitude
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aftershock records were ignored due to large scattering
in the result). Furthermore, to specify soil-amplification
at each station, the records of three motioned events
including vertical and horizontal components were
used. In order to estimate anelastic attenuationQs, based
on features of a selected method which will be described
later, only vertical components of the main Ahar event
in six motioned stations were used.

After removing mean and trend, the S-wave portion
of accelerograms corrected for instrument response was
manually windowed. In fact, first, the S-wave arrival
time is triggered using the existence velocity model of a
study area and then, a window with time-duration be-
tween about 3 and 10 s relevant to hypocentral distance
is selected. All of the records were tapered by using a
10 % cosine taper after windowing process and before
taking the Fourier transform. The Fourier spectra were
smoothed in the range of 0.1 to 20 Hz.

4 Spectral decay parameter

High-frequency amplitudes, generally more than almost
5 Hz, diminished throughout a medium (Motazedian
2006), were obtained from the slop of a smoothed
Fourier spectrum of an accelerogram at linear scale of
frequencies (Anderson and Hough 1984). The factor
exp �π f kð Þ can be used for diminishing process of
spectral amplitudes at high frequency. Atkinson (2004)
believed that kappa factor is mostly a site effect. The
amplitude spectra of smoothed windowed accelerogram
(containing S-wave) were obtained. Then, the best line
was fitted to the amplitude spectra using the least-
squares method and the values of the slopes were con-
verted to the spectral decay parameter k. Finally, kappa
factor values for all records were plotted against

epicentral distances. Both vertical and horizontal com-
ponents in different distances (15–200 km) were used in
order to investigate the subtraction of kappa effects from
a site effect in such a condition that kv and kh were not
equal and kv≠0 (Motazedian 2006) and also to investi-
gate the dependency between distance and kappa factor.
The best fit line k ¼ kr þ k0R was used to illustrate the
distribution of kappa values versus distance.

These relations for vertical and horizontal com-
ponents are k ¼ 0:0003ð Þ Rþ 0:0232 �0:0107ð Þ
and k ¼ 0:0003ð Þ Rþ 0:0489 �0:0135ð Þ, respectively
(Fig. 2). As it is indicated in Fig. 2, the general trend of
kappa factor for vertical and horizontal components is
the same with different k0, which means that the atten-
uation of high frequencies for the vertical components is
less than that of the horizontal component. These results
are in conformity with Motazedian’s results (2006) in-
dicating kappa factors for the vertical and horizontal
components equal to 0.03 and 0.05 s, respectively, in
the same area. The large scatter results primarily from
various factors including absence of records of any large
earthquakes, large station separation, and complexity of
the seismic source and wave propagation characteristics
in northwestern Iran. Moreover, the attenuation of high
frequencies is sensitive to the variation of shear-wave
velocity of near-surface deposits. As listed in Table 2,
the shear-wave velocities of six sampled stations are
significantly varied in different places in the study area.

5 Site effect

During propagation of earthquake waves from the
source to station, the amplitude spectrum is amplified
due to distinct seismic impedance effects for generic
soft-rock sites (Boore and Joyner 1997). Therefore, the

Table 2 The records that were used in this study for simulation

Station name Latitude Longitude RJB (km) Site classa VS30 (m/s)

Ahar 38.474 47.059 14 III 275

Varzaghan 38.507 46.640 12 III 275

Meshkin Shahr 38.394 47.667 65 I 1000

Damirchi 38.123 47.373 50 – 1241

Hoorand 38.858 47.369 64 II 500

Khajeh 38.154 46.589 28 – 450

a Based on Zare et al. (1999); at these sites, generic values of 275, 500, and 1000 m/s have been assigned for VS30 of classes III, II, and I,
respectively (shown in bold font)
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site effect for the six stations that are used for ground
motion simulation should be investigated. For this pur-
pose, time series for three earthquakes listed in Table 1
were used. Horizontal to vertical spectral ratios (H=V )
introduced by Nakamura (1989) were used to extract
soil amplification at each station. Although there is no
strong theory behind the H=V ratio method, good re-
sults of soil amplifications were reported by scientists
(e.g., Nakamura 1989; Lermo and Chavez-Garcia 1993;
Beresnev and Atkinson 1997; Atkinson and Cassidy
2000; and Siddiqqi and Atkinson 2002). The Fourier
spectra of longitudinal, transverse, and vertical
accelerograms for each station were estimated for at
least three windows within the record (windowed S-
wave) using a 30 % overlap. The amplitude spectra of
the horizontal component were computed by taking the
square root of the sum of squares of two longitudinal
and transverse amplitude spectra. The smoothed spectra
were used to obtain H=V ratio for each event. Finally,
soil amplification for each station was obtained by

calculating the average of all ratios at the given frequen-
cies. Figure 3 shows H=V ratios for six stations. Gen-
erally, the overall site effect is site amplification H=Vð Þ
multiplied by the near-surface attenuation as H=V exp
�π f kvð Þ (Motazedian 2006). The reason is that in the
H=V approach, the vertical amplification is negligible,
whereas the surface attenuation for vertical component
is non-zero, but less than surface attenuation for the
horizontal components. According to Motazedian
(2006), a portion of kappa value for the horizontal
component was subtracted by applying H=V exp
�π f kvð Þ to define the site effect as input for EXSIM.

6 Quality factor

Generally, quality factor represents the amplitude atten-
uation of propagated waves over time which occurred
due to various energy-loss mechanisms relevant to

Fig. 3 The spectral H/V ratios for six target stations are shown in
Fig. 1b. The gray lines are related to events listed in Table 1, and
the black line illustrates their average

Fig. 2 The distribution of kappa factor on epicentral distance for a
vertical components and b horizontal components. The k0 value is
0.023 and 0.049 for vertical and horizontal components, respec-
tively. Residuals are shown by error bars
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anelastic behaviors of the earth. This parameter was de-
termined based on the slop of the high-frequency spec-
trum of earthquake records in different places which
depends on the tectonic features (e.g., Aki 1980). The
direct regression on the shear-wave Fourier amplitude
spectra has been widely used in different regions in order
to quantify the anelastic attenuation (e.g., Raoof et al.
1999; Sokolov et al. 2002; Atkinson 2004; Motazedian
and Atkinson 2005; and Motazedian 2006). Motazedian
(2006) obtained an attenuation factor as Q ¼ 87e1:46 for
northern Iran where the Ahar earthquake occurred
(Fig. 1). Since the vertical component is much less affect-
ed by site conditions compared to the horizontal compo-
nent, Motazedian (2006) merely used the vertical compo-
nents. Here, in order to obtain the anelastic attenuation
parameterQ for each wave propagate path, wavelet-based
analyses for accelerograms recorded during the Ahar
earthquake at six target stations were applied.

The wavelet transform is a useful tool for non-
stationary analysis of seismic data at various scales
(Daubechies 1992). A continuous wavelet transform of
a real signal f tð Þwith respect to an analytical waveletΨ
tð Þ is defined as (Mallat 1999):

WΨ f a; bð Þ ¼ aj j−1
.

2
Z þ∞

−∞
f tð ÞΨ t−b

a

� �
dt ð1Þ

where WΨ f a; bð Þ is the wavelet transform coefficient,
parameters a and b are scale and translation, respective-
ly, and the Ψ tð Þ is an arbitrary wavelet. With such a
powerful tool, one can write the anelastic amplitude
diminish term for separate harmonic oscillations in time
domain as:

A tð Þ ¼ A0exp −π f t
.
Q

� �
ð2Þ

where Q is defined as fractional loss of energy per cycle
of monochromic oscillation, and A and A0 are the am-
plitude and its initial value of each frequency, respec-
tively. Therefore, single-frequency energies of ground
motion were extracted by applying continuous wavelet
transform in order to interpret their attenuating by
Eq. (2). The following steps were performed to obtain
anelastic attenuation by wavelet transform: (1) the
shear-wave portion of time series was windowed for
all vertical components at six target stations. The Q
values were calculated based on a vertical component
in order to minimize the terrible effects of the site and
scattering attenuation on the result. (2) After tapering by

using a 10 % cosine taper on each end of signal, the
windowed time series were smoothed by using a mov-
ing average low-pass filter. (3) The decomposition
yields wavelet coefficients were calculated over a total
of 256 scales by using Meyer wavelet. (4) The values of
the scales were converted into the frequency using
Mayer wavelet features and sample rate of data (200
samples/s). Therefore, the total energy of each
accelerogram is decomposed into individual frequencies
which are attenuated depending on their frequencies, by
quality factor (Eq. 2). (5) After taking logarithms of
absolute value of the decomposed amplitudes for each
frequency, the largest amplitude was chosen and its
arrival time was considered as the reference time. (6)
For those amplitudes that were recorded after the refer-
ence time, the best fit line to the form LnA ¼ LnA0þ
�π f t=Qð Þ was fitted to the envelope of amplitude ver-
sus time (Fig. 4a). (7) The slop values of derived lines
from energy spectra at time-scale diagrams for each
frequency were converted into quality factor

Fig. 4 For Ahar station: a the illustration of anelastic energy
decay in time scale in wavelet scale for 1 Hz signal using Meyer
wavelet, b the plot Qs versus frequencies for vertical component.
The best line is fitted using least-squares and indicated by the solid
line. Residuals are shown by error bars
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(slop=�π f t=Q) and plotted against the frequency con-
tent (circles in Fig. 4b) to evaluate the final form of
quality factor as Q ¼ Q0 f

n. Q0 and n parameters were
determined by the least-squares method (Fig. 4b).
Table 3 contains the anelastic specifications for each site
which confirms Motazedian’s results (2006). The aver-
age frequency dependence ofQ values was estimated by

Q ¼ 122� 38ð Þ f 1:40�0:16ð Þ.

7 Finite-fault modeling

The stochastic finite-fault method simulates ground mo-
tion by multiplying the parametric explanations of the

ground motion’s amplitude spectrum as separated vari-
ous factors including source, path, and site with a ran-
dom phase spectrum (Hartzell 1978; Heaton and
Hartzell 1986; Joyner and Boore 1986; Beresnev and
Atkinson 1998). In this approach, a large fault is divided
to N number of subfaults. Next, the created ground
motions of each subfault as a point-source are summed
with an appropriate delay time in order to produce the
groundmotion of the whole rupture. The groundmotion
acceleration time-series, a(t), is described by the follow-
ing equation:

a tð Þ ¼
X nl

i¼1

X nw

j¼1
ai j t þΔti j

� � ð3Þ

where nl and nw are the number of subfaults along the
length and width of the rupture plane, respectively. ai j
t þΔti j
� �

is the acceleration time-series for each
subfault calculated by the stochastic point-source meth-
od (Boore 1983). In such method, delay time (Δt) is
relevant to the time interval of propagated wave for each
subfault in an observation point. According to point-
source method, the ground motion of earthquake for
each subfault was estimated using ω2 model (Aki
1967) and at a hypocentral distance Dð Þ as (Boore 1983):

Table 3 Anelastic spec-
ifications of target sta-
tions in Q=Q0f

n form

Station name Relation

Ahar Q=96f1.50

Varzaghan Q=149f1.41

Meshkin Shahr Q=145f1.53

Damirchi Q=122f1.48

Hoorand Q=162f1.08

Khajeh Q=60f1.40

Table 4 Model input parameter for the Ahar earthquake

Input parameters Specifications References

Stress drop 70 bars This study

Duration T0+0.1 km Motazedian (2006)

Fault length 18 km This study

Fault width 10 km This study

Fault depth 7 km This study

Strike 265° Copley et al. (2013)

Dip 90° Copley et al. (2013)

S-wave velocity 3.2 km/s Motazedian (2006)

Pulsing area percentage 50 % Motazedian (2006)

Windowing function Saragoni-Hart Motazedian (2006)

Rupture velocity 0.8 of β Motazedian (2006)

Slip distribution Random Motazedian (2006)

H/V H/Vexp(−πfkv) This study

kv 0.03 This study

Q(f) Wavelet scales This study

Kappa 0.05 This study

Geometric spreading D < 70km→D−1:0
�

70 km≤D≤150→Dþ0:2 150 km < D→D−0:1 Motazedian (2006)
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A fð Þ ¼ CM 0 2π fð Þ2

1þ f 2

f 0

8>>><
>>>:

9>>>=
>>>;

exp −π f kð Þexp −π f D
.
Qβ

� �n o
1
.
D ð4Þ

here, M0 is seismic moment (dyn.cm) and f 0is corner

frequency calculated by f 0 ¼ 4:9� 106β Δσ=M 0ð Þ
1=3for each subfault.β is the shear-wave velocity (km/
s), and Δσ is the stress drop (bars). The constant

where is the radiation pat-
tern (average value of 0.55 for S-wave), F is the free
surface amplification (2.0); V is the partitioning coeffi-
cient into two horizontal components (0.71), and ρ is the
density (kg/m3) of propagating medium. The term
exp(−πfk) represents near-surface attenuation Bkap-
pa^ (Anderson and Hough 1984). Qand 1=D are
indicated of anelastic and geometrical spreading at-
tenuation parameters, respectively. It should be noted
that the site effect term which is previously described
is not considered in Eq. (4).

8 Simulation results and discussion

The acceleration time series of the Ahar earthquake

that occurred on 11 August 2012 were simulated at

six previously mentioned stations (Fig. 1b). In the

current study, the extended earthquake fault simula-

tion program EXSIM (Motazedian and Atkinson

2005) was used in order to predict ground motion.

The length and width of rupture are selected based on

Wells and Coppersmith (1994) as ∼18�10 km which
conform to surface rupture of 13 km which was
reported by Copley et al. (2013). According to self-
similarity and scaling relations introduced by Irikura
and Kamae (1994), the fault plane for the Ahar earth-
quake was divided into 8�7 segments. The best
results were obtained for the rupture that propagates
at i ¼ 1and j ¼ 5 segments along the length and
width of a fault, respectively. This indicates that the
rupture started in the west and spread to the east.
Motazedian (2006) showed a stress drop of 68 bars
for the earthquakes in north of Iran based on both
static (Beresnev and Atkinson 1998) and dynamic
corner frequency (Motazedian and Atkinson 2005)
approaches. This study confirms Motazedian’s re-
sults (Motazedian 2006) and shows that the best
result for stress drop is around 70 bars by comparing
observed and simulated peak ground motions and
Fourier spectra. Based on results obtained by
Motazedian (2006), the source-path parameters in-
cluding geometric spreading and the duration of
ground motion (function of magnitude and distance)
were set. Thus, the geometric spreading was consid-

ered as R�1 for distances less than 70 km, Rþ0:2 for

distances between 70 and 150 km, and R�0:1 for
larger distances. Other parameters are also listed in
Table 4. Finally, ground motions were simulated. The
5 % damped response spectra were selected to com-
pare simulated results with observations. The pseudo
acceleration spectra of both observed and simulated
time series are shown in Fig. 5, and their peak ground
accelerations, velocities, and displacements are listed
in Table 5. The frequency content of each simulated
acceleration time series was compared with the actual
record by the calculation of residuals. Residuals were
defined as the log of observed PSA (the geometric
mean of the two horizontal components) minus the
log of predicted PSA. The distribution of residuals is
plotted versus frequency contents in Fig. 6.

Fig. 5 The response spectra of observed and simulated accelera-
tion time series for the 2012 Ahar earthquake in six target stations
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9 Conclusions

In the current study, horizontal components of acceleration

ground motion are simulated for the August 11, 2012,Mw

6.4 Ahar earthquake based on stochastic finite-fault ap-

proach at six stations. Based on the slop of curved ampli-

tude of Fourier amplitude spectra at higher frequencies, k0
for horizontal and vertical components are calculated equal
to 0.02 and 0.05 s, respectively. A significant difference of
the k0values shows that the near-surface site attenuation
for horizontal components is stronger andmore significant
than that of the vertical components. Furthermore, hori-
zontal to vertical spectra ratio (H=V ) of accelerograms is
used to estimate the site effects, including amplification
coefficients at different frequencies. Since the kappa value
has already been included in the H=V ratio spectra, the H

V

exp −πfkvð Þ function is applied to estimate site amplifica-
tion. What is more, the wavelet-based analysis is used to
estimate path-dependent Qs values at six stations which
are mainly derived from the vertical components to avoid
the site effects. For this purpose, the researcher rewrote the
anelastic attenuation form exp(−πfD/Qβ) of Eq. (4) as
A(t)=A0exp(−πft/Q) for each frequency in time domain.
The attenuating rate is calculated for each frequency

separately and is written in general formasQ ¼ Q0 f
n by

using the least-squares fit. The average of Q is considered
asQ=(122±38)f(1.40±0.16) which is similar to the relation of
Q=87e1.46 that was proposed for north of Iran
(Motazedian 2006). Simulation results represent their con-
formity as well. Other parameters are also considered
based on Motazedian (2006) (Table 4).

After estimating the specific regional key parameters,
the stochastic approach based on dynamic frequency
model is applied to predict the ground motion of the
Ahar earthquake. Best results are obtained for stress
drop of 70 bars by comparing peak ground motion
(PGA, PGV, and PGD). The results are illustrated in
Figs. 5 and 6 and summarized in Table 5. The compar-
ison of waveforms between observed and simulated
response spectra shows good agreement.

In addition, there is good conformity between
Motazedian (2006) specific key parameters with the
obtained results. It shows that it is possible to use them
in order to simulate ground motion of possible earth-
quake scenarios in northern Iran. For example, the me-
tropolis of Tehran is known to have high potential for
seismic activities due to many active faults in the same
area and there are not any significant earthquake records
for engineering studies undertaken in Tehran. This study

Table 5 A judgment of the observed and simulated peak ground motion of the Ahar earthquake in six target stations

Station Parameter V. observed L. observed T. observed Simulated

Ahar PGA (cm/s2) 92 196 267 235

PGV (cm/s) 4.0 6.9 14.2 13.9

PGD (cm) 0.9 2.2 1.6 2.1

Varzaghan PGA (cm/s2) 211 441 348 369

PGV (cm/s) 12.6 49.1 26.2 44.5

PGD (cm) 4.3 11.0 11.1 11.5

Khajeh PGA (cm/s2) 96 202 284 210

PGV (cm/s) 9.1 9.9 20.1 16.8

PGD (cm) 3.1 3.9 4.8 3.1

Meshkin Shahr PGA (cm/s2) 30 56 49 55

PGV (cm/s) 1.2 3.0 2.6 4.1

PGD (cm) 0.3 1.3 0.7 0.8

Damirchi PGA (cm/s2) 39 91 81 91

PGV (cm/s) 1.0 2.0 2.0 3.4

PGD (cm) 0.4 0.5 0.5 0.9

Hoorand PGA (cm/s2) 41 66 53 52

PGV (cm/s) 1.5 2.0 1.7 3.2

PGD (cm) 0.4 0.7 0.5 1.2
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strongly recommends that key parameters proposed by
Motazedian (2006) can be used in order to predict future
ground motions in the north of Iran.

10 Data and resources

The strong-motion data used in this project were provided
by the National Strong Motion Network of Iran under
management of Building and Housing Research Center of
the Ministry of Housing and Urban Development of Iran.

The figures were also prepared by using Generic
Mapping Tools (Wessel and Smith 1998).
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