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To give an insight into the path attenuation and source characteristics of the 2019 Sichuan Changning earthquake sequence, 99
strong-motion recordings at 33 stations were studied. e S-wave Fourier amplitude spectra were used to determine the path-
attenuation function and key parameters of the seismic source characteristics of this sequence. e results show the following: (1)
e geometric spreading e�ect presents hinged-trilinear characteristics, and the corresponding geometric spreading rates were
−0.97, 0.29, and −0.73 with the crossover distances 90 km and 183 km. (2) e quality factor Q is correlated with frequency and
expressed as 217 × f 0.82 for the range from 0.1 to 10.0Hz. (3) e seismic moment was inversely proportional to the cube of the
corner frequency, and their product was 2.37×1016 N.m/s3. (4) e stress drop varied from 1.18 to 12.44MPa. Both the at-
tenuation e�ect and source parameters of this sequence are signi�cantly di�erent from those of the Lushan and the Wenchuan
aftershock sequences in the Sichuan region of China.

1. Introduction

At 22 : 55 : 43 (UCT+8) on June 17, 2019, an earthquake
with magnitude Ms 6.0 struck the town of Shuanghe and
its surrounding area in Changning County, Sichuan,
China. It is the largest earthquake recorded in the
southern margin of Sichuan Basin till now, where seismic
activity had been frequented in recent years [1–3]. en, a
series of earthquakes occurred after the mainshock. e
Changning Shuanghe anticline was developed in its vi-
cinity, with the axis of the anticline in the northwest
(NW)–southeast (SE) direction and the NW section bent
to SW. e formation on the north wing of the anticline
was steep with a dig angle in the range of 57–60° and an
inclination to NE. Some small thrust faults have also
developed near the anticline [3]. Hu et al. (2019) deter-
mined that the focal mechanism of the Changning main
earthquake was a thrust-type earthquake, with a strike-

slip component, and its strike/dip/slip angles were 309°/
68°/41°, respectively [1].

Sichuan, a province of China located in an area vul-
nerable to intensive seismic activity, has been struck by
several devastating earthquakes, such as the Wenchuan Mw
7.9 Earthquake in 2008, Lushan Mw 6.6 Earthquake in 2013,
Jinggu Mw 6.1 Earthquake in 2014, and Jiuzhaigou Ms 7.0
Earthquake in 2017 [4–8]. ese earthquakes endured ex-
tensive losses of life and property. In addition, several
earthquakes occurred in the southern margin of Sichuan
Basin, such as the Xingwen Ms 5.7 earthquake in 2018 and
Changning Ms 6.0 earthquake in 2019 [9, 10]. To gain an in-
depth understanding of the groundmotion characteristics of
earthquakes in southern margin of Sichuan Basin, studying
the propagation and source features of these earthquakes is
necessary.

e path attenuation of ground motion primarily in-
volves geometric spreading and anelastic attenuation.
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Because of the thickness of the crust and the energy dissi-
pation characteristics of the crustal medium [11–15], the
geometric spreading rate, crossover distance, quality factor
Q, and other parameters have enhanced discreteness. For the
geometric spreading effect in the Sichuan region, Ren et al.
(2013) [7] andWang et al. (2017) [8] inversed theWenchuan
aftershock sequence and the Jiuzhaigou main shock with a
geometric spreading rate of -1 (the coefficient of the geo-
metric spreading term). Since the strong-motion stations
used in their studies have a small source distance and the
seismic rays propagate primarily along the upper crust, a
simple geometric spreading term is also used to obtain
satisfactory results. To reflect the influence of the Moho
reflection mechanism on the seismic wave propagation path,
Zhang (2016) [16] used the hinged-bilinear form to reflect
the geometric spreading effect in the Sichuan area, and the
near-field and far-field geometric spreading rates were -1
and -0.5, respectively. Wen et al. (2015) used a hinged-tri-
linear function to reflect the geometric spreading effect of
the ground motion of the Lushan aftershock sequence while
studying the source characteristics of the Lushan aftershock
sequence [17]. Regarding the anelastic attenuation of ground
motion, Ren et al. (2013), Zhang (2016), Wang et al. (2017),
and Wen et al. (2015) determined the crustal quality factors
of the Wenchuan, Jiuzhaigou, and Lushan aftershock re-
gions using the generalized inversion method [7, 8, 16, 17].
Wang et al. (2008) and Zhang et al. (2007) used two-di-
mensional tomography and a genetic algorithm to retrieve
the quality factors of the Sichuan Basin [18, 19].

In terms of the source characteristics, Yu et al. (2012)
determined the source stress drop parameters of the
Wenchuan aftershock sequence [20]. Wen et al. (2015) and
Wang et al. (2017) inversed the Lushan earthquake after-
shock sequence and the Jiuzhaigou main earthquake and
found that the stress drop of the Jiuzhaigou earthquake was
greater than that of the Lushan aftershock sequence [8, 17].
Zhang (2016) determined the seismic stress drop, seismic
moment, corner frequency, and other key parameters in
Western China (including Sichuan, Yunnan, and Gansu), as
well as the relationship between the seismic moment and
corner frequency [16]. In addition, Liu et al. (2010) obtained
the spatial distribution characteristics of the stress drop
parameters in the Sichuan area using 323 recordings of small
earthquakes based on the Brune source model [21].

-e average stress drop ofWenchuan earthquake sequence
obtained by Zhang (2016) is larger than that of Lushan af-
tershock sequence obtained by Wen et al. (2015), and the
average stress drop fromYu et al. (2012) andWang et al. (2017)
are the same, which are between the results of Zhang (2016)
andWen et al. (2015).-e possible reason is that themagnitude
of aftershock sequence selected by Wen et al. (2015) is small,
resulting in a small average stress drop. In addition, the stress
release in the Longmenshan fault zone during Wenchuan
earthquake also led to the smaller average stress drop of Lushan
aftershock sequence. Compared with Yu et al. (2012), Zhang
(2016) selected the earthquakes from the border of Sichuan and
Yunnan, in which the stress drop was significantly larger [21],
resulting in a significantly larger average stress drop. -ese
results showed that the path attenuation and focal characteristic

parameters of earthquakes in the Sichuan region exhibited
obvious spatial variability.

-e above conclusions were all based primarily on
strong-motion data fromNorth Central Sichuan. At present,
the studies on the path attenuation and source character-
istics of earthquakes in the Southern margin of Sichuan
Basin are few.-e strong-motion recordings obtained in the
Changning earthquake sequence provided a valuable op-
portunity to study the source characteristics and path-at-
tenuation effect in this area.

In this study, the Fourier spectrum of the Changning
earthquake sequence was analyzed. Its seismic source
spectrum, geometric spreading effect, and anelastic atten-
uation mechanism in the frequency domain were observed.
-e seismic moment, corner frequency, and stress drop of
this earthquake sequence were determined based on the
Brune seismic source model [22].-ese parameters obtained
can, in turn, provide a reference to reveal the attenuation law
of ground motion parameters of earthquakes in Sichuan.

2. Data and Processing

Abundant strongmotion recordings were obtained when the
mainshock of Changning earthquake occurred, and the peak
ground acceleration recorded by the station 051GXTwas the
largest. Its east-west, north-south, and vertical components
were 573.47 cm/s2, 393.77 cm/s2, and 381.36 cm/s2, respec-
tively. After the main shock, a series of aftershocks occurred
and recorded, namely, four earthquakes with Ms 5.0–5.9, six
earthquakes with Ms 4.0–4.9, and 52 earthquakes with Ms
3.0–3.9. -e most intense aftershock was the earthquake on
July 4, 2019, with Ms 5.6.

For this study, to prevent site amplification caused by
terrain effect, improve the accuracy of site amplification
estimation and the signal-to-noise ratio of strong-motion
recordings. Strong-motion recordings were selected by re-
ferring to four criteria, which are as follows:

(1) -e magnitude should be larger than Ms 4.0 and R
should be less than 300 km because the strong-
motion instruments at large distance for small
earthquake may not be triggered [23].

(2) Stations should be located in free fields to prevent the
influence of topographic effect on the site
amplification.

(3) All selected events should be recorded by at least two
stations. It is because there should be more re-
cordings for each event to ensure that the scattering
of the calculated source and path parameters will be
at a relatively low level [7].

(4) -e peak ground acceleration of selected recordings
should be greater than 1 cm/s2 because the recordings
with low PGA will be contaminated by the noise [7].

Finally, 99 strong-motion recordings at 33 strong-mo-
tion stations obtained during nine earthquakes (Ms 4.1–6.0)
were selected. -e hypocenter locations, focal mechanisms,
the style of the faulting of earthquakes [24], and the record
numbers are listed in Table 1. Figures 1 and 2 show the
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distribution of the selected earthquake epicenter and station
locations and the distance-dependent magnitude of the
recordings used in this study, respectively. -e horizontal
strong-motion seismograms at the station 051YBT for nine
earthquakes are shown in Figure 3.

Baseline correction was performed on all recordings, and
Butterworth filtering was conducted with a bandwidth
ranging from 0.05 to 30Hz [25].-e 30Hz low-pass filtering
is performed to remove the high-frequency noise, and the
high-pass corner frequency was set as 0.05Hz according to
the shape of the Fourier amplitude spectrum at low fre-
quency. In addition, the frequency band studied in this paper
is mainly between 0.1Hz and 20Hz to ensure that the signal-
to-noise ratio of this frequency band is greater than 3.
According to the Husid function [26] and the cumulative
root-mean-square function [27], the S-wave of the accel-
eration recordings for the three components were inter-
cepted.-e onset of the S-wave arrival time was identified by
Husid plot, which shows the buildup of the energy of an
accelerogram with time [26]. -e end instant of the S-wave
was detected using the cumulative root mean square (RMS)
function. Specifically, the end instant of the S-wave is defined
as the starting point of the decreasing tendency of the cu-
mulative RMS curve along with the time [27]. Figure 4 shows
a demonstration of how the onset and the end of the S-wave
recorded at 051YBT in Changning mainshock are auto-
matically identified. To remove the truncated error, a cosine-
type tapered window was used. Before the onset and after the
end of the S-wave, a time series with a duration corre-
sponding to 10% of the S-wave was added to the S-wave part
to run the tapering. -e magnitude of the Fourier spectrum
was calculated from the fast Fourier transform. -en, the
Fourier spectrum was smoothed using the method proposed
by Konno [28]. Figure 5 shows the calculated and smoothed
Fourier spectrum of the NS component at 051YBT in
Changning mainshock after filtering. -e smoothed Fourier
spectra in the two horizontal orthogonal directions were
combined within the frequency domain to represent the
Fourier spectrum in the horizontal direction [29].

3. Geometric Spreading Effect

Ground motion can be descripted as a convolution of the
source, path, and site effects in the time domain. Upon the
basic assumption of a point-source earthquake, the observed
spectrum of an earthquake can be expressed as a linear
multiplication of the following three factors [30]:

Oij f, Rij  � Si(f)P f, Rij Gj(f), (1)

where Oij is the Fourier spectrum of the observed ground
motion of Station j in earthquake i (i refers to the number of

Table 1: Parameters of selected earthquakes used in this study.

No. Date year/month/day/h/min Depth (km) Ms Longitude (°) Latitude (°) Style of faulting Records number
1 2019/06/17/22/55 16 6.0 104.905 28.344 Reverse-oblique 27
2 2019/06/17/23/36 16 5.1 104.805 28.418 Reverse-oblique 18
3 2019/06/18/00/29 10 4.1 104.845 28.340 Strike-slip 3
4 2019/06/18/00/37 10 4.2 104..874 28.386 Reverse 2
5 2019/06/18/05/03 14 4.5 104.857 28.379 Reverse 3
6 2019/06/18/07/34 17 5.3 104.869 28.368 Reverse 15
7 2019/06/22/22/29 10 5.4 104.793 28.424 Reverse 24
8 2019/06/23/08/28 14 4.6 104.833 28.383 Strike-slip 3
9 2019/06/24/09/23 10 4.1 104.800 28.440 Unknown 4

Station
City
Mainshock
Aftershock

31°N

30°N

29°N

28°N

31°N

30°N

29°N

28°N

102°E 103°E 104°E 105°E 106°E

102°E 103°E 104°E 105°E 106°E

Figure 1:Map showing topography overlapped by the epicenters of
the Changning earthquakes (yellow star) and aftershocks (red dot)
and the locations of the stations used in this study.
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Figure 2: Magnitude of Ms versus distance for all recordings from
nine earthquakes.
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Figure 3: Continued.
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the earthquake in Table 1, and the unit of Fourier spectrum is
m·s−1), Si is the source spectrum of earthquake i, Pij is the
path-attenuation function that represents the path effect, Rij
is the distance between Station j and earthquake i, and it
refers to the source distance in this study, and Gj is the site
response of Station j. -e distance attenuation term Pij in
equation (1) consists of the geometric spreading and an-
elastic attenuation effects, which can be rewritten as

Pij(f) � g Rij exp d(f)Rij , (2)

where g (Rij) is the geometric spreading function, and the
rest is the anelastic attenuation effect is as follows:

d(f) � −
πf

QS(f)
βS, (3)

where QS(f ) is the frequency-dependent S-wave quality
factor of the crustal medium, and βS is the shear-wave ve-
locity of the crust. βS � 3.6 km/s in this study [31–33].
Substituting equation (2) in equation (1) and applying the
logarithm of both sides of the resulting equation yields the
following form:

ln Oij(f)  − ln Si(f)  − ln Gj(f)  � ln Pij(f) , (4)

ln Pij(f)  � ln g Rij   + d(f)Rij. (5)
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Figure 3: -e horizontal strong-motion seismograms for nine earthquakes at the station 051YBT.
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-e geometric spreading function g (Rij) can be
expressed in the form of a hinged-trilinear [13], as given in

g(R) �

b1 ln(R),

b1 ln R1(  + b2 ln
R

R1
 ,

b1 ln R1(  + b2 ln
R2

R1
  + b3 ln

R

R2
 ,

Rij ≤R1

R1 <Rij ≤R2

Rij >R2

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(6)

-e parameters b1, b2, b3, R1, and R2 are regression
coefficients. R1 and R2 are the crossover distances at which
the geometric spreading rate changes.

To determine the geometric spreading function as shown
in equation (6), the source spectrum, site response, and
anelastic attenuation term must be eliminated.

-e site response term Gj(f ) in equation (4) can be
rewritten as follows:

Gj(f) � Aj(f)exp −πκ0f( , (7)

where Aj(f) is the site amplification provided by the near-
surface soil, and κ0 represents the attenuation effect of the
soil layer near the surface on high-frequency ground mo-
tions.-e velocity of the shear wave at the sites of the strong-
motion stations is typically required to determine the site
response, Aj(f ). Most stations selected in this study lacked
wave velocity data. -us, Aj(f) was approximated by the
horizontal-to-vertical ratio (H/V) of the Fourier spectrum
[34]. Anderson and Hough (1984) [35] suggested a way to

describe the shape of the high-frequency part of the Fourier
amplitude spectrum with

Oij(f) � O0 exp(−πκf), (8)

where O0 is the groundmotion amplitude determined by the
seismic source and path term, and κ is the near-surface
attenuation coefficient that can control the frequency-de-
pendent attenuation rate of the amplitude. Equation (7) was
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Figure 4: -e detection of the S-wave of the NS component at 051YBT in Changning mainshock.
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fitted using the recordings of each station in a single log-
arithmic coordinate system to obtain the κ-value of each
station site. Take the slope of Fourier spectrum in the range
of 10Hz-20Hz as k. -en, κ � k/(−π × lge) [35]. Figure 6
gives the calculation diagram of κ using the vertical com-
ponent of the Fourier spectrum at 051YBT in Changning
mainshock. -e dependency of κ on the source distance R at
each station was then fitted based on a first-order rela-
tionship to obtain the coefficient κ0. Notably, a part of the κ0-
value has already been accounted for in the H/V ratio. -us,
it should be subtracted from the near-surface attenuation
term for the horizontal component [34]. Hence, the site
response for the horizontal component can be rewritten as
follows:

Gj(f) �
H

V
exp −πκ0Vf( , (9)

where κ0v should be determined via the vertical Fourier
spectrum of the groundmotion. Figure 7 shows the distance-
dependent variation of κ with respect to the vertical com-
ponent of the recordings as contained in this dataset. By
fitting the data points, as shown in Figure 7, κ0v can be
determined as 0.0327. -e average value of H/V from the
same station can then be calculated. Based on κ0v, the site
response termGj(f ) can be obtained using equation (8).Gj(f )
is then substituted in equation (4) to eliminate the influence
of site response and modify the observed ground motion to
the corresponding value of the bedrock site.

To determine the source spectrum Si, the path-attenu-
ation term must be used to modify the Fourier spectrum of
the bedrock site to the source position after the effect of the
site response is eliminated. -erefore, the path-attenuation
term must be determined first. -e geometric spreading and
anelastic attenuation terms are coupled.-us, it is difficult to
separate them using strong motion data. -e geometric
attenuation term is generally considered independent of
frequency [11, 13, 34, 36], and the effect of anelastic at-
tenuation can be ignored in the near-field (R< 100 km) [36].
Consequently, the source spectrum of each earthquake was

initially determined using the observed ground motion with
a distance shorter than 100 km. According to the theory of
seismic wave propagation, the source spectrum can be de-
rived from the correction of the observed value of the
Fourier spectrum at the bedrock site using the geometric
spreading effect function (R−1) [34]. Accordingly, the cor-
rected values of the Fourier spectrum from the same
earthquake were averaged to obtain the approximate value of
the first-order estimate of the source spectrum Si of this
earthquake [36].

-e distance attenuation Pij(f) can be obtained by
substituting Si and Gj in equation (4). When the frequency is
0.3Hz, the dependence of Pij(f) on R is shown in Figure 8. As
observed from Figure 8, Pij(f ) rapidly decreases as R in-
creases; however, Pij(f) decreases at a decelerated rate as R
increases. When R is greater than the threshold, the decrease
rate of Pij(f ) increases again, clearly indicating the effect of
the reflection mechanism of the Moho surface.

To determine the parameters b1, b2, b3, R1, and R2, the
value range of each coefficient was set up, and the optimal
solution of the path effect function nearest to the data point
trend was identified using the grid search method. -e value
ranges of b1, b2, b3, R1, R2, and d for grid search are -0.8∼-1.3,
-0.5∼0.5, -0.4∼-1, 50∼100, 100∼200, and -0.01∼0, respec-
tively. Based on the grid search method, the mean values of
b1, b2, b3, R1, and R2 are -0.97, 0.29, -0.73, 90 km, and 183 km,
respectively.

-e curve of the obtained path-attenuation term
(f� 0.3Hz) is plotted in Figure 8. It can be observed that the
data points are evenly distributed on both sides of the fitted
curve. Meanwhile, the path-attenuation terms of the Lushan
and Wenchuan aftershocks obtained by [7, 17] are also
provided. -ese terms were obtained by substituting the
geometric attenuation function and Q-value in [7, 17] in
equations (2) and (3). Given that Wen et al. (2015) and Ren
et al. (2013) represented the path-attenuation characteristics
of the Lushan and the Wenchuan aftershock sequences,
respectively, the difference between them and the results in
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this study showed that the path-attenuation effect of the
Changning earthquake sequence was different from those of
the Lushan and the Wenchuan aftershock sequences.

4. Quality Factor Q

-e coefficient d(f ) was determined by the grid search
method, and the quality factor Q(f ) of the S-wave can be
determined using equation (3). -e variation trend of the
quality factor Q(f ) with frequency is shown in Figure 9. -e
relationship betweenQ and f was fitted in the form of Q(f )�

Q0f n and Q(f )� 217f0.82. Meanwhile, other research results
in Sichuan are presented. Notably, the Q-value results in this
study are larger than those of [7, 17] but close to the results of
[18, 19]. It shows that the Q-value in the Changning
earthquake area is larger than that in the Lushan and
Wenchuan aftershock areas but close to the average level of
the Q-value in the Sichuan area.

-e Q-value of the quality factor in this study was higher
than that of [7, 17]. -ere are two reasons that can interpret
it. (1) Compared with the strong motion recordings selected
by [7, 17], the hypocenter distance of this dataset was larger,
the seismic rays, which arrived at the far-field station, passed
through the deeper crustal medium, and the quality factor Q
of the deep-crustal medium was larger. (2)-e quality factor
of the crustal medium was correlated with the thickness of
the crust. It is generally believed that the quality factor is
smaller when the crust thickness is larger [34]. -e
Changning earthquake sequence occurred in the southern
margin of the Sichuan Basin and the areas studied by [7, 17]
were located in the North Central Sichuan. -e crustal
thickness in Sichuan increased gradually from south to north
[37]. -is trend is consistent with the spatial distribution
trend of the Q-value obtained by [7, 17].

5. Seismic Source Spectrum

-e path-attenuation term Pij(f ) (both the geometric and
anelastic attenuation terms) was derived from a previous
study. If Gj and Pij(f ) are known, the source spectrum can be
determined more accurately according to equation (4) using
the full dataset as the influence of the quality factor Q was
considered. -e source displacement spectrum S(f ) (ratio of
(2π)2 to the source acceleration spectra) can be expressed as
follows:
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Wen et al. (2015)
Ren et al. (2013)

Figure 9: Quality factor Q for Changning earthquake region.
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Figure 10: Seismic moment M0 versus the corner frequency fc.
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S(f) �
RΘΦVF

4πρβs
3
R0

M0i

1 + f/fci
2, (10)

whereRΘΦ is the radiation pattern, which is usually equal to���
2/5

√
[16]. F reflects the free-surface effect of the shear-wave,

with a value set to 2.0. V is the distribution coefficient that
considers the S-wave energy along two orthogonal directions
whose values are typically set to 0.7. Additionally, ρ is the
rock mass density of the seismic source, whose value was set
to 2.8 g/cm3 in this study. βS is the average shear-wave
velocity of the rock in the seismic source area, with an
approximate value of 3.6 km/s. R0 is the reference distance of
the seismic source, with a value of 1 km. M0i is the seismic
moment of earthquake i, and fci is the corner frequency of
the source spectrum of earthquake i.

Using the seismic source displacement spectrum, the
seismic moment M0i and corner frequency fci of each
earthquake can be determined from the least-squares fitting
using the interval search algorithm. -e search interval of
magnitude isM - 0.5∼M + 0.5, and the search interval of fc is
0.02∼5Hz. When the frequency is between 0.1 and 10Hz,
the solution that can minimize the difference between the
theoretical source displacement spectrum and the observed
result is the optimal solution.

Figure 10 presents the relationship between the deter-
mined seismic moment M0 and corner frequency fc for the
Changning sequence with a 68.3% confidence interval. -e
relationship between M0 and the corner frequency fc shows
an obvious inverse relationship, and the relationship be-
tween M0 and fc is M0fc3 � 2.37×1016N·m/s3. -is rela-
tionship indicates that the seismic source features of the
Changning seismic sequence show self-similarity. -e re-
sults of Zhang (2016) [16] andWen et al. (2015) [17] are also
presented. -e results of [16, 17] differ from those obtained
in this study, however, they are included in the 68.3%
confidence interval. -e comparison results show that the
relationship between M0 and fc for the Changning earth-
quake sequence is slightly different from those of the
Wenchuan earthquake sequence and the Lushan aftershock
sequence.

-e stress drop parameter Δσ can be derived from
equation (11) given the values ofM0 and fc, and the resulting
Δσ and fc of the Changning earthquake sequence are listed in
Table 2. Using equation (11), the mean stress drop value of
4.68MPa can be determined, which is close to the mean
stress drop value of 4.89MPa for global intraplate earth-
quakes [38]. Wen et al. (2015) and Yu (2012) obtained the
mean stress drop values of 3.14MPa and 3.8MPa for the
Lushan and Wenchuan aftershock sequences, respectively.
-ese values are lower than those of the Changning
earthquake sequence.

Δσ �
7M0

16
2πfc

2.34βs

 

3

. (11)

Figure 11 presents the displacement spectra of the source
of the Changning earthquake sequence with magnitudes
derived in this study in the range of 4.1<Ms<6.0. -e cal-
culated Brune theoretical displacement spectra for two
earthquakes with magnitudes Ms 4.1 and Ms 6.0, with a Δσ
of 4.68MPa, are also provided. It can be observed that, even
though the stress decrease (Δσ) associated with the
Changning earthquake sequence was relatively discrete, the
displacement spectra of the seismic sources matched the
theoretical model, as well as the theoretical values, thus
indicating that the seismic sources of this earthquake se-
quence conform to the Brune (1970) point-source model.

6. Conclusions

In this study, the path-attenuation effect term and seismic
source characteristic parameters of the Changning earth-
quake sequence were derived based on the analyses of the
S-wave Fourier amplitude spectra of strong-motion re-
cordings obtained from 33 strong-motion stations in nine

Table 2: Source parameters obtained in this study.

No. of earthquakes 1 2 3 4 5 6 7 8 9
Δσ (MPa) 9.55 5.17 3.36 3.29 1.18 2.84 12.45 5.95 7.90
fc/ (Hz) 0.38 0.59 1.36 1.7 0.96 0.63 0.94 2.22 2.44
M0/N.m(✕1017) 8.81 1.27 0.068 0.034 0.068 0.58 0.76 0.028 0.028
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Figure 11: Seismic source displacement spectra versus the theory
model of the Changning seismic sequence.
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earthquakes of the 2019 Changning earthquake sequence.
-e main conclusions were as follows:

(1) -e path-attenuation effect of the Changning
earthquake sequence matched the mechanism as-
sociated with the Moho effect, and the attenuation
trend of the ground motion with the propagation
path was significantly different from that of the af-
tershock sequences of Lushan and Wenchuan.

(2) -e geometric spreading term of the Changning
earthquake sequence exhibited hinged-trilinear
characteristics, with average geometric spreading
rates of -0.97, 0.29, and -0.73 in the three segments
and average crossover distances of 90 km and
183 km. -e quality factor Q was correlated with
frequency, and the relationship between the two was
Q(f)� 217 × f 0.82 in the frequency band of 0.1–10Hz.
-e Q-value was larger than that of the aftershock
areas of Lushan and Wenchuan but close to the
average Q-value in Sichuan.

(3) -e seismic moment of the Changning earthquake
sequence varied from 2.75×1015N·m to
8.75×1017N·m, and the corner frequency varied
from 0.38Hz to 2.36Hz. -e seismic moment was
inversely proportional to the cube of the corner
frequency, and the product was 2.37×1016N.m/s3. It
indicated that the seismic source features of the
Changning seismic sequence show self-similarity.
-e stress drop Δσ ranged between 1.18 and
12.44MPa, with an average value of 4.68MPa. -e
source characteristics were different from those of
the Wenchuan earthquake sequence and the Lushan
aftershock sequence.
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