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There is little available attenuation relationship for Arias Intensity (AI) in China.
Empirical relationships between AI and peak ground acceleration (PGA) provide
another option for predicting AI. We establish empirical relationships for AI and
PGA for western China, utilizing 3,169 horizontal and 979 vertical strong motion
records with PGA ≥0.01 g from 274 earthquakes (MS 4.0–8.0), originating in eight
provinces in southwest (Yunnan, Sichuan) and northwest China (Gansu, Shaanxi,
Ningxia, Qinghai, Inner Mongolia, and Xinjiang). The influences of MS epicenter
distance, and site conditions indicators VS30, generic site classes (i.e., rock and
soil) are explored. The results show that the logarithmof AI increases linearlywith
the increase of the logarithm of PGA and MS, and decreases with the logarithm
of VS30. However, the influence of site conditions on AI-PAG relationships can't
be recognized by the simple generic rock and soil site classes. The epicenter
distance has little effect on the AI-PAG relationships. Empirical relationships
are developed to estimate horizontal or vertical AI as a function of PGA (basic
model), PGA and MS (model 2) for southwest, northwest, and western China,
using all the records. Empirical relationships for AI as a function of PGA, MS, and
VS30 (model 1) are established using the 2,248 horizontal (70.9% of the total) and
670 vertical (68.4% of the total) records with VS30 between 148 and 841m/s. The
notable disparity between model 1 of the southwest and northwest regions is
chiefly attributed to local site conditions, indicating that the AI-PGA correlation
is region-dependent. These findings enable oneway of estimating AI for western
China and will contribute to a better understanding of AI attenuation.

KEYWORDS

Arias intensity, peak ground acceleration, conditional model for Arias intensity,
empirical correlations, western China

1 Introduction

As a mandatory national standard that is currently in force, the national seismic hazard
maps of China (GB 18306–2015) employed the attenuation relationships for peak ground
acceleration (PGA) developed using the transform method (Yu and Wang, 2007). This
is mainly due to the lack of strong motion recordings and sparse distribution of strong
ground motion stations, which limits the establishment of attenuation relations through
regression analysis. Benefiting from the National Strong Motion Observation Network
System (NSMONS) of China, which has been in formal operation since 2008, a large
number of high quality strong motion recordings have been obtained in the past decade
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FIGURE 1
Earthquakes and strong-motion stations selected for this study.

or so (Ji et al., 2017; Xie et al., 2022). In recent years, the China
Earthquake Administration has proposed the Next-Generation
Attenuation project. As part of a broader effort to update national
seismic hazard maps of China, this project aims to develop ground
motion prediction equations (GMPEs) that incorporate broadband
and multiple ground motion intensity parameter, such as PGA,
peak ground velocity (PGV), peak ground displacement (PGD),
response spectral andAI (Arias, 1970; Chousianitis et al., 2016; Zach
et al., 2017).

For some widely used parameters in China, such as PGA, PGV,
5% damped response spectrum, some researchers (Li et al., 2020a;
Zhang et al., 2021; Zhang et al. 2022; Zhang et al. 2023) investigated
the influences of magnitude, rupture distance, fault types, site
amplification and hanging-wall scaling on ground motions, and
developed GMPEs for southwest China and capital circle region of
China. These models incorporate parameters such as magnitude,
geometric attenuation, anelastic attenuation, hanging-wall effect,
and linear/nonlinear site response terms to improve the accuracy
of ground motion predictions. However, in the case of AI, there

is very little available attenuation relationship for this intensity
measure in China (Liu et al., 2018). Lee et al. (2012) developed
a regional AI attenuation relationship for Taiwan considering
VS30 (the equivalent shear-wave velocity of soil layers within a
depth of 30 m underground). Liu and Ren (2022) developed the
AI attenuation relationship for the Sichuan-Yunnan region. Their
functional forms were modified from that of Travasarou et al.
(2003), which was derived from a point-source model. Before
we propose the AI attenuation relation for the next-generation
national seismic hazard maps of China, the applicability of existing
AI attenuation models still needs further investigation. Moreover,
for the region with limited strong ground motions, predicting AI
through the relationships between AI and other seismic parameters
is another option (Liu et al., 2015; Ji et al., 2021;Macedo et al., 2022).
Moreover, correlations of AI and other intensity measures enable an
easily ground motion selection and vector hazard analysis (Wang
and Du, 2013; Bradley, 2015; Tao et al., 2020; Cheng et al., 2021).

In this study, we developed empirical AI-PGA relationships for
western China based on our global empirical relationships (Liu
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FIGURE 2
Distribution of strong-motion data used in this study: (A) magnitude and PGA, (B) magnitude and epicentral distance, (C) magnitude and VS30, and (D)
generic site class and magnitude.

TABLE 1 Numbers of earthquakes and records for different magnitude ranges.

Magnitude Number of
earthquakes

Number of
horizontal
records

Number of
horizontal

records with
VS30

Number of
vertical records

Number of
vertical records

with VS30

N S A N S A N S A N S A N S A

4≤Ms<4.5 55 15 70 275 11 286 157 6 163 70 3 73 39 3 42

4.5≤Ms<5 42 52 94 275 403 678 196 258 454 89 130 219 63 130 193

5≤Ms<5.5 29 26 55 303 352 655 263 218 481 87 120 207 69 120 189

5.5≤Ms<6 11 15 26 212 181 393 166 118 284 45 68 113 36 68 104

6≤Ms<6.5 6 7 13 168 187 355 151 135 286 50 53 103 47 53 100

6.5≤Ms<7 8 6 14 269 134 403 209 106 315 57 44 101 40 44 84

7≤Ms<7.5 0 0 0 0 155 155 0 111 111 0 59 59 0 59 59

7.5≤Ms 1 1 2 6 238 244 0 154 154 1 103 104 0 103 103

N, S and A represent northwest, southwest, and all west China areas.

et al., 2016). Our analysis involves 3,169 horizontal and 979 vertical
strong motion records from 274 earthquakes with surface wave
magnitude (MS) ranging from 4.0 to 8.0. We examine the influences
of earthquake magnitude and epicenter distance, as well as the

dependencies on local site conditions using VS30 and generic site
classes such as rock and soil. Finally, we develop models to predict
AI as a function of PGA, PGA and MS, PGA, MS, and VS30
for southwest, northwest, and western China, encompassing both
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TABLE 2 Regression coefficients for the horizontal and vertical AI and PGA relationships (Eq. 1).

Model parameter Horizontal Vertical

Northwest Southwest All west Northwest Southwest All west

Value SE Value SE Value SE Value SE Value SE Value SE

a 0.400 0.038 0.548 0.026 0.503 0.023 0.405 0.068 0.432 0.037 0.418 0.033

b 1.619 0.019 1.662 0.012 1.646 0.011 1.601 0.038 1.608 0.020 1.597 0.019

c 0.271 0.016 0.272 0.018 0.275 0.014 0.286 0.013 0.270 0.020 0.282 0.013

d −0.790 0.052 −0.198 0.039 −0.468 0.032 −0.589 0.090 −0.196 0.064 −0.341 0.056

σb 0.187 - 0.169 - 0.186 - 0.186 - 0.156 - 0.173 -

τc 0.048 - 0.092 - 0.071 - 0 - 0.090 - 0.057 -

σT
d 0.196 - 0.195 - 0.201 - 0.186 - 0.186 - 0.187 -

aa, b, c, d are the regression coefficients of equation 1; SE, means the standard error of coefficients.
bIntraevent Sigma.
cInterevent Sigma.
dTotal Sigma.

TABLE 3 Regression coefficients for the horizontal and vertical AI and PGA relationships (Eq. 2).

Model parameter Horizontal Vertical

Northwest Southwest All west Northwest Southwest All west

Value SE Value SE Value SE Value SE Value SE Value SE

a 0.567 0.034 0.560 0.023 0.566 0.021 0.502 0.063 0.439 0.032 0.455 0.030

b 1.626 0.017 1.659 0.011 1.641 0.010 1.607 0.035 1.597 0.018 1.590 0.016

c 0.260 0.017 0.272 0.016 0.262 0.013 0.248 0.021 0.273 0.018 0.255 0.014

σb 0.206 - 0.181 - 0.197 - 0.188 - 0.165 - 0.180 -

τc 0.065 - 0.088 - 0.076 - 0.056 - 0.086 - 0.075 -

σT
d 0.219 - 0.203 - 0.213 - 0.204 - 0.190 - 0.200 -

aa,b, c are the regression coefficients of equation 1; SE, means the standard error of coefficients.
bIntraevent Sigma.
cInterevent Sigma.
dTotal Sigma.

TABLE 4 Regression coefficients for the horizontal and vertical AI and PGA relationships (Eq. 3).

Model parameter Horizontal Vertical

Northwest Southwest All west Northwest Southwest All west

a 0.309 0.985 0.797 0.220 0.815 0.707

b 1.565 1.936 1.837 1.536 1.822 1.784

σT
a 0.317 0.388 0.365 0.298 0.408 0.374

a and b are the regression coefficients of Eq. 3 obtained through the least-squares estimation.
aTotal Sigma.
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FIGURE 3
Comparison between the observed data of northwest China with model 2 (A), and Intraevent residuals of model 1 against (B) PGA, (C) VS30, and (D)
Interevent residual against magnitude.

horizontal and vertical components. We investigate the region-
dependent of AI-PGA correlation by comparing our southwest
and northwest models with previous models, and discusse the
potential reasons. These findings provide a methodology for
estimating AI from PGA in western China, and contribute to a
deeper understanding of the attenuation characteristics of AI in
China overall.

2 Strong ground motion and empirical
model

2.1 Strong ground motion dataset

The database used for this study comprises accelerograms
from over 800 strong motion stations of NSMONS in western
China. These records capture earthquakes that occurred in eight
provinces of southwest (Yunnan, Sichuan) and northwest China
(Gansu, Shaanxi, Ningxia, Qinghai, Inner Mongolia and Xinjiang),
contributing nearly 71% earthquakes throughout China from 2009
to now, as documented by the unified earthquake cataloging of
China Seismographic Network operated by the China Earthquake
Networks Center (CENC). Tomitigate the influence of site response,
topographic and structural effects on ground motion, records
from vertical arrays, topographical arrays, and structural arrays
are excluded, with stations deployed at free field ground sites
considered. The strong motion records are processed using the
method of Zhang et al. (2022), with each horizontal component

treated independently. For engineering purposes, we select strong
motion data from stations with PGA larger than 0.01 g. By applying
these selection criteria, there are finally 3,169 horizontal and 979
vertical strong motion records recorded by 646 strong motion
stations.The currently available site information for all these stations
is generic site classes (rock and soil) as listed in strong-motion
record data files. Ji et al. (2017, 2022) provided site classification for
about 170 stations using an empirical H/V spectral ratio method.
Xie et al. (2022) developed a soil profile database of geotechnical soil
profiles and shear-wave velocity logs, and site parameters for 678
stations in western China (Yunnan, Sichuan, Gansu, and Xinjiang).
Unfortunately, there are still many stations without plausible site
classification and VS30 value due to the lake of borehole logs or
shear wave velocities profiles (Ren et al., 2023). Based on their
research, we obtain VS30 for 406 stations, and assign VS30 to 2,248
horizontal (70.9% of the total) and 670 vertical (68.4% of the total)
strong-motion records.

These strong-motion records are recorded in 274 earthquakes
with magnitude ranging from 4.0 to 8.0. Surface wave magnitude
(MS) is provided for majority of the earthquakes, while local
magnitude (ML) is used for only 15 earthquakes (13 with
4.1≤ML≤4.9, 1 with ML=6.2, and 1 with ML=6.6) when MS is
unavailable. According to the review of Li et al. (2014), the MS and
ML measurements are consistent, with the empirical equation by Li
et al. (2016) indicating a difference between estimated MS fromML
and measured MS of less than 0.1 for these few data. Consequently,
we believe that the mixed usage of MS and ML has negligible
influence on the final empirical relationships between AI and PGA.
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FIGURE 4
Comparison between the observed data of southwest China with model 2 (A), and Intraevent residuals of model 1 against (B) PGA, (C) VS30, and (D)
Interevent residual against magnitude.

FIGURE 5
Comparison between the observed data of all west China with model 2 (A), and Intraevent residuals of model 1 against (B) PGA, (C) VS30, and (D)
Interevent residual against magnitude.
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FIGURE 6
Intraevent residuals of model 1 for northwest China against (A) PGA,(B) magnitude, (C) VS30, and (D) Interevent residual against magnitude.

The spatial distribution of these earthquakes and strong-motion
stations is shown in Figure 1. The data distribution with respect
to PGA, magnitude, epicentral distance, VS30 and generic site class
are illustrated in Figure 2. Numbers of earthquakes and records for
different magnitude ranges are listed is Table 1. For the complete list
of the earthquake catalogue used, see Supplementary Tables S1, S2
in the electronic supplement to this article.

2.2 Model of empirical relationships

In previous study (Liu et al., 2016), we proposed global empirical
AI-PGA relationships as a function of moment magnitude Mw, and
VS30. We concluded that AI-PGA relationship was not significantly
affected by focal mechanism and fault distance. These global
empirical relationships represented a significant advancement by
incorporating such important features as magnitude and VS30 and
enable an improved way of estimating AI from PGA. Its function
was described as Eq. 1 (referred as model 1)

log (AI) = a+ b log (PGA) + c(MS − 6) + d log (Vs30/500) (1)

in which AI is Arias intensity in unit of m/s, and PGA is and
peak ground acceleration in unit of g (1g = 9.8 m/s2), MS is
the surface wave magnitude, VS30 is in unit of m/s, a, b, c
and d are regression parameters.

In this paper, we also investigate the influence of epicentral
distance using our data. We confirm that considering epicentral
distance is unnecessary due to the absence of any biased residual.
Eq. 1 is utilized for the dataset that included VS30 values. For the
data without VS30 values, we test the usage of the generic site
class (rock or soil) instead of VS30 by taking them as dummy
variables. However, it did not yield statistically significant results.
Consequently, Eq. 2 (referred to as model 2) is employed for the
entire dataset.

log (AI) = a+ b log (PGA) + c(MS − 6) (2)

in which AI and PGA are Arias intensity and peak ground
acceleration in unit of m/s and g (1g = 9.8 m/s2), MS
is the surface wave magnitude, a, b and c are regression
parameters.

In order to facilitate a comprehensive comparison with previous
models, we also establish a basic model that relates AI and PGA,
represented by Eq. 3:

log (AI) = a+ b log (PGA) (3)

where AI and PGA are Arias intensity and peak ground acceleration
in unit of m/s and g (1g = 9.8 m/s2), a and b are regression
parameters. This basic model is also widely recognized by the PGA
versus the Arias intensity graph from series of data (Lenti and
Martino, 2010; 2013).
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FIGURE 7
Intraevent residuals of model 1 for southwest China against (A) PGA,(B) magnitude, (C) VS30, and (D) Interevent residual against magnitude.

FIGURE 8
Intraevent residuals of model 1 for all west China against (A) PGA, (B) magnitude, (C) VS30, and (D) Interevent residual against magnitude.
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FIGURE 9
Comparison between the observed horizontal (A) and vertical (B) AI-PGA correlation during the Wenchuan earthquake for model 1 and 2.

FIGURE 10
Comparison between the observed horizontal (A) and vertical (B) AI-PGA correlation during the Gashi and Menyuan Ms 6.4 earthquakes for
model 1 and 2.

3 Development of correlation
relationship

3.1 Empirical relationships of AI and PGA
for west China

Using the dataset mentioned above, we develop empirical
relationships of AI and PGA for southwest, northwest, and western
China, considering both the horizontal and vertical components.
These relationships are represented by model 1, model 2, and the
basic model. The regression coefficients for model 1 and 2 are
obtained through the mix-effect model (Lee et al., 2012), and are
presented in Tables 2, 3, respectively. The coefficients for the basic
model are determined using the least square method, and are shown
in Table 4. The linear equation of the basic model can well explain
the logarithm of AI linearly increases with the increase of the
logarithm of PGA. However, there are noticeable discrepancies in

the intercept (the parameter a in Table 4) and slope (the parameter
b in Table 4) among the basic models for the southwest, northwest,
and western regions. This discrepancy primarily arises from the
lack of consideration for earthquake magnitude. By incorporating
earthquake magnitude into the analysis (as demonstrated in
Table 3), the regression coefficients a, b, and c of model 2 for
the southwest, northwest, and western regions exhibit relatively
close values within the same horizontal or vertical group. Without
consideration the influence ofVS30, the estimated horizontal/vertical
AI values are about 182%/177% higher for every one-unit increase
in magnitude in northwest China, and about 187%/187% higher in
southwest China for a given PGA value. In respect to all western
China, the estimated horizontal/vertical AI values are roughly
183%/180% higher for every one-unit increase in magnitude. The
goodness-of-fit to the observed data is well demonstrated across
the entire range of PGA and magnitude, as is illustrated in
Figures 3–5 (only horizontal results are shown here for simplicity).
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FIGURE 11
Comparison of the basic model for the northwest, southwest and all
west China with existing models.

FIGURE 12
Comparison of model 2 for the northwest, southwest and all west
China for selected magnitudes (Ms = 4, 6 and 8) with existing models.

The unbiased residuals (data minus model values), as functions of
PGA and magnitude, indicate that our models provide a good fit.
Furthermore, the addition of earthquake magnitude to the models
reduces the standard deviation from over 0.3 to approximately
0.20 log unit, as compared to the basic model. This decrease in
the standard deviation of model 2 further affirms the significant
influence of earthquake magnitude on the AI-PGA correlation. AI
not only increases with increasing PGA but also the increases of
magnitude.

For themodel with VS30 (model 1), the results reveal that the AI-
PGA correlation is significantly affected by earthquake magnitude
and site parameter VS30. Compared with model 2, the inclusion

of VS30 reduces the model standard deviation by approximately
0.01 log unit (Table 2). Given the fixed PGA and VS30 value,
the estimated horizontal/vertical AI values are about 187%/193%
higher for one-unit increase in magnitude in northwest China,
approximately 187%/186% higher in southwest China, and roughly
188%/191% higher in all western China. Likewise, with the fixed
PGA and earthquake magnitude, the estimated horizontal/vertical
AI values are about 32%/43% (northwest), 75%/75% (southwest)
and 51%/61% (all west) lower for a site with a VS30 value of 180 m/s
compared to a site with a VS30 value of 760 m/s. To evaluate any
potential bias in the regression, the residuals are plotted against
PGA, magnitude and VS30 in Figure 6 (northwest China), Figure 7
(southwest China) and Figure 8 (all west China), respectively. Only
the horizontal results are displayed here. Overall, no discernible
trend is observed in the residuals as a function of PGA, magnitude,
or VS30, suggesting that there is no bias present in the regression.
Consequently, these findings demonstrate that AI not only increases
with increasing PGA and increasing magnitude but also displays an
increase with decreasing VS30.

3.2 Evaluation and comparison with
previous models

The goodness-of-fit of the empirical relationships to the data is
further demonstrated through the actual data plots. As an example,
we can examine the case of the MS8.0 Wenchuan earthquake that
occurred on 12 May 2008 in Sichuan (Figure 9). In Figures 7D, 8D,
the intraevent residuals are seen to be close to zero, indicating a good
fit, while the interevent residual of Wenchuan earthquake appears
relatively large at around 0.2. According to the VS30 values of the
Wenchuan data, we subdivide the Wenchuan data into two groups:
data with VS30 values between 249 m/s and 500 m/s, and data with
VS30 values between 500 m/s and 826 m/s. We plot the prediction
of model 1 for southwest China plus its variability of interevent
residual with mean VS30 values as VS30 = 350 m/s and 650 m/s for
these twoVS30 bins.There is slight difference between these two sub-
data. The estimated AI from a site with a VS30 value of 650 m/s is
approximately 80% of that from a site with a VS30 value of 350 m/s
for Wenchuan earthquake. We can see that this slight difference can
be recognized by our model 1. Both model 1 and model 2 provide a
good fit with the observations.

The data of the Ms6.4 Gashi earthquake that occurred on 19
January 2020, in Xinjiang, and the Ms6.4 Menyuan earthquake
that occurred on 21 January 2016, in Qinghai are plotted
together in Figure 10. The VS30 values for the Gashi and Menyuan
data fall within the range of 220 m/s to 486 m/s, with the exception
of three records from the 65PKY strong motion station (with VS30
values being 512 m/s) in the Gashi earthquake. The prediction of
model 1 using a mean VS30 value of 370 m/s is provided. We can see
that the logarithms of the observed AI and PGA exhibit a very good
linear correlation, with nearly all the data points falling between the
predicted lines. This indicates a agreement between the observed
data and the predictions from model 1.

In order to assess the effectiveness of our models, we compare
our models with previous studies (Arias, 1970; Jibson, 1993; Romeo,
2000, Liu et al., 2016). Except our NGA models, these models
are established mostly using horizontal ground motion data sets
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FIGURE 13
Ratios of model 2 for the northwest and southwest to all west China versus PGA. See the text for more detail for the definition of the ratio. (A) Ms = 4.0.
(B) Ms = 6.0. (C) Ms = 8.0.

FIGURE 14
Comparison of model 1 for the northwest, southwest, and all west China or selected magnitudes (Ms = 4, 6 and 8) with the NGA model for (A) VS30 =
300 m/s, (B) VS30 = 500 m/s, and VS30 = 760 m/s.

from different earthquakes, and they did not take into account
the influence of earthquake magnitude. So our comparison is
focused on horizontal models. Without considering earthquake
magnitude, the slope of the regression lines of the basic model
(quantified by parameter b in Eq. 3) exhibits significant variation
(Figure 11). This can also explain the large discrepancy among
our northwest, southwest, and all western models. When we
divide the data as sub-data with different magnitudes and consider
the magnitude effect on AI-PGA correlation by model 2, we
observe a remarkable consistency in the values of parameters b
and c in our regression formula (Eq. 2) across earthquakes of
varying magnitudes and regions. The differences between these
parameter values are nearly within 0.03, as evidenced in Table 3.This
consistency is also shown in Figure 12, where the horizontal model
lines for the northwest, southwest, andwesternChina regions appear
almost parallel.

We future analyze the variability between model 2 for northwest
and southwest China.The ratio (defined as the prediction ofmodel 2
for northwest or southwest China divided by the prediction ofmodel
2 for all west China) with respect to PGA is plotted in Figure 13. For

northwest China, the mean ratios are 1.023, 1.014, and 1.005 for Ms
= 4.0, 6.0 and 8.0, respectively. For northwest China, the mean ratios
are 0.928, 0.972, and 0.987 accordingly. Consequently, the means
ratios of northwest to southwest are approximately 1.102, 1.043, and
0.987 for model 2 with Ms = 4.0, 6.0 and 8.0, respectively. These
results reveal that the AI-PGA correlation is region-dependent to
some extent, as evidenced by the slightly discrepancy betweenmodel
2 of northwest and southwest China.

In this study, our model 1 for northwest, southwest, and all
western China utilizes the same function form as our NGA model
(Liu et al., 2016). Here, we make a future comparison between
our relationships with our NGA relationships (Figure 14, horizontal
component only). The result confirms that AI is not only increases
with increasing PGA, but also increases with increasing earthquake
magnitude and decreasing VS30. These tendencies are consistent
across all these four relationships, but are different in details. The
ratio (defined as the prediction of model 1 divided by the prediction
of NGA model) with respect to PGA is plotted in Figure 15. Given
the fixed VS30 values, the mean ratios of northwest, southwest, and
all west China are generally decrease with the increase of earthquake
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FIGURE 15
Ratios of model 1 for the northwest, southwest, and all west China to the NGA model versus PGA. See the text for more detail for the definition of the
ratio. (A) Ms = 4.0 and VS30 = 180 m/s. (B) Ms = 6.0 and VS30 = 180 m/s. (C) Ms = 8.0 and VS30 = 180 m/s. (D) Ms = 4.0 and VS30 = 500 m/s. (E) Ms = 6.0
and VS30 = 500 m/s. (F) Ms = 8.0 and VS30 = 500 m/s. (G) Ms = 4.0 and VS30 = 760 m/s. (H) Ms = 6.0 and VS30 = 760 m/s. (I) Ms = 8.0 and
VS30 = 760 m/s.

magnitude from Ms = 4.0 to 6.0, and 8.0, and the difference among
these three regions remain relatively constant. Take VS30 =180 m/s
as an example, the mean ratios for northwest, southwest, and all
western China are 1.142, 0.844, and 1.001, respectively, for Ms = 4.0.
For Ms = 6.0, these values become1.013, 0.752, and 0.905. For Ms =
8.0, themean ratios are 0.899, 0.670, and 0.817. But the value ofmean
ratio northwest divided by that of southwest keeps remains 1.35.
Conversely, when we fix the earthquake magnitude, the changes in
mean ratios of northwest and southwest China exhibit a reversed
trend adjustment. Take Ms = 6.0 as an example. The mean ratios
for northwest shift from 1.013 (VS30 = 180 m/s) to 0.892 (VS30 =
500 m/s) and 0.625 (VS30 = 760 m/s), indicating a decreasing trend.
In contrast, the mean ratios for southwest change from 0.752 (VS30

= 180 m/s) to 0.977 (VS30 = 500 m/s) and 1.088 (VS30 = 760 m/s),
indicating an increasing trend.

4 Conclusion

In this paper, based on our previous empirical relation models
between AI and PGA using the NGA database, we develop
empirical relationships between AI and PGA for western China.
This effort focuses on strong motion records with PGA ≥0.01g,
obtained from eight provinces in southwest China (Yunnan,
Sichuan) and northwest China (Gansu, Shaanxi, Ningxia, Qinghai,
Inner Mongolia, and Xinjiang). This large set of data consists of
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3,169 horizontal and 979 vertical strong motion records from 274
earthquakes with surface wave magnitude (MS) ranging from 4.0 to
8.0. All the records are classed into generic site classes (rock and
soil), and VS30 values are assigned to 2,248 horizontal (70.9% of
the total) and 670 vertical (68.4% of the total) records. Empirical
relationships are developed to estimate AI as a function of PGA
(basic model), PGA and MS (model 2), PGA, MS, and VS30 (model
1) for the southwest, northwest, and west China, both for horizontal
and vertical components. The results confirm that the logarithm
of AI increases linearly with the increase of the logarithm of PGA
and MS, and decreases with the logarithm of VS30. However, the
influence of site conditions on AI-PAG relationships cannot be
recognized by the simple generic rock and soil site classes. The
epicenter distance has little effect on the AI-PAG relationships.
Furthermore, the significant difference between the model 1 of
southwest and northwest reveals that the AI-PGA correlation is
region-dependent, which is chiefly attributed to local site conditions.
The empirical AI-PGA relationships presented in this paper enable
one way of estimating AI from PGA for western China. It will
also contribute to a better understanding of the proposal of AI
attenuation equations, which is one of the objectives of the next-
generation seismic zonation map of China.

5 Discussion

In recent years, numerousGMPEs have been developed for PGA
and AI (Boore et al., 2014; Zach et al., 2017; Du and Wang, 2017;
Farhadi and Pezeshk, 2020; Bahrampouri et al., 2021; Davatgari-
Tafreshi and Bora, 2023; Hu et al., 2023). These studies implicitly
suggest that attenuation characteristic of PGA and AI, such as the
magnitude-scaling effects and site effects are different (Campbell
and Bozorgnia, 2012). Similarly, our proposed models demonstrate
a significant dependence of AI-PGA correlation on earthquake
magnitude and the VS30 value of the site. The distributions of the
residuals of model 2 against magnitude and the residuals of model 1
against magnitude and VS30 exhibit no observable trend or change,
indicating the absence of bias in our relationships. Notably, the
model standard deviation decreases by 0.1 and 0.01 log unit in
sequence, starting from the basicmodel tomodel 2 andmodel 1.This
reduction signifies that our relationships can effectively identify the
discrepancies in AI-PGA correlation across different earthquakes
and site conditions, representing a significant advancement.

However, it is worth noting that the AI-PGA correlation does
exhibit a certain degree of region-dependent. As we can see from
Table 3, the values of parameters b and c in Eq. 2 tend to be consistent
for earthquakes of different magnitudes and different regions, with
their differences almost within 0.03. In Figure 13, the mean predicted
value for northwest China from model 2 is about 110.0%, 104.3%
and 98.7% of that for southwest China, for MS = 4.0, 6.0 and 8.0,
respectively. It shows that there is a slightlydiscrepancybetweenmodel
2 of northwest and southwest China. With regard to model 1, the
discrepancy between northwest China and southwest China can be
up to 30%–40% as illustrated in Figure 15. As listed in Table 2, the
difference in the values of parameter b between the northwest and
southwest is 0.043, while the difference in the values of parameter c is
0.001. The values of parameter d for the northwest and southwest
China are −0.790 and −0.198, respectively. This discrepancy in

FIGURE 16
Variation of the VS30 term of model 1 for northwest, southwest China,
and the NGA model against VS30.

parameter d plays a significant role in determining the difference
between the models. The VS30 term, expressed as d log (Vs30/500)
in Eq. 1, is plotted against VS30 for model 1 of northwest, southwest
China, and the NGA model (Liu et al., 2016). It shows that the VS30
term of model 1 for northwest China has the highest descent rate
against VS30, while that of southwest China has the lowest descent rate
against VS30 (Figure 16). This discrepancy helps to explain the above
mentioned reverse trend adjustment observed in the mean ratios of
northwest and southwest China to the NGAmodel for VS30 values of
180 m/s, 500 m/s, and 760 m/s, given a fixed magnitude.

This means that the region-dependent of AI-PGA correlation is
primarily attributed to the local site conditions, represented by VS30
in this study. The research conducted by Li et al. (2020b) indicated
that geotechnical types and soil depths have significant effects on the
reliability of the relationship between shear wave velocity and buried
depth.Though VS30 provides unambiguous definitions of site classes,
there might still be high uncertainties associated with determining
soil type by VS30. For the strongmotion stations located in the plateau
basin of northwest China or ravine region of southwest China, even
if they have the same VS30 values, the soil depths in the northwest
basin region (which belongs to a sedimentary environment) may be
greater than those in the ravine region of southwest China (which is
predominantly dominated by downward cutting erosion). This could
potentially explain why the influence of site conditions on AI-PGA
relationships cannot be adequately captured by the currently available
rough and simplistic rock and soil site classes.
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