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Figure S1. An example of spectral decay kappa estimation. (a) Examples of extracted S-waves (red), background noise
(pink), and P-wave starting points (red pentagram). (b) Fourier amplitude spectrum obtained from background noise

(red) and S-waves (blue) and (¢) an example of the process of estimating the kappa parameter.
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Figure S2. Relationship between zero-distance xo and Vs30. The solid lines in green and orange represent the robust



regression results for the horizontal and vertical components, respectively. The corresponding thin dashed lines are the

+o range. (a) V's30 values are sourced from empirical relationships, drilling data, and the PEER database. (b) V530

values are sourced from an empirical relationship. (¢) ¥s30 values are sourced from drilling data, and (d) ¥s30 values

are sourced from the PEER database.
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Figure S3. Distribution of spectral decay kappa versus epicentral distance for (a) EW and (b) NS components. The solid

circles in these two figures indicate the individual kappa values calculated from the ground motion records of the

Changning earthquake in China. The orange solid line indicates the fitted model, and the thin dashed line represents the

+0 range.
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Figure S4. Site effects obtained from the H/V spectral ratio method. The blue solid line indicates the mean result, and

the shaded area indicates the +o range.
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Figure S5. Comparison between the simulated and observed FAS values at 16 selected ground motion stations. The red

and blue solid lines indicate the PSA obtained from the EW and NS components, respectively, and the orange and green

solid lines represent the simulated PSA obtained from site-related xo and event-related xo, respectively.

Table S1 Strong motion stations selected in this study for the western-central Sichuan region, China

Station Ko—EW Ko—NS xo—UD # of Longitude  fpeak  Apeak Vs30 Site
o name (s) (s) (s) records Latitude (°N) (°E) (Hz) (m/s) condition
1 SILXT 0.022884  0.022892 0.009026 42 31.6 103.4 356 277 33569#  SOIL
2 51BCB 0.033573  0.039988 0.026436 41 31.799 104.199 2.86 2.61 45331 SOIL
3 S5I1LXK 0.012456  0.023210 0.003622 37 31.6 103.3 5.07 3.00 480.42 SOIL
4 S5IMXN 0.011699  0.020642 0.002814 35 31.6 103.699 7.60 295 396.25#  SOIL
5 51SFB 0.058786  0.057497 0.052800 33 31.3 104 330 260 29743#  SOIL
6 SIMXF  0.026103  0.041362 0.029000 33 31.799 104 2.80 2.73 441.48 SOIL
7 S51GXT 0.019404  0.024145 0.003741 31 28.4 104.8 8.61 298 541.17 SOIL
8 SIEMS 0.031528  0.036483 0.026548 26 29.6 103.5 7.40 2.66 55296 SOIL
9 51DJz 0.045345  0.052718 0.043087 25 31 103.599 4.63 277 489.41 SOIL
10 51WCD  0.001416  0.001240 0.003474 25 31.5 103.599 3.00 257 461.74 SOIL
11 51IMXB  0.013482  0.006328 0.007501 24 31.899 103.599 3.03 331 408.86 SOIL
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147 51DYJ - - - 1 31.1 1043 - - - SOIL
148 51GYD - - - 1 32.099 106.199 - - - SOIL
149 51GYT - - - 1 29.1 1044 - - - ROCK
150 51HYS - - - 1 32 102.599 - - - SOIL
151 51JGZ - - - 1 32 1055 - - - SOIL
152 51LDS - - - 1 28.4 105 - - - SOIL
153 5IMNF - - - 1 28.399 102.199 - - - SOIL
154 51MNS - - - 1 28.4 1022 — - - SOIL
155 51PGQ - - - 1 27.5 1025 - - - SOIL
156 51SMM - - - 1 29.299 1024 — - - SOIL
157 51SPT - - - 1 32.7 103.599 - - - ROCK
158 51XIW - — - - 1 31 102.599 - - - SOIL
159 51YAH - - - 1 29.7 102.699 - - - SOIL
160 51ZG5 - - - 1 29.3 1047 - - - ROCK
161 5S3JLT - - - 1 28 104 - - - SOIL
162 53MLT - - - 1 27.6 103.599 - - - SOIL
163 53SSX - - - 1 27.899 1039 - - - SOIL
164 53YJP - - - 1 28.2 104.199 - - - ROCK
165 53ZJA - - - 1 27.5 103.8 - - - SOIL
166 M1004 - - - 1 30 102.8 - - - SOIL
167 M1005 - - - 1 30.1 102.8 - - - SOIL
168 M2002 - - - 1 30.299 103.199 - - - SOIL
Note: The symbol “—” in the table indicates that the related value was not obtained. # indicates that the V's30 value

was obtained from the drilling data, * indicates that the V’s30 value was obtained from the PEER database, and the

remaining characters in Column 11 indicate that the ¥s30 values were obtained from the empirical relationship

given by Ghofrani and Atkinson (2014). The zero value in Columns 3 to 5 indicates that the fitted zero-distance

kappa (ko) is negative.



Table S2 Model input parameters of the simulated earthquake events.

Input parameters Values References
Rupture fault strike and dip 131° (12°), 59° (50°) Guo et al. (2022)
Rupture fault size (km) 21x12 Guo et al. (2022)
Subfault size (km) 3x3 This study

Ko (8) Single station x values This study

Slip distribution Inverted source model Guo et al.

Geometric spreading function

Path duration

Rise time

Crustal amplification

Pulsing area percentage
Frequency-related Quality factor
Local site amplifications

Stress drop (MPa)

/R, R < 70.5 km
1/70.5,70.5<R<117.5 km
1/R%S, R >117.5 km

0, R< 10 km

0.16(R-1), 10 < R<70 km

9.6-0.03(R-70), 70 km < R<130 km

7.8+0.04(R-130), R >130 km
1fo

NEHRP Class C and D

50%

327.8 f05!

H/V spectral ratio methods
0.8

Dang et al. (2023)

Atkinson and Boore (1995)

Boore (2003)

Boore and Joyner (1997)
Motazedian and Atkinson (2005)
Dang et al. (2023)

This study

Dang et al. (2025a)

Table S3 Strong motion stations with epicentral distances less than 120 km triggered by the Changning earthquake.

Epicentral Site Ko Geometric  Simulated (Obs.-Sim.)/Obs.

Station distance condition value mean of PGA
name Latitude Longitude (km) (s) PGA (cm/s?)

(°N) (°E) (em/s?)
51GXT 284 104.7 20.67 Soil 0.0217  599.37 535.37 0.02
SIJLD 282 104.5 42.14 Rock 0.0238 22.52 28.594 -0.12
S1YBT 28.7 104.6 49.60 Soil 0.0386 55.44 58.885 -0.03
SINXT 28.8 105.0 52.06 Soil 0.0378  50.35 57.93 -0.25
53SFX  28.6 104.4 56.77 Rock 0.0515  11.09 10.699 -0.03
51YBG 28.8 104.4 70.70 Soil 0.0246 25.41 24.908 -0.12
S53YJT  28.1 104.2 73.58 Rock 0.0226 4.48 5.176 -0.12
S51YBY 29.0 104.6 78.99 Rock 0.0343 16.94 19.264 -0.41
SILZT  28.9 105.4 79.10 Rock 0.0252 7.75 6.152 0.20
S51IFSB  29.1 104.8 85.05 Rock 0.0379  8.67 11.575 -0.24
53DJL  28.0 104.0 95.96 Soil 0.0343  8.29 8.0164 0.03
53SJX  28.6 103.9 101.92 Rock 0.0234 6.38 7.987 -0.41
SILBH 284 103.8 107.81 Soil 0.0422 745 7.3704 -0.02
51ZG2 293 104.7 108.49 Rock 0.0200 4.82 5.341 -0.20
53DSS 279 103.9 109.57 Soil 0.0373  2.60 3.038 -0.17
S5IMCX  28.9 103.9 115.75 Soil 0.0316  14.05 12.773 0.29




