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Ground motion attenuation model in the northeast margin of Qinghai-Tiber

Plateau region and its application in the evaluation of seismic impact field
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Abstract: The northeastern margins of the Qinghai-Tibet Plateau has a dense distribution of active faults, strong
tectonic deformation activities, and frequent earthquakes. The establishment of a ground motion attenuation model
that is more in line with the characteristics of the earthquake in the region can play an important role in the
prevention and control of earthquake damage and emergency rescue after the earthquake in the region. First, based
on the seismotectonic characteristics of the northeastern margin of the Tibetan Plateau, a strong earthquake
database is selected to construct a regional ground motion attenuation model that considers factors such as fault
type, near-fault effect and site conditions, and the random effect regression method is used to calculate the model
coefficients. Then, combined with domestic strong motion records, the model prediction results are tested by
residual analysis,and the differences between the model and the NGA model are compared. Finally, the theoretical
intensity map of Menyuan Mw6. 6 earthquake in 2022 is quickly generated by using the vibration map and compared
with the field investigation intensity. The results show that the prediction deviations of the paper model and the
NGA model are not related to the site conditions and distance, but mainly to the magnitude, and the prediction deviation
increases significantly with the increase of magnitude. The model can effectively improve the prediction accuracy and
efficiency of strong earthquake shakemap and seismic impact field in the sparse area of the station network.
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Fig. 1  Active faults and historical earthquake distribution

in the northeastern margins of the Qinghai-Tibet Plateau
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Tab. 1 Earthquake catalogue selected in this paper
Ees b3 MR b 7% B ] Rk (Mw) KL it
1 Wenchuan 2008 7.90 Reverse 105
2 Maduo 2021 7.30 Strike-slip 11
3 Lushan 2013 6.70 Reverse 62
4 Jiuzhaigou 2017 6.50 Strike-slip 35
China
5 Minzhang 2013 6. 00 Reverse 48
6 Ludian 2014 6. 00 Strike-slip 38
7 Menyuan 2016 5. 90 Strike-slip 53
8 Kangding 2014 5. 90 Strike-slip 52
9 Chi-Chi, Taiwan(China) 1999 7.62 Reverse 33
10 Kocaeli, Turkey 1999 7.51 Strike-slip 5
11 Landers 1992 7.28 Strike-slip 76
12 El Mayor-Cucapah 2010 7.20 Normal 50
13 Loma, Prieta 1989 6.93 Reverse 76
14 Duzce, Turkey 1999 7.14 Strike-slip 26
15 Kobe Japen 1995 6. 90 Strike-slip 21
16 Northridge 1994 6. 69 Strike-slip 148
17 NGA Imperial Valley-06 1979 6.53 Strike-slip 32
18 Victoria, Mexico 1980 6.33 Strike-slip 5
19 L' Aquila, Italy 1968 6. 30 Strike-slip 47
20 Christchurch 2011 6. 20 Reverse 104
21 Basso, Tirreno 1978 6. 00 Strike-slip 16
22 Mammoth Lakes-06 1980 5.94 Strike-slip 5
23 Northridge-04 1994 5.93 Reverse 10
24 Friuli, Italy-02 1976 5.91 Reverse 4
25 Chi-Chi, Taiwan-02(China) 1999 5.90 Reverse 8
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Tab. 2 Coefficient of ground motion model
A /s C C. G, C, Cs C Cy G Cuo
PGA 8.8987 —0.8896 —0.2112 —3.0899 0.267 3 10.3706 —0.5680 —0.1720 —0.0067 0.1
PGV 16.1424 —1.3516 —0.5078 —2.1553 0.181 7 5.500 0 —0.086 6 0.0537 —0.0065 0.1
0.010 7.876 8 —0.7595 —0.1875 —2.9235 0.2459 10.044 8 —0.5777 —0.1835 —0.0065 0.1
0. 020 6.6417 —0.5850 —0.1553 —2.8519 0.2339 9.0222 —0.5857 —0.216 7 —0.0057 0.1
0. 030 5.6139 —0.4212 —0.116 5 —2.8633 0.230 4 8.0534 —0.5747 —0.2707 —0.0044 0.1
0. 050 4.3927 —0.2120 —0.0275 —3.116 3 0.256 6 8.5335 —0.5512 —0.2685 —0.0040 0.1
0. 075 2.180 7 0.142 6 0.1525 —3.5647 0.3083 12.3809 —0.4993 —0.1166 —0.0074 0.1
0.10 3.197 4 0.057 2 0.140 6 —3.6867 0.3243 15.7173 —0.4127 —0.0560 —0.0097 0.1
0.15 7.7284 —0.5100 —0.0170 —3.8260 0.347 6 15.4126 —0.4592 —0.0526 —0.0102 0.1
0. 20 11.7789 —1.046 4 —0.1869 —3.7540 0.3449 16.2903 —0.4820 —0.0331 —0.0122 0.1
0. 25 14.216 8 —1.3576 —0.3220 —3.4436 0.3033 15.7778 —0.4358 —0.0263 —0.0119 0.1
0. 30 16.376 2 —1.6801 —0.4129 —3.4705 0.316 9 15.130 8 —0.4545 —0.0172 —0.0127 0.1
0. 40 18.009 5 —1.9302 —0.5317 —3.2860 0.2993 12.7444 —0.5314 —0.0198 —0.0136 0.1
0.50 17.449 5 —1.9135 —0.5620 —3.0332 0.2749 10.3827 —0.5241 —0.0151 —0.0108 0.1
0.75 18.5299 —2.1487 —0.6806 —2.7414 0.250 8 7.2117 —0.5295 0.0000 —0.0621 0.1
1.0 18.178 8 —2.1656 —0.6910 —2.676 3 0.248 7 6.589 3 —0.5545 0.0000 —0.044 7 0.1
1.5 17.2459 —2.2376 —0.6851 —2.6231 0.270 6 6.2134 —0.397 4 0.787 4 —0.0033 0.1
2.0 16.266 9 —2.1788 —0.7059 —2.4097 0.245 1 5.9199 —0.5106 1.5405 —0.0022 0.1
3.0 13.4655 —1.8156 —0.7097 —2.0850 0.188 6 4.758 4 —0.613 0.3164 —0.0115 0.1
4.0 8.7351 —1.2510 —0.5620 —2.0923 0.190 0 6.1325 —0.5570 0.8017 —0.0094 0.1
5.0 0.0275 —0.1519 —0.3393 —1.6195 0.1251 5.4854 —0.572 8 0.8042 —0.0118 0.1
7.5 —7.194 4 0.7036 —0.1991 —1.1585 0.068 1 4.551 8 —0.443 2 1.1218 —0.0141 0.1
10.0 —6.9916 0.5741 —0.2603 —1.1181 0.070 8 3.040 0 —0.464 7 0.8926 —0.0167 0.1
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PGA 0.167 2 1.474 0 —0.7150 1.0 —0.8597 —10.2563 —0.38314 1.373 7 —0.374 2 0
PGV 0.101 3 1.616 0 —0.7330 1.0 2.428 5 —1.6190 0.282 7 0.070 9 —0.344 8 0
0.010 0.247 5 1.471 0 —0.7140 1.0 2.0426 —1.0729 0.491 4 0.250 9 —0.355 4 0
0. 020 0.251 4 1.467 0 —0.7110 1.0 2.0946 —1.0845 0.037 1 0. 606 5 —0.343 9 0
0. 030 0.260 3 1.467 0 —0.7130 1.0 1.9936 —1.046 1 0.2859 0.617 9 —0.335 6 0
0. 050 0.246 9 1.449 0 —0.7010 1.0 1.8281 —0.994 2 0.184 6 0.841 9 —0.321 8 0
0.075 0.229 7 1.435 0 —0.6950 1.0 —1.5834 —10.6027 0.294 8 0.678 5 —0.269 8 0
0. 10 0.644 5 1.449 0 —0.708 0 1.0 3.271 0 9.104 3 1.051 0 0.101 0 —0.3007 0
0.15 0.085 9 1.461 0 —0.7150 1.0 5.448 1 8. 464 6 0.272'5 0.913 2 —0.375 5 0
0. 20 0.092 4 1.484 0 —0.7210 1.0 2.2991 —1.1067 0.082 1 1.275 2 —0.417 4 0
0. 25 0.199 3 1.581 0 —0.7870 1.0 3.0815 1.273 9 0.352 0 1.327 5 —0.516 9 0
0. 30 0.192 7 1.586 0 —0.7950 1.0 2.096 0 —0.979 4 0.204 1 0.759 9 —0.554 8 0
0. 40 0.011 6 1.544 0 —0.770 0 1.0 4.058 6 8.801 6 —0.0232 0.148 9 —0.594 4 0
0. 50 0.041 9 1.554 0 —0.770 0 1.0 5.413 9 7.850 2 —0.4829 1.207 7 —0.624 3 0
0.75 0.465 2 1.626 0 —0.7800 1.0 —3.3541 —9.8296 —0.87614 0.539 6 —0.7530 0
1.0 —0.214 7 1.616 0 —0.7330 1.0 —0.1568 —10.7559 0.619 3 0.513 4 —0.720 9 0
1.5 —0.200 3 1. 616 0 —0.7330 1.0 3.1826 —1.8736 1. 147 5 0.480 9 —0.708 2 0
2.0 —0.306 0 1.616 0 —0.7330 1.0 4.1175 —2.189 1 0.506 5 0.432 1 —0.668 5 0
3.0 —0.641 4 1.616 0 —0.7330 1.0 3.8526 —2.0997 0.002 9 0.295 5 —0.376 5 0
4.0 0.243 2 1.616 0 —0.7330 1.0 —1.3033 —10.686 6 0.788 6 —0.337 2 —0.142 6 0
5.0 0.117 0 1.616 0 —0.7330 1.0 2.1619 —1.5290 0.596 0 —0.8390 0 0
7.5 0.117 0 1.616 0 —0.7330 1.0 —1.161 9 —10.702 4 0.596 0 —0.350 2 0 0
10.0 0.1170 1.616 0 —0.7330 1.0 2.5177 —1.649 1 0.596 0 —0.8937 0 0
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