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Prediction models for instrumental seismic intensity
based on artificial neural network

LI Shuilong', CHEN Yilun®, YU Weiheng', ZHOU Shiwen'
(1.Fujian Earthquake Agency s Fuzhou 350001 s Fujian, China ;
2. Shanghai Yizhou Information Technology Corporation s Shanghai 200065, China)

Abstract: To predict the distribution of instrumental seismic intensities around the epicenter im-
mediately after an earthquake, we selected 2 331 triggered strong-motion stations from 632 earth-
quakes and extracted the epicentral distance, magnitude, and seven effective ground motion pa-
rameters within 20 seconds after the triggers to the stations. The selected data samples were
trained using an artificial neural network, and three effective prediction models were established.
The results show the following: (1) Model one, which selects seven ground motion parameters
without epicentral distance and magnitude, has good timeliness in prediction. From 1 to 20 s, the
average intensity difference in prediction gradually reduces to 0.45. (2) Model two selects eight

ground motion parameters, including the epicentral distance; it can be used to ensure early earth-
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quake warning through the prediction of magnitude. The average intensity difference in prediction

gradually reduces to 0.36. (3) Model three selects nine ground motion parameters and has the

best prediction result among the three models; its average intensity difference in prediction re-

duces to 0.31, and it can be used to predict the post-earthquake intensity field in real time. The

three models were used to predict the intensity of two real earthquakes, and the difference in pre-

dicted intensity is greater than 95% and 76 % , within 1, indicating that the models can be applied

in earthquake early warning.

Keywords: earthquake early warning; intensity prediction; artificial neural network; initial P-wave
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Fig.1 Relationship between hypocentral distance of stations and magnitude of seismic events selected in this study
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Fig.2 Relationship between hypocentral distance of stations and intensity of seismic events selected in this study
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Table 1 Intensity errors in prediction of four stations triggered by Xianyou earthquake

Wk B o XYXY PTLC YTGY YTGL

33 21 35 38 43

S 4.2 3.1 1.4 1.4
Fi — - = — - = — - = — = =
1s 3.7 2.1 —0.7 1 1.4 —0.3 1.6 1.6 0.8 1.1 0.4 0
2's 1.3 —0.8 —0.6 —0.6 0.5 —0.8 0.9 0.8 0.8 0.6 —0.1 0.2
3s —0.7 —0.7 0 —0.7 —0.4 —0.7 0.9 0.9 0.7 0.3 0 —0.2
4's 0.4 1.4 0.3 —1 —0.6 —0.9 0.5 0.5 0.5 0.5 0.1 0.2
5s 0.5 0.9 —0.2 —0.9 0.8 0.2 0.6 0.8 0.3 0.6 0.1 0.1
6s 0.7 0.5 —0.4 0.2  —0.3 0.2 0.3 0.6 0.2 0.5 0.6 0.4
7s 0.5 —0.3 —0.3 —0.1 —0.2 —0.5 0.5 0.2 0.2 0.5 0.2 0.2
8's 0 —0.1 —0.1 0.2 —0.1 —0.1 0.8 0.3 0.8 0.4 0.3 0.3
9s —0.4 —0.1 0 0.5 —0.7 —0.3 0.5 0.4 0.1 0.1 0.3 0.2
10 s —0.1 —0.3 0.1 0.1 —0.4 —0.4 0.5 0.2 0.1 0.1 0.2 0.2
11s —0.3 —0.3 0 0.1  —0.3 —0.3 0.7 0 0.1 0.3 0 0.2
12 s —0.2 0 —0.1 —0.6 —0.5 —0.2 0.6 0.2 0 0 0.2 0.1
13 s —0.6 0.1 —0.1 —0.4 —0.3 —0.3 0.5 0.2 0.1 —0.1 0.3 0.1
14 s —0.4 —0.1 —0.1 —0.3 —0.3 —0.4 0.4 0.4 0.2 0.2 0.2 0.1
15 s 0 0 0 —0.2 —0.3 —0.4 0.2 0.3 0.3 0.1 0.2 0.1
16 s 0.2 —0.2 —0.1 —0.1 —0.3 0 0.4 0.2 0.3 0.3 0.3 0.1
17 s 0.1 0 0 —0.4 —0.3 —0.3 0.3 0.3 0.3 0.2 0.3 0.1
18 s 0 0 —0.1 —0.2 —0.2 —0.3 0.4 0.2 0.3 —0.1 0.1 0
19 s —0.1 0 —0.2 —0.3 —0.4 —0.3 0 0.2 0.2 0 0.1 0
20 s 0 —0.1 —0.2 —0.1 —0.2 —0.4 0.2 0.2 0.3 0 0.1 0.1
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Table 2  Intensity errors in prediction of four stations triggered by Gaoxiong earthquake
W & ol MASB TPUB TWGB YULB
i YR 41 44 59 94
S 4 5.3 4.7 3.1

FE — - = — - = — = = — = =
1s 0.3 0.7 1.3 1.6 2.1 1.6 —0.4 —0.4 0.3 0.4 0 1.2
2s 0.6 1 0.9 3.3 2.4 1.5 1.2 1.8 0.9 0.5 0.7 0.7
3s 0.3 —0.7 0.7 3 2.8 1 1.6 1.2 1.1 0.7 2.1 0.6
4s 0 0.1 0.7 3 2.8 1.7 2.1 2.5 0.7 0.8 2.7 0.6
os 0.5 —0.3 1.3 2.8 2.8 1.6 1.4 2.5 0.8 0.8 1.8 0.8
6s 0.8 —0.1 0.6 2.3 1.8 1.4 1.6 2.3 0.8 0.9 1.8 0.7
7s 1.1 0.3 0.8 1.6 2.7 1.4 1.7 1.3 0.8 0.6 1.1 0.8
8s 1 0.5 0.8 1.9 3 0.9 1.8 2.5 0.5 0.9 1.7 1
9s 1 0.5 0.7 2 3.1 0.8 1.8 2.5 0.8 1.2 1.6 0.9
10s 1.1 0.4 0.5 1.5 2.3 0.8 1.5 2.5 1.1 1.2 0.7 1
11s 0.7 0.2 0.4 1.2 1.8 0.7 2.1 2.1 1.2 0.8 1.3 0.9
12s 0.8 0.3 0.4 0 1.7 0.5 1.8 2.1 1.1 0.4 0.3 0.4
13s 1.2 0.4 0.5 0.5 1.9 0.4 1.8 2.3 0.9 0 1 0.5
14s 1.4 0.1 0.5 0.6 1.3 0.3 1 2 0.7 —0.3 0.7 0.1
15s 0.9 0.2 0.2 0.7 1.4 0.2 1.5 2.1 0.8 0 0.1 0.2
165 0.7 0 0.1 1 0.2 0.1 1.4 1.6 0.6 0.6 0.3 0
17s 0.6 —0.1 0.3 0.9 0.4 0.1 1.1 1 0.5 0.4 0.2 0.2
18s 0.5 0.1 0.2 0.7 0.2 0.1 1.3 0.8 0.6 0.4 0.5 0.5
19s 0.3 0.1 0.4 0.7 0.3 0.1 1.3 0.8 0.5 0.4 0.5 0.3
20s 0.4 0.1 0.2 0.5 0.2 0.1 1.2 0.8 0.7 0.5 0.6 0.6
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