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The advantage of the nonlinear mixed model and its application in typical seismically active

areas in China

Abstract: As an essential parameter in earthquake prediction and risk assessment research, the b-value has
received extensive attention and discussion. In this study, we chose a nonlinear mixed model to fit the earthquake
magnitude — frequency distribution to the China Earthquake Catalog database. The b-values calculated by this
method were used to analyze and evaluate the seismic activity. This paper takes 27 seismic belts in China as the
research area, collects earthquake data of magnitude 4.7 and above from 1920 to 2019 as a complete earthquake
catalog, performs mixed model fitting and G—R model fitting for these 27 seismic belts, and compares the fitting
effects. Taking Tibet as the test area, the earthquake catalog data from 1920 to 2019 were selected, and the
nonlinear mixed model was applied to fitting the earthquake magnitude —frequency model in Tibet at 10-year
intervals. Firstly, the earthquake data screened in the study area was classified and counted by magnitude and
time; Secondly, the relevant variables in the nonlinear mixed model were calculated using the moment magnitude
and seismic moment conversion formula. Finally, a nonlinear hybrid model was used to perform nonlinear regression
analysis on the seismic data. The results show that; When low values of b occur, earthquakes occur around the
corresponding periods. When b-values are low, earthquakes of large magnitude and low frequency occur. When b-
values are relatively high, earthquakes of small magnitude and high frequency occur. Applying the nonlinear mixed
model to the complete seismic data in China and neighboring regions enables a more comprehensive analysis of the
data and overcomes the limitations of the traditional modeling method in analyzing earthquakes of high magnitude.
The b-value will be calculated by rational analysis, which enhances the analysis and evaluation of seismic catalog
data.
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Fig.1 Map of China’s seismic zones and belts, and the location of earthquakes of magnitude 4.7 or above from 1920 to 2019
(Zoning Map of Earthquake Parameters in China ( GB 18306-2015) )

I-Taiwan seismic zone (I-1-western Taiwan seismic zone; [-2-eastern Taiwan seismic zone) ; II-South China seismic zone (II-1-
middle Yangtze River seismic zone; II-2-South China Coastal Seismic Zone; I1-3-Youjiang seismic zone) ; III-North China seismic
zone (III-1-the lower reaches of the Yangtze River—the South Yellow Sea seismic zone; III-2-the Tanlu seismic zone; III-3—the
North China Plain seismic zone; IlI-4-the Fenwei seismic zone; IlI-5-the Yinchuan—Hetao seismic zone; I1II-6-the Korean seismic
zone; 1I1-7-the Ordos seismic zone) ; IV—Northeast seismic zone (IV—Northeast Seismic Zone) ; V—Qinghai—Tibet Plateau seismic
zone (V—1-West Kunlun—Pamir seismic zone; V2—1-Longmen Mountain seismic zone; V2-2-Liupan Mountain—Qilian Mountain
seismic zone; V2-3-Qaidam—Altun seismic zone; V3-1-Bayan Kara Mountain seismic zone; V3—-2-Xianshui River—eastern Yunnan
seismic zone; V4—1-Himalayan seismic zone; V4—2-southwestern Yunnan seismic zone; V4—3—central Tibet seismic zone); VI-
Tianshan—Altai seismic zone ( VI-1-southern Tianshan seismic zone; VI-2-middle Tianshan seismic zone; VI-3-northern Tianshan
seismic zone; VI-4—Altai seismic zone; VI-5-Tarim—Alashan seismic zone) ; VII-South China Sea seismic zone; VIII-East China

Sea seismic zone
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Fig. 2 Frequency of earthquakes over magnitude 4. 7 from 1920
to 2019 in China
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Fig. 3 Comparison of the G-R relationship and the combined
nonlinear mixed model for earthquakes over magnitude 4 in

Sichuan, China
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Fig. 4 Comparison chart of the fitting curves between the nonlinear mixed model and the G=R model for each seismic zone in China
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Table 3 Comparison table of the fitting degree of the nonlinear mixed model and the G-R model in each study area

K 3243 G-R oy [543 G-R o 3243 G-R
WA R WA R WA R WA R WA R WA R
I-1 0.994 0. 955 m-5 0.990 0.980 V3-2 0.992 0.983
I-2 0. 995 0.986 Mm-6 0.977 0.957 Va-1 0.997 0.995
I-1 0. 965 0. 955 m-7 0. 965 0. 943 Va-2 0.993 0. 986
n-2 0.986 0.984 I\ 0.994 0.963 V4-3 0.990 0. 963
m-3 0.954 0.931 V-1 0.996 0.993 Vi-1 0.999 0.957
Mm-1 0.980 0.912 Va-1 0.991 0.979 V-2 0.997 0.995
-2 0.989 0.986 V2-2 0.989 0.987 Vi-3 0.987 0.982
m-3 0.993 0.989 V2-3 0.992 0.984 V-4 0.991 0. 987
-4 0.986 0.967 V3-1 0.993 0.976
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Table 4 Comparison table of the b-values of the G-R model
and the nonlinear mixed model for 10-year intervals from 1920 to

2019 in Tibet

21 51 A [] /4 b b

(5588 G-R # A1) (e PEIR AR
1 1920—1929 0. 598 0.228
2 1930—1939 0.576 0. 166
3 1940— 1949 0. 646 0.312
4 1950—1959 0. 870 0. 565
5 1960—1969 0.951 1.008
6 1970—1979 0. 861 0. 807
7 1980— 1989 0. 690 0.312
8 1990— 1999 0. 691 0. 955
9 2000—2009 0. 681 0.742
10 2010—2019 0. 746 1.201
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Fig. 7 Trend map of the b-values of the seismic data in Tibet with 10-year intervals
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