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Abstract This study compares five methods for estimating the completeness magnitude threshold
of earthquake catalogs through applying them to synthetic catalogs generated from 3 different
models. We have found that the Median-based analysis of the segment slope (MBASS) method is
suitable for catalogs recorded by networks whose detection ability improves rapidly with
magnitude and for those with temporal heterogeneity if the amount of earthquakes is large
enough. The M, by b-value stability approach (MBS) is optimal in dealing with catalogs recorded
by networks whose detection ability improves slowly with magnitude, but it is time-consuming.
The Maximum Curvature technique (MAXC) & The Goodness-of-Fit Test (GFT) method underestimate
M. and need an M, criterion. The M. from Entire Magnitude Range (EMR) method gives a
moderate and stable M. estimation. It is recommended when the amount of events is not large and
the tolerance of missing events is relatively high. This study helps us to choose the optimal M,
estimation method in practice to cope with different earthquake catalogs and points out some

potential problems caused by these methods.
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Table 1 Possible theoretical criterion for M,

Missing 1~ Missing 1  Missing 1 Missing 1~ Missing 1
Model event in event in event in event in event in
29 100 500 1000 5000 10000
events events events events events
Model 1 1.75 1.89~ 1. 94 2.04 2.09
Model 2 2.13 2.38" 2.48 2. 67 2.75
Model 3 1.68 1.83* 1. 89 2 2.04

T ox FRATTE R SR B £ i Mo i) BR A i (.
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In probability density/% In probability density/%

In probability density/%

Probability density
50% detection
Missing rate 1/100
- Missing rate 1/500
Missing rate 1/1000
Missing rate 1/5000
Missing rate 1/10000

Probability density
50% detection
Missing rate 1/100
- Missing rate 1/500
Missing rate 1/1000
Missing rate 1/5000
Missing rate 1/10000

Probability density
Missing rate 1/100
- Missing rate 1/500
Missing rate 1/1000
Missing rate 1/5000
Missing rate 1/10000

6 8

4
Magnitude
=AML Y M R

& 1

E(a), (b, ()4 HIRR THE 1 5] 3 i B SR X ECT 0 3 5% 43 A AR 2 BE . 7 8] Ca) L (b) 1 50 %6 M 7% Bl 3R T 1 48 356 A 2 5 A 1

LR BB M. 25 EEE (0, (Ao PRI 5 &4 FR. FER 100,500,1000,5000 F1 100000 A4~ H 7% H 1 28 %
ok 1 MBS M. {5 55 30k 22 BI04 1 8 28 20N . AR X S8 I 2 v R I B R AR R TR AT R 1 M. B H (4.

Fig. 1 Probability density function of three models for simulation
Natural logarithm probability density (%) of Models 1 to 3 are shown respectively in (a), (b) and (¢). The theoretical M. are
represented by five vertical lines and the 50% detection rate in (a) and (b) are represented by a vertical line marked with star. The
theoretical M. at which expectation of missing 1 event in every 100,500,1000,5000 and 100000 events are represented by vertical
lines from left to right. Among the vertical lines, the dashed one without dot represent the criterion for M. we choose in this study.

— : 1 : :
0.88 1 %\_\9—6—0\9/"_: 0.99 .
0.86 1 0.98 3
0.84 1 0.97 ]
&
, 0827 1 % 096 :
S 080} { 8095 :
= 0.78 } —e— Model 1 i —§ 0.94 —e— Model 1 4
Model 2 (] Model 2
0.76 | —— Model 3 1 0.93 —— Model 3 1
_ Crilderlioln for _ glgheer]i(in for
mode
0.74 1 Criterion for | 0.92 Criterion for |
model model
0.72 _ ... Criterion for 7 0.91 _ . Criterion for T
mode! model
0'701 5 2 2.5 3 0'901 5 2 2.5 3
Bl 2 ORI M. X RS- 6 (6 FHEL G B

100 RIS F] 3 KR 25 b (4 F0F- 1 1 4004 B2 43 50 1 Ca) | (b) i 7R . 7E 45 G855 i 1T T 200000 M FZ 1, = 40 2k 2
AT = A BRI E Y M. bR k. BRAE M. 3 M52 7 B X80 o [EFNELS B2 19 52 i 7T 6l i 1
Fig. 2 Mean b value and goodness of fit corresponding to different M.
Mean b value and goodness of fit due to different M. by 100 times calculation of 3 models are respectively shown in Fig. 2a and Fig. 2b.
In each calculation, 200000 events are used. The vertical lines are the M, criterion we choose for this study. The influence of

selecting a subset according to M. on the estimation of b value and goodness of {it can be seen from this figure.
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Fig. 3 Estimation results of 5 methods

The M., distribution for syntheticcatalogs generated from Models 1 to 3 are shown in this figure. (a), (b) and (c¢) are estimated M.,

distributions of Group 1 to 3 generated from Model 1. (d) to (f) shows the estimated M. distribution of Group 1 to 3 for Model 2 and (g)
to (i) for Model 3. The dashed vertical lines represent the criterion for M. we choose. Results of MAXC, GFT, MBS, MBASS and EMR

are respectively represented by lines marked with star, triangle, diamond, plus and star.
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