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Comparision among different methods for assessing monitoring
capability of seismic station in North-South Seismic Belt
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Abstract: In order to explore the differences and causes of the methods for
assessing monitoring capability of different seismic networks, this paper choo-
ses the “probability-based magnitude of completeness” (PMC) and “entire-
magnitude-range” (EMR) methods which are the relatively frontier in the
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world, and the “magnitude-maximum distance” method applied routinely in China
Seismic Networks to compare minimum magnitude of completeness (marked as
M, , Magur and M, , respectively, obtained by the above three methods) in the
North-South Seismic Belt region during the time span from 1 October 2008 to 17
September 2015. The consistency of data observation quality is also considered,
which is not paid enough attention in previous studies, and the selected seismic
events are recorded by at least three stations. The results show that the assess-
ing results of the three methods are significant different, and the difference
between any two methods can reach to M; 2. 0 for some specific positions in the
North-South Seismic Belt. The M, result is significantly lower than the results
by the other two methods in the region to the north of 32°N, low M, value by
the magnitude-maximum distance method is only related to the higher density
seismic station region. In general the statistical relationship is M gwr <<M, <M.
Furthermore, the detection capability score results reveal that the station opera-
tional level and the completeness in earthquake record analyses are the main rea-
sons that the M, significantly differs from the results calculated by other meth-
ods, and data quality constraint criteria such as the amount constraint of recor-
ded stations whether used or not, will cause significantly different results of the
EMR method from other methods. Considering practical situation of the seismic
network in operation and calculation principles of the three assessment meth-
ods, the PMC method is more reasonable and recommended for earthquake
monitoring ability assessment work.

Key words: minimum magnitude of completeness; seismic detection capability;
probability-based magnitude of completeness (PMC); entire-magnitude-range
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W72 & W W0 BE 77 PEAl B T A B A AR P A DA K R, 2RI BOR ik
BB SN A, 5 U058 2 4 752 2% 8 [l (entire-magnitude-range, a5 & EMR) J7 i (Woess-
ner, Wiemer, 2005). L #l & & (goodness of fit test, f&j 5 & GFT) J7 i ( Wiemer,
Wyss, 2000) . fx K % (maximum curvature method, fij 5 & MAXC) J5 % ( Wiemer,
Wyss, 2000) . b {HE&E M (M, by b-value stability, fij’5 & MBS) J5 % (Cao, Gao, 2002) .
Ay B A R th {H (median-based analysis of the segment slope, fij B & MBASS) 43 ¥t &
(Amorese, 2007) 455 Tt 8 8- BLSg A7 OC RIS AR 2% 07 ik LA JCHE T3t 58 B 10 S AN
W7 7K S B PE AL 32 R (Ringdal, 19755 Gomberg, 1991; Kveerna, Ringdal, 1999). iF 43k
[ PR b — S 8RB 3k T HE A1) 58 24 P FE 2 (probability-based magnitude of complete-
ness, {5y PMC)J5 % (Schorlemmer, Woessner, 2008; Schorlemmer et al, 2010) F13&
F D1 37 4 58 Bk 52 2% (Bayes-based magnitude of completeness, fij 5 i BMC) J5 ¥ (Mig-
nan et al , 2013) s H T HASE T 40 5% 3 A7 B B 7T 5kt — 2 [X I 58 43 A 1 52 A% M i A
BN B AT EEAE 25 0 E B RE AT 0 S AE #F 587 (Collaboratory for the
Study of Earthquake Predictability, f&j5 JJy CSEP) % (Jordan, 2006) b, % B4 — 55
DX S5 R 54 DA 5 T i i 7 0 A B <5 MR IS R R B SE T EVTAN B/ 8 B R R
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M. s 45 AR AR G 11 72 T 000 S 7R A A |y 36 R 352 AT B W R LAl # BR CSEP %1
HEAE 0 “BR AL " B . PMC J5 B 8 28k CSEP #6536 o0 Al M. (0% BUPEAS 7 ik . 3
T —86 = %K ) CSEP #5386 .00 15 3] i A (Schorlemmer, Woessner, 2008; Nanjo et al,
2010b; Schorlemmer et al, 2010; Gentili ez al, 2011).

TEAN ) b 72 5 I 105 0 68 7 DA 5 3k i 1 PRI 90 v 5 SR 2 S5 P B L D IR 3 4 o 4 2 R
. Woessner Fl Wiemer(2005) 76 hin M #o X £ X EMR, MAXC, GFT fil MBS % J7 & 1
LR ST 45 R W X RAEM AR & P W Be ) 1 2 5 i /N TEREE R R M., FAAE
EMR 1A 45 R85 T MAXC, GFT-90% fl GFT-95 % J5 ¥ PEAG 45 5 A9 15 . Schorlem-
mer Fl Woessner(2008) 7£ B M # X % PMC J5 3 5 EMR J5 3 09 L3055 45 S R . M.
PEAL &5 /AL X Z 80 A | PMC J7 45 3/ M. /N T EMR J7 3BT 5 19 M., B8 & 55
(2016) BB L IR 45 R0 . MAXC fil GFT Fiknl GBE& Al M. 45258 . 1 EMR J5ikn] 45
HARE L Y M. S5 MR H SR B 23 AR B 5k X 25 DAl D7 ik 4 R BRI A [
TR, £S5 (2017) F FH 2T PMC 7 5 & J 1Y “ b 52 46 00 B S 340 "Bk, %58
7 E AR B AT X PR AR 45 R 09 5 0

HY AT 45 ol st 7522 W6 I 68 0 PAG 5 ik 1 R R O R i JE S — AT XA [ X g
2 S S LR B A A A FE R g E S b, HAu & A 1Y BB 90 8 R T 5 3 2 45 I b — Ly
AT iR LI Bk BT A 0 S8 — 29O, DA S H L AT R R AN [R] i R O AT L AR T
R, T H R B AR B s AT 4R BT . 0 Sk M R 1Y 23 A o0 B R R 5 AT RE A A (A i
AR S R 22 57 . WAL HE /. 1esh, 5 F CESP 314 dr E 4 56 Hr .0 7 (Chinese CSEP
Testing Center) I3z [X i 5Z W5 I 58 11 0924k . H B A IR L2 7B i se.

YT, ASCHLEE CESP i) “ v [ A8 38 A0 ™ i I X —— g b b 52 4 1 A 0 55 X
& E R _E 3N AT A9 PMC J5 35 1 EMR J5 3%, DL H i B R 6 NAE H % s 17 F
FRAT T 52 9 KBRS Uy 12 (v [ b 28 Jmg W U 0 i ) 2007) o 25 B PP AL 45 R 22 S 4k
HTe g 522 S AR R AT AR SRR . DA b R A DX G T b RR 2 1) M AR T RN
BN A B AR S

1 RINEBERRHEEATZRITERE

11 ETFHENZTEEELR(PMC)HE

PMC 751 (Schorlemmer, Woessner, 2008; Schorlemmer er al, 2010) LFHIR EE R
O3 A R FR . AR & RS2 BR 7 UL B PP A I BB . PMC J7 B 02 2k T3> B
B A RE 7 " PEAL AT 28 G MER TR, AT S X 55 AR /D R M R Bl M XA G 48 7 PEA
PMC J5 ik i3 £ 2 LU P 2L 3%

S AT G b 20 I 2 A b 52 S E N R R RIS T B B AR R R H
N, TERH M FERBEE L ) —4ex [ rp it R SR A P, (M, L)y (Schorlem-

mer, Woessner, 2008)
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R EEHMERRH N=>10, BB = FH 40 BAE Ly o~ (Schorlemmer, Woessner,
2008 ; Gentili et al, 2011)
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Ly= VAM* +AM" < 0.1, (2

b, AM R HRE R TR SR B 5 (M, LR M 205, AM % {F 1 7%
9 5 o T I R 24 2 R 0B 9 6 30 A FE UL L B ORI RR M 2 %5,

b AU S R Py (M. L) HREE 2 B0 o AL R R 0 A
SR B B Py % =0 i A

Py = [[01— Po. (M. )], (3
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PE— B R M AR E o Kb e 2R & AR P e (M. 2. o). 5 B3] [E i
B PR SEPR O, 7 R 2 3 A B Bl R AR TH R (B SCAE . 2017) XA 2
TR 05 1 F1 2 A G IIC AV S MR, BRI A1 N AR & WA AL 2 al 7R

Pe(M, z, ) = 1— > P )
i=0

Bk, ARG T A R HRAY M fENLE « Ab ¢ B2 /N e R R M, R
Mp(x, t) =minM‘PE(M, . t) =1—Q, (5)
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EMR J#: (Woessner, Wiemer, 2005) 7E PEAS /N SE B M B g M. Chy K 9l F Hoe 5 i
AIPPAL 285 R o X BLRIR O M) I Sy 92 30T 0 S 3 il 38 1) b RE R MR A3 A G &R W TR
G T Mo (950 70 B B9 2L oty 8% 28 L SE 7 E & (Gutenberg. Richter. 1944) . FF i K
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HS R G-I o A K R BEAT IS > AR (A5 d /DN 52 BE R R L M P9 DN 114 52 009 J5E 73
A B30 114 0 9% R R0 R AL 19 5 7
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B AR [ L R A N AL L 6wk 0 8 9 B DX IS0 D i 52 6 I X R — R A
T HEL s 22 AN T 52 20 10 M 0 LA o ROV AT A5 SR A 3t 5% 5 9 A W RE . R P [
o Jey ek I T AR 7] (2007 HEAF A9 THHT7 2, RIVFE 2 (8] A L K RS B & R I A 65 o
AIER RS A DL P35 B S0 A RUE E N GO m/s) il AR A

(6)



3 4 O SCAE P b M T R B 0 W I A T A AR [ 9 LRSI O 319

P R B FAIETT . l 5 i A P 52 52 28 SN AH L 2 M 3R AT O R IBUET 0 &5 5k M 7
ISP B A TURR T2 B0 5 Ml [X 15 0l 19 5 00 I 1 IR Ol 7 Z0 19 26 1 BP9 65 S A A 20 (E
Ey $% BRI L 1EH A= LI 9 120 Hez S5 i s 3l 3 2 9 T R 110 R X T a4
RS R ARAF I N TR AR $ BNNBI R AR . Bl 3 > 6 Sl A o A% b d/ o
BVERH M, 14

2 WREREMFEER

A 3k BURG Jb M R A M X (19°E—45°E, 94°N—110°N) I BF5¢ X, ®a bz o0 F 3%
B A, AR R R SR 2 T DU FE . AR R 32V ER A (Zhang et al .
2003) s B — RINAHHE I A AR AR T IE X0 16 2l Al i ol 41 a2 v B KRB 1 2036 3l th 2k
() T Bl A BAR 445, 20025 Zhang et al , 2003). 52 E[)BE AR B FRK T M B ml 48 . 454
FHRRZ A, W5 XA st 5e 2 AR AL RN B0, AR 30— 46 km 142 2 PG ERAY 46— 74 km(Li
et aly 2006). gt 3 =T [R) It e Hb ] R il v 905 L R O BR Y B BB AR (B B, Ml
. 20000, Pisk B RAE 2R MS. 0 DL E KRR . 4 1654 4F KK RS MS. 0 #izE . 1739
AEF—F% MS. 0 HifZ . 1833 4 &0 MS. 0 #i5Z . 1879 4EaCHl MS. 0 Hi5Z . 1920 4E ¥ )5
MBLYs R . 1927 4F R MS8. 0 HifZ . LA M 2008 430 J1] Ms8. 0 Hb5E.

T b Hh 2 b DX JR] B S22 5 ARk CSEP i %) 59 “CESP o [ 46 56 0 7 BF 5T IX
. %8 CSEP MR BBk H bR, £ B A6 = a7 Mo X 2 8 J5 F e T I’ 1% 15 B 2% (pattern
informatics, a5 K PD 81k 55 Hb 52 #0004 7Y 44 2 (Zhang et al» 2016), DL & FIH EMR J5
P BMC J7 i1 J 1w b b 5= 7 b X fe /0N 50 B Ve R g M. B PEAS AR (il S i 5%, 20125
Mignan et al, 2013).

A SO FEOR U T M W e 4 . b AR H SR LR S uhE B Hirp, Hb R LI 4
A% H 30k A 4 B 40— 15 204 H 2 W 4 45 ©. BFsT et B [ 2008 4F 10 A 1 H
A BP0 3 H o [ b RE S R i o8 UG TE 2R I R U N e 4 S5 R 7
B, #2015 4 9 H 17 H. EHEMRNBENIES ST T H RS H 09 € HE &
uhi, A 4G 54 MR AC R L X E KR G . IR, =/, TR, FilE. 5O, 1
M TE NG PR I RE & MY 235 DM HLEE Gl ST XL BT e BOR
JIT 36 45 3 AR X O A 5% g5 R 30 36 7 5349 AN, MR I 4R 45 AR B 8 Pk (LA D% Pg.
B Pr)EA LI 233 7 4164 4.

Ak MRS PMC 7 i 133 S R oK AR GE il k — 2D i e T AR R Y 0 L) I, il ok
Bl N 3 A R L i A, GRS b RR R 26 J7 137 A, BT A P R AN
212 75 8915 4.

3 R R A T M B 1 RO A

F % LS R AL M B A e X PMC 3. EMR bk, DL %= -5 K B 5 v il & pr
TR R /N TEREPE R M. I 22 5 . 5B 50— R T 0. 170, 175 (] W A% X me b 3 52 47 4 47 3
B SRSy, X 2008 4E 10 H 1 H—20154E 9 H 17 H B HH B ZE D4 3 M Eulic

O PEHEE MG, 20150 2EMESH RS, htp: /10, 5. 202, 22/bianmu/index. jsp.
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XFF PMC J5 i, i A BT UL 00 12 45 1 b 52 28 RGBSR BT Rl b iR S 20w 4
A& kit 3 (Schorlemmer, Woessner, 2008) , {H2 [& 21| 3k E #7= & W A 5 1 L PR TE L, 24
CERZED 3 A Gl R IFE M, ;s EMR J5 35, 2 B Nanjo (2010a) F1E 37 5 45
012 Frik IS K, LA T3 AR 00 [0 o 8 B 52 55 1R 06 2 B/ %8 ) 2B 4R R, =
100 km, i K42 Ruw =200 kmy DL S5 e D H R E N=100. R0 Mopwr 545
B R[E B, i B 283 ” (bootstrap) (Efron, 1979; Chernick, 1999) i 52 4% £ & i ) 3k 4k
T HAR 2% SM swr (Schorlemmer ez al, 2003; Woessner, Wiemer, 2005) s 34 M gwr <<0. 3
PN e e 25 M T e 2. Db, S PMC Jrik. B KIS kg Rk g, e
FEXH i 7% 2 F e IR /0 3 A B b ie s AT VRO k.
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Fig.1 Distribution of minimum magnitude of completeness in the North-South Seismic Belt

calculated by different methods. The black triangles show the 289 seismic stations used
(a) Distribution of M, calculated by PMC method; (b) Distribution of Mgur (in the case of §M.<0. 3)
calculated by EMR method; (c¢) Distribution of M, calculated by magnitude-maximum distance method
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Fig. 2 Cumulative distribution of minimum magnitude of completeness in all the pixels
of the North-South Seismic Belt calculated by different method
(a) Cumulative distribution of M, calculated by PMC method; (b) Cumulative distribution of Mcgmg (in
the case of §M.<C0. 3) calculated by EMR method; (¢) Cumulative distribution of M, calculated by
magnitude-maximum distance method. The two black dashed lines in each subplots indicate the

accumulated pixels accounting for 10% and 90% of the total, respectively
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My 1.5 Rt B Pe #2581 43 40 85504018 3 pron. Hir, & 3a M0, 5 M & vl 4
K D 2 I AE AR P | vien, 0.5=0. 99U CRIE N Pos o HB KRR T RSB M8 H 4 35 7 Hl
AR HS PO b i X DA S TRV R A DX, R Tk S XA R W RE . i & 3D
FE 3 B R R G R, XS B A K, 5B 1a 451 M, 34 45 R — 2L

98°E 102° 106° 98°E
T T T L

T T

L L L L L
(S e
0 0.2 0.4 0.6 08 1.0

Pos Py Pis

B3 FIH PMC J5 ik 45 14 g b st 52 5 b DX S [ 5% G R4 % 7 14 A6 U ABE 238 P 1125 18] 43 A3
(a) M=M0.5 H15E /) Pe 55 [ 5045 G Po.s)s (b)) M=My1. 0 HiFE#Y Pe 254 GER Pro)s
(o) M=M1.5 HFE M Pe Z5 W04 GEA Pis)

Fig. 3 Distribution of the detection probability Py in the North-South Seismic Belt region
under different detected magnitude level by PMC method

(a) Py 5 with detected magnitude level M.0.5; (b) P; o with detected magnitude
level M. 1.0; (c¢) Py 5 with detected magnitude level M 1.5
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Fig. 4 Comparison of the minimum magnitude of completeness results calculated by different method in
the North-South Seismic Belt (upper panels) and corresponding cumulative distribution (lower panels)
The two vertical dashed lines indicate the position of fitting parameters —¢ and g+ of the cumulative normal
distribution, respectively. (a) Spatial distribution and the cumulative distribution of M, —Mmrs » and the
M gmr 3 is calculated by using the selected data recorded by at least three seismic stations; (b) Spatial
distribution and the cumulative distribution of M, —Mmr1, and the Mcemr 1 calculated by all the recorded
data including the single station recorded; (c) Spatial distribution and the cumulative distribution of

M, —M,. and the M, calculated by the selected data of at least three seismic stations recorded
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(a) M pmr 1 calculated by the events with at least one station recorded;

(b) M.emr4 calculated by the events with at least four stations recorded
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