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Wr. BRI, ARTEF A, KSHER S . U
A0 45 512 B L ] 375 S5 MUV 22 9 M. 7 b s F 0
Ik, U A X [ Xk, [ ] AT R
RAMRRRRTNrm, BEeAFZHRE, A
A7) 2 Ul Mignan F1 Broccardo (2020). Al Banna
%% (2020) , Mousavi Fll Beroza (2022) PAK T4
MR (2023) LR, [HHATE T H XY
GNISTUH E B A% 572 T A AL 25 = 2 A 5 1 R 22 D
(EHpLr, ¥R, 2023), PRAER X B A 3 2
THBH . UK “Git + &8 N EMNFIG S
BFTAL AR AR, [R5 S 2 052
HE (FHE), RN TR GBS H B AR X ¥ 51 25 Y
T ZHRMLEEHE, RITRE AT IRER
M —AckAe (RRIE AR, 1993; LA, 1994,
Jll AR 4E, 19965 FERITAE, 20015 i B 4%,
2007a; &AM, 2013)  WI—IHERE, 7
FIZERIH E NEOR g T K, mo« o327
TE AL AR5 T I

Bl 22 > 02 AR LA T o s Bl (&
B, EESLEEAECARL (L), IR R R Ok Y
—ROREEFBL (RS, 2018), 5 AEE
L DA AT SEE DL, (HE R N 2 RS,
PATIE RS2 A m) it 5, Bl 2 ) oy B0 T I s K
PRI HEAT U 2, I 2 100 45 2R 4 FH O %o 9 Bk s
HEATT , X A4 R BRI 2k 5 F0I 2 pL A%
I AR, R DU R e R 0 v A AR
Bl > o B I S 5 F00 m] A g T 1 N 258 S 4
TES TG FNHED X 55 58 I #A FoT 0 451 3 >4 iy
FWA “Geit + &7 IR LR,

AW E 2 R O LR 2R S B, B
il FIARIC R R I SR B s SR AT BRI 25, H 2
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e TN A 1 Sz AR RE T B P 3 43 AR AR

1 EEE AR AR %

1.1 HEHIE

WA R S S — L H SR, 1970—
2021 4FH KBl S 40 X (SRS 10 km)
HORF) M =5.0 7 1 336 IR, IRIEAZERZIE
il (Wells, Coppersmith, 1994) N 47215 ahHF4E
BFE] (Lolli, Gasperini, 2003) %513 M B H g
SN, WBAREGA M, =5.0 #1152 902 vk, Hih
5.0~5.9 40722 %K. 6.0 ~6.9 4% 153 K. 7.0 ~
7.99025 K, 8.0 KLL FHIFE 2 ¥k, LLO.5 ZMA]
B B M FR AR R Ge 45 SR A 15 AT TS, MR
FEOM T AL bR . H b B R L
et AP R R, KRR TR E 20 A T
et ARAbb X, BT E LR WS — R H

@ https: //hellofuture. orange. com/en/towards — a — less — data — and — energy — intensive — ai/.
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S, SRHEE - 2SR B 7k (Wells, Coppersmith,
1994; Lolli, Gasperim, 2003) F4J## M =5.0 #1752

AIRPBI H 5%, Her 204 /451 R BRI DX SRS 14
B H 3¢ ELHR TR/ S N TR B P81 3

F1 1970—2021 EHEKRFERIBBHE M =5. 0 HEERER
Tab. 1 Statistics of the M =5. 0 earthquakes in Chinese mainland and neighboring areas from 1970 to 2021

BEAAY M35.0~5.4 M5.5~5.9 M6.0~6.4 M6.5~6.9 M1.0~7.4 MT.5~7.9 Mg=8.0  £&if e
I LR 837 266 147 55 25 4 2 1336 —
o WERAREE 547 175 107 46 21 4 2 902 —
11 LR 66 (14) 22 (1) 16 (2) 4 4 112 (17) 15.5%
v F4H 234 86 57 33 15 4 2 431 59. 8%
v by 108 36 26 8 — — — 178 24.7%
VI kI 139 31 8 1 2 (WR) — — 181 —

T RG-S NEUECA R RP SRR FE TSR & 181 kBRI F S 2 R Y s .

1.2 HERRE

X b2 51 S TR A S A AL 2 T R A B e
B, PR BEVER AR, AN E F R Y
HNZE R 43 M FEAH ( mainshock — aftershock ) |
Y (swarm) B ZER! (multiplets/multievents )
(Utsu, 2002; Felzer et al, 2004), % & ¥4 i
TR E R A, (AELZ 0 KhnifE, K
B R A T A S PR e B, AE B AR R DL
Fi i KRR fE i B, 5 27 91 B i e B
E ZWR, =E,  /E, 7588 5 (&
25, 1980), XA 2K X B A SCE M, H
P B 8l A 45 o) 2 i J6 Ik T 4 5 B g
o oy — PP R I Y 8 28 B R 5 T A
RRERKMENERE AM = M, - M, K17
(RIFG, 1971), Hrm, . M, 535 K5 K
HWRMEMNER ., LR BRIP40 2805k E—
JE W R AR B SR T S84 (R ifE L 55, 2006b)
TE S B e 0 BR B B ik A m T Hh L bl DL A
FIWT G SR N R R TE R IR (WGER) ib
JEMR L E (R, B — A R A R
BERIG R R “ZZEA”  (Felzer et al, 2004)
T, e T S P i 7 5 271 28 B0 ) s T A v — ek
PR E AM B RRFIN I HEZER (0.6 <
AM<0.6), ERA (0.6 <AM <2.4) . R A
(AM >2.4) 32K (HiEES, 2006c, 2015),
R E 5 YA 5 TAEMTEE:, ASCRS Tl
2 2] P A B ) 0 R AR RO SR AR S (P AN 2R
) AT P8 3R 57 9 5 Sk i K b 7R R ) 2=

@ /M. 2022, RTINS (2021) 458HR S

AM =M, - M, #i5E .

T UL IS, AR50 M 52 17 91 3 752 Aij 2 1) 1)
WRERX A RHR/NT ERMHE KL, W=
8, RN [E XI5 45 R R K2 10% ~
40% 11 5 DL M AR PE B AT R RS B (R B
1980; Jones, Molnar, 1979; & 1% 44, F Hk B,
1989; Reasenberg, 1999; ZE¥, T #F, 2011; [
s, 2012), HETEEA 38 BE M AR W B2 00 A 48
FHUIAE BE P #a#e (Trugman, Ross, 2019), E4t
&, EREHTE A N R IR R PN T 52 1
BRI ONET R (RS, RAE, 2020), {HON
STz 2= 875 (-0.6 <AM <0.6) H
Xy, AIZERFA AM< -0.6 (R FH] H R =
Fe8, T AR SCH B9S2 O v e R S i k)
LR I AR, BirR (J39)35%)
Bk My =5.0 HbRg, R R4 25 R ETRE, v
RPN AF A R M, =5.0 HiEH 2 AM< -0.6
MIFEARBEWALA 17 B, th TS 2R R
JE SRR SR B R B P 51 S B (i Y S S A7
TERA W R R R fa b, 2R 85 S/ 1E
KA FRERER/NE W GR) , N2 A SCHT =
RIFEAR R /D, WG IFHRIT S5 2= AN
—2K, HHUW N 2R S,

Pt ASCHIRR PSRRI EbnE . D%
R AM < 0.6 (A7 DAITESE S ny B2 2| 5%
HRIRRTRZITH); QFERA, 0.6 <AM<2.4;
QM AL, AM >2.4,

BT HEF I SR R SR RRREENR
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LT U VG R L DX SR A R Y 4 S R
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ZEAM =M, - M, , WKHE 134 Kb 52 5 50 A5 2 1 2 b
e, W 155 1 ATHTS 902 IR AREARBREE
Hor 181 MREA T4 X RS2 AR R 1L SR M o ik
SYHET AR K B TE YR oy HE T A 2R B b AR 3
SO AE T PO, HMAS S, B R, H R A
5 M W BE 5 i X, iR A dE 1999 4E 4 A
8 H. 2002 46 H 29 HHARIEN 2 K 7.2 RV
M A R 2 X s LR 6 IR , X 721 A4 af
DIE P AIbRZs (JPAI2E8)) REAR, 4P a2k
R AN R R X Ta] g MR AR R et H iR 1 26 1T ~ v
THRE, Bk E ZRAL, 4R NS AL 55
205 15.5% . 59. 8% H124.7% , T4y RIFIIR ST A
BIT4y 0 84.5% , SHIN 78% ~87% (WG4,
(RIFG5%, 1990; FifF %, 20065 774 415,
2014) AR, J5 SR IE TR O AR R 0 S T
TCEFINFIIZEIR 181 NFEA (£ 1 %8 VI 4T)
Gi—A3F R <PRSrELT ) Z T AN AR EE R
EATEREA J5 S AR 0 3 A R & A ik — L [R] 1 e
Mo WA, ARCBIREREARENR 2 0 2 AR
FARTIFILR 3 2, 3 RFEARBIEE G -R KR
bAEAYT A (0.73 £0.030) . (0.77 £0.046) i
(1.04+0.075) (K1), " ILZTA FRBEAR
HAOAS [) 75 2 b 7R L B S AR — 3K, ST AR RE AR I
RRMEHRKRZE .,

1000
100
i
K
=
Bk
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b=-0.731£0.03
b=-0.768£0.046
b=-1.041£0.075 [°]
0 1 1 1 1 1 1 1
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Fig. 1 G — R relationships of the earthquakes with Mg
=5. 0 in different types of sequences in Chinese

mainland and the surrounding areas

from 1970 to 2021

2 RIERHEEE R

2.1 DAHMERIIEBHESE

W s, M3 A A X 2 1 DR )oK
F-Xof iR PP A S BUAT BB (Mogi, 19625 Tak-
ayuki, Hirata, 1987; Chen, Knopoff, 1987; Ben-
Zion, James, 1993; Ban-Zion, Lyakhovsky et al,
2005; Somerville et al, 1999; 5% #1 5%, 1999;
Yamanaka, Kikuchi, 2004; Brodsky,
2004; ¥ M B 4%, 2006b; Aochi, Ide, 2009;
Marone, Richardson, 2016; Mi¥¥E4E, 2015), 12
ARk O 5E AR e | A YRR A 2R B E T 1%
YR A2 1Y T2 2 A 3 P2 HORE RSP K,
IR, R B D, — R BRI K
[ 52 b 72 T 3 M2 b Y R SR W T A1) 2 A
Bl P4 2 B B W G 22, T R H SR
NNEHEOT A R TR KR E, KRG
ANIE By 50 28U AR R AR, X P 4 26 B kAT
P (R sSoER (SRETHHERR) BHE,
Bl A p ., hfH, G-RXHRbH, H—
TRRESRAE, MR, MU S 280N A2,

BT bR H Sk 41t b = 2% 07 WL TR S T MR
JPANRER I E h R AR E AR, ik T
BRI SRR T 45 SR AL AT B8Ok B 22 i H
BN IR AL ] — E AR AL DT e 2
PN (BRBA, 1980; Wiemer, Wyss, 2002; T {2
B, AkE%E, 2005), (HANFESFSEE 15 2GR A
—E 2 (R T AE, 20125 B, T,
2014) . TR SRS 205 W)= T b B3 A 0 7K
A, BRI g R N g A v 2 3 T 8
KA E (PR AE, 2003; B0 = 45, 20045
ZEBAE, 2005) | AR XN KPR T SRR R
O (FHADF, 2000; Baltay et al, 2011; ERF#
8, 2013; JAAHE, MR, 2017), @ EAE
S, R T ML RR I Y U vE B A8 1 HE AR AR R
REERAR(E B Z B E A, B HAT ik, g
HH R R 51 S B 1 RN AT T o RO, XS
JEAE T NELS B ICRk g AR R RBP4« h i
BARRBERAE, 598 Hag R =581 1Y Jr =X
AT AT, WX X T MR A IR A 45 2R
KGRI 2 (Abercrombie, 1995; Ide, Be-
roz, 2001; Allman, Shearer, 2009), J1zZH/Nib

Kanamori,
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I T BE BN 7 A R R S EU M R 2B (Dysart
et al, 1988; Trifu, Radulian, 1989; % i H &,
1999, MEMEE, 2011; LT, 2012; /D,
IR, 2017), B2k TEZ A EN., W
WM, AR SCAS TE R AR A A 5 2 T 4007 M R il SR 153

X SRR A T S

2.2 HFIRHHE
SHMAWRFIEBHE S MY, BT

BLAR2E 2] M2 P 5 R H e W B BB R IE W3R 2,

BARIESHORIRAN 531 8 25 44 DGR FFAIE

R2 HBFIFIIXRBHEEFIEFHETIR

Tab.2 List of alternative features for judgement of the earthquake sequence types by machine learning

FHETS S e RE Y ER A
1 1La FRELE/(°)
2 (1) FRMXSH 2Lo EREEE/(°)
3 3Ms FREER M,
4 4StrA A DL/ (0)
5 5DipA 5T A s/ (°)
6 6| RakeA | I A WS LRE (°)
7 (2.1) FEZEIEHLH 7SuB I B ITLfA/ ()
8 HXZHL 8DipB I B A ()
9| RakeB| I B WS XHE/ (°)
10 10AziP PRIITOISR/(°)
11 11DipP P s/ (°)
12 12MeanAziP F R XA P Ay (AP E ()
13 (2.2) FEMHEXEOFY  13StdAziP FREMHE XL P R LR IER/ (°)
14 INBARTLI B 2 14MeanDipP F B DX Ak P b A S A (°)
15 15StdDipP TR X P AR A bREZE (°)
16 16DiffAziP F52 P AT AL A S REE X P RhSF Y5 6 R 2 R A RE ()
o ) F % P AT AL SR X P AV 88 05 R Sy 2 25 1 246 %8/ P k5 A3 £
17 (2.3) EER S IHMHXT 17DiffAziP/StdAziP R, (°)
i PREPORERBIARGE e E7 P A I I P BT 2 22 AR ()
19 19DiffDipP/StdDipP  F5% P Rl £ 5 B DT 400 £ =2 22 9 26 0 {EL/ P A A R 22/ (©)
20 20MxTyl ZERTH] MMT 4 H
21 (3) MM B My = 21MxTy2 ERFFF] MAT 5 1L
7 Sk b R B 2 T
22 22MxTy3 P BF 5] IET (5 L
23 23pVal BB R p H
24 24 AveDeltaN SRR AR IR 546 B KRR A BRI ARIR 2 25 48 W 97 31
25 . N 25StdDeltaN 2 bR 5 IS 2 25 20 (B I b 22
2% ;%gmw&ﬁﬂﬁﬁm 26k_Meon B A R SR
27 27b_Mcon P A BRI B (M)
28 28 AveDeltaMcon LRYT A R RS BT IR IT & R 22 4 XA 13
29 29StdDeltaMcon FPR G IS AR MR BRI bR E 2
30 30bVal MLE J5i% b {8
31 31bSD MLE J5#k b {fbnifE 2
32 (5) HBEMBG-RXHE  32aVal G-RXHRafd
33 HHESHL 33aSD G -R KR o (HbrifiE2E
34 34MsPre G -RAMERE (M)
35 35| M, - MsPre| FE 5 G - R AMERR R Z 2R 4% HE
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gR2
FHETS  SHR e RE BB
36 (6) #EERBIH—fLAERM  36Entopy o 1 BT 9 A — 1L RE B
37 (7) 1REM B KAZ 37MsASK TRARERR (M)
38 RYA RS 38| DeltaMsASK | FR G R R R BRI W A E
39 39CumN_ ML FBUWIIR
40 40AveN_ MLy H - X545
41 (8) FHEREBL M, =x /% 41NorN_ MLx FHXS R 5 1 R IH— Sk
42 IR K R HAR S B 42MsAveMLx EHEY (M)
43 43MsStdMLx EHRYARUERE (M)
44 44MconMs3. 0 §=3.0 HUBIT G R (M)

(1) FRMXSHE (R2¥iE1~3)

ARG B E S BRI/ EME IEA O, i
RGN H ERAR/NEECEK (Bath, 1965;
Helmstetter, Sornette, 2003; Zalohar, 2014), J¥
HIZE A HAT — 3 () IR AR (ASF A, 1995,
FEAEMRAE, 19975 FWRIKAF, 1998; i B 4%,
2006b) , 4G X3k K A R A 1 AR B T S0 M AR T
A, R — R R R A R R 1) S
WcHs . BRI, TR e 51 28 AU M i A R R A1 2k 5 B
e TR ENE 2 SES BN,

(2) FEREEEHLGIAH OC S B AR X F JE X
WP 12 (3R 2 FHIE 4 ~19)

HhFE P 5 2 7 B by s s ol E R R A
—ERFR (BREL, 1980; ZFEff#E, X1, 1992,
Reasenberg, 1999; 7574 #14, 1999; ¥ i B %,
2006b; FKERSE, 2010), i 325 52 HEALHI A
SR (R2FFE4 ~11) WA NP =T %
VERFIE, %5 18 S B R 240 N 1 R, R
EXICEY PR LA R SR (2 HF
fE12 ~15), FE52 P 5 0 A A AR AE T X80
PIZE 22 M B RRE B (3R 2 FRAE 16 ~19) i —
PIRZ L VAN (B poI R = e o vivt S (T a0 L3 1 B G O
H ORI FREMHE XIS A AR A S E U 5T,
“BRREE X RLAERELG . LLR SRR R,
R S5R% My, G, nDHLIE Mk Sk 55 5] 32 2
JUJE (Wells, Coppersmith, 1994) .

Mw -5. 08

R=10 % +10 (1)

(1) AN 10 S 2% JE5E A7 1 22 10 Ak 5 64
#4\%% (${j: km) o %ﬁ*fﬁg Ms 5 MW ZI‘ETJ

KR T ISFEH (Giacomo et al, 2015) :
M, = o ~0-2240.23M5) 5 g3 (2)

(3) FRE BT DI sl 52 T 41 R R AH 56 2
He (2 F#iE20 ~22)

ET 5L R Ip s KRtk K I, &Y
Al FE A P ) BB T Bez — (i R 4,
2015) , %2 %520 ~22 17535008 EREMIE 20 R
FREE P R M =x RS, ZEA
FRB AR ], 5 FERRHAHCH R
X (1) (2) AR, Tk b=y 5 2 A ALl
B ok U5 T 24 [ IE £ SE BB AT I o SR T R Y
CAAFs RGUILMEAE (RIERERSE, 2019) .

(4) FPPImAH SR (3R 2 F¥1E 23 ~29)

J7- 50 3 Dl A2 4 7R I Bl 0 B E B R AE, B ey
KA n(t) =K(t +c¢) "IRXT R I i 4 0
ik, BWARR p M ATE0.6 ~2.5 Z[H], N
1.1 (Utsu et al, 1995; Freed, Lin, 2001; Scholz,
2002; Lyakhovsky et al, 2005; ©% %, ¥ B,
2014) . p (E5 XEH5E A BRI A C ( Creamer,
Kisslinger, 1993; 1998 ;
Jones, Craven, 1990; Hi¥4#:4E 2015), SEE
VA SZ 48 TR JPIRAS (Narteau, 2009) , 7EE Y
RERAAIEA b, XEZRSE (1979) . XIIEZRFISL
W% (1986) 4R MY A (E L, TR RS
RIS EEAE ], T, A SO PLER T F )
U S T A A A AR AR RO AL TR AR
ANAMRSETHR SR (R24¥91E23 ~29), H
HRFIE 23 KRB A AR R B p (H; IR 24 25
G0 AR E I B THE B KRR A KRR 72 A
L Y B M 52 AR S B R AR 2 25 1)

Rabinowitz, Steinberg,
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Y NP M bR 22, W LR R AR T B o R AR
K G LPRIB AT R AL RN A FR R 4F1E 26 4R
SE I BE BRI AT 5 7 0 2 1 S s R (R
RERPETEIR ), FRAE 27 TG R G Lk M b
B (M), $RHE 28 . 29 BN LR A RS S
LR ME IR IS T A R G 2 25 4 L Y - 2 (E KA
HE2E, = RAE T )7 51 g 22 Rl R i Ao i) 32 9
FRIE,  DLRCHE TSR X T S2 B 0 e 25

(5) G-RKREMISE (%2 FHE30~35)

SERE MR P AN M ARG - M G R MG G - R X
R LogN=a-bM, WWHIREbHENT0.6~1.1 2
B, 53 %75 SN JREA K (Utsu, 2002) .
G - R KRR XS HORALA 2% 2] o mR WA 5% v
HERTZM—KS8 (EHa, ¥R,
2023), 2 ¥FF 30, 31 4 MLE HiEiHEM G -R
KR Z A b B A briE2; F#IE32, 33 HG-R
KER W RE o 5 bR WEZE (Gulia, Wiemer,
2019); HHF 34 HET G - R RRIMER R K AE
B, BMKHE o (I ik (R R MR R R
M F, 1990; X|1E 2, 1995; Shcherbakov et al,
2013) AP KRR R R, XA Y AT e KR =
BRI kA B, CAMRER, &
Ja RS KEEIZ )G, 8 G - R KERIMERKAE
PRI T B I KRR R (JA WA,
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Fig. 2 Statistics of missing features in sample sets (Ms=5. 0 earthquakes in Chinese mainland

and the surrounding areas from 1970 to 2021)
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A AR S BB (B k=3,
33 ETEEENHEEEZHITM RMEXEE

i
3.3.1 FETHAFEAFHEEZ

VRN S 2 AN E Bt , R 7 5126
B (hR%) ZIRIRYAE SRR S , R i e il 2
AR SRR, 18] 3 45 IR R 5 28 1 2 a] i AR B3
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FRmAE (FFME1) . G-R XR b HAHXESHK
(FHIE27, 34, 31, 33), RIEHLHAHCSE (FF
fiE 18, 11, 19, 14) SEHRFAEL A 55 55 19 5 25 51 ik
F,OHFBKRTO,
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FEA R Z BRAGTE LT, X A1 i S0 48 A0 b #
FENEEA S MBEL B AT, BT ACR
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@ https: //blog. csdn. net/qq_40765537/ article/ details/114838485.

@ https: //zhuanlan. zhihu. com/p/128091167.

@ https: //blog. csdn. net/weixin_46072771/ article/ details/106188753.

@ https: //scikit — learn. org/stable/modules/generated/sklearn. feature_ selection. mutual_ info_ classif. html.

® https: //www. cnblogs. com/kamekin/p/9824294. html.

© https: //github. com/scikit — learn — contrib/imbalanced — learn.
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Fig. 3 Sorts of feature importance based on mutual information

3.3.2  BRICHERIERN ST EL G BT A L R

FAUE 3 X5 B RRAE AR A UEA T B A R B
SBR[ SR S B B, (EXT
Hi R TR 3 — &/ NREAR [P 8, 25 0F — 25 I B AR
AT G . Pl D s b E kb G 1r 2
HRFREANEE T 5, B 4 R FH R 28R A VL fEDG)
R R (I W \an(E £

HARMk 2, xR 2 i —A-Fr 1k, Bk
YRR B IS 3 2K TR FRE
HAE, ZJE 3R A ol SRR R AR R A
Pz i AE A7 4 55 . Bl anxd Z2 BB A R G
-REXRbMH (30 bVal), HILHETEZERER

FOE b fEER R RREA, 18 o AR afE, ot
XA b (H 8RB 2 RRBAEA, % 7 (E i
TAh 55, XA A PNST B AR A A5 ol Ak B,
Wt AL B S b S, PR HEAR T 2 5 B AF B
WHE . JFHNW L4 R RF, R FIEAN ST S5
A, RHREAE 5 2T 2 [a] iG AH OGRS
FEARIAE 4 A D51

(1) BRRBRAE N 57 2 5 48 K 2 B IE Y B oR
HFHER Z B BA S 280 (K 4),
HAFHE AR BERE 3 17 1 AR 2547 82k R fiE
AR 25 A LRI, BIAnRRAE 38 1Y BAR BEAE
AR 0. 49,



%2 1 Vg R . 35 A T AL S 1 MR P 5 2 B ) s e AR T e 165
(@ (b)
14MeanDipP « + l4MeanDipP
12MeanAziP « + 12MeanAziP
9|RakeB| 18DiffDipP
4StrA 13StdAziP
40 - 13StdAziP 3Ms
6|RakeA| m __/#m 16DiffAziP
16DiffAziP mm 7\ 7Str8
18DiffDipP J / 17DiffAziP/StdAziP
SDipA ; 19DiffDipP/StdDipP
35 - 8DipB 21M5.0Ty2
19DiffDipP/StdDipP #m 6|RakeA|
3Ms 10AziP
7strB SDipA
17DiffAziP/StdAziP 4StrA
30 - 10AziP 9|RakeB|
Lo ms _wmm 20M5.0Ty1
20M5.0Tyl mmm— - lla
22M5.0Ty3 8DipB
2Lo 2Lo
25 - 26k_Mcon mmm 11DipP

RFIEE ZE

21M5.0Ty2
155tdDipP
24AveDeltaN
23pVval

22M5.0Ty3
155tdDipP
23pVval
24AveDeltaN

20 - 29StdDeltaMcon 26k_Mcon
11DipP E><= 31bSD
31bSD 29StdDeltaMcon

32aVal mms————smmmm 32aVal

28AveDeltaMcon
15- 25StdDeltaN
30bval
27b_Mcon
33asD
34MsPre
10-  35|MO-MsPre|
41NOorN_ML3.0 me——

33asSD
25StdDeltaN
27b_Mcon
28AveDeltaMcon
30bval
35|M0O-MsPre|
34MsPre
e 36Entropy

36Entropy m— smmmmmm 41NorN_ML3.0
39CUmN_ML3.0 40AveN_ML3.0
40AveN_ML3.0 =><= 39CuUmN_ML3.0
43MSStAML3.0 ne—— Se— 43MSStdML3.0
42MSAVEML3.0 me——— S— 42MSAVEML3.0

44MconNMs3.0 - e 44MconMs3.0
37MSASK s P 37 MSASK

38|DeltaMsASK|

38|DeltaMsASK|

0. . . e X
05 04 0.3 0.2 0.1 0.0

0.0 0.1 02 03 04 05

HAR BAE5

(a) RIATHEAA - K 4b 2

(b) P E RAE T L AT REA S V- Kbl i

M4 ATEZREMMEZIHFEERE AP TR FIE)
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Influence of the missing feature processing on feature importance sort
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Abstract

Based on the catalog and focal mechanism of earthquakes in Chinese mainland since 1970 and referring to the
previous research and practice on estimation of aftershock activity tendency, a feature sample dataset for judgement
of earthquake sequence types by machine learning has been constructed. Three labels—multiplet mainshocks type,
mainshock-aftershock type, as well as isolated earthquake type—have been set up according to the earthquake se-
quences. Forty-four alternative features that can be used for machine learning for earthquake sequence type judge-
ment have been proposed preliminarily, including mainshock and focal-mechanism-related parameters, historical
earthquake sequence types, sequence decay and G-R relationship-related parameters, magnitude- and frequency-
related parameters. Based on the 44 alternative features, more features can be expanded by different threshold mag-
nitude or statistical period. Based on the mutual information between features and labels, the feature importance or
contribution rate of feature parameters to sequence classification has been evaluated. In summary, the magnitude-
related parameters, G-R relationship, sequence-decay-related parameters, historical earthquake sequence type,
focal mechanism related parameters are contributory for sequence classification. Especially, the mutual information
between magnitude-related parameters and labels are obviously large and the ranking is stable. Our results show that
the complementing of missing features can not only increase the available samples for model training and testing,
but also significantly improve the correlation between features and labels, which means that appropriate data pre-
processing on features may improve the ability of sequence classification to a certain extent. Adding interactive fea-
tures of original data is one of the important ways to expand the number of available features, the independent fea-
tures show a stronger correlation with sequence labels after information interaction processing in this paper, remin-
ding us that the feature selection should be based on the results of efficiency estimation of the final model, and the
feature independence should not be overemphasized.
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