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Machine learning earthquake prediction method based on
seismic activity images and its application in North China

Yin Xiaofei” Li Wenjun” Xu Yingcai® Zhang Xiaodong"*  Cai Jin’an"

1) Institute of Earthquake Forecasting, China Earthquake Administration, Beijing 100036, China
2) Earthquake Agency of Ningxia Hui Autonomous Region, Yinchuan 750001, China

Abstract: This paper presents a study on machine learning methods for predicting earthquakes
in North China based on seismic activity images. According to the average time interval
between moderately strong earthquakes (magnitude 5.0 or above), strong earthquakes, and
major earthquakes in North China, a large number of M; =3. 0 seismic activity images at differ-
ent time scales before the occurrence of such earthquakes since 1970 are used as input datasets.
The machine learning method for predicting earthquakes based on seismic activity images is
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proposed and tested using case studies. Using the method proposed in this paper, we select
“Unexpanded image dataset” and “expanded image dataset” to predict moderate-strong earth-
quakes in North China, it is found that increasing the sample size of the input image dataset is
beneficial to improve the accuracy of the earthquake prediction models. The accuracy rate of
earthquake activity image prediction in North China using the expanded image dataset can reach
77%. For M=5.0 earthquakes happened in aseismic zones or low-seismic regions in North
China, seismic activity images with larger time intervals than one year (such as three years or
more than seven years) with M| =3.0 seismic activity images can be used to verify the target
earthquakes in aseismic zones or low-seismic regions. This research can provide important guid-

ance for earthquake prediction in North China.

Key words: North China; seismic activity images; machine learning; earthquake prediction
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b R Rl R R 2 1Y ST B ) IR A L H B R IR, KRB A A B B R R )
A3)Z L R A B RRAE ik B ROAE, 2004) . BRI AR . EDEE AR B | R p B . JE A 1 A B
(i) R B A, P BRI Al B P S TR AL A sk 2 g MR T, SRR BT R B 22 A
F b T 0 B AL a5 B0 O B SR R B A T L ) # S8 RN 4y B (Molnar,
Tapponnier, 1975; Teng et al, 1979; K ZR, 2004) . T E 4 K X R E T RN HE, 54K
M, EEIEA . M AR HL X | B 55 W0 K K M DX DL R YRV R b XK AR — e v | TR M R
D& T A Gt 72 (TE— 8, 1979) . [ 5K 5 JEREHF 58 & R0 (973 380 3 B “K i 5 =2 ML
FE5 F0I 46 A I S e e T ok b OB A G T 2B G DL S SR A 1 A T 32 3 Bl B
Izl sk R, k5, 2000) , 3% RS B BE A RI M o 3z o)A 3k WP Y % 22728 08 (BF &R R
8, 02022) . v E R il B SR A AR DXRT 43 o0 T ARG PRI L AN . Aedb L RIL AR RS 6 N T K
G g M e 22 A 1T 90% S He ik E R, KB, 19995 skEE R, 1999; sk¥E 4%, 2003; 5K
F RAE, 2005) . 1 K i 5 22 40 A0 52 5 SRR 99 B RRAE, DL 107°E S AL, KB AR A8 A0 o R 2 2
S A AR AR AL TE B b e (AT AR AR b X)) (TR BR R 45, 2013) . A2t Hh X9 A B vy % 19 ve F 38
M i, A A AT IR, 1 XY s B 32 B IR, S  PE AR L bR T A AR AR, R R
Az KRR 1 7 3 B0 PR A8 T R 0 By, 3 (45 A8 b b DXL ok 2B A R D fe B 8 9 2T B
B DXCHR R H#£45, 2011) .

B 5 EARAG M X R & A 22 R AT B IR P A R S, 1970 AF RISK FE L L VR B AT A i
B 1) MR AT N BRI PR T R T A AR, bR L b AR 1 R T 24.25 7 ABETS,
HRELTH R IK 132,75 /20 G 155, 2010) . H 1998 455K b Mg6.2 Hh 2L, b Hb X
M=6.0 3B # T3k 26 4F, B 5 =0 S 1 Lok M=6. 0 MR Y f KT )RR (OF e R
&5, 2020) 5 2021—2030 4F [ K Fifi b 5= A R DX A 5 SR AR e L P B — U Y T B
AL B U TH W RG A B DL RS B S i G — T B B T R A DR R S g T v
i [X (Shao et al, 2023), HILIANAEILHL X Kk B & RER T 5.

SRESAEE KRS RO AR b R W R R i DR AR A AR R N R TG B, T X0
N MRS S TF R LA R T k0 BF 5T e B A0 R T Y 2R 46 (Mogi, 1979;
Wyss, Habermann, 1988; Bfiz 2%, 1993; K [ 4%, 2001) . AR 4 A2 db Hb X 5 5% 5= 4] &L 45 m
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A R E SRR R DB A R ) A bR O Bl IR AR X
BV 3th 58 T 528 X — 3G 5805 B — 0l — /NGRS 2P # (T HESS, 1997) . bR B R =8 K
Ay R N R E G B A5 XL SRR RE (AN LD, 1997 [ MR R W I AR A
2020) . i L 45 (2000) LA 1970— 1988 4E AU ML IX M=5.0 MR AE M A S8 B AR, X 4E L b X (1)
HhFRIE S SR R IEAT TSR, A AR M =4.5 MR FESE 110 KDL BF# I E 8 7
W, WA KA 70% HHERSEF# 5 HIE M 130 RINES M=5.0 % . HE 2% X A3
s A R A X, T E KK MR IS S T R X, BIfEAE B e X7 M AR
25 [X” (Mogi, 1979; Wyss, Habermann, 1988). F & %5:(2019) Xf b #1[X 1970—2017 4 M=5.0
MR PEAT T it I, 50 BoR AU X M =>3.0 M RE 2 X 1 F52e it ) 5 R R % R IE
MR, M KKK E . MR RS FERYZ MR M AN . 40 & 15 8 E
A [R] P b /I b 7R R IR R 0 A L TS R A A R T R DX B R 0 S MR (R
ST, R SH HE, 1981) . X 3 B RN BR B 57 (1989) 38 o g B 5 A AR A1) & B, AR AU HLIX M=7.0 AR
HI R 223t BT 250 T SR 40 AR A2 9 b s At IR o0 A . AR B LR S i) — FIE X, B — 2R
FH 214 b A, A S ) R 2 ) SRR G = — AN B R 3R ORI EIAE, 1981) . fedbih X
F 7% Z A A T A K AR R R A A B R R U JE Rl 200— 500 km X3P, B E]ES B K 29N
1—34E (055, 2016) . Hb ARG 2 BHMG 5 5 aT AR S S50 rp 109 98 7% 09 = 248 bR, 1983 4F
117 7 HILZRT 5 MS.9 MR RTHE 1 1 v 300 F0000 28 UL, {F 800 Bk [ g 4 L DX 0 K5 BRLAR R
T B0 i e 00 5 o, (EOME AR A 2 & AT IR SR (B 2%, AR YL, 1989), X EEEH T
5HR % R T M R T B R 1 R IE R 5 2 2 s AT MR | Ll 7 B A 22 DR 3R Y 5 e (i o
G5, 2007), T E I b 7R S Sl 1R AR B e ] AR Ak 9 2 R AT AR b H DX b R T R B IR o
M, BRI AT DA 2 T J — i i i 52 0 By P15 1 1R 0 A e 5 000 F 5 ) O

AR SCHAEE T AL L IX M=5.0 i R2 rf AS ) 5 G0 b 72 09 °F- 35 R R Tl B, 12 B 1970 45 DLk
AN [) 52 0 A% B ] ] B 1 K P9 ) M =3, 0 1l R T Bl RS AE Sl i A B 4, R FHAILES 24 20 J7 ik Xt
AEdLH X M=5.0 MR8 HEAT FUN, DL o 8k X 00 52 1 A A ) S k4 5

1 #2855 3] 77 7% 78 b 3= T & 55 rp B B A

B 2% 20 J5 16 02 M o5 o 1 BR H PR R R I R 2 —, S AT 55 02 N R A 1 SR
Of fifp e A 2 ) B, O A R Ry B R A B A S R SR A A SRR R T A M £ B A, LA
S F F B S SRR R Y ke S RN (Jordan, Mitchell, 2015) . [ 25 36 [ i 52 W il 4 il A0 386 0
b 52 A O B BHE S AE R WY O, T RS 19 3 A Bl T A H B AR RN A, T
P& v b T A R M (PR 23, 2020) . R T MR H SR IR TR LA E I R e T =
et JLT 4L, Keilis-Borok 1 Kossobokov (1990) >R FH it 5 A5 2 5 51l 4 A 15 0 5% 72 & Az ARk >R 14
KRB, BUS TR g A . S8 35 55 (1994) [ R IR . e KRB, FFIEHE M
E T s S B o I 18] 4% 4% (back propagation, 45 5 S~ BP) #2245 1k A, UL & Sk B BE I 1)
Fhe R Ml R 2 A g Ho TR AU A X 3R I A G b IX 1982— 1989 4 (14 Ah 4 1 i A6 46 v iR
T R4 AR AL RE . Panakkat FI Adeli (2007) >R FH i 45t #2545 | 418 BR i 2 ) 46 F1AZ 1) K oA
B 25 ) 4% = bR 7R X6 S [ R in M R TH 4 L 3l DX Bl iR 3 80 3E AT U0 2R R0 s AR e SRR
Adeli 1 Panakkat (2009) 42 45 HE 5 4 2[5 265 X 5 [ 1 0 M 3 DX AT AL 8, 4% Hh 17 J LR ASE Y )3
JHYE. Reyes 55 (2013) 7t 8548 - HL 50 45 OC 38 TR AR — 55 HE AR 2 2 03 R /S AN ) 1)
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TG B PERAIE S BUVE BB i A S B, AR5 6 TN M 28 I 2 B AR X6 2R R 5 K 1Y) b 7 5 1
AU, RO AR 2 K T4 B E 0 R A A 5 A DL SO AR A AR, SRS B i T
FIE DA b7 XY, S5, N T 28 0 2% 1 00000 284 i 32 b X 22 5 S I K . Asim 4§(2017)
) 416 24 0§ 28 W) 2% (recurrent neural network, & FR RNN) ., 455 28 3H 51 #f1 28 ] £& (pattern recognition
neural network, faj # PRNN) . Ffi #l # #k (random forests, faj #% RF) Fll £k 1 #0 £ $2 7+ 55 5 (linear
programming boosting algorithm, 75 FKX LPBoost) &5 U AP Jy ik, X 2448 E AT # X — A~ A Wiy M=5.5
MR AR HEAT TN, X L % B LPBoost 75 12 (1 1 3 5 5 (65%) . Rundle I Donnellan (2020)
BT 1984 S LISk /N R G B, SR AL A% 2% 2] J7 v 4 3 56 [ 0 M Hb X5 5 5 AH OC 19 /)N 7R R
BE, PEAL Hb 235 3 XA G B M . Wang 25 (2020) it R R B 9 S48 X 1966— 2016 4F (it M 7%
BdE I K 5 1FE 12 (long short-term memory, i R LSTM) A T #1248 4S5, 43 AT Ik Sk #H 468
MR 22 [A) A7 A — o I I 25 R OGP, 38 5 5 15T T3] (] B RT3 8] B 9 & A= b iR 1 IR B0 5 S B
MR AR X L, R BTG BE RT3k 75%. ZE K57 45 (2022) K LSTM it 48 I 45 1 T )1 I X,
FE T 5% 4] 1m0 90 1 T 0T 5, 45 SR f 7R 2008 A 50| Mg8. 0 b i 11 i 2y [ ) 14 99 412 365 0F T 9%
J7 kA R . TR T L AR 2% 2T B b R RO 5 s 2 BCRR R b (. i RR EVRE & . b R A
BE BRSOV YRR G5 MRS B S AU S e A B, R AT T RE Y R R T (G T
B, F4P40, 2023; Mignan, Broccardo, 2020) ; #& 1 3¢ T Win] 1 1< AL % 27 1 1R 51 3 52 15 s [/
8 UL S B M 52 ) T, N 1 R B — R G — A A LR Sl R Y Tk

#: FR A 25 ) 2% ( convolutional neural networks, & F CNN) & —Ff B ai &% H . S & # i 4l
2824 21 771 (Goodfellow et al, 2016; Seeliger et al, 2018) , EA JRHBIEANIX 4 . J2 R ZE#04k | HF
AEA ORI 43 i B2 G M 2 R N ZR SRR AL CUF AT, 20125 Bff5, 2016) , FEA A7l 4550 1 141
BRI AR B T AR E T Z 09N R, T EL ) b I 28 SRR R L, A AR R 4R I 4% 1% 1 FH R T
HUR . Ross %5 (2018) 38 i 45 BUR 28 19 2% D7 7 14 X0 5€ [ g M 31X 1820 J7 2% T 3l 45 iy
BOBAC s BRI AT 27 2] (AR FRAE S 30, LA P S 3 i A s il PE A5 B s AR H 5 A TR
S EE RAEX LG, R &R E M Jr kI msh it w2, HEE .
Yang Fl Sun (2020) >R FH 45 B 28 W 48 T3 B A8 AN 2 2 Pk . B 1) 7228 10 R 8 )23 1) Yl 14 e 78 I S35 1)
T ET b 3B B 2, 5 SR 3R W A BBl 8 N 2% U7 125 BE 8 DA TRT 5 1) V1T R B i b AR 4 b % 52 A Y 4
P HEAT 432, X0 T Bl 28 I 2% R T Jmy 8 sz W | A SR RN R AR AR 1 A =R =K
REAR T I 28 R %) 52 % B, () NP0 RE A AL 7 % | A% . B4 /NG A RO AR PR L R AR
SR A BB 28 0 25 AL 2 2 ) FOR 51 A AR I 3l MR 3000, B O I 580, JF JiE
o T ) AH GBI 5 . B 5 A ER R T M R TR G g, [ BRI 5 45 R AT S AR b DX b R U
Rt B S

2 ARXEBFFTE

2.1 i XRHAEL S MHERIEHTHE

e FE AL AL M X R S M R G S AR L A S K 50 XL e b b XS N
107°E— 124°E il 30°N—42°N (5K [F R4, 1988), FEAMLFHILET, Kt wde . i Eg . thvg .
AL TLHVR BT, DL S L D RN A K 1) . A A i L, AR
AL DX F VG ) AR S SRR 2 AR AL T IR RS R — s A AN TS s e, L SRR 200
T 2l Hb He PR 3 TR S M, DT il B DOk R R A M=6.0 MR 5 ARl T RIS Bl b L AE B
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Fig. 1 Distribution of active- tectonic blocks and their boundaries in North China
(revised from to Zhang et al, 2003, 2013; Han et al, 2003)
The second-grade blocks: K is Ordos active block, K, is North China Plain block, Kj; is Ludong-Huanghai active block.
The third-grade blocks: K,_; is Taihangshan secondary active block, K,_, is Hebei-Shandong secondary active block,
K,_3 is Yuhuai secondary active block. The first-grade active boundaries: D;_; is Yanshan-Bohai seismic zone,
D,_, is Yinshan seismic zone, D, is Qinling-Dabie orogenic zone. The second-grade active boundaries:
D, is Fenhe-Weihe down-faulted zone, D, , is Tanlu fault zone. The third-grade active

boundaries: Dj_; is Hebei plain seismic belt, D;_, is Anyang-Heze-Linyi seismic zone

AR Z B T RIZU PR AR B E R, Bt SR T RGIER, B s — R e E
IE W4 ik 5 72 45, 2003) , % b B Bl iE — 25 20 43 S R AT LU B FNER E A = AN T 2
(RS, 19965 BEAT A5, 2003) . 6 7R — ¥ V% Bl b R 5L A Vi 353 DX 3R i b DX 35, ik
R B0 Y 25 AR Ml X A T R 3 A DX 95 R B X (B = 55, 2016) .

I 2 e i B 1 R AR AN IS 2 M B sg B IX, R AZ AN I B B i 22 02 8l s
¥ s AR TR SR B, A R TR 1 AR T e RS sR 22 A (iR ER R AE, 2003) . AEdb b X AEE £ 1E B
Mo He 3 FUE, RISl — s L DT L Z 0 — RO R L L U TE TR L R W Al L )
6P A L 2 BH— 3 B — G YTl . B L R e L — i A o0 0 A F AR G R AR AL I AN T
SR AR TaM . AR, b B LA JE TR YT R R LA CREAE ISR, 2009) , A TT 849 4F
TE N 5 3k KA M7 A2 5 I — )T & B R NW ) F NE Jm] B 22 (s ik, 2001), H
D7 S5 i £ KT NW [ U] NE [ W7 24 09 X 3k, %0405 b e KRR R 1679 4F = —F- 4%
MB M E . ZE I — O 1L A AR AU R RS R AN T g b B (9 58 AL, 2 1Y 3 B AL 1 2
gLl — Je o] F TR CT 502 55, 2015), 1917 4722 8U8E LU M6 Ve 7% J2& 28 18 — K 1 Ll 1 5 Y
e KRR .V TH W B S 0 T S0 R 22 i A AR LT SR A TGOS sl e i 22 AL Ad , B le T AE A 4
Mo, 2ot KR KR G U 55 A, f 28 1) g A8 1 FE0E AT F b, T B T — 4% NNE-NE JE [4] 1)
KA 1A (RN, 1992), D5k Bz KB Pk M8 L - #b 7% 43 51 o 1303 4F L 75 it il M8 b
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R 1556 AF (P vE A2 B MRYVAH E . KR I W R A T A AUV SR RN B AR — T P N0 3 b
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W56 = 28 T U & B BT AR b R A (I AR 45, 1996) , 1830 4E i) AL 7 B2 M7V b 5% Fl 1966 4F ] Jb
G M7.2 M ) R AR A . I — e U AL T RAT I B B =AM
P AL A S, 52T SN [a] I NNE [ 4 7] W 24 19 52 (i 77 2245, 2003) , B &4 1937 4F
L ZR TFPE M7.0 M 7% .
SR A A AU b XA Ay b R S50 A AL A5 27 T BIFSE X 4, LM B Tk TR, R R
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Fenhe-Weihe down-faulted zone and its surrounding areas;
HB3: Hebei plain belt and its surrounding areas; HB4:
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