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3 R{EWITIEEH

R B VES3 J7 02 —Fh B ET 32 A b 2 T i
RCAEPEM I 12 20 22 70 4R E A 20 A ik
St , FEHDRR AT BE AT K IX 4R R0 RE TEAN S T AE
RYET EEMAEM, A SCRM R B4 07 %)
MMEP T JLAF B 45 AT

MRIEVFA%E (1989) MITHELEE, R A LR
RV 5 TN £ P ) B2 ) A R 2 250 R B

R:h—v:ﬁf—i» (1)
. bR 43 S b R R o SR AN T X 38k A A
] A FEAE BTG I, Ny BN, 43 EROR
ARAE PR U 1) iR AN BRI AR AR i % AR 1) b R
Sp F1Sy 435 Ze T00I DX 1% T BN 4 ] ] 4 A T A



202 o=

F 5% 48 &

HH NN, YIRS m T RN 0 TR,
BI R >0 B, W0 45 5 A — @ i B scee (5K
FEIRAE, 2002), HHTARREAGRS X9 28 T RZ AR
Wy, RS AEAR, T REERE TR R HIF 55k
AT, CSEP HEKEG 43 ho0oR 10 x 1oAY 1)
KRNI AT, e (1) nHEECh .
N N

N, N,

s Ny BN G35 2R iR A DX i A 1A% 4

R=h-71 (2)

AR O R B B AR RGN, O IZAE TR A
MMEP 45 fE B X 4% 9 1) B R A% N, AR
JEE R HE 1 b R AR

4  MMEP 4 J& Fii 55 fE 46 56
ARSC R FH WA R 43 9 R E V4> 5 s, Xt

2018—2023 4F(1) MMEP 4 & 71 U 24 RE 25 47 46 56 il
PEMY, WFE 1,

F1 2018—2023 &£ MMEP £ BN R KL
Tab. 1 Test of the MMEP annual prediction from 2018 to 2023
waER  FS T b X T 2 2% SRR i ] /% [11] /548 J3E PPH
8 H 13 H =Rl 5. 0 2
1 R 6.2 8 F 14 HZREES. 0 4 VVV T i
9H 8 HERAIL5. 9K
2 PG 5.8 12 316 HIIPEE 5.1 9% VVV T IE
3 N AE AR 6.4 12 316 HIUJI43C5.7 9 VVV T IE T
4 TS 6.5 8 H3 HEIMIRZS. 19 VYV x oI 52 % 25
9 H 4 HFsmms. 5 2%
2018 4 5 LI 6.5 11 H 4 H#sbTrE £ 5.1 2% VYV x T G M
12 7 20 HOBrsmpTsere 5.2 2%
8 H4 HPGIH+5.2%
6 F HIHL X 6.0 o A 28 HEHEE 5.1 % VV x AT 52 25 125
7 IS RS 5t 6.6 5H 6 HEWKRZ 5.3 % VV x A 52 % 25
8 TRV VY B 5.0 — X X X HEAR
9 LREE 5.2 — X X X M
10 S 6.0 — X X X M
1 RS 6+ — X X X H 42
2 P 6.5+ — X X X HE 42
1 A3 HmIgEE 5.3 4
6 A 17 HIUJIHK T 6.0 4%
6 717 HiUJigtE 5.1 9%
2019 4 6 718 HIUJIHKT 5.3 4%
3 JEAE RAR 6+ 6 22 EPUIHEE 5.4 5 VVV T 1E
7H 4 HIE 5. 6 2
9 H 8 HIMJIIES. 4 9%
12 7318 HIUJl%Erh 5.2 9
4 AL 552 - X X X HE 42




552 TR, ZUEHEG BUNREILE CSEP TR b i1 AT % e e 50 203

g&1
BAEG B TR 3 X T =K SR MR P i)/ 25 [/ 54 A
1 A 12 Hirsmeikt 5.1 %
5 PN 6.5+ 10 A 27 H BTG50 % VV x I 52 2 i =5
6 HREC 6= — X X X HE AR
00% IR R 6.5+ — ‘% x it
8 AR 5 — X X X HE AR
9 Kilih Bt 6.5+ — X X X M
1 HH 6.0+ — X X X HE 42
2 JIEL 6.0+ — X X X HE 4
3 NIZ R 6.0 + 2 3 HIWIE LS. 1 4% VYV x T R A e
4 FHFILH 5.2% — X X X REAR
5 NIt 38 57 5.2+ — X X X HE AR
1 H 16 HBSHAESE 5. 6 2
6 PN E, 6.5+ 3 A 23 HEEFENR S, 0 % VYV x I 5 2 i o5
1 7 18 HBsmAmIm 5. 4 2%
1 7 19 HAERMIT 6. 4 2%
1 H 19 HESETEE 5.2 9%
7 PN 6.5+ 2 F 21 G . 1 % VVV T IE T
2020 4 57 6 HHHSH 5.0 2
5719 HBSRATEE 5.2 2
8 FERE 6.2+ 6 /126 HBsiTH 6.4 2 VVV T iE
9 H IS AR 6.5+ 1725 HPGB T % 5.1 9 VYV x U R AR v
10 T IS P A 6.5+ — X X x R
11 P S b X 5.5 — X X X REAR
2 115 HREIEES. 4 9%
5 H 3 HERIENS. 4 %
6 H 14 HHE 215, 5 9%
12 E A 7.2+ 7 H 26 AR S, 5 Y VV x I 5 2 i o5
9 H 30 HHE 25 0 4
12 10 HE2HE 5.8 2%
9 [ 4 BB ILS. 12
1 R L7 B 6~7 9 H s H RIS, 0 % VV x U R A v
2 FPNIILES 6+ 3 H 24 HHSEFENLS. 4 4 VV x T 72 2 A 1=
3 WEE 6~7 — X X X REAR
4 PR 6~7 — X X X HE 4
5 TR 6~7 3 H 19 AVEE 6. 1 %% VVV T IE
025 AL o 2 2 6+ — . x x it
7 HHNzER 6= — X X X HE AR
8 JINEL 38 5 6= — X X X HE AR
9 N AE AR TR 6+ 9 116 HIWJI¥ 6.0 % VVV T IE
6 7110 H =R 5. 1 2%
10 piENEe) 6= VVV T AE )

12 A 24 HEH$6.0 %%




204 o= % 48 %
%1
BER e T 3 X T TR MR P i)/ 25 1] /3 PR

1 A9 HE22MES. 1 2%
1 H 17 HEREGHES. 1 %
287 HE2MHS. 2 %
2 79 HE WS 3 %
3 A2 HERZRIIELS. 3 2%
4 18 HAEFES. 6
4118 HAE#E 6.1 %
6 H 11 HAEE 5.3 94
2021 4F 11 o £ 0 AR U 7% 7 A7 AR 5. 3 VYV x T 5 A e
7 H 8 HAEMEMIES. 1 2%
7 H 14 HAEEREL 5. 2 4%
8 5 HE 5.8 %
8 6 HE = 5.4 2
8 H 6 HIEIES. 1
9 H 6 HAEMEMIE 5. 2 2¢
10 H24 HE>2 6.3 %
12 A 30 HALEREL 5. 1 4%

7H2 BEsEAZILS. 1K
7 H 3 HHEM &4 5.2 %

1 MRILPEEL 6.6 10 H 16 H B84 5.1 % VYV x T 72 AR 1=
10 A 23 H#E &1L 5.1 %%
2 Kl B 6.4 — X X X MR
3 /NELE Z Y 6.6 11 H 19 H ML 5.0 % VV x U R A v
4 JIEAZ FAR 6. 1 4 76 HIUNS5. 14 VYV x TN 5% A 25
5 HHENLR 6.7 6710 BPUIHIREES. 8 G, 6.0 /M5 2%  VV IO 5 2 i 25
6 T HC AR 6.1 8 H 14 HEBRZLS5. 9% VVV T 1 8
7 AR L PG B 5.9 10 H 19 HEBERS. 5 % VVV T 1 8
8 H ISR HS 6.5 — X X X [
9 Vo 9k R 6.0 — X X X MR
I H2HEM TS S %
2022 e 6.5 9 'S5 HIUJIZE 6.8 VAV HO
10 A 22 HPE)IY55%E 5.0 %
11 TR 6.3 — X X X MR
1 3 HEEEEGE 6.4 9
287 HE2MHS. 1%
2 H 12 HAEETERS. 4 94
3H9 HERMBEES. 12
3 123 HERMEE 6.6 %
12 WEAEEAWEE 6.9 VVV T 1 1

3 723 HAEH#S. 7%
3 H 23 HALERELS. 2 4%
3 123 HEREHS. 74
3 H24 HERIEELS. 2 %
5 19 HAEMEME 6.2 2




%2 T R, ZHRAEAATAITE CSEP TR A 4N FH T S e AR 56 205
g%kl
maEG 7 T 4t X T 72 4 Sk HE A 1)/ 45 )/ 588 TR
6 H 20 HAEFES. 9 91
9H 17T HBERG6.5 %, 5.3 %
918 HERS. TH, 5.0%
9 H 18 HAE# 6.9 9L, 5.4 %%
2022 4F 12 hEEE AR 6.9 o F 19 HIE%S.7 % VVV T IE B
10 A 11 HALE 5. 6 4%
12 J1 8 HAEZHFI 5.1 %%
12 H 15 HAETEHEL 5. 9 %
11 7 8 HHEEBTIE 5. 4 2%
: R 6= 12 J1 19 HrsbiE 5.5 2 W B L5k
2 Kl B 6~7 — X X X R
3 T eV A 6+ — X X X MR
4 B VG B 5~6 — X X X MR
5 AT 6~7 — X X X R
6 AR AR B 6+ 12 718 HHMBAL 6.2 % VVV T 1 1
3% ROIES! 6+ _ ‘< x x i
8 TEPE L X 6+ 52 HumMEHS. 2 % VYV x TN 5% A 55
N AR AR 6+ — X X X R
10 TEL P L IX 6+ — X X X R
7H 9 HERARIEELS. 4 2%
11 HRE G LTS 6~7 10 H 11 HAEES. 4 9% VV x OO % A v
10 H 24 HALEEL 5. 9 4
. a7 FRBHELETIFSN0.5%; V7 FRIEW; “ x7 FORALEH; “HMR BB N AR REE S FUL S .

2018—2023 4 MMEP 4FFEfER: X R {H 115K 55
ZERNE 2 Frs, M 2020 4EFFLG, FRIE MR TR
Xof v ] 5 Y B ST VSl DX A 4 b R A BT
[l 2a AN F R E 5T L X B MMEP 4 B fa i X R
EPFAEER, R EIE KAL) R 0.38, T

1.00
@ TETFEEEX KR Hl 1
—4o— JIfERE
----- 64FIMH
075
o
~ 0.50
025
0.00 1 1 | 1 | |
2018 2019 2020 2021 2022 2023
Fh

M REM 2 SRR, BB A K, 2018 4FH) R
{Efe R, 29290.65, [&12b s 1 E G I HIX Y
MMEP 4EEEH X R EPFE 00, T E A&
BRAT VARSI AR T Sh B A2, R AP K B0 2 R
{EILF] 0. 49,

1.00
(b) e [ & 9 1 X 45 5 Hl B
—A— AERE

o5 F o
Eu]
~ 0.50

025 +

om | | 1 | 1 1

2018 2019 2020 2021 2022 2023
Ef

B2 2018—2023 5 MMEP 4 E 3 X R 1A% %

Fig. 2

The R — value scores of annual potential earthquake zones predicted by MMEP from 2018 to 2023



206 woE R 48 %
AR, 2020), XEHKT 6.0 HHE KR, =
5 HE WX A FAFAEW B AR 1 BRUL AR VOB 6.3

MMEP J5 ¥ 2 T Yu %% (2006) . Bowman Fl1
King (2001) 5958 MR, ¥ PL, LURR, SV
A AMR 33X 4 FfAS [ B fa) 790300 )R8 149 7 32 2645 AL
W25, TPE 4R o A vp 5 o B AL i S MR AR
FEARBE W A v, b AR T AR 3 X A5 A A b 7%
o 7S ) RUBE b E A7 el i, A X AS [ i X b 52 43
K B Bl ik g 25 i S50 78 i 1a) RS $i
JriE, ME RGN SR, R TAES Sk
BT PSR | X6 e A TR S

R 1 Al 0L, 2018 4F v B R Rl 3 & 4 5 4%
DL EHRE 16 W, Hoidr 12 R & A MMEP J5i%
25 H R A B A s DX BB BT X 88, I A 10 SRR
Kb, 7 MNEET BENREMS, REWTN
0. 65 - X Hb 1 A i VG 450 110 T 000 225 SR 240 1 AR5
—— R MRAASR 5. T bR ASAE T DX P, AR 2
AT X N B A A A B bR MR, X AT 5 AR
DX B bR 6 Bl 7K 7 DA K b 78 & AR R A O (R
4, 2020) , EPXREHBIX, W] 25 A aE RO )
BT 25 2, w0 Sk, (EARE R, 2018
42 H 12 HdbK G 4.3 PR K AEAE BT
VEEES. 07 TP, T PEERHLIX Y 10 A 16 H
PRGN S. 4 2R 9 H 12 HBEVE Tk 5. 3 =R
TEfER XN, M . A SRR R LB, X
Wi Bt 1Y LURR {H 5 % JF 16 T 2018 4F T 2 4R,
2018 AFAEHIAS A5 A FE U (09 258, IR, 77 0R
5.3 YRR LURR (B 5% £ ¥ & £ 7E 2018 4F
5—7 A, WAEAAREEE T e 450,

2019 4F JE R KR 2L & A4 5 gL MR 20
W, 10 YR MR & AR AE TU A FE B IR E, R
HIF5r 0.38, TTIZAF FE B 1 3 1Y) i o8 =/ ——
DU T 6.0 2 7% it & A= 7 1000 28 WL 45 1Y)
OINESE AT 6 7 WX N, #E—H 08 &,
KT6.0 BHFELI KL LR 5 HLL =AU g
5.4 FIFEH L AL T X N, M LURR J5ikid
WA 5 AL, DA 2018 4E9) T 4R, LURR {E R
NI AE 2018 AFAE A BIWE(E, LURR {6 5%
R ERK T 6.0 bR, IFAEEEZWRE (5

PR X P, X 0] e M AR R AR R
BOARE, MR HSRAEEA —ERFR, BIEE
B, R Kl G X ) O 5 R T AR X

2020 47 E R Bl K 5 T b DX T i S A
A5 UL FHER 28 Yk, Horb 17 ROEAETE MMEP J7
TRAERE W X B, R EPEA R 0. 51, 2020 4 1
A 19 HFsAmn 6.4 26 H 26 H##mTH 6.4
e HRE o ) & AR AR ] MMEP 735745 A “ B K 1l
TEEL6.5+” 1 “PHEC 6.2+ GRIXN, TE
A5 (2020) . ATREAE (2020) FIXIH 4 (2023)
WFFE KB, T HH R B 30T M DX A7 7 B G A PTG
SR, SRS C | JEFIK; LURR H#45 R
N, 2018 4FF H M X A7 7F 5%, (HIf A 83,
2018 4F 12 H —2019 4F 11 A HH W 3w, bEJS
FFERUE 55, 2020 456 H 26 H FH A4 6.4 Fsz,
IERARYE LURR fH I 22 S AR IR 45 & PL S+
A3AR, HBRE TAEFAE 2020 45 B Hb 72 #3555 I v i
FE T HR . U SRR fE R X, 7 H 23 H
PR30 6. 6 bR I ANTE b i e S o 45 )
FERE XN, e IR & e R 3 S H R
BT B LURR {58, %55 W] A 51 b DX A 1
WA, A B4R BT 244

2021 AR E R Bl A 15 7 b DX B v R R A 5
G Lh EHRE 37 Wk, Hidb 24 KB HEAE MMEP J5 L4
T X R BiF 3, RAEVFES3 R 0.52, 5 22 HF
I 2 7. 4 PR A B R R MR, AT i
B RE HEHF) 6+ Al “HisS A
HREB6 ~77 2 AT X ], HiE, WU PEE
MK R 3 AR MMEP J7 45 H 75 5
KIEMIAFFE R 6.5 R UL iR Ry X, I H7E
2021 4F I P ESE AR IR B R HOKF H R 2
AER “6.5+7 JHEN “6~7", mHHEEL 6.4 %K
MR RAEAE IS A 6 £ T X R Hh X
PR BTN X K2 60 km, A4 H T LURR {H 5%
SRR AR AL, ST N D1 45 /N T 2 Ml DX
X, R AR LURR 5% n 75254k, 2021
A R T X DA 2 R 3 A R A0S 1L R T )
TGS X 30 % 3] 2 S b X, R o BE TN 3 7 T



552 TR, ZUEHEG BUNREILE CSEP TR b i1 AT % e e 50 207

TEEES. 8 HAMH NPT 7 2E 5.5 b=, LURR (HR
H & AT TR BTN ROE R R LR, 8%
BN O AT R AT R G I SE

2022 AEJE A E ALK 5 HLL R 53 Kk, M
H1 35 YRR AEAE MMEP 48 B0 X N & 3h %k, R {H
PE5rR0.53, 9 H 5 HIUJIYE 6.8 B4 T
“ONERASHE M6. 57 T DX A, 3 2 350 X 2
80 km, 55 NGAAER . A Sy b A B,
SO M ERHIX A 2021 4 12 A 1 H 2 5 st A7 78
LURR {H5#% , S U E K ) W 224 3 % 52 b 76 1]
fi, 2022 4F 7 A mREXY R, SHasEE
MBI, H— BRI E 6.8 YR, ¥
WEE, BRI HLIX A LURR {5 T 4R 0 55 32
MK (TR, 2022), BbAh, AR ARE L A
MG S AEH TG BR, AR MR A A AR BRIV By
FEAE PLSEH, (HAFBE WU B LURR {8 5% % P 7E
VOB, BRI AN B A XS ITR 6.9 S, EA G
6. 0 1 A AF B S0 A 45 1

2023 4EEE A EI LA 16 5 HLL EHEE, H
W7 R R A TN A DL 2 A T X N B %%, R
HIFSM 0.33, AR BE o [E KR IX 5 9 DL |
TSI AR 55, Bl 2R 0 R B 3T Vi R 7 3 B
A PTREGE, XARE N T ACAE B IO e (E A
HEME, A6, 1 RAESE S. 1 SUbZN T
RTINS HE R B 6 ~77 fak X g
FAHBZY 50 km &b, FEMRAEEEFINES, 2R IX LURR
S EARE, (AR A4 LURR 5% I H
At EE Y R AR AR AL, A R 53 BT R B
RRT— A0 LURR BTSSR B, Fimib Ak 6.1
PFNRAE 5. 1 MR KR AAE LURR A 55 X3k 1341
S, BXONAJE A e T ) RO T b AR ) &
S b PR T Y L

6 ZHiE

AT CSEP H [R5 H 0 BT & 58 5
Pl LURR, SV SEfili#id, SR CSEP i [E 45 5
UL R EVE B, X3 F FR Ok i MMEP
FEHY 2018—2023 4 J3F 4 [ T 22 WL i RLRE EA T T
PEAS, MREILIF 458

(1) 2018—2023 4 £ MMEP #5% 71 Fi il 45 5 1)

RAETEAF Y ] 0.3 ~ 0.4, 4F 3 T3 24 B I 5 4%
/N, Hir2020—2022 AEELE 3 A R{HMEL 0.5,

(2) F At G S 4 X ) 0 48 R AR T AR
TR M DX, AE AR A ROEE B X 2019 4F P01 T 6.0
Y% . 2020 EHTFEANIE 6. 4 9% LA K 2020 4EFH 6.4
P FRHEAT T O, AE e s fR] RUEE X 2022 4R
Pajil e g 6.8 2% MR HEAT T WU, T 45 Y
“EPL 2, T SERFKRIER . 2018 ALK
4.3 MR R AT CENEEVIE 507 HU X P,
R0 72 AR =

(3) EFXFASTR] b X, ] 3k 48 A 3 A% 190 0 Ast
(B RUBE AN 23 [ R S 80, X T 4% e i) o {1 31
WEEWMIE, A4 a0 1k 2 B b 7 X 1
SERUATRBE LGS, N o835 45 7 Ik I 2 T
eS8

(4) MMEP # AR () PI, LURR 1 SV 3 FJ7
BTN AS BB e T 7E CSEP H RGP0 T & 58
B, THRIRCK 51 A G2 B MMEP F5 00 A5 5045 e |
SEIRT B AR A B R AR D RE

KB AR A T CSEP + B ¥ & R G 3F 5 4L
e, ek kT S B

SE K

Wiz 2 . 2009. HURZT ., (w55 R ()], h E R kB, 39
(12):1633 —1658.

Chen Y T. 2009. Earthquake prediction ; retrospect and prospect[ J ]. Sci-
entia Sinica Terrae,39(12) :1633 - 1658. (in Chinese)

XU, EEA:, 3R AN, 45 . 2023, T FH bR 5 R i SE A0 SO L S
Les RS R [T]. HuskP B4R 66 (2) :616 —625.

Liu Y, Tian Q J,Zhang Y X, et al. 2023. Load — Unload Response Ratio
anomalies before the Yutian strong earthquakes and its earthquake
recurrence interval estimation[ J]. Chinese Journal of Geophysics,66
(2):616 —625. (in Chinese)

B 4A% 2015, FERME TR R AW ()], ARAC R AL 33
(4) :66 -68.

Luo L G.2015. Talk on the R value method for earthquake prediction
[J]. North China Earthquake Sciences, 33 (4):66 — 68. (in
Chinese)

% TR, IR/ 452020, 2019 4E 6 H 17 HAKT Mg6. 0 H3E T
MBI S ANK AL B0 ) 2% 7 LG S AT ()], P R R, 36
(3) :550 - 560.

Ma Z,Yu C,Zhang X T,et al. 2020. Evolutions of LURR anomaly based

on seismicity and ground water level data before the June 17,2019



208 o=

F 5%

48 3%

M6. 0 Changning earthquake[ J]. Earthquake Research in China,
36(3) :550 —560. (in Chinese)

AR, XS SR IE R . 2000, X 38 = 90 4F £ 4F FE 1 7% T4 A Al
(1], BB ITE B4, 17 (1) 163 - 69.

Shi Y L, Liu J,Zhang G M. 2000. The evaluation of Chinese annual earth-
quake prediction in the 90s[ J]. Journal of Graduate School , Acade-
mia Sinica,17(1) :63 —69. (in Chinese)

VPRE 1989, MR TR 7S AL 9T SCAR iR B [ M. b
a0 HRR N AL

Xu S X. 1989. Collection of practical research on earthquake prediction
method ; Seismology album [ M ]. Beijing: Seismological Press.
(iin Chinese)

FEHG , ZEHEAR NN . 2020, AL X SR AZTE SRS OSE [ T]. HuRE
40(2):1-17.

Xue Y, Jiang X H,Liu G P. 2020. Active state and trend on strong earth-
quake in North China[J]. Earthquake ,40(2) ;1 —17. (in Chinese)

FHRERT ASVRE TR, 25 . 2004, 25 5% B ——3 Wz i 2 i —
FRORLT]. HE MR ,20(1) 273 - 79.

Yin X C,Yu H Z,Zhang Y X, et al. 2004. State Vector-to analysis seis-
micity [ J ]. Earthquake Research in China, 20 (1):73 - 79.
(iin Chinese)

TR, T B4 — 4% . 2020. 2020 4F 6 26 H T H M6. 4 H7Z
T Benioff 17 78 014 B 37 o S0 280 17 LU S S (D). Th T RE
36(3) ;417 - 426.

Yu C,Wang S Y, Yuan Z Y et al. 2020. LURR to Benioff strain and geoe-
lectric field before Yutian M¢6. 4 earthquake of June 26,2020 J].
Earthquake Research in China,36(3) :417 —426. (in Chinese)

TR . 2022, FETFhNEIZN R H (LURR) 75 25 818 2022 4£9 A 5 H
VIRE Mg6. 8 HUTETM G 72 [ )], b 7% WL 5 BF 9T, 43 (6) -
125 -130.

Yu C. 2022. A review of prediction process based on LURR before the Lu-
ding M6. 8 earthquake on September 5,2022[ J]. Seismological and
Geomagnetic Observation and Research, 43 ( 6): 125 — 130.
(in Chinese)

AW, TR, TR/NE L 2020. 2020 4E 6 A 26 H T H Mg6. 4 HFZRTK
ZHMESEOS T [T]. R, 34(3) 1207 - 214

Yu H Z,Yu C,Zhang X T. 2020. Study on multiple seismic parameter a-
nomalies before Yutian Ms6. 4 earthquake on June 26th,2020[ J].
Inland Earthquake,34(3) ;207 —214. (in Chinese)

TRE R, XA, AIRER . 2002 4FEEHLRR Bl BE 0 M0 2= RHPM [ J]. 3
=R ,24(5) 1525 -532.

Zhang G M, Liu J,Shi Y L. 2002. A scientific evaluation of annual earth-
quake prediction ability[ J]. Acta Seismologica Sinica,24 (5) ;525
~532. (iin Chinese)

KR kI 2021, by AT I P [ RS AR ST 1.0 BBt

TAER S RRAL)]. HORE 41 (4) ;203 -217.

Zhang S F,Zhang Y X. 2021. Collaboratory for the study of earthquake
predictability-working philosophy and achievements of CSEP 1.0
[J]. Earthquake ,41(4) :203 -217. (in Chinese)

Bowman D D,King G C P. 2001. Accelerating seismicity and stress accu-
mulation before large earthquakes[ J]. Geophys Res Lett,28 (21) :
4039 —4042.

Cao T, Aki K. 1984. Seismicity simulation with a mass — spring Model and
a displacement hardening — softening friction law [ J ]. Pure Appl
Geophys,122(1) 10 - 24.

Gelfand T M, Guberman S A, Keilis — Borok V I, et al. 1976. Pattern rec-
ognition applied to earthquake epicenters in California [ J ]. Phys
Earth and Planet Inter,11(3) :227 —283.

Rundle J B, Lein W, Tiampo K, et al. 2000. Liner pattern dynamics in
nonlinear threshold system[ J]. Phys Rev E,61(3) ;2418 —2431.

Rundle J B, Turcotte D L, Shcherbakov R, et al. 2003. Statistical physics
approach to understanding the multiscale dynamics of earthquake
fault system[ J]. Rev Geophys,41(4) :1019 —1049.

Sammis C G,Smith S W. 1999. Seismic cycles and the evolution of stress
correlation in cellular automation models of finite fault networks[ J].
Pure Appl Geophys,155(2) :307 -334.

Shebalin P, Narteau C, Holschneider M. 2012. From alarm-based to rate-
based earthquake forecast models[ J]. Bull Seism Soc Am,102(1) :
64 -72.

Tiampo K F,Rundle J B,McGinnis S A, et al. 2002. Pattern dynamics and
forecast methods in seismically active regions[J]. Pure Appl Geo-
phys, 159 (10) :2429 -2467.

Yin X C,Chen X Z,Song Z P,et al. 1995. A new approach to earthquake
prediction: The Load/Unload Response Ratio ( LURR) theory [ J].
Pure Appl Geophys,145(3).701 -715.

Yin X C,Mora P,Peng K Y, et al. 2002. Load — Unload Response Ratio
and Accelerating Moment/Energy Release critical region scaling and
earthquake prediction [ J ]. Pure Appl Geophys, 159 (10) ;2511
-2523.

Yin X C,Yu H Z,Kukshenko Vet al. 2004. Load - Unload Response Ra-
tio( LURR) , Accelerating Energy Release( AER ) and State Vector e-
volution as precursors to failure of rock specimens[J]. Pure Appl
Geophys, 161 :2405 - 2436.

Yu H Z,Shen Z K,Zhu Q Y et al. 2006. Increasing critical sensitivity of
the Load/Unload Response Ratio before large earthquake with iden-
tified stress accumulation pattern[ J ]. Tectonophysics,428 (1 —4) :
87 -94.

Zechar J, Jordan T.2010. The area skill score statistic for evaluating
earthquake predictability experiments[ J]. Pure Appl Geophys, 167
(8-9):893 -906.



552 TR, ZUEHEG BUNREILE CSEP TR b i1 AT % e e 50 209

Application of Multi-Method Earthquake Prediction
in CSEP and Testing of Prediction Efficiency

YU Chen', HAN Ying', ZHANG Yongxian’, ZHANG Xiaotao', YU Huaizhong'
(1. China Earthquake Networks Center, Beijing 100045, China)
(2. Institute of Earthquake Forecasting, China Earthquake Administration, Beijing 100036, China)

Abstract

In recent years, dependent on the national key research and development program, the Collaboratory for the
Study of Earthquake Predictability ( CSEP) initiated by the Southern California Earthquake Center has been trans-
planted to China. The CSEP — China center has been established, and prediction modules such as Pattern Informat-
ics (Pl), Load/Unload Response Ratio ( LURR), and State Vector (SV) have been developed. In order to
better evaluate the practicability of CSEP — China center, the annual prediction results of the Multi — Method Earth-
quake Prediction (MMEP) based on the above three prediction methods are summarized. Furthermore, the R —
value scoring module of CSEP — China center is used to evaluate the annual prediction results. The results show
that: (1) The R - value score of MMEP annual prediction results is in the range of 0.3 — 0.4, and the annual
prediction efficiency has little fluctuation; (2) The prediction results in the western region of Chinese mainland
are better than those in the eastern region. Among them, the annual prediction of the Changning 6. 0 earthquake in
Sichuan, the Jiashi 6. 4 earthquake and the Yutian 6. 4 earthquake in Xinjiang, and the medium — short term pre-
diction of the Luding 6. 8 earthquake in Sichuan are correct. (3) For different regions, how to give the appropri-
ate scale of time prediction results needs to be improved.

Keywords: Multi-Method Earthquake Prediction (MMEP); CSEP; Load/Unload Response Ratio; R-value

test; prediction test



