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Abstract: The Pattern Informatics (PI) method is a approach for earthquake forecasting based
on statistical physics, and has been widely applied both at home and abroad due to its good per-
formance in medium to long term earthquake forecasting. The algorithm of PI method includes
the process of normalization of all grid parameters in the selected region, so the distribution of
PI hotspots might be different with the different selected studied regions theoretically.
However, the predictability of PI due to the selection of studied regions has not been systemat-
ically studied so far. We performed the retrospective forecasting for seven earthquakes above
Mg6.0 in the North-South Seismic Zone since 2016 under different size regions. The earth-
quake catalogue since 1970 is taken from the China Earthquake Networks Center. Both the
anomaly learning period and forecast interval are fixed as five years and the moving step is taken
as one year in this study. The forecasting efficiency of PI is tested by R score and ROC (receiv-
er operating characteristic) test. The results showed that different region selection might lead to
different forecasting results with the same calculation parameters. The R score and ROC tests
results for the selected regions with lower seismicity-difference are better than those with higher
seismicity-difference. In the selected regions with higher seismicity-difference, target earth-
quakes in the areas with higher seismicity tend to be predicted more easily than those in the
areas with lower seismicity, which is supposed to be caused by the fact that PI hotspots are
more obvious in the areas with higher seismicity and they will suppress the anomalous signal
detected by PI algorithm in the areas with lower seismicity, resulting in the missing prediction
for the target earthquakes in the areas with lower seismicity. For a specific target earthquake,
the imagine of PI hotspot around the epicenter will evolve, so the combination of multiple fore-
casting windows should be considered when the forward events are predicted using PI method.
Different from the hotspots evolution trend of other natural tectonic earthquakes, the hotspots of
2019 Mg6.0 Changning and 2021 Mg6.0 Luxian earthquakes in Sichuan appeared and disap-
peared repeatedly near their epicenters, which may be related to human activities. There are
continuous PI hotspots at the boundary of southwestern Yunnan, middle and eastern section of
Haiyuan fault, the middle Xiaojiang fault, the southern Longmenshan fault and the north-
eastern Xiaojiang fault, suggesting that there will be seismic potentials with Mg6.0 or above in
these regions.

Key words: pattern informatics (PI) ; North-South Seismic Zone; earthquake predictability;
strong earthquake forecasting; R score; ROC test
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A, 2012; sk, 2015), [HERAL S TR SCUTEE (IR 5% X8, T 1 b 0 00 A i TP S o B 0
(2015) 42 %) 14 g b M2 A7 (21°N—41.5°N, 97.5°E—107.5°E) i, @GR E NS & . )i, &
K. =f . stM . TR HN . BRI EZ A AT, R LR AR, R AL o o R B
(28°N DAEG) | JLBE(34°N LAdb) L K B (28°N—34°N) = Bt (#7240 %, 2012) . BadbHbiZais I
o F GO E] M=7.0 HIE 67 K, AUHG T IR Mg=8.0 HiE, HohdbBr4w, hB2 Ik, M
1R, XSRS IR E M2 . RAERBE S T E RMHL . N 1970 4 LR EROEE, X
WA KA Mg6.0—6.9 HIRZ 73 K, Mg7.0—7.9 HiZ 18 K, Mg=8.0 H17= 1 X (2008 43 1|
M8.0 HiiZ ), RIS —4FE K AEIE 2k Mg=6.0 #1732, 34E KA 1 IR Mg=7.0 #i7Z, 50 4F 1 Ik
Mg=8.0 HiE .

R T AAS PR DX B [ % BRZA J2 mT I (s, AR G T 6 AR [E A AIF Y IX
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Table 1 Regions designed in this study

———— pop—— X 1V B, H A AR KR S BT AR
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AETG 1 H RS A ML X 5 AR FE XS b il AR R AL S BT L AR L SRR . BRI
TR VT ERE S S Y, XTI IX 1A 3 2 R T SRR 22 1T e R AR R H B
BT LK, B TUE VG b, PR T TR AR L eIk OR | LM L L 1] M R 1 X
B WFFEIC 6 AHXTF IR IX 5 JeBR 1INE | 4B Rg | E P | R PR DL R T A S 0 XA
BEKRE, FRXEER152, 354, s560 =4, HPhHiRiX2, 4, 651, 3,
S FEAR VY ) b HA R (R0 28 BV L, R b ) AN [ R B b B T R R A M XL KRR
T T L DX 3 A2 £ % F5T D0 2% B 19 5% 1)
2.2 ATFEEPIFTMAMRIEH BirtE
HI A A PT 5 36 % B b 3t 52 47 K J i X3 gk 47 500 7% [ 9 A ARG 6 000 F 9% o Bk, 2
HR, 2008; K MEEE, 2009; Zhao et al, 2010; Zhang et al, 2013, 2017; 5K/NFESE, 20145 5k
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BRIE, 2015) , & X 2008 4F 1)1 Mg8.0. 2013 4F P71l Mg7.0. 2014 46 fa) Mg6.5 55 2 I HiL % &R
AR T 4 4 1 TR ) 2 G 560 9000 26 2R . 2016 45 D)oK T b 7R HE b R A R, R L ik R 2016 45
1 H 31 HZE20224F 1 H 31 H R8I Mg=6.0 Hb 72 VE A [0 35 24 46 36 BF 5 1 7 491

ARCHFFE X I, 2016 4F 1 A 31 HE 20224F 1 A 31 HIL A 4E 7R Mg=6.0 #i7E, H
2019 4 DU 1 K 7° Mg6. 0 Hb 75 A1 2021 45 U I 5 B Mg6. 0 HuRE (1) & R v B 5 Tk - R A
K(HHEEFESE, 2019, 2021), ATCIE R RRME MR, B 2KEFH KR . EKIEERESEAN
TR M AR, bR Y AR VA AR 2 IR T R — b e T B 2 A T R A i R T B R A 0 A
2020) . R, A 30K LR TG 10 A FAR MR F 3k PE PR 9 b aok 7 L5 K 96 35
BH N TG sh S| i 7% PTG fh ol 2 2 & fE 76 22 5. I 6 A b 7% 199 25 ) 43 A L
K1, HARME B IR 2.

# 2 ARICHIFERYE B
Table 2 Earthquake cases in this study
S ] (AL s ]

5 P Erh Juehre K&/ Mg
1 2017-08-08 D1 JLgE 33.20 103.82 7.0
2 2019-06-17 T 28.34 104.90 6.0
3 2021-05-21 BRI 25.67 99.87 6.4
4 2021-05-22 ERL 34.59 98.34 7.4
5 2021-09-16 LYIIP/aR=0 29.20 105.34 6.0
6 2021-12-24 Eid 22.33 101.69 6.0
7 2022-01-08 HIETIR 37.77 101.26 6.9

2.3 PIItESHIIEE

M1 PL 5 6 R BRI, A s 47 57 B AT ik B M. BARR L My M2 AR IR B
RA% RUBE Ax, 8 320K A AR = AN B BE (1,1, 01y, t—1) S S RN BOE .

PP HUE R R Me BRE, BT B R H SRR S M. AR SO R E Sk R E B E A
R RAE . 7E19704E 1 H 1 H % 20224F 1 A
31 H BAME, BF5T X Bk 32 5 3 Mg3.0—3.9 Hb
=5 763, Mg4.0—4.9 7 1153 %,
M¢5.0—5.9 HifE 357 IR, Mg6.0—6.9 Hi &
145 K, Mg7.0—7.9 H17E 26 I, M¢8.0—8.9 -l S a=6389 5=0.695
M= 3 . IR H k2 G-R CRE, W =
F 2. ZEERZXEE&EREHR A M2.0. s
Holliday % (2005) 58 2 W1, PI J7 i i 91 0 e
AR Y My =M+ 2.0, A SO 9 4% 1k 10t )
R M FHFRZE S My 5050k 4.0 F16.0. 4R
WAL, #E 8RR ES R 0 0 30 40 50 60 70 80 90
1g( APIAP, ) =—0.6 (Zhang et al, 2013).. M

Xt F P A KN £ B, Zhang 45 (2017) Xt B2 R IX MR E S SE T
T R R o M X BF ST S E T e pR] Fig. 2 Analysis of the seismic catalogue
g 8— 10 4EF, RIKE b 10X 19 & 5 07 4E, F completeness in study area
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IR [ 7 58 7— 10 4 I A% Oy 20 X 20880 2R B AL L /N 77 25 (2014) X 1TEL 3 DX 9 4F 500 I 1] 7 £14
[l 399 P 5T e W1, 20 X 20 HL A B4 A TN A BE . BRS04 (2015) X8 8 MK T 11 Mg7.3 7%
HEAT 19 PRI 5T A B, 10X 1O 12 M IXC % T R RE B A .l T AS AR 5T B e R Y0 0 IX A
N, RS R g3 S 20X 200 AR K fi A, o 0P AERESE MR — R, I, AR SOR AT 1°X1°8)
WA ) g, I AR G i AT 5 a0 OAS [ DX 8 P8 {6 D ik ml B0 P A S e L PR ikl
5—10 AF By R R B, FH X Mg=7. 031 52, B K A I 1) 7 23 RS B A 1) B A%CR (Zhang er
al, 2017) , AR SCHFFE X BE E ZJE Mg=6. 0Mu5= , PR BRI 5 4RI ) 17 | 1 AF 1 gl 20 K R AT (] 3]
PR . =i BEARE PR RS T35 3.

# 3 AR A e

Table 3 Time windows designed in this study

T t t t f
1 1970 2011-01-31 2016—01-31 2021-01-31
2 1970 2012-01-31 2017-01-31 2022-01-31
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Fig. 3 Pl seismic hotspots maps in the period from 31 January 2017 to 31 January 2022 for six regions
Blue circles indicate earthquakes that occurred during the prediction period, and gray inverted triangles
represent earthquakes that occurred during the anomaly learning period
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Fig. 5 Evolution of PI seismic hotspots for different time windows in region 1

Blue circles indicate earthquakes that occurred during the prediction period, and gray inverted
triangles represent earthquakes that occurred during the anomaly learning period

(a) 2016—2020; (b) 2017—2021; (c¢) 2018—2022; (d) 2019—2023; (e) 2020—2024; (f) 2021—2025; (g) 2022—2026
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