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Abstract

After 921Chi-Chi earthquake, numerous magnetic anomaly signals were observed
in the northern and southern parts of the Chelungpu fault, and it is coincided with the
time of Chi-Chi earthquake occurred. It is generally believed that the magnetic minerals
contained in the formation will be dispersed in space, causing changes in the
geomagnetic field. This project includes not only checking the quality of the magnetic
observation network data, but also analyzing 3-components geomagnetic observations
associated with seismicity and changed in tectonic stress.
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Data quality of KM station from 1/1 to 10/31 in 2023
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Data quality of LY station from 1/1
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x10* Data quality of NC station from 1/1 to 10/31 in 2023
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o The Geomagnetic Anomaly in ZB station ref MT 0 The Geomagnetic Anomaly in CS station ref MT
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Abstract

Based on the concept of TIP (Time of Increased Probability) [2], much progress on
earthquake forecasting using geo-electromagnetic data have been made [1,3-5]. In these
studies, the forecasting algorithms GEMSTIP and MagTIP were developed separately for
geoelectric and geomagnetic observation systems. In our previous project [6], we
successfully integrated the algorithms of GEMSTIP and MagTIP, enabling the possibility
of simultaneously utilizing geoelectric and geomagnetic stations for TIP forecasting. This
integration also allows us to incorporate more statistical indicators beyond skewness and
kurtosis into the probability forecasting calculations. Given the powerful capabilities
demonstrated by informational analysis in studying complex non-stationary signals and
the underlying dynamics of the signal processes, this series of studies aims to explore the
potential of applying information analysis-related statistical indicators to TIP forecasting.
Since the TIP algorithms of the joint geoelectric and geomagnetic stations involve signals
with different properties, the role of filtering frequency bands needs further investigation.
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In this project, we examine the application of specific filtering frequency bands in three
scenarios: joint geomagnetic, joint geoelectric, and joint observations of both. The
performance of TIP forecasting is evaluated over 17 testing intervals spanning 8 years.
We also successfully developed the necessary tool for informational analysis, which
allows the calculation of Fisher information and Shannon entropy. In the future, by
applying information theory to TIP forecasting in the geo-electromagnetic field, we
anticipate a more comprehensive exploration of earthquake electromagnetic precursors
and further improvements in overall forecasting performance.

keyword: geomagnetic anomalies, earthquake precursor
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4 2 MagTIP i § i% s3] S8 £ g #eld § F

5k LRSS 3
3‘& Mc Rc Athr Nthr Pthr Tthr Tobs Tlead Tpred NPmod
WE 5 20- 1- 12 0.1- Py, 5-100 | 0-100 1 500
Fg 100 | 10 0.5  XTpps
= km days days | days | days B )

i3 RRAAEE- FA -

Ak ey  FERER FHFH GE=S

ULF_A 0.00100 - 0.0030 Hz 1000-333 s

ULF_B 0.00100 - 0.0100 Hz 1000-100 s

BP_35 0.00032 - 0.0178 Hz 3162-56 s 1073 < f <1077 Hz
BP_40 0.00010 - 0.0178 Hz 10000-56s | 107*0 < f <107'7® Hz

4 17T BRFEF - 3EFF T AN BE2ZECEE T D7 P R Rl

B o

Number of EQK (min, max) for trial

ID Forecasting Phase mix GE GM

1 20150402-20150928 1,2 1,2 (0, 0)

2 20151002-20160329 (7,11) (5,7 (7, 10)
3 20160402-20160928 (8, 8) (8, 8) (8, 8)

4 20161002-20170330 (1,5) (1, 3) (0, 4)

5 20170402-20170928 1,4 1, 3) (1, 4)

6  20171002-20180330 (23, 23) (23, 23) (23, 23)
7  20180402-20180928 1,2 1,2 (1,1)

8 20181002-20190330 6,7) 6,7) (3, 4)

9 20190402-20190928 (5,7 (5,7 (4,5)
10 20191002-20200329 (2,5) (2,5) (1,1)
11  20200402-20200928 1, 3) 1, 3) 1,1
12 20201002-20210330 (5, 11) (4, 6) 2,7
13 20210402-20210928 (19, 19) (6, 14) (16, 16)
14 20211002-20220330 (14, 16) (13, 15) (10, 12)
15 20220402-20220928 (21, 26) (19, 22) (19, 22)
16 20221002-20230330 (7, 8) (6, 8) (4,5)
17  20230402-20230619 1,1) 1,1 (0, 0)

491



L5 BAAFEEARER - Fho

REL it HER?
H1 ARFA2022 & 38 23 p ~ £FRITA O R B 11
6.7 %% 257 =2 o
H2 ARBA2022F 60 20p ~ KA R 60F B 12
B 682 o
H3 ARFAN2023E28 TP AE R FER 10D B 15
2 RS
H4 A RFEAN2023 #3210 ~FEFCFRT2 S B 16
2 R HS530
H5 ARBAIN2023F 50 4p g ERER 45 B 17
2 RS0
T1 A 2022 &30 22 p 4 KehiE o SRR 2595 @ B 18
2o RHS555 g B e
T2 A RFEAN222#9F I8P FRTE D B 19 1 @/ 21
P68 T B oo
T2a 2022 # 9 * 43322 F 2 i 2022F9? B 13-m® 14
T A B(THekr g o
T3 2022 & 11" 2 12 g4t Lg% #FR TR N0 Bl 22 2@ 23
o8 RHES523 S4B oo
T4 2022 & 12 P 24 pAF AR PR FRHI0 22 B 24
RHEH 5.0 B oo
O1 2022&37% 19p »>24 b pin LdE FR 151 | B 25
o2 5 HHSS5.1 mb;a
02 2022&F 6" 28p > & 4d 3028 FR 40222 ~ B 26
Bt PS50 e B oo
O3 2023 &2 % 18p > aHEAFHFFER 18222 » 3 B 27

5.0 e B oo

492



26" N

7

_oAKM

24" N
D
22°N
118" E 120°E 122°E

Bl 1P f a% s e gl TR 80 o BB UEES B o H T
PR S RSIENERE S SRS SR W A

493



Data Completeness percentage of valid data per day %
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Validation data partition
training window length: 3 years; testing window length ~ 173 days
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The last project analyzed the ionospheric anomalies before 698 earthquakes with a
magnitude greater than and equal to 5 between 1994 and 2021 and found that there are
different ionospheric anomalies for different earthquake magnitudes and source depths.
However, regardless of whether the results show positive or negative ionospheric
anomalies, the proportion of ionospheric anomalies before earthquakes is around 20%-
25%, which means that more than 70% earthquakes, especially small earthquakes, do not
have ionospheric anomalies before occurrence. In order to better understand the
relationship between ionospheric anomalies and earthquakes, and to improve the
reliability of using ionospheric precursors, this project will analyze and discuss
earthquakes with and without ionospheric anomalies in conjunction with meteorological
ground observation station parameters.

keyword: lonosphere » Total Electron Content (TEC) » Earthquake Early Warning
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TABLE 3. Stress Regime Characterization (and Method of Determining S gy, AZzimuth) Based
on Plunge (pl) of P, B, and T Axes or §,, 8;, and §, Axes

Plunge of Axes

Pis, BIS, TIS, Regime S Hmay AZimuth®
pl = 52° pl = 35° NF azimuth of £ axis
i = pl < 52° pl = 20° NS azimuth of T axis + 90°
pl = 40° pl = 45° pl =207 S8 azimuth of T axis + 90°
pl = 20¢ pl = 45° pl < 40° 55 azimuth of P axis
pl = 20F 40° = pl < 5T TS azimuth of P axis
pl = 35° pl = 52° TF azimuth of P axis

1994-2022, Taiwan zone, M>5.0 earthquake, total 613 cases
SS

NF: 12.7% (78)
NS: 2.9% (18)
SS: 13.5% (83)
TS: 5.2% (32)
TF: 45.4% (278)
U: 20.2% (124)
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2010/11/21, M6.1, (23.85°N, 121.69°E), depth:46.9km, fault type:strike-reverse

Station: 466990 16.0 km from the epicenter
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Fault type:NF, total 77 cases

M>=5, 77 cases
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Fault type:NS, total 18 cases

M>=5, 18 cases
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Fault type:SS, total 82 cases

M>=5, 82 cases
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Fault type:TF, total 272 cases

M>=5, 272 cases
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Fault type: TS, total 32 cases

M>=5, 32 cases
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Fault type:U, total 118 cases

M>=5, 118 cases
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Rain ththreshold: 1 mm, 599 M>=5
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