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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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Field of CS station from 1/1 10 10125 in 2024
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G Field of HC station from 1/1 10 1025 in 204
3 .

s o -
.
- ! L
. 1 - ; - == - = = = A
=W LRI nen e " LLRLL N
':";__
: -

Esmp

I T 't =T T T T T ]
.“_!v-t - e Sy, - *VK-'\'\.V\,AVA N et el _ r‘- .’A' rf.r.‘
“pesyreay FEs s s s oy resTdrrvd l_“ Cre v TR T 1= iesy A T a

THN ragws

ST

o B g o B it S 1§ e S N2
; (IEETEREI I T T

"
R — R — " ——
e
o
e
2.
b
3. - . .- .
. s
= = " - - = - = ” =
(&
i: .
z
.
== - - - — - - =
———
e
3 % Lo —
H T - —
L .MQ
-
JRITESSY ! 11
-~ -s - - =T - -~ - n

Ble % (HC) Bt 42 THETRARES ~d A T ou Lk
HEFstrE A LrE LEAE  2EFBRE  2EFBRAFCLEL
A8 BAEIONT chB#ics & BIHAK A o



netic Field of HC station from 1/1 to 10/25 in 2024
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G Field of KM station from 1/1 10 10125 in 2024
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o G L Field of LN station from 1/1 to 10125 in 2024
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- Geomagnetic Field of LY station from 1/1 to 10125 in 2024
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. Geomagnetic Field of NC station from 1/1 to 10/28 in 2024
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- Geomagnetic Field of YH from 11 to 10425 in 2024
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Geomagnetic Fleid of ZB station from 1/1 to 10V25 in 2024
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The Geomagnatic Anomaly in LY staton 1 meference staton MT

Days From Earthoauke 20240101

Bt g B(LY)4p 54 (MT) b= A 82 2BEP S LEd B8
b oA Brhg- Ehp R ETRE ERTFRELFA

L= ~ &3 (YH)p 54 (MT) = A 2 2EFPREICLETERE 3
Bebgiri- Eep g BT CEY R R BRI

21



Bl o~ B4R - D B0 FA o 256 b (COAPH S Ae 2k (MT) ez o £ 2
PEHLERFED R B KB FE R @ RR A

The Geomagnetic Anamaly in ZB station 1o reference station MY

'
“-
a

e

§os

L

n
— e = —
- — _—— -
— . — —

“ll L B =] PO OWR TR TR YRR LI LA TAE VR TIW THD TR SEE W 10 I . "wae
1/1 4/1 7/1 Days From Earthqavke (20240101)

Bt 4~ S0 & Sp B0 TR 0 o drk =k (ZB) AR $ 5 e s (MT) 5= 4§ 2
PEHLELRED R BN KB FE R R A

22



---------

1/1 a1 1 O From

T S SN e

Bl= -~ £ HRT - Ep 10T ek (LN) iP5 A2 s (MT)chz & 2 2
PEFLIEEADPROLEA > KB H B P R o

23



24



@Google earth- #

_aesd-GBogleifap,

\

o

-
-
T
»
-

Standard Deviatson { 5TD) Distributon

P i Fren

DA

2 0%

Tt Dew2 AT
Longade

Blo 5o~ LE TR BRI R LA o ST LIRS ePBLIR] B R BR PAE R

25



Standard Deviation (STD) Distribution
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Abstract

From 2021 to 2023, we successfully integrated GEMSTIP and MagTIP with
computational tools for Fisher Information and Shannon Entropy. This integration
enhanced our ability to utilize geo-electromagnetic data from diverse monitoring stations,
applying information theory's statistical indices to better identify geo-electromagnetic
anomalies. The GEMSTIP and MagTIP algorithms, specifically designed for Taiwan's
geoelectric and geomagnetic observation systems, rely on the Time of Increased
Probability (TIP) concept, and currently use statistical indicators such as skewness and
kurtosis for computing anomalies. Previous studies using information theory have
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demonstrated the effectiveness of Shannon Entropy and Fisher Information in analyzing
complex nonlinear signals and their dynamics, inspiring us to explore their potential for
improving the GEMSTIP/MagTIP algorithms.

In this year's (2024) project, we compared and validated the performance of TIP
forecasting using combinations of daily statistical indicators, including Fisher
Information and Shannon Entropy. The results show that incorporating Shannon Entropy
significantly improves forecasting performance; however, the collinearity between
Shannon Entropy and Fisher Information may very likely be the cause of model instability.
These findings enhance our understanding of earthquake-related electromagnetic
precursors and provide new directions and possibilities for earthquake precursor research.

keyword: geomagnetic anomalies, earthquake precursor
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Validation data partition
training window length: 3 years; testing window length ~ 179 days
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Abstract

This study aims to estimate the seismic magnitude values, which include the epicenter's
geographical information, using the deformation parameters provided by GNSS. A deep
learning approach will be adopted, avoiding manually designed feature parameters as
much as possible, and directly establishing a seismic magnitude prediction model based
on a deep learning model. This data-driven method allows the model to extract feature
parameters from the input raw data and estimate the seismic magnitude values of the
target epicenter. Two research methods were proposed during the first and second halves
of the study:1) Research Method-1: End-to-End Data-Driven Approach and 2) Research
Method-2: Knowledge-Infused Machine Learning Approach In "Research Method-1:
End-to-End Data-Driven Approach," the dE, dN, and dU information from 630 GNSS
stations in Taiwan will be used to predict the daily maximum earthquake magnitude in 16
quantized regions based on the latitude and longitude of earthquake events. In "Research
Method-2: Knowledge-Infused Machine Learning Approach," Taiwan's counties and
cities are divided into 25 regions of similar area, retaining the original county boundaries
as much as possible, with similar area sizes, separating mountainous and plain areas, and
isolating low-seismicity areas. The predicted earthquake events target the number of
earthquakes of different depths and magnitudes in 25 regions daily, currently focusing on
the "Hualien-Taitung 1" region, which has the highest number of earthquakes. The
research results indicate that Research Method-2 better expresses complete earthquake
event information. The predicted earthquake magnitudes can be conveniently converted
into precision, recall, and accuracy for specific earthquake magnitudes. Although the
system's performance on these indicators is currently suboptimal, it provides a reference
for future research methods.

Keywords: deformation, earthquake magnitude, deep learning, transformer,
attention mechanism
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Map of Taiwan with earthquake events
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(Root Mean Squared Error, RMSE)
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o A ¥ 1 ﬁﬁ-;] AR R G 365 HIER R & - @E%F'*v‘b*fs“’ﬁ 50 #g ¥+ &
TR BB o A A B s - BT (12364) i TRRIE % o

# ¢ B F_batchsize ~ K &_% P+t #kE

AR 1A ER o H

ERRCE S e &AL iy ~ A5k iy A%

1 Linear (B, 365, K*3+10*5) | (B, 365, 128)
2 LeakyReLU (B, 365, 128) (B, 365, 128)
3 LayerNorm (B, 365, 128) (B, 365, 128)
4 MinGRU (B, 365, 128) (B, 365, 128)
5 LayerNorm (B, 365, 128) (B, 365, 128)
6 MinGRU (B, 365, 128) (B, 365, 128)
7 LayerNorm (B, 365, 128) (B, 365, 128)
8 MinGRU (B, 365, 128) (B, 365, 128)
9 Linear (B, 365, 128) (B, 365, 50)
10 Reshape (B, 365, 50) (B, 365, 10, 5)
11 SoftPlus (B, 365, 10, 5) (B, 365, 10, 5)
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W2 TR LB R ESAR

REFR

FoR 20 TR ] B R BESUEA RN
FHSFR | <S5 <10 <30 | <70 |<300
0 2051 | 3458 | 1911 | 15 0
1 4701 | 15555 | 15728 | 1646 | 32
2 421 | 4539 | 7796 | 2135|110
3 35 602 825 258 |8
4 3 102 122 33 0
5 2 9 17 4 0
6 0 0 3 0 0
7 0 0 0 0 0
8 0 0 0 0 0
9 0 0 0 0 0

ZR 3R L Rk B4 s B RR

FHiFR | <S5 <10 | <30 |<70 |<300
0 1201 | 1380 | 1041 | 15 0

1 2548 | 4181 | 4604 | 1312 | 32
2 345 | 1951 | 3970 | 1819 | 110
3 31 304 | 662 | 250 |8

4 3 56 114 |32 0

5 2 8 16 4 0

6 0 0 3 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 0 0 0
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¥ 6 B Eauns £

FAHSFR | <5 <10 <30 <70 <300

0 1.007618 | 1.942224 | 1.281023 | 0.002808 | 0.000000
1 0.908634 | 6.637436 | 17.265769 | 0.210065 | 0.002759
2 0.089719 | 2.042520 | 2.010051 | 0.241467 | 0.012392
3 0.002773 | 0.149427 | 0.202673 | 0.030784 | 0.000000
4 0.000000 | 0.004858 | 0.005546 | 0.004149 | 0.000000
5 0.000000 | 0.001387 | 0.001389 | 0.000000 | 0.000000
6 0.000000 | 0.000000 | 0.001387 | 0.000000 | 0.000000
7 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
8 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
9 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000

ERCIVIERE S Sl 4

P iFR | <S5 <10 <30 <70 <300

0 0.103523 | 0.998737 | 0.530248 | 0.000015 | 0.000000
1 0.835703 | 9.127123 | 9.787139 | 0.122669 | 0.001382
2 0.059346 | 12.449258 | 2.833485 | 0.648725 | 0.021549
3 0.005462 | 1.996707 | 0.214252 | 0.058846 | 0.002740
4 0.001370 | 0.102473 | 0.045522 | 0.002741 | 0.000000
5 0.000000 | 0.004110 | 0.008218 | 0.001370 | 0.000000
6 0.000000 | 0.000000 | 0.001370 | 0.000000 | 0.000000
7 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
8 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
9 0.000000 | 0.000000 | 0.000000 | 0.000000 | 0.000000
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LR
4 81 B MR R

HHSFERE | <5 | <10 | <30 | <70 | <300

0 0.67 | 0.72 | 0.65 | nan | nan
1 0.72 1 0.85 | 0.87 | nan | nan
2 0.60 | 0.72 | 0.64 | nan | nan
3 nan | 0.92 | 0.75 | nan | nan
4 nan | 1.00 | nan | nan | nan

nan | nan | nan | nan | nan

nan | nan | nan | nan | nan

nan | nan | nan | nan | nan

nan | nan | nan | nan | nan

O| oo 3| O] W

nan | nan | nan | nan | nan

8 9B O RAR

BHSFERE | <5 | <10 | <30 | <70 | <300

0 0.59 | 0.68 | 0.58 | nan | nan
1 0.73 1 0.85 | 0.87 | nan | nan
2 0.00 | 0.63 | 0.64 | nan | nan
3 nan | 0.25 | nan | nan | nan
4 nan | nan | nan | nan | nan

nan | nan | nan | nan | nan

nan | nan | nan | nan | nan

nan | nan | nan | nan | nan

nan | nan | nan | nan | nan

Oo| o0 | O] W

nan | nan | nan | nan | nan
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28 010 PIRE AR

BHLER <5 | <10 | <30 | <70 | <300
0 0.50 | 0.42 | 0.47 | nan | nan
1 0.50 | 0.31 | 0.43 | nan | nan
2 0.00 | 0.68 | 0.76 | nan | nan
3 nan | 1.00 | 1.00 | nan | nan
4 nan | 1.00 | nan | nan | nan
5 nan | nan | nan | nan | nan
6 nan |nan |nan | nan | nan
7 nan |nan | nan | nan | nan
8 nan |nan |nan | nan | nan
9 nan | nan | nan | nan | nan

28 11 2VREh v &

BHSER | <5 | <10 | <30 | <70 | <300

0 0.2910.42 | 0.25 | 0.00 | nan
1 0.70 1 0.70 | 0.71 | 0.00 | 0.00
2 0.01 ]0.24 { 0.31 | 0.00 | 0.00
3 0.00 | 0.11 { 0.02 | 0.00 | 0.00
4 0.00 | 0.13 { 0.00 | 0.00 | nan
5 0.00 | 0.00 { 0.00 | 0.00 | nan
6 nan | nan | nan | nan | han
7 nan |nan |nan |nan | han
8 nan |nan |nan |nan | nhan
9 nan | nan | nan |nan | han
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VRN T3 ERE

BHRERE | <5 | <10 | <30 | <70 | <300

0 0.24 1 0.41 { 0.20 | 0.00 | nan
1 0.70 |1 0.74 | 0.72 | 0.00 | 0.00
2 0.00 | 0.23 { 0.29 | 0.00 | 0.00
3 0.00 | 0.05 | 0.00 | 0.00 | nan
4 nan | 0.00 | 0.00 | 0.00 | nan
5 nan | 0.00 | 0.00 | nan | nan
6 nan | nan | 0.00 | nan | nan
7 nan |nan | nan |nan | han
8 nan | nan | nan |nan | han
9 nan | nan | nan | nan | nan

2% 13 PR v &K

BHER | <5 | <10 | <30 | <70 | <300

0 0.04 | 0.16 | 0.24 | nan | nan
1 0.06 | 0.66 | 0.73 | 0.00 | 0.00
2 0.00 | 0.11 | 0.15 | 0.00 | 0.00
3 0.00 { 0.09 | 0.01 | 0.00 | 0.00
4 0.00 | 0.11 |{ 0.00 | 0.00 | nan
5 nan | 0.00 | 0.00 | 0.00 | nan
6 nan | nan | 0.00 | nan | nan
7 nan | nan | nan |nan | han
8 nan | nan | nan | nan | nan
9 nan | nan | nan | nan | nan
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2R 16 RIS

BBRRE | <5 | <10 | <30 | <70 | <300

0 0.96 10951095 |1.00|1.00
1 0.8410.63 1063092 |1.00
2 0.96 1 0.84 1 0.62 | 0.71 | 0.98
3 0.9910.96|0.86|0.95|1.00
4 1.00 | 0.99 | 0.97 | 1.00 | 1.00
5 1.00 | 1.00 | 1.00 | 1.00 | 1.00
6 1.00 | 1.00 | 1.00 | 1.00 | 1.00
7 1.00 | 1.00 | 1.00 | 1.00 | 1.00
8 1.00 | 1.00 | 1.00 | 1.00 | 1.00
9 1.00 | 1.00 | 1.00 | 1.00 | 1.00
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