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Abstract

This project integrates Taiwan’s geoelectromagnetic observation system with GEM-
STIP/MagTIP algorithms to explore combining TIP concepts with modern machine
learning methods, aiming to transition from station-centric to grid cell-centric forecasting.
While information theory indicators enhance prediction performance, their collinearity
and tempo-ral dependencies require further investigation. Traditional optimization
methods in current algorithms also impede fine-grained spatial forecasting development.
This study establishes a comprehensive framework for autocorrelation analysis of
geoelectromagnetic statistical and information-theoretic indicators, employing SACF and
SPACF to examine temporal dependencies. Results reveal a 27-day periodicity in
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geomagnetic observations, potentially linked to astronomical cycles, while geoelectric
observations exhibit sudden shifts without significant long-term dependencies. Through
Ridge and PLS regression, we successfully model Fisher Information from Shannon
Entropy, separating independent residual features to address collinearity. These findings
provide critical guidance for future decision tree-based feature selection and model
development, establishing a foundation for refined TIP forecasting and advancing
earthquake electromagnetic precursor research.

keyword : geomagnetic anomalies, earthquake precursor, informational analysis
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'ACF/PACF is calculated on the continuous time-series from 2019-06-17 to 2024-05-13
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'ACF/PACF is calculated on the continuous time-series from 2023-10-13 to 2024-05-13
B149: B (FENL) 3 T 2 &g S B TR ends dp ik Taa hdn iz 1 4 p 4p
B 3 dc (SACF) ~ # & % A 49 B 3 #ic (SPACF)F -

540



Station: HERM

NS EW

10 # ¥
0.5 %g i o

P A O s L e e S e DA L SRR T S s sad. MR T R E N o o B R I LS LA
oof TR BRIV RO G T | [ L i
1.0+ v
] g io Py ¥ § g § g s 4 3 5y 7
oo THHERIEHIRR P T b VROV Ve __::f?_i_??..f??fﬁﬁgﬁfi_‘:?f%ﬁéﬁ?ﬂ:5:{_‘_?3:?:}{:
1.0 # v

§ g 3 3 S g

0.5 .0 éasaggggggg 2o°§ﬂ0§u @g 8 eb n

BETEIDONNS4 1L LLTTYVY PYVOUnmns B A JEX2 X3 51 1 S04 AAE MK ST TP TIT
sof EEEYE R L _____,_',:I;,_-___,;.._f,s,i_'_f,_a__:_:,_:,i?_,:,_'_xj,s_f_'_f_:_i
1.0 # v

s ig
051 **%ggygy **88gggg,untt »
3009969939ﬁ o oo §0°go 390g5008 m

______ WL T i (8 TINRS.  - § L & AT B ) WY T S i X 3 BTN Rt 2 5 R )

oof Trbpr b R | | thept e BRI
0 10 20 30 0 10 20 30
lags
|subset = BP. 35 « BP_40 » ULF_ A v ULF B value ACF e PACF|

'ACF/PACF is calculated on the continuous time-series from 2023-11-15 to 2024-05-13
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'ACF/PACEF is calculated on the continuous time-series from 2022-01-27 to 2023-02-12
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'ACF/PACF is calculated on the continuous time-series from 2020-11-03 to 2024-05-13
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'ACF/PACEF is calculated on the continuous time-series from 2021-12-03 to 2023-11-23
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'ACF/PACF is calculated on the continuous time-series from 2020-09-21 to 2024-05-13

Bl54: =& (LIOQ) ¥ § =k & jh kMR F AL o

s& 2L
wb \‘;

B 308 (SACF) ~ #& & i p 48 B} i (SPACF)R] -

Station: LISH

NS EW
104+ ¥
051
LR ] o8 Sagple °
0.0 ::::l:i.:i:ii&?:19:?:?ﬁfi:f:ii:i:i:if:&'&i3:&&3?:15 t~?§§ilﬁgiiglz}4$§§§§¥§ﬁﬁ§§3§$
1.0 # v
051
H g !
0.0 :::::::§:§:§!:§:?:;§:§:§:§§:§t;_’5:§:%§§:?:;_§:ﬁ:§§i:§:§::: ::::ig:?:gi:g_:¥:§_*:g:_?:gg:g:;ﬁ:?:?’.gﬁ:i:_ﬁzif:?ziﬁf:gi::
1.0 # w
F2ET .
ool h“”““E““?ﬂﬁﬁﬁﬁeﬁeeagggg BidBsaynupununaEpusEaBaEnEe
X . fag e

004 AR gty b R st et d b g e s gty wen s
1.0 nooeooaoooeooooeooooaooooeoo°°° R T T T P R L L
051
oottty versrrsrervasrery| oot et ey errse ey e e

0 10 20 30 0 10 20 30

lags
|subset = BP.35 « BP.40 » ULF.A v ULF.B value - ACF o PACFl

B155: #L (LISH) # § b & i e 3R chsss

'ACF/PACF is calculated on the continuous time-series from 2019-09-05 to 2024-05-13
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'ACF/PACF is calculated on the continuous time-series from 2022-06-06 to 2023-11-24
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'ACF/PACEF is calculated on the continuous time-series from 2023-10-30 to 2024-05-13
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'ACF/PACF is calculated on the continuous time-series from 2022-09-07 to 2024-05-13
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'ACF/PACEF is calculated on the continuous time-series from 2023-05-01 to 2024-05-13
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'ACF/PACF is calculated on the continuous time-series from 2019-12-11 to 2022-03-03
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'ACF/PACEF is calculated on the continuous time-series from 2021-01-05 to 2022-08-24
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'ACF/PACF is calculated on the continuous time-series from 2023-11-14 to 2024-05-13
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'ACF/PACEF is calculated on the continuous time-series from 2021-12-02 to 2024-05-13
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'ACF/PACF is calculated on the continuous time-series from 2023-11-26 to 2024-05-13
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'ACF/PACF is calculated on the continuous time-series from 2020-03-19 to 2023-09-03 and 2015-11-30 to 2017-07-08
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'ACF/PACF is calculated on the continuous time-series from 2020-12-28 to 2021-11-30 and 2017-11-07 to 2018-08-20
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"ACF/PACF is calculated on the continuous time-series from 2023-03-01 to 2023-10-23
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'ACF/PACF is calculated on the continuous time-series from 2021-05-04 to 2023-10-23 and 2014-06-09 to 2016-09-27
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'ACF/PACF is calculated on the continuous time-series from 2020-09-10 to 2023-10-23
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'ACF/PACF is calculated on the continuous time-series from 2020-10-08 to 2023-10-23 and 2015-08-09 to 2016-11-19
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'ACF/PACEF is calculated on the continuous time-series from 2020-09-18 to 2021-07-13
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Station: TW

North East Down Full

|subset = BP. 35 « BP_40 » ULF_ A v ULF B value ACF e PACF|

'ACF/PACF is calculated on the continuous time-series from 2020-03-27 to 2023-10-23 and 2015-09-30 to 2018-06-26
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'ACF/PACF is calculated on the continuous time-series from 2020-10-07 to 2023-10-23
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North East Down Full
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'ACF/PACF is calculated on the continuous time-series from 2020-04-10 to 2023-10-23 and 2014-09-10 to 2015-08-07
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'ACF/PACF is calculated on the continuous time-series from 2021-12-01 to 2023-10-23
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"ACF/PACF is calculated on the continuous time-series from 2015-04-08 to 2016-08-05
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'ACF/PACF is calculated on the continuous time-series from 2016-10-04 to 2017-04-16
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'ACF/PACF is calculated on the continuous time-series from 2015-07-20 to 2016-07-10
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'ACF/PACF is calculated on the continuous time-series from 2017-10-16 to 2019-05-03
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'ACF/PACF is calculated on the continuous time-series from 2014-08-14 to 2016-03-16
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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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%104 Geomagnetic Field at LN (2025/1/1 to 2025/10/31)
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Geomagnetic Field at MT (2025/1/1 to 2025/10/31)
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%104 Geomagnetic Field at NC (2025/1/1 to 2025/10/31)
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«10% Geomagnetic Field at TW (2025/1/1 to 2025/10/31)
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%104 Geomagnetic Field at XC (2025/1/1 to 2025/10/31)
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Geomagnetic Anomaly at CN (ref: MT)
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(a ) Geomagnetic Anomaly at LY (ref: MT)
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PCA1 & PCA2 Temporal Patterns and Station Loadings
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Station TW - PCA(X/Y/Z)

10

nT
o

nT
o

0 5 10 15

Residual X (auto-scale)

Residual Y (auto-scale)

-10
0 5 10 15
0 Residual Z (auto-scale)
o
-1 (]
0 5 10 15

—n

SR RS KRR S R Y .

Station NC - PCA(X/Y/Z)

+ 104 TW-X
3.7 & 10
Original
——— Reconstructed
3.69
'_
=
3.68
3.67
0 10 15
TW-Y
-4400
Original
Reconstructed
-4450
'—
c
-4500
-4550
0 10 15
104 TW-Z
x1
2.546 0
2.544
._
c
2542 = Original
Reconstructed
2.54
0 10 15
Bl-t=-%<2 (TW) ‘:é‘wa‘\-""f PCl1 +PC2
104 NC -X
x1
3.64 0
3.63
|_
(=]
a6 Original
Reconstructed
3.61
0 10 15
NC-Y
-2000
Original
2050 Reconstructed
|._.
e
-2100
-2150
0 10 15
©10° NC-Z
2.725 L
Original
Reconstructed
= 272
2.715
0 10 15

Residual X (auto-scale)

10
= o el o
-10
0 5 10 15
Residual Y (auto-scale)
10
= o WW
-10
0 5 10 15
Residual Z (auto-scale)
10
E o
.1()
0 5 10 15

Bl=- L2z ~p (NC) ‘:‘_Lalr“,f PC1+PC2 fs chm e K 5ph s > 28 ¥ 350 o

589



Station YH - PCA(X/Y/Z)
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-2150
= =S
-2200
-2250 -10
0 5 10 15 0 5 10 15
«10% YH-Z Residual Z (auto-scale)
2.745 10
= 274 E o MWMW
= Original
—— Reconstructed
2.735 -10
0 5 10 15 0 5 10 15

B=--+7 ~5%% (YH) ‘:éalr“,ﬁcf PCL+PC2 iscrmiaprd-h g d s > B F 5 o
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Blo = VDA F RS RY -

L S A J.li(?? L4 J.l':‘!:)
R 5 (0922-199-288)

B A 2R ke ]
EEZARMA A LERFRET S FA- 8
BLRIPEF 1 2024/04/02 11:00~13:00

BRI (Y < B) ¢ L g 120.655010 ~ A % 23.406356

4 2024-04-02 11:00~13:00 (1=
4.4944 X0 . . : . .( )

4.4943

4.4942

4.4941

4.494

4.4939

Observed (nT)

4.4938

4.4937

4.4936

4'4935 1 1 1 1 1 1 1
11:00 11:15 11:30 11:45 12:00 12:15 12:30 12:45 13:00

Time

Bl- ~ L FeLIptabhk 2 i i k4
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BRI TR FlE)

ho s AR SRPITA A

Num. | Lon. | Lat. | Elev. | Time obsv.1. obsv.2. obsv.3. obsv 4. obsv.5.
1] 120.66] 23.406] 1073 44939]  44939.02( 44938.96| 44938.94| 44938.99
44938.65|  44939.04 44939 44939.3]  44939.13
2] 120.66[ 23.406[ 1074 44937.26]  44937.08 44937.2]  44937.17] 44937.11
44937.59]  44937.36 4493741  44937.51] 44937.56
31120.66[ 23.406[ 1074 4493341  44933.26| 44933.28| 44933.28| 44933.22
44933.21)  44933.14] 44933.16] 44933.22] 44933.29
4] 120.66] 23.406] 1074 44934.8]  44935.71] 44935.21] 44935.16] 44935.13
44935.12]  44935.11| 44935.26] 44935.03] 44934.92
51120.66[ 23.406[ 1074 44939.84)  44940.14] 44939.78] 44939.84| 44939.84
44939.94]  44939.92|  44940.03 44940]  44940.08
6] 120.66 23.406] 1074 44940.01]  44939.93] 44939.98[ 44940.04|  44940.09
44940.08]  44940.18| 44940.26] 44940.32] 44940.32
7] 120.66] 23.406] 1074 44930.29 44930]  44929.99]  44930.02f 44929.98
44929.89]  44929.96] 44930.01] 44929.93] 44929.85
8] 120.66| 23.406] 1074 44913.62] 44913.31] 44913.39] 44913.14] 44913.44
44913.52 44913.7]  44913.52| 44913.58] 44913.38
9] 120.66 23.406[ 1075 44928.5]  44928.37| 44928.55] 44928.49| 44928.33
44928.57 44928.1]  44928.53] 44928.89] 44928.62
10{ 120.66] 23.406] 1075 44940.27) 44939.82] 44939.78| 44939.96] 44939.87
44940.04]  44940.03]  44940.05[ 44940.15] 44940.23

@.

fﬁhogeeaﬁhl’
P i .A‘
\

Standard Deviation (STD) Distributi

120.65504

B] =

120.65506 120.65508
Longitude

120.6551 120.65512 120.65514

120.65516

L ERA LR R R L BRI B E L (TR
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HriP g
BE AR A ) B LGB I 4 F)

% Z PRt C R 2005 £ ¢ X B 0B by

BELRIPE R 1 2024/04/02 15:00~16:30

BLRITOR(P o BE) L 120.47878 ~ 4t 23.56633 (4)vE ~ FIELRPIEE Bk 5 )

104 2024-04-02 15:00~16:30 (:{1 1)
4.5226 T T . . . .

4.5224

4.5222

4.522

Adjusted R

4.5218

4.5216

4.5214

4.5212 I I I I I 1 I I
15:00 15:10 15:20 15:30 15:40 15:50 16:00 16:10 16:20 16:30

Time

Bl= ~ ¢ X Fehipztabpz @ kb

BRI TR (Y FEE)
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N R I RS T
Num.| Lon. | Lat. | Elev. | Time obsv.1. obsv.2. obsv.3. obsv.4. obsv.5.
1 [120.48]23.566| 101 45218.76 | 45219.31 45219.3 45219.26 | 45219.24
45219.15 | 45219.25 | 45219.26 | 45219.27 [ 45219.31
2 |120.48123.568 45224.08 | 45224.08 | 45224.06 [ 45224.03 | 45224.04
45223.99 | 45224.04 | 45224.02 | 45224.06 | 45224.08
3 1120.48123.568 45223.68 | 45223.72 45223.8 45223.88 | 45223.87
45223.88 | 45223.92 | 45223.93 [ 4522391 | 45223.82
4 [120.48]23.564 45212.1 45212.06 | 45212.05 | 45212.05 | 45212.07
45212.05 | 45212.18 | 45212.21 [ 45212.17 | 45212.24
5 1120.48123.564 45214.96 | 45214.95 452149 45214.83 45214.7
45214.75 45214.7 45214.7 45214.63 | 45214.58
6 |120.48123.559 45205.37 | 45205.48 | 45205.51 [ 45205.46 | 45205.54
45205.4 45205.36 | 45205.63 | 45205.22 | 45205.19
7 1120.47123.571 45226.7 45226.75 | 45226.74 | 45226.67 | 45226.64
45226.66 | 45226.63 | 45226.72 | 45226.74 45226.8
8 1120.47(23.561 452124 45212.51 | 45212.51 | 45212.46 | 45212.52
45212.53 | 45212.55 | 45212.43 | 45212.39 | 45212.33
9 1120.48(23.571 45225.15 | 45225.08 45225 45225.05 | 45225.09
45225.15 | 45225.25 | 45225.19 45225.2 4522521
10 1120.48[23.561 45218.3 45218.38 | 45218.41 | 45218.43 45218.4
45218.39 | 45218.45 | 45218.47 | 45218.42 | 45218.42

Ble ~ ¢ &~ 54 p g

120474

Standard Deviation (STD) Distribution

& Data Points

120476

120478

fév

Longitude
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S B
T AR RE R (F BEEL e line)
EEEAAMA YRR RE e BRI KR
FP|PE R 2025/06/25 13:00 ~ 14:13

BRI FAR(Y o BE) © TWDI7: (293030.323, 2610698.315) (121.421637, 23.599103),
H=311.692m

«10% Single-Column Data with 10-sec Interval
T T T

4.5008
4.5007 [~
4.5006

4.5005 [~

4.5004 [~

Adjusted Value

4.5003

4.5002 [~

45001 L L 1 1 1
12:45:00 13:00:00 13:15:00 13:30:00 13:45:00 14:00:00 14:15:00

Time (HH:MM:SS)

HESNEF RS S EE TR ey

BRI TR ) ¢

Standard Deviation (STD) Distribution

23.59926
109

23.59924 |
108

23.59922

10.7

23.5992

23.59918 +

Latitude

23.59916 +

23.59914

23.59912

. | <= Data Points

121.42155  121.4216  121.42165 121.4217  121.42175
Longitude
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Abstract

In the first half of the year’s plan, we designated concentric circular regions centered
on GNSS stations to identify combinations of stations relevant to earthquake prediction.
The model inputs included GNSS displacements from the central station and up to three
nearby stations, along with historical earthquake statistics for the target region. A
MinGRU model was used to predict the next day’s earthquake statistics or the probability
of shallow earthquakes with magnitude >4 and depth <30 km. After training numerous
models for the Hualien region, we found that only certain stations (either individually or
in specific combinations) exhibited limited predictive capability for particular small-scale,
extremely shallow earthquakes (e.g., magnitude 1-2, depth 5-30 km), and incorporating
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two nearby stations improved accuracy. However, all models were unable to effectively
predict large earthquakes with magnitude >4. The research conclusion confirmed that
GNSS data has some predictive potential for specific small earthquakes but has
limitations in predicting large-scale earthquakes. Therefore, in the second half of the
year’s plan, focusing on earthquakes with magnitude >5.5 and depth <30 km, we designed
two experiments using all GNSS stations in the Hualien region and surrounding seismic
events to further examine the impact of input parameters, sequence length, and prediction
time window on the model. The results showed that when the prediction window was one
day, the model lacked predictive ability even on the training set. Simultaneously using
both types of input parameters only had an effect in the 90-365-day window. Relaxing
the input length and prediction window did help model training, but the learned
parameters lacked generalizability, so the model still showed no predictive ability on the
test set.

Keywords: deformation, earthquake magnitude, deep learning
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1 Linear (B, 365, K*3+5*10) (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) or (B, 365, 1)
10 | Reshape (B, 365, 50) or (B, 365,1) | (B, 365, 5, 10) or (B, 365, 1)
11 |SoftPlus or | (B, 365, 5, 10) or (B, 365,1) | (B, 365, 5, 10) or (B, 365, 1)

Sigmoid

PR EE H P r O RERP R GFEN2 P APt
Bleb B £ B E 2R 26,335 BHA o @ i 25 BiRlbenf B FAcA 20

£H 20 CRBFR
BT WATRl b | P REE A4 PR | HCAEE
Nk R

DCHU 28 11039 56 3683
FUDN 26 11678 63 2952
JPEI 17 12171 64 834
SPAO 13 14710 77 378
KNKO 17 15481 66 834
YUL1 27 8201 48 3304
JSU2 17 12682 53 834
SOFN 14 75337 386 470
SHUL 15 41678 227 576
YENL 14 82369 412 470
BLOW 13 75883 417 378
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WARO 14 33161 172 470
JPIN 25 10620 55 2626
NDHU 15 72224 358 576
SLIN 14 33294 172 470
HUAP 9 40983 235 130
SCHN 12 92695 484 299
HUAL 15 97804 501 576
SICH 12 92698 484 299
FONB 17 21097 110 834
CHUN 18 11215 48 988
JULI 25 7906 44 2626
DNFU 15 24172 140 576
FLNM 15 31389 177 576
TUNM 15 67668 339 576

PIRPE TG TR EARE A A B R AR 80-110 & A T B e
B 111-112 & cp3E T AL R o $30 5 BHAIS AV R E > 2 batchsize =128 3
R fEen 5 B epochs o @ PR F AL B R * ST T o

BBl eh L fRdm gy ~ iRl e b o Rlsb e g 0 L Jf;u'u = IR N L e e
B R AT ki B ARITIR sk 4o R sk HUAL #e + 837 3R) 52 YENL 2 WARO>
L ¢ & ¢ 5 HUAL_YENL_WARO -

et 3T)

AR 2 6 “f K €"'.?=§w-f?‘b’%% i L2 vho R €V I E LRI R
w4 ey re B (precision) -~ F (recall) 2 ®Brxd (accuracy ) o ig¥f4 H_14
ﬁxi’ilﬁ’ﬁﬁ,%}a’?*mﬁﬂ_m ’leﬁ‘*"*ﬁ—f\im\l LN

Nrp(d,m) = Y[z, (d, m) = 1] [Z:(d, m) = 1] (11)

Ney(d,m) = Xilz(d, m) = 1] [2,(d,m) < 1] (12)

Npp(d,m) = Xlz:(d, m) < 1] [2:(d,m) = 1] (13)

Nry(d,m) = Xlz,(d,m) < 1] [2,(d,m) < 1] (14)
Y A A ;‘E (TP, true positive) ~ /& 4r (FN, false negative) ~ :%3% (FP, false
positive) ~ it F&7f & J,ﬁ #= 2 (TN, true negative)=i#ic& - H ¢ [] % lversonbracket -
K rtomw et g o ,uw\wj)w FERE P~2w X R BEm¥x A
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Nrp(d,m)

P(d,m) = Nrp(dm)+Ngp(d,m) (15)
_ N7p(d,m)
R(d,m) = Nrp(d,m)+Ngy(d,m) (16)
Nrp(d,m)+Nry(d,m)

A(d,m) =

(17)

Ntp(d,m)+Ngyn(d,m)+Ngp(dm)+Nry(d,m)

R AR R Reohiii (GBz BApiR s ARG AR ) -

4ERS %
BB R 26,335 B w L s % ’;wrﬂéfm«'ewﬁﬂ*fﬂli% -}

o
RIAC 4 e Werg il NISTERI S R R B 0 RN S A L G H ReDIRR
RS EE S RS AR U Sy aéi*51a~@h%

341 - PIXETF 5 FFRIY Rehur 4 7

B >R 25 Bop kP ’r’ﬁ 3 BRI 4}13 B L%f")amu’l °Nb;@”’F‘/J f‘%
37 4% b (=L (FAS10 22, RED - 2I(RE 103021, %
W1)s [22](1030 22 » RH2) - HEEF AL 3o

fote 30 B - sk enTE Rl 4

¢ pEk PREE O [(FARgYI RiEm] | HRERAE P
WARO [2,1] 0.45

NDHU [1,1],[2, 11, [2, 2] 0.45,0.32, 0.55
FLNM [2,1] 0.44

TUNM [1,1],[2, 11, [2, 2] 0.39,0.31, 0.52
BLOW [1,1],[2, 11, [2, 2] 0.38,0.34, 0.55
SHUL [1,1],[2, 1] 0.00, 0.48
SICH [1,1],[2, 11, [2, 2] 0.38, 0.38, 0.60
SCHN [1,1],[2, 11,2, 2] 0.39, 0.37, 0.60
YENL [1,1],[2,1],[2, 2] 0.39, 0.36, 0.57
HUAL [1,1],[2, 1], [2, 2] 0.39, 0.40, 0.63
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SOFN [1, 11,12 11, [2 2] 0.46, 0.33, 0.57
HUAP [1, 1], 2, 1] 0.33, 0.41

SLIN [2, 1] 0.46

3.4.2 4 > BRITRIEEGS o HHAER P BES AEZ- 2F 0

A E T IE ALY 1P 13 B Y sk ehdg s [2,1] S FER BE o T
FUAHRER T S Aot 2 hie £ dce B FER o e 2 B B ERITR| k0 £ Boil £
BRAHREE  RAWGRENOE 27 BFABEC 4o r = Bp= 00 ¥ g P A el B4t

AH T RE T REALR 4o

21 40 AR EA R R fr AR R

dooplah | #A [ [ HEpls(P, A) | 2w = Lenfcal (P, A, name)

WARO |85 |385 |0.45, 0.78 (0.50, 0.79, WARO_FLNM_FONB),
(0.48,0.79, WARO_YENL_LSAN),
(0.48, 0.79, WARO_YENL_JPEI)

NDHU 105 | 471 |0.32,0.36 (0.38, 0.55, NDHU_FLNM_SLIN),
(0.38, 0.54, NDHU_FLNM_WARO),
(0.38, 0.54, NDHU_FLNM_TUNM)

FLNM 111 | 465 |0.44,0.80 (0.58, 0.82, FLNM_FONB_KNKO),
(0.56, 0.82, FLNM_SHUL_FONB),
(0.56, 0.82, FLNM_NDHU_FONB)

TUNM | 100 |476 |0.31,0.35 (0.36, 0.50, TUNM_FLNM_SLIN),
(0.35, 0.49, TUNM_FLNM_WARO),
(0.35, 0.47, TUNM_NDHU_SLIN)

BLOW |39 |339 |0.34,0.35 (0.36, 0.42, BLOW_NDHU_HNSN),
(0.36, 0.41, BLOW_YENL_HNSN),
(0.36, 0.41, BLOW_SCHN_HNSN)

SHUL 61 |515 |0.48,0.75 (0.54, 0.78, SHUL_SICH_TUNM),
(0.54, 0.78, SHUL_SICH_SLIN),
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(0.54, 0.78, SHUL_SCHN_NDHU)

SICH

46

253

0.38,0.38

(0.40, 0.44, SICH_NDHU_TUNM),
(0.39, 0.43, SICH_SHUL_TUNM),
(0.39, 0.43, SICH_NDHU_HUAN)

SCHN

47

252

0.37,0.38

(0.40, 0.44, SCHN_NDHU_HUAN),
(0.39, 0.44, SCHN_NDHU_TUNM),
(0.39, 0.43, SCHN_SOFN_TUNM)

YENL

74

396

0.36, 0.38

(0.40, 0.50, YENL_FLNM_WARO),
(0.40, 0.50, YENL_FLNM_SLIN),
(0.40, 0.49, YENL_NDHU_SLIN)

HUAL

105

471

0.40,0.41

(0.42, 0.47, HUAL_WARO_SLIN),
(0.42, 0.47, HUAL_NDHU_TUNM),
(0.42, 0.47, HUAL_FLNM_WARO)

SOFN

82

388

0.33, 0.37

(0.39, 0.53, SOFN_NDHU_SLIN),
(0.39, 0.53, SOFN_FLNM_TUNM),
(0.38, 0.53, SOFN_WARO_SLIN)

HUAP

16

114

0.41,0.72

(0.48, 0.76, HUAP_SCHN_SUA2),
(0.47,0.76, HUAP_SICH_SUA2),
(0.47, 0.76, HUAP_HUAL_SUA2)

SLIN

62

408

0.46, 0.78

(0.48, 0.79, SLIN_YENL_WARO),
(0.48, 0.79, SLIN_YENL_TUNM),
(0.48, 0.79, SLIN_YENL_JPEI)

343 7% SRk L RIERIS B4 o Ao~ B RS R TR A

FUDN_WULU DCHU TAPE - F_g #-xgw) [0, 4] R
20 Hwen i DNFU @ wene & > £ 5 66

HY HmA B 5 DNFU_JSU2_CHUN - & 8 aapw [2,1] s i
2
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344 A F R ATERIRB AN IR B ?

Bt b Y R - BHCAIE 2 TERIRN 3 ek B0 e H ARRRE
AR 5 0.0 ek 5o

25 TR AT RARM4 D B R A

Bl & BREE Ay TR
FUDN_WULU_DCHU_TAPE | [0, 4] 0.0

3458404 20 SRR K 5B P18 B ek R 9

AP R e P 26335 B e * CEloss e HER) o i B w fF A ehkon
o i BIERT > MG RCAIIET E D0 i ® o d S w fFERCAe0Y &
EARRIARAC3 L e B KRB % K4k 0 ¥ i GNSS TR friEd B R A
E SR A e e T
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3.5 &

AL A S 2 LTI 0 - KRSy sl
1 —\ % Z_P a]:ﬂ', A A ke if 2 ﬁﬁﬁ:'m] B mq\&p} a f;?—
/F ﬁip %J’E‘é ET'J/F "'é:- ‘:A,, o ‘i ;'J

R0

1

#£2 FEEL - T AR RS BN o o L PSR & 2
FEE e REE2>EM -

® FHFFAFoAPEILITA0 DL {020 L ] IF L g fofi D S iE o
AP EFARES RE O UFREHR- BRBY > LT b iR -

O HUF A ATERIRKEEC, EAREN M BT A EREAHAEAD B

® LWd il ﬁ'@;’;,+\.FB|1——,;\4lﬁ,ﬁvthmﬁ_}l;_BQ,%’;\@’&Q;‘;;@J
sherpk JRiE (7 F S o

® i 'ﬁ’:@ PR RS FIT R BRI ER RS RAF R FiR Y
Hiw 23§24 1L 4@+ Balanced Cross Entropy (Cui, Y. Cui, Y., 2019) =t
& Focal Loss (Lin, T. Y., 2017) -

By 4

4.1 B 34 i

BEMEFRELBERFRRAR L Py 223
giﬁiﬁ%@’w%ﬁW*cmﬁ?ﬁmﬁrtlﬁf
RN B RELIT Y 1 E (T =365 dhE HEE;
REE I BB AR ERFLE LY BE T
Aber- BEMRERFNFL 2 AW BETIRRA K-
m#%ggﬁiﬁ%ﬁ%$°

EEGIPaE RBREFER - Ay 22 IR S E T K =
%’“ﬁﬁ\ﬂﬁﬁﬁlfhiapf—% 50 BEENRehiE S A S BT
FRFERZ 10 AR R (01 9 ) B R E LD RN L
BPAoFREZARANEY D E MG Ft ATy S A ERECL S5 T
PRFERL 0L UPON R BITLFPRER o

MBELBREBRR IS ETE SN T EHE TN et £ Mo

d P ek REFIERIE R R g o BRI RRATERITIRAD ] Y 2 e RE R A
- X PNF LG OSSP AR B AR A B R Rk S B AENE
YA B - BPRRE R BHAER A RE BRER R T e R

;fggffg,_*;;af:

B m Ff“

% R BTG
X

CEEASE B AR

-3z
&4
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ZE R R LR Ak BB G 1t R
F R T R RS

£
R

» ¥ 1Y frjﬁ 4 —'\ ﬁ‘}:l%
KN I ?\)I‘ﬁ'ﬁ’ﬁ ¥ oA

5 bR RE 0 AP e BRI i 4 7 £ AT

& = fe(xt]—T:t—1r3’£4—T:t—1) 4.1)

® x/ ., eRTUPEI 2RI GNSS R s [ (B2 4 |J] BBl S t—
1% t—T pe GNSS BplFH» 8 2 idel (A5 323, ca A3 24
PR BRETFER L 123> 5 £ e 42K %0 11 T=356, 712, 1068, 1780

o yiA., 1ENTX5X1°3 (F t—T 3 t—1 PRERSE A P BLplaok &
T H Rk THT ‘v,z -3, » T=356, 712, 1068, 1780 -

® i TIpRERERER, L ji‘ﬁ;{u&yﬁg:fg(.) TGS t PI% t+T P
2R APIERERTEAFETRT RS £ P 36212224 B8 o
REE ;reaf_% 180,365,730 #-5 TFFRIF REEHERRF ol p
e RE e Zt,r P RFZAEEAC

1. z”eNl. 2% A MF L PIF t+T PR IRAH KBS
FIURRAE 30 2 i B

2. 28, €{01}: A& ®HB AN F t PIF t+T PR FRTHFA
AMENRE 55 PIRAR <30 22ehe RR L RE 2 =1 45

FA a2 =0 ARG HEL

1_

3. ZuERli RENTRRE AP S L PIF t+T P2F ¥ BT E%D

&= 20 E .
,,‘,uub E_ ° »b TJLQ\.

— lOg_{l Zf(zl 10(11.8 +1.5M;) (42)

4.2 K39 R

sk 54 EN' 2L SAER! - BIA Y holc® 0 (32) ch MMSE i+ 3
*f:i'] Lﬁ’rﬁ'{ fg() m;"'.ﬁﬁf’% [
D-1M-1

1
MSE (x_pem1,Virees, 7el0) = = 7 ) late(d,m) = sfe@m)” (43)
d=0 m=0

¥ zih €40, 1} PSP R o@ic 8 58 (3.3) £ binary cross entropy (CE) 1% 7 fic
|adie fp() $ BHesi s @

CEt(xL{—T:t—l' yf—T:t—lfzé‘clg) = _Z{“‘}‘L’ IOg(ZAéT) - (1 - Z;,l‘r) IOg(l - ZA;}T) (44)

d AL 55 ¥ EA N 30 égﬁﬂ%% FE(ZHRA) NRPIFR
WFEAEN Przf=0) §220 Przfe=1) 35> ¢E 2P HEDOHR > 11
FHAI &R fo() EVENF 0(F A HARG PHRER) BT LETK

18
;1
=
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P BCE B §RFFBMIFNTRIFRRF ARER ATF > 27 e B A
7 #-51 ~ balanced cross entropy:

BCEt(xt]—T:t—ryfq—T:t—lfzérle)
= —azfi log(24,) - 1 —a)(1 —z8)log(1 - 24,) (4.5)

He qe(01) 382 TREXSSIFER 30 2L BFE (LT AP
B TR R E 0 R L) BRI R R
Bt 5| > F Rt EE Y (4.5) g:té’,—r*ﬁ FApERE ”LF?‘){JT"’”#E’\ (RS 4
BRI Byt T g2 P REE | il

B2 7% balanced cross entropy v # MEE W A L fFenfi A g
DL G A A Ial K

AT
S am Py R AR el N
PR e wrmﬁﬂu’a ﬂiﬁ\m_ Lol o Jfrrﬁz
HEFA D HRAFa @At R -5 T BN A SR LL S 7 pipik
ARG A Y iR focalloss(/ﬁr’*ﬁ‘ﬁﬁw |07 T HFR AL ) o 2 e focal

FLosst(xt]_T:t_l,y;"_T:t_l,ztf‘T|9) =—a(1- z”) zf log(24,) (4.6)

—(1- a)(z”) (1 Z“.) log(l — 7f T)

b2l
a 22w it balanced cross entropy A8k > * KAl fEpEF L LR Yy =0 fEG
focusing parameter > ¥ 4] " & 3 R 7B R GFHEK AHIFL oy =0 pFo T w
balanced cross entropy ; & y =2 (F i+ % *)FF > #AI% T GIEREF ik
R RBICL AR F AR TL TR R A o 4 200 PRI R 4
M>5.5 e K 3 B0 MR IZE R %&1‘3“?"]— 'f;rhﬁg'_wd?']é»‘ 0 ;> & focalloss =7
e gt (28) (1—24) BEecl > am Tl SR WL PR R
TEREE A A ¢ TS (1—2;4T)y BRI B R *ﬂwg w4 e
F%}‘E.:E:Ez_ﬁ”ﬁ?‘)]Lm&,_g)‘o:{,_l_—fﬁ—f_.\-bi\,lrﬂ_gv‘—k"g_ng‘;fh\"h &?Egﬁml
g ke
4.3 R KK

1t - mmd%’itﬂw%ﬁaim*ﬂ{@ H IR R R RGER

<3Okm bt - S)m o &?7})_ R ,}gL ' LL_?:?“* F o GNSS Bzt ¥ 2
* R A Y3 A 25 B /FJSLE"F'\‘Fi'-orﬁ £ E«?'ii e e o
P BE R o A FORAIA 0 A 89-108 & HF R FLL PR E 0 £ 109-112
ET L RS -

—
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FRAMESR
24501 x EEFEAHEEHF
i

24.25

24,00 -

23.75 +

23.50 +

23.25 1

23.00

120.00 120.25 120.50 120.75 121.00 2125 12150 2175 122.00

Bz 0 P HEFAAE B At Rm

-r' -13?4}

$] 109 & t5 P B3 B

AE RAORERAE AR o APT PSR
AR PR RRAL -

e BERUD B 0 AP T IR D U R iRl
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— next 1 day

5 .

4 —

3 .

2 —

) \ ‘

0- T T T T T T
2000 2004 2008 2012 2016 2020 2024

Ble PRy Renenm @ o ® R we 50 fodd Hid o W 2 RE 2 PREAR pF
e
T

_Fﬂ%%*’ﬂW%*ﬂ GNSS RIHEF A > 2 3 RAGT TR o BRI
FiE B~ dX,dY,dZ ;ﬁ T A BT SR oa;,:_gaﬁ;l?;wqa FFEPREAR
B ’]‘é,&@ BRARRE R RTE-REFARIHRE Y %if;j?:i:i
gpc‘@] KRR R 2 ﬁfu;%ﬁoﬁ‘:ﬂ'j’n’vﬁ%ﬁvﬂﬁ PIE2 8y & ke
ppTEE g’?iﬂfw'? T4 p Ry Behidk e

ﬂirﬂrj::gﬁﬁn@?l @?I:l;;{&" BB

-~ BT R }iprﬁﬂ&u\zﬁgﬂﬂmo‘t&/ﬁ\f TR % GNSS Rl
r?l%*ﬁ—ii‘*ﬁ‘if‘? Fﬁ;& A2t ._ﬁ;ﬁ_ ﬁ%lt'!é‘ﬁﬁ] *%‘?P@E‘J%iﬁj{iﬁﬁ’l
EROERTSHAFR It=1,90,180,365,730° Pend 50 msRd 30 F & - A
* o 4 AR R -

=~ HETE G '—Fv—*‘ A2 * o ﬁg?l)»r’ﬁ{)iéi“% T=30, 90, 180, 365,730 T #& >
e R B o1=1, 90, 180 365,730 0 Bk 254 £ o B R AT S[ET T & oy »
E R m{amﬁgxp&f;’a&’m@ﬁm‘%‘fﬁ"‘]my b =gl

ORISR o AP e KRR Y AT A D /10 R R R R e
ES#k> e o ok ng;? T AKET g’? 4 pHEr E > Pl * focal loss(y = 3) 41:«
S AFpRARDPER B4 e Bl * MSE - & B #9027 batch size=128
R RIS B epochs 0 I E BB ’;\ %+ loss ﬁxf'&"ﬁ CEEEN A o i D

BRCAlaER oo AP M EAKEMHE > - E NE B ROC v &
(Receiver Operating Characteristic curve) (ROC) 2 B & 8T & ff » il s 7Tic ;7% 4p
e
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459025
R 6 RBRFLTFISERF RATEEFRE 40 A 2R AT BT

HL,—;ha dvoo F)pL T U R MR CE2 %:i [EX=r4: ;3

2R OVREEZRFEEY PRF REEAEI TIIRF REFEFE (2)-
N:gfAfco H: B3 55 PR 30 22 0% 28kp (FHA)-

T (%) H/N (%) "3 & & H/N (%) BlEE &
1 15/6576 (0.23%) 8/732 (1.09%)

90 1083/6576 (16.47%) 433/732 (59.15%)
180 2163/6576 (32.89%) 523/732 (71.45%)
365 3678/6576 (55.93%) 650/732 (88.80%)
730 4979/6576 (75.71%) 650/732 (88.80%)

BT £20% 87 9 ROC & 5B ¢ + —Jﬁ:l %’J%Efp%?é l*ﬁjﬁ—';"l’
2IOHCAFO SRR 2 KRR m—%ﬁii% PR AR R TR 2 F
Acd o JEARE T ¢ AP T OUFGLIMEF G R R G e o WA R RR T PR
i <! o,’f.*in*v ERGEE DR (LA 82 WA QT DA AT
TR L R * GNSS R FHT o EF R 2 g e B SRR IR
Tmmtﬁ’ﬁiﬁﬂ*”ﬁﬁﬁﬁm%ﬁ BPIEE2EF AR T3 8 Fbitdo
GREEEY 0 R R pER Y GNSS 2 4 ¥ B RA] 0 & RAETER R oo
dom A kg o
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all{1}

1.0 -
all{20)
all{180})
all{365)
0.8 - all{730)
GMNSS(1)
GMNS5{90])
E GMNS5(180)
~ 0.6 GNSS(365)
:E GMS5{T30)
8 stats(1)
: 0.4 stats(90)
= stats(180)
stats(365)
stats(730)
0.2 4 random guess
0.0 -
0.4 0.8 1.0
False Positive Rate
BT % E 2 #A9 ROC o s -
B TR A T 6
T=x #K all GNSS stats
1 0.3427 0.5002 0.4144
90 0.8176 0.8451 0.8088
180 0.9418 0.8921 0.8464
365 0.9742 0.9423 0.9461
730 0.9729 0.9461 0.9761
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True Positive Rate

ali(1)
all(90)
all(180)
all(365)
all{730)
GNSS(1)
GNSS5(90)
GNS5(180)
GNSS(365)
GNSS(730)
stats(1)
stats(90)
stats(180)
stats(365)
stats(730)
random guess

0.2 0.4

0.6 0.8

False Positive Rate

1.0

Bl D pEBEHROC W # o
1 8RB PIRRE LAY AT

T = #k all GNSS Stats

1 0.4859 0.7007 0.6838
90 0.4403 0.5645 0.6953
180 0.5381 0.5392 0.4038
365 0.6893 0.2772 0.5672
730 0.6722 0.1326 0.4469

BRSO PERHA AR EARA TR AT AR o F AL
Rl B (B DB - ) o YRR RS MEF T e o R AR )
B R AN R A R F R F 0 o P - LR =l R
SPpETE o B AP R b ehA b 3 45 > ROC & ME G 3 HagkiR o £ %
B £ R T k5 (R 2B+ ) > APEFR %0 & =1 B 3 4oy »
R R iy 5 e 0§ tARE > TF R en T » BARE o A URIER
g dk s ERART § TARL  BOAER S ke g0 ROC o &y i+
Ao JE AT

Mk (F8 92 &% 10) » #4775 U 03] dRlsE b i w2
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b

N
N
R4

True Positive Rate

True Positive Rate

True Positive Rate

"

BT R A R
* 4 109-112 & o

0.0 0.2 04 0.6 0.8 10
False Positive Rate

dat
N

,-Li%i_°

T=30,1=1
T=30,T=90
T=30,T=180
T=30,T=365
T=30,T=730
random guess

RN

Bl - :ﬁs?]?‘%f;‘i% 30 % &7 ROC

T T
0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

MAc#r LAS 90 X ROC W4+ M5 E - -5

0.0

0.0 0.2 0.4 0.6 0.8 10
False Positive Rate

T=90,T=1
T=90,T=90

T=90,T=180
T=90,T=365
T=90,T=730
=== random guess

FHEE

T=180,T=1
T=180,T7=90
T=180, T=180
T=180, T=365
T=180,T=730
random guess

True Positive Rate

True Positive Rate

P& 1" 89-108 & e 4L 3| st

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

RN

True Positive Rate

T T
0.0 0.2 0.4 0.6 0.8
False Positive Rate

0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate

SRERE

T=30,T=730
random guess

T=90,T=1
T=90,T=90

T=90,T=180
T=90, T=365
T=90,T=730
random guess

PliE o

~.

T=180,1=1
T=180,T=90
T=180,T=180
T=180, T=365
T=180,T1=730
random guess

@iiﬁ%éﬁﬁlmiwﬁRmiwﬁ’i@é?ﬁ%’?@éwﬁﬁ°
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True Positive Rate

True Positive Rate

True Positive Rate

0.8

0.6

0.4

0.2

0.0 ¢

ERER

0.0 0.2 0.4 0.6
False Positive Rate

B+ 3@?1)‘75)?.

0.8 10

% 365 =

0.0 0.2 0.4 0.6
False Positive Rate

B-- HrER

0.0 0.2 0.4 0.6
False Positive Rate

—\

=l-

2P

.
<y
~my

0.8

e

FE’I& i

Y

T=365T=1
T=365 T=90
T=365 1=180
T=365 T=365
T=3651=730
random guess

True Positive Rate

0.0 0.2 0.4 0.6
False Positive Rate

0.8

fHiid

1 ROC & % > 2B 27" E » + B

T=730,1=1
T=730,T=90
T=730,T=180
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Abstract

In recent years, the CWA has established a regional high-resolution ionospheric
monitoring system for Taiwan, providing information on the ionosphere above Taiwan
to detect ionospheric anomalies before earthquakes. Past research has found that the
probability of ionospheric anomalies appearing 1-5 days before a major earthquake is
highest. However, in recent years, it has been discovered that this past anomaly trend
has changed somewhat. In addition to the types of anomalies (positive anomalies,
negative anomalies), the effective prediction time (1-5 days prior) has also differed,
necessitating further research and modifications.

This study will focus on the ionospheric anomalies before the M7.2 Hualien
earthquake on April 3, 2024, and the M6.8 Taitung earthquake on September 18, 2022,
to search for temporal and spatial precursors before earthquakes. It will also conduct
statistical analysis research using past earthquakes of M6.0 and above to test the optimal
effective prediction time for ionospheric anomalies. Furthermore, a global ionospheric
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temporal and spatial anomaly resolution program will be constructed to provide
verification and determination of ionospheric anomalies in the Taiwan region.

Keywords : lonosphere » Total Electron Content (TEC) » Earthquake Early
Warning.
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(a) 385 M>=7.0 global earthquake
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