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Abstract

This study implements an event-based landslide catalog, a significant
methodological advance over the conventional annual inventory, to train the
susceptibility model. By explicitly integrating rainfall, seismic, and other
event-triggered factors, the framework more accurately characterizes the
causal relationship between these triggering mechanisms and landslide
occurrence. Furthermore, a comprehensive set of multi-source conditioning
factors was incorporated to enhance the robustness of model inference.

We compared the performance of geology-specific regional models
against a single unified model across different watersheds. Results indicate
that regional models generally outperform the unified approach in most areas.
However, the Daan River basin shows a counter-intuitive finding where the
unified model performs better, a phenomenon hypothesized to relate to
sample size effects; this need further investigation into the underlying causes
and optimization strategies.

To ensure model transparency and actionable insights, two kinds of
interpretability frameworks were adopted: TabNet and SHapley Additive
exPlanations (SHAP). TabNet provides intrinsic interpretability, offering
both global and local feature importance, and demonstrates superior
performance stability across different event scenarios compared to the
previous MLP baseline (mlp his). SHAP analysis quantifies the directional
contribution of specific feature values to model decisions, thereby providing
a powerful analytical tool for disaster mitigation and risk analysis.This

methodological improvement is crucial for scenario-based landslide
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susceptibility assessment under future rainfall or earthquake projections. The
derived model outputs and explanatory analyses can effectively support
disaster risk management and adaptation planning, enabling the targeted
identification of key contributing factors for evidence-based engineering

interventions or policy-driven mitigation strategies.

Keywords : landslide susceptibility model ~ feature importance ~ Wide-

area model ~ rainfall-induced landslide -~ coseismic landslide
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improves with experience E. > f§ 3 2 » 8 EBE Y 7 A FERFH 2
R BRAAE TR (F FREE ER) P ANIHIRE TR
A AT AR R RSB R A S AT R ITE B ¥ & ohif
oY 25 LA A RRPEAIERS 37 8 0T %
B4R B e > v AR S R AT AR
B AR IEIT T FR o

RLWEEY AR RREIRERY LFF %5 THRHK (Label)
mAe s TE 1{‘;‘ (Supervised) % | 2 2% /’E‘;‘ ( Unsupervised )

By o o RO R AT E 0 - LPRF A - B R
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S ATRATY 5 TSR] R R AT BT R e L

Y

TERSEY S TRE S EOTORE R e 54 2 R
TN F 2 BT M GRECL 6 ¥ 5 LR 7 g D
Berrihdt) o ¥ LE AN EY § 1 R 2t i (Logistic regression -
LR)~ B <~ # ® (Bayes Classifier ) ~ &t #F = & # ( Support Vector
Machine> SVM )~ 5§ % 2 +~( Random Forests RF )~ #g4¢ & % p&( Artificial
Neural Network » ANN) % > & 37 ##3h 3 ? 4 L@ * (Chang
% >2019; Dou % - 2019 ; Dao % - 2020 ; Pham % - 2022 ; Sun % >
2021 Li & »2021; Zhou % > 2021 ; Qin % > 2022 ; Aslam % >2023)-

CEESNEY JRMEZ B ARE A AR YRR 2 RTREFM S

Rt AT R e B Y VTR G - LR R E A
e F AL f Lt T BBV G rassatt ( Principal Component
Analysis » PCA) ~ #%.3% & » 7 (Latent Semantic Analysis ) ~ k-means
% %8 ( k-means Clustering ) ~ & #7/2 & &~ # ( Gaussian Mixture
Distribution ) % (#Fe & % 5 2021)

R R RTRY S NS S T
¢ RS ARHCD 2 AA SRRECRIRL S AT AT G iEen

TR T AR R E < R - KA R F R A K B anE

Bk B AR AL R G Ak P B



EXE =R
RS ERES SRS SRSt ST TR SR et

BEOF LT EREPFFRAOEBRBEEREE B2 02 T

FEfl bk EEBRE (&0

VARZE SR BT FR A gFXFF P F e (Bui ¥ 0 2020) -

:,E:~PPJF i1 70 & v E B RY

() F8ma -

McCulloch ¥ Pitts (1943 ) 4% Jyeropd & 4] > 8 g % T &

2 Tom g2 | cpmd B2 Hp o~ i (v e L B HA) o

() 5 EE

Rosenblatt (1958) #% 17 T g 4% (perceptron ) LA 1 i& *

R P A < Z{!_\ﬂ\}j"}]& ISR R AE IR R B & b
4 4 ¥ (Loss function) % ¢ * A& T *% ;> (gradientdescent) & &

AT £ T AR 2E o

(=) * R
3 B R S B F] Minsky #2 Papert (1972) # 1) H & 2 2
JA PR EPE S A A FEA R B BREY



¥ AR B AR

() BEFY £ E

Werbos (1982) 7 =t e * " & = @447 & i (Backpropagation )
R A TR AR @k 2 SRR L 5T A
Flm A S RERACAIN - K~ < BRI o

(Z) BHA Gz fud TR

1990 4 % > LeCun % (1989 )¢h% #4404 4 4-(CNN)% Rumelhart
% (1986) crvfie 4 et (RNN) A # S K o (G i ficd) 4

SRS ST RS Ry S N Sk

AL I AR £ 0 AT - G A F L A A

() FREFY R FY  HIRS L SRR
HEF 2000 £ 15 T edha 2 GPU # B 47t d ind (730 8 g 4

Ap

§ 7% % 4 i i (Hochreiter » 1991) » 44 5 3 Ba H03] (7 10 & 4518

|~
s
dor

Rk
ARRARE S Sl BApdc R o AR RAR S P A e 18§ A

NI AR N AR R EREE F i A BfAIER X g

gAY Bk gl R R 8 ¥ (Deep Learning ) ( LeCun>2016 )e
EUgRE e R Re N N

iF+ g v 8 % (Reinforcement learning )( Sutton

22 Barto > 2020 ) ~ #3258 4 = g (Generative Adversarial Network °
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GAN) (Goodfellow % - 2014) % £ £ > @ #3172 & & AATeniz g%
felsake * o

SFERR A GRBHA RN HN S A2 A SRRk
e @R Te R e GHh S AMIL  BEE PR DT RE L AT
22 A FR SN T E Y o R 08 eI L A ST i
FHAX A E2 B3 Az pREZe ap EeH
B e kit 3 F L RR AR ¥ 0 F LB AH g &
REHS AR EA A P A EE S 2 A o U A gl A A R A T el
At A IR GOk thiE SR o

GEAGPEREAPRTEL X EPEL TR £ I - U
32023 Eed X o R BRI A E 2 AT A 1 FEOPEFE

%h:% (Nvidia Corporation ) % 42 % ( Advanced Micro Devices » AMD )

5 % B

—l\

ié_ 25 7 ) -gxﬁm/}j &&‘?T'{:m@"ﬁ: ,;i»i_qs«t;
PAFRA SRR R SR 8 (i B R

{

~zh

HE o 2h1 (TbenBF BB TR VL H 4 7 BT D

il
|

SRERR A E T Lo B HHRTESE LG (i

AAnEE S ko £ YA G RRTFHEE R S F R
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e~ WEFYHALE

b B BB G gAY T ¢ M Gl AL
3 HEd NHE R A LDRFERT G §ERE G LR
Arnone ¥ (2016) 2 Huang % (2021) {7 :iE* FhBlg > 38 2
PREEVRHVRGESOPZ - FRT G TBE 2R EFZF TR

A EEA TG 4 o X A NBE TR T NS B -

W
¢
&

)
RS
ko
4%
e

R AP E TR PIARFF T o F A

FaAUWANESAAS DT E > EH4 Sk (Convolutional Neural
Network » CNN) % §5%k4¢ 54 i (Recurrent Neural Network » RNN)
SAHIEENERN CRBEEANESFFTE (B 1-3) v v 156

REBRMTE S ARBAHANDZFF YO 2T B384 2 2
AR B engk H F] 3 Tl 4 enR 4L (Qin £ > 2022) (B 1-3) > 12
EXANERFEERRE S PFEEL IR o FRELE RS
TS b 2 ERG L PEHE A FRT S AATEEE
R REE T Y VAL PR A G s £ B (Y1 ¥ 2020)
DA F R BERE B B2 T FEE i B¢ B ERCRE R o

sz % (Vaswani % > 2017 ) o
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Back propagation
e

Full connection

l Dropout
FC1:288
O,
o~
o~
-
@~
?‘ 0 Non
e : 1 Deb
-
[°a
o
Input images -
SITXTX16 "
(Banh ) $2:4X4%32 @
Convolution = Subsampling Convolution C2:7X7TX32 Subunvh
Layer | Featus s Layer | Layer 2 : Full connection Output:2
(16@3%3%1) CLIIX13X16 (1@2%2%6) (32@3X3%16) u@zxzxzz)

Forward propagation
—_—

Bl 1-3 %4 SR 03) (Qin £ 4 5 2022)

r

- ‘Q\
.\\

m Vaswani ¥ (2017) & < AR B & o (Attention Is
All YouNeed ) » * #£ 5 Transformer #-3] (B 1-4) > 51457 — i R7en
B i gl g 4 4] (Self-attention ) /& 5 /% 3 a5 7|

71| (Sequence to sequence ) K 48 * 7 Sequence & {7 2 5 4p B t43+
¥ 3% Sequence ¥ F - Biv A L Egpr > A Lpd ety F
F R G X N T X FEE iR EL F R Rkt G E

M e 2o BT pORGE S HE A BIPF R chig b > A3 Transformer

R OREAL R i h FARAEFRE o
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Qutput
Probabilities

Add & Norm

Feed
Forward
' ~\ Add & Norm
r—>— .
Add & Norm Multi-Head
Feed Attention

Forward 3 J) Nx
‘
I Add & Norm z

MNx I
f"'l Add & Norm | Maskod

Multi-Head Multi-Head
Attention Attention
L L
S — J —
Positional o) Positional
Encoding 1 b2 Encoding
Input Output
Embedding Embedding
Inputs Qutputs

(shifted right)

®] 1- 4 Transformer #-7] 7 1 (Vaswani % » 2017)

R BLR A B AT A B p RE D

%
>
i
3

B #HER Y B R BB TR f e BT 7
AR TE— 1 Sequence i p LT A WA T R IR Rt
Fefp i SH B ERRIF AR ERTE2 BTl
2 Fia~ chfler > £2 fefir o 2 SOLEE 2 4y 2 £ R B
IR A AR - B R G)A B et AL A B

s P E N RAPM R E AERAN SRRIRFLIRMRLEF - &



I - FeEH LR

\R‘E
&
|
&
e
=
W
vy
L
i
=
T
i
H

T TR L EH e TS (B ke

BEE) ZALZTFSF (FRCZARFE) g TS (FFok

Xy

BPREE)EE AR EFaire T g4 Mo

1 2

b A F2% ¢ (Sun & >2021; Zhou % > 2021 ; Aslam % »2023) -
T AT TR OB I A P b AR U R R e
SR BEFAFA T AweH R e A R SRR
% 7 3n % (Topographic Wetness Index » TWI) & A - §f r2 3 FT R 7
2B K S UTR ATEREAS T TR P AN FER RGN B LB
4451 (NDVD~ # fi it £ B 225 4748 (NDBI) % F4 0 fie b d f75¢
KRB R A T OB F Qc‘fsgfj%‘ijé%év’ﬂ“é RERE - BRF (2005)
B3t 19962005 # 5 F M AT 4K e £ ¢ @ % A de

Bl 1-5-
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1996~2005 > 43 = & FHGE * vt i

B 1-5 M3LmR 503 @ a0t G| B (28 pRdeE 0 2005)

FEAAZEARLY APAR T i #3%0g 4ALTR RS

Yok (E% o BAEMT e Th s ERFE o fe LigikeniEy

FH- g BET P TR S AR T RaE L i

-

T2 AR A T A AR A B 57 RRA S L 2

re s

TREIHBFHAL - I HB PP L T AT
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B4R R AT LABITEL A KPR AL 1LBNR Y
B4 THBAF 2 HUBBMITEFSFFE AT RBERL S
TARZ SR 2 o~ 30 33 % & B B RHACTRAL o A e
ot 3 kit o Lin § (2013) 2 24535 (2009) # 5| : fre #3%
RETFRERB GBS EIRF TREAR TS 57 0 2l

R T i s o FF o AR APS AT LR T

g Mg P A kR WA @;ngﬂ LB P
P 2 e TPt s AR T MM ERE G BT uE 2 g B3~
BAHFES hE D PR AN L 2 T F ks B N
Fp] A 3 P 7 A& (2022) & PR R RE S Atk
(Random Forest) i & i e3¢ @ % Frg #3672 20 ¥ &

TR AT I MY A IS5 £ 82 F)F 0 A

AN

§ HI 2 TR AR B A e R .

RS SeA L S a
d TR AN SRS UM PRI # Y X AR P

"2 &3

ETTRS

=
>/

3
7
e
1
§
‘_\..
_EF
\\xy
B
(3%
(I

Efe o
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"2V REEEE pTEEFRY P B SREF S i
¥ {8 2R 03] (post-hoc interpretability ) ~ p ¥ [ |4 H- 4|
(intrinsic interpretability ) ##= 3 7= ikbr= 5 H 2 Al AR Y - B
3> e (Yang & > 2021 ; Fang % > 2023 ; Youssef & - 2023 ) -
NTRFABIATY AF LT EREEIAM Y
(- ) TabNet
TabNet % Arik % (2020) #& I eFR S Y HH > & 5 AJLEH
AR FHRKIF-Hwd sequential attention #%41 T#z\ » i & feature
transformer &2 decision step 7¢ H » & #°3]5 & - ) WEF 0L B4
PHGE s §iEE - TabNet % * sparsemax Sk & 4 ﬁrm FRF=id
% (feature masks) @ - #HH{H A ¥ fEF ML 4 o
¥ AR M KIRAE B decisionstep ¥ T A A i AGEY > ¢ X
GHLE TR AT R P TR L S F] o AR T AL L AT
SHAP value e e & 5 10 3040 12 298 5% & 30 it (77 AR 10 o
Yingze & (2024) » % ¢ WA M %+ $#27 TabNet ¥ e 1o
BESY FEZHBEANIPLE > RHFEO TabNet FE v 7

ER IR §
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(= ) GAMI-Net
GAMI-Net(Yang % 2021) 2 - f&.5 7 f# {12 4 SR 2 4
f& & Generalized Additive Models( GAM )£ pairwise interaction $#3] e
= flﬂig?l »FHCE - B A s BB (subnetwork )0 @ G HiE hE
ERFIFHNFRL LT E* 3 R 3 + %&éﬁi%] AR W eI
STEE A R
GRES ZEX ERAEREY R  A LR TR Y % 3 )
(dodt B2 MR 'G) B - @I RAR (RS w2 WL FY)
IOV P R o b s FCAK 3P o~ sparsity ~ heredity ¥ marginal
clarity & g5 & - 58 v 7 3] i w2 f R -
Fang % (2023) #l3# 7 GAMI-Net 7F 5% & 3% B = 5 A B 007
P B EE YR A R F T Y AR
S AR T 5 R UG B R B Y Bk FORR T 4

o chi & o

EREANT AR ZEDBEFSANEE A E RN
% # TabNet { 4v = #F o
(=) SNN ( Superposable Neural Network )

SNN % Youssef % (2023 ) B 3 el 3 ﬁf_ i AL
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i R REA e BB RBE TR RS R S

zpéﬁ»’;iﬁgl:'w A FERETRR % o # RS 00 GAM 3] 0 fe
SRR G AH O PEFT I REE A+ o

SNN e+ jaff itk p & B+ PR 2 Face & TALG 28
Vi S 1) 3| NER 2 gE X e ?fﬁk&é oA SRR FOIEHEE Sk
SR ER I L SR il Lk A Y A

LR A E S G o SNN A 24 7 B A en
B L BB F R Y MATLAB » 27250 7 e 3 TR B 7
oo ZRE- HOERAHHEAS R o

(z ) PIML

PiML (Sudjianto % +2023) % - B/ FH A B F s ez
gradrendl oS T S AP A7 3 H0A] (4 GAM -~ GAMI-Net
EBM) £ % (528 #3121 £ (4 SHAP - LIME ~PDP ) % $ & &
Fem A AEbakn] s FEEMRE B S TP A R BT o

PIML erv jaf it o2tk g 8 - 3] 54 > » LZFVARE B Y
Brhre - & R & N gy & BT mﬁg,l o

e hm A S o FIH R M B R
JRE S g F SR 2 0 Fl PIML {3 £ 17 5 #0318 a2 fe
oA E M E AR L DE N e ik BE o
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AGRET AL DL AR AR BT ik (78R

2R A o Bl2-15AFF A RPAFEWE > @ 70
Eﬂﬂ%ﬁﬁiéﬂ ﬂi%#4fimﬂﬁlﬁ ﬁﬁ WonEHE (r]2 2) Z %

B R B T AT AL AT 3 R AR B (W 2-3);

=

3 AERAE 2 Rk 2 (s FeEn (B 2-2) 0

ECE S0V 2 R L ¥

FRMHT5EEH (E2-2)

__________________________

A
(E2-2)

A R

HAME1L
(E2-3)

A HY A e BRI
B LE-EE§

B 2-14 % inde
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B EZEKE FHELER

BIFEZEKE IR

B 2-2 =+ i~ % (Chen, 2016) = #3128 K : (a) H- #3155 (b) 5 #3
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Outputs

a Probabilities
|
t
— Add&Norm
t :
Residual t
- resronas - "2
Historical thorrn
landslides
data model att_his — Vaswani et al., 2017
preprocess features model Lttt
N Inputs
- | Embedding
. Positiona
Landslide O—t
features encoding |
— nputs

\l_/ Wang et al., 2019
Before
Target time @ Target time

Landslide
susceptibility

“es —D—» Output

Split

Feature Feature
transformer transformer

transformer

Attentive

transformer transformer

1
1
|
i
1
1
1
1
i
1
Feature !
:
|
I
1
I
1
1
1
1

1
1
L]
i
1
1| Attentive
1
I
1
1
1

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
)b 1
@ f—L
m 1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
||
(ﬂ T

Features

Main Effects Module

Subnetwork £,()
— Pairwise Interactions Module
X, &
~ Subnetwork 7, (1)
5 i
X, @~
X, @ e

Bl 2-3 @z d #5322 7 @Rt K% (a) w834 att_his #73] ; (b) TabNet

(Arik % > 2020); (¢) GAMI-Net % # (Yang % > 2021)
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o8 1 IERE
- \,gr.r;g“gz siﬁ

S RN ERRARF G L ER e ﬁ?%%ﬁ
BAE R om d AN A R PR o B R LRl B A R
TP AP REERA PR R P AREEEOE 2 i
e R AAFT AR TRE R FRADTEEFFLLF LG
LBk > E EANE A

FRASEEY ORIZE PR F LR SER P RA T LA
wo A SRR Y DTG Va0 2o L RS R O JUE AR R B

BRPE o A B EAEZE A A AFHH A KPP o

\

REPEY > APEREELEE R FIELVRTR > ENGF

-

EFERTHZ2 BM-AHAES B RREAER AR APREEIHRE - L
VI A A B R o F LB OFERE S RIE R L B HA
TR g Fovkar b A o3t R ¢ o AP ikdp Chen (2016)
Hodr e THERFDPL(BFETR-TINELF 2 DL
SRR I A b RN LI Y S = DR
AT LT Y kb TR AN B RN AS B S
(B 2-4~B 2-5)> & A w* PO REREESMEEE L PR

BRFITLTHFEELE (B2-6)°
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w7 B 3R A )

\ ; BB R B () \ i B A B (B E)
! 3 ! e
* 1%

Bl2-4 3 #3484 B (535 k%% 20042024 F4L)

)R A B 2R A )

LEPE ) (€S 9 WSy A kA B (RHHEE)
. % .3:
* 1%

B 2-5 FRAI M4 B (R ok iEF 20042024 F4L)
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Bl 2- 6 #3®FT G o1 o % B

l!‘.‘!
o
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Legend

B v5iagie
B mupatie
B shistqe
B reentre
Bl spnexe
Bl s R AR
Bl s R SRR
B s 4atire
B 5 atie
NARME SR
T xymp s
B S L
R Lk
AR TR
0 Zwwk
U B
AR 59 %A A
— |
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SR TR TR

50% p Chen (2016) 0 11T & Wit = « b FHid & i s

AARATRZFIELF UG OFHFT R RAATER - HF
A SF (FIELF) D% A& (frontal thrust) T & e
2% B RSTE mRE o LATE 1k TS A S
MHENZ P BT R ZEF w0 3aH ~ Eeimfid o T/ ehT
REZEZRIBA RGP RAG P AFEIHT 7 aH

ARREEAR LR T -

F B LF BI L F B d BL% > B ECFE EA D hlL %
AAeRTAF 2 -E Lo aKFaEd B LER HAF I
R LENETES SERRL S VT T T
& - i #787% ¥ (fold-and-thrustbelt) o 3 & 12 ¥ 3733 {

e
o

™

R G L A A I BATR o

kT

SRR RF R LR R AR F RELF
Pl rdSTRERR L i PR B B o0t B U - AP R I 2
CILEALY CRT A AR S SUTERE (fold

train) > E AFEBER- A HFFAZ L o # f UIATRE
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BAT LA T R RRE RTRE S L o

BLFEFEHFRLREG A NG Rk 87 Rl L
LAR - AR EA R B A BP EFNIETFELE
FR A LI EF NEI L 3B EF L RIS LG
BRI HAE LIS RA o S BT E RS
P ER- A E S T B BT RTIVS BATIL » R

MBP AT ABdFREFRELS R B

AR RPEF AR A BRFRE FT A RAER
oA SMREA FHBEA P RE R LR LERF
AR F T TR AR > BRI A 18
KRBT AET oA S MR ESTA L RS GBF
ZARNIIF ARD B PRI RTRAOPEZ A

AT PR R ETAEB AT AT
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(=) F Rlrd 3 - 8 kR
BRGEim th AL s B B AR H R P MR A

BegbT BAEPEUE  CLEE (3RE)EFRE B
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SN

1

CEAES NPT EE RS R RH Rk 4 Ao E R
R LA L B E R AT ol VLB B A
FAERE N LR ( J@KJE P RS FARE Y B ZRE
PRI ORI BB OEERANN A RRRE AL FLT
B BRI 2 BB OEY c EHEE D
ES TR P ERE NS VLRGBS E I Er RE
i A7 o
“Tﬁﬁ2M6ﬂm%%&T@éﬁﬁ%%$ﬁ%ﬁ’é%

F 252017 EF YRk FHARE S FERBIRE L FNH o

(=) F8E LA & - FLIER KR

FELGEGESE R E AL NEE AR S o2 LA LK

TAEER s B R R T TR AT A - BILE A

FLALEELANEER A RTHA LA ESTA L s B
Bt EAxpul A B0 R s BB ER T ST ko ¥ RANER
75 o B w THBEF R FIEE AT k0 F ERRE DT 2B
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CUB KR A TEE R B >R Ed Aed v d LT

BB AT > B
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“3?

LAl BT R

PRI R 2009 & 8 P ahE e h BT M 4R
FLFHFACRFHBE L IR 52016 F 9 P SRR F k2 R
ABEELT SRS L GRF L
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5
il
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a3
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R TR R R e L R SR L s

S N ST WL o §
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T T PR 2006 £ 0604 B HmE A 13 Y AREE %
Fl4g 4 52009 & 8 7 chi s Bk i & fr T FRE A B -
)R A A - FREEKE
FRECDBRELN I AREAA T adm B hd A e

FAT L RARLE AR P Rl GBSl

B Ll RS ARARTHE, AFRFVIEZERM - L
LIRR OV I Y R £ 75 R . I FEF R ABEMREY

FRoAREE HRE R RIE RIS LE I ERE BT

CIge
d BT Fatd et X Lde Ao Bk Lk B R 2 B
4 B 5o At Ae vl & R YT =o—ag,§%§],«ﬂs“§ WE A ARG

ATRETR o EORILE ARG 2 EUTA B o K erih 2l L) 2

BE T PR 2009 £ 8 P R UEh S FRATH H AT I

She
\4

FEALBCH L 52024 E Pl R PR ESICLF A I TR A 2o

(I) 3R EF 22 PR -2 FELE LT



Bo® g oAt A A ek ST R 2 R L TR i o

PRI I2022 & AT E BE IR R R aE 52023 & 4

WRe R 8 BB IRGE M L 2018 & 0206 H Rk R M 2019 &
0418 ¥ 2. 2 ML ;2024 # 0403 ¥ B 2 # 3% «

(%) i BRI B - ks AR kR

RERIG R R RS BLRT B KR R R EIIRA S S 2
AR (FOREE) S L LRI R S LSRR F

:%j‘%?é?] o \ /%%‘é] }\/é'ﬁ)k ﬂ‘%ﬁ?ﬁ;ﬁ#iﬁ% ) %l,‘ij-z;#%éi o réy

GRiEEER TR BRY FES SR O ATE B £

Beids o BB EIRA T B b A F o F 2 ST d ST A N RIS
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FoRERES T AR (FH LR ER S FRAR S

|
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=
+\T\
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N
P
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;7 E, v}ii’rb/@; ) /@11#; Jf%i_q\ IR LR T SR L S F
Bro RATT Rd ARG ERALLA R R E ) S0 KL FR
W B R AR BB AT RS PRSP 0 LR

Fopkir VRGBT (E o MR R ) D TEE A AT

AT T PR 2013 & 0602 3 HE R 0 FA R M

(M) 2 0dsk e BA - R R K
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-
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FRERRIR - FROE BOBEE TR R ERE T
B~Frias i RTHELTEE -

R EIRREEY G S ERB G FIESY G MG EETA
PR T PR 12013 # 032350602 7 AcE B SAcl B Mo

(L) ELFEIFRI -3 5%

FHEMNBEFLATD TN ARZL T A ZHEBHFFE P

PR LT PR 12019 & 0418 2 R R L 2024 & 0403 1

BRI R
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IR BILfR LB E Ao e s € 4 M R P A RS D
Frd 20§ 0T A B SR TP o (TSP el TR R
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TR ARHEBALURTRALG %~ 2 HE o
(- ) H3mFH kR
i ST SRR R oA d N AR A R

TEALGIRAELETLA - TEAMS T HF o 2T E

WL E Y > A PEE R B e A AR A B

FAL: TR FERZIBES  R£2 7 REAFTEHIB LT

SFEN

e

2Bl o ARSI 2015 & 5 3 T & RepF R

-

RS HITERF ERABEF TR LR L H IR LT A
ZRARA AP EAPERR Y RRF 2L F E A H P £ (2004 £
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2 o 4t Ham A 1 (Sun F 520215 Zhou ¥ > 2021 5 Aslam % >
20235 iE4EF 0 2005) 0 bAFE P AN HEIEREIRL R A TR

AT BE T ) SR AR Y T RGRT £ T
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# (Topographic Wetness Index » TWI) o 2. "2 -k e (& ] ) "5 k%
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g hw e P R A SRR FHEIOISHEE Y Y R Y
10— 20 m f#47 B o fe 5 B ie (7 7 2 @R ik 0 208
B2 Adii % (Amone ¥ > 2016) - o M #ciE B 4243 (Digital
Elevation Model » DEM) % * ** & @ B ek B 5 f#2 47 R A %] 5 5
mz30mz+v - TEIEFLIEEHEHRRT R AL TG 4D
AL AR TP E* T AEY S20mE R RERITLAFE mifF
PR TR &Y R E TEHKT 20m ) 2 3 0F o

() ¥ )ik

BARR RN prIndk gz 5 K247 AR DEM - #%iE SAGA9.7.1 ¥

" Slope, aspect, curvature ; i 3% » 12 T 10 parameter 3™ order polygon
(Florinsky 2009) ; = ;# (Conrad % >2015) ¥ i= 5 & (degree) i& {7
FE o f v UEESERE B e - T 5 ¢ F (Plancurvature )~ 3|6 o &

(Profile curvature ) ePRlF > SiB Rt (50 7 1007 5 $F5 i * o

yoeboo Aeig * 7 SAGA 9.7.1 e 2 Flow Accumulation (Top-
Down) ~ Flow Width and Specific Catchment Area -~ Slope, Aspect,
Curvature (Conrad % > 2015) > & %% Kopecky % - (2021) #%#
HAKPE AL 2 A58 2 R R A F 3y #ic Topographic Wetness

Index » ¢ :}F]Etm?.,% 253840 (5% 1) (Bohner ¥ Selige » 2002) »
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TWIs = In(— Z

CAmax(E)ﬁexp s for scaA,,

)
SCAy = S

< SCAmax(3z )ﬁexp (1s5)

1 ¢ TWIg % & 3 % (specific) &k % g & & # 4pdkc; SCA

(o) ® AR RS S EH % R AR A ik
% # » SCAm B £_SCA i3

D BRAKRE o N 2 Pl E SCAy h

BN o HY SCAn M2 R F 2 2 Ap itk < ch1SCA & B
FH R -

THLM - B M R f AR AR kd

B F R PR R 2 3 DEM AL FI R A M A A B

HAR T2 SRR 0 o ¥ &y

( ) llk ;l‘.:!:/{dr;c

FEG EEFLZ IR AT 2 ER

o AR* TAREA T T AP RS G RBHGTRED

i 4@t o (https:/tecip.nedrnat.gov.tw/) ¥ T & BR L F iF £

T (TReAD) (2025), i* 5 fEX "k %% &yp > T4 % * WRF

( Weather Research and Forecasting ) # % #-5% » #-gcit' @ ) X § FF3F
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® « ( European Centre for Medium-Range Weather Forecasts° ECMWF )

A @ ERAS (ECMWF»2017) £ 4 5 TR & 7# 4 " 2 B> EFHE

& mm/hr g2 22 R frE R TR (TCCIP » 2025) -
SRR R BEE R B A AR E o T L M
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JRERIEERE Bk 12 ) PER SR o
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ZH T Python1 £ > A WEBIRFREZFELSE -
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AFTR* 2 FRIFALIT IRk R HFELRF D LR
FAREZEE (GANe L8 Fa &9 2013), FF it T § A2
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EREnE7E 2 Fa 5 2 SR AT B LRBRIFEL

WA PR T o SEFBEA Y 2R RS RRE TR
TEI LB R AR ¥ NIRRE E S S0 B e KAL)
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AFTE Pokm A K hEUR R L ETR BE S ATHEE ~ R P
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FORPR S (R IRE s § 47 0 2010)
1w AR F # 5 Shapefile (.shp) Bl > 5 7 IR ut Ak

Wit 7 P BRSO 7 3 A

g
\\\?{r

+ 5 4 2 % (Sun % »2021;
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QGIS ¥ # Buffer 1 £ (QGIS.org > 2022) AR Bk % ¢ = » & 100m
SRR 1500m 3 M X 16 HE T L A% TH R SR Y o
() 8 &gk
WwAP R o F AL AERY ML 5 YR AR hengF L
W REF AT ERSL CAFERLE S FEILT AL R &
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P fesin 36 HpE AT 2R FA Y B RILAL 16 RindaT ¢
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IR A TR

R
S

o B FF TR LT R EEWAFY

o

AT R B 3L Eamdar § R ECAI Rk A Y 1 5
{20 ST 2 W HB PR R E T A2 B R AAHNE Beh
BRZSEBHIEF 2 FPLE PRAREFT R L AFG
(Decollement) 2 Hat i 2 7 47k > FEp fh 2 RFEEF 3 R
TR o Tt AT TR R TN AT TR 2 FER RURR (TG
Bk pRritis °

(=) fem 2 B3

BB ERBEAARH MR LT HEL G 0

/\
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‘3\
&
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I

4

(Pacheco Quevedo % > 2023 ; Shu % »2019) > 2 T B 2% 5 4
BB EL BERR AT % NDVI~ NDBI A 6] (¥ 3 3/ o
NDVI 2 NDBI /a2 5 Fh: A F LA B2 R A e F F SFaw

3 E R (B 2-7) BN ELFT

-

Bz a3 B

& #1535 (Crippe » 1990 ; Zha % - 2003) -
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g V| M| <« Reflected Infrared >
60
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Q
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Q
(0%
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B2-7 AF /A% T % FREKE2ZF 5% AE (Serra-Ruiz £ » 2019)
A3 AF i34+ NDVI 2 NDBI ¢0Z ®/] 2 /2 5 # * Landsat 8 »
Landsat 7 ~ Sentinel —2 = f& ik (2004 -2024 #pFRF ISR - < ) &
* Google Earth Engine & {7 8/ ot i ~ fr 6 > BT 3N 3-8 4

R R HEE Y AR ETE SR RRE AT R .

NDVI = (NIR - Red) / (NIR + Red) &3
NDBI = (SWIR - NIR) / (SWIR + NIR) & 4

3¢ 338 47 NIR i i74% *F 5 (Nearinfrared ) ;s SWIR 3 ‘& &=

*} Z1 (Short-wave infrared ) ; Red & %= & o

Kﬁ—tl—b7 F,*\]Fara,m‘l/PJ Vl:\.»‘:—'l‘,%_’i 108‘109'&&@];‘?']?

BB AR E o s B AR St # ] fAsg 0 & NDVI 2
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FIEL e Flt o B P AREEAATE 0 SO0 WL RS S o E
2R op REAK A A ROEL 10T

A SR RAR L S R B P g ehiidic

Sed AR A T B TR B R R E R

MR AET s ¢ WA A 4 - B (O’brien » 2007) © FJ#t >

AT PR R #OPE F]5 (Variance Inflation Factor, VIF )(3¢ 5)

mERMEEFE NS EE o F VIF g4k % > B8 & X PR

IE‘,—,,.‘; e

274% %8 ¥ (Rogerson > 2001 ) {8 & %34k #-2 4& VIF #&E 2 #

AT BB LS THS o

1
VIF, = 5 s
1-R

X5 VIF 5 % 17 $8eh VIF & > R2PIES i 78 Sdferhid 2
% # (Coefficient of determination ) °

(1) HAE & PiEs

AR PR R AR 2R - BT R RE Y
P M RHHBPEAOER Y § - ARG 2 o AP E P o R
PERET v AT R B ¢ TabNet (Arik % > 2019) ~ GAMI-

Net (Yang % - 2020) ~ SSN ( Youssef & - 2023 ) % PiML ( Sudjianto
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£52023) 7R o SBRIRE RS KB RARR ~ V EELR

e

2R T ERE R R APRE g £k 5 TabNet 3 6 &
BEw WA Y R - B AL > TabNet 07 f#fR {2 fiR>e
R SN R T E VA SR S R s

A3 E_mlp_his & & att_his 83 2L801 7 HeangE A > F AR o

—_
X

LA iﬂ” ' igtk € AL TabNet e zh A A o FJpt 2V ) 3 48
%% - fAE P4 TabNet R4 ZH > e M FTHIFLH
BTG FI0e % - AE R APw A W aoicae e
Fo & FV EE M1 £ SHAP (SHapley Additive exPlanations )

(Lundberg & Lee > 2017) 44 53] | {4238 (7 f2 48 -

2-25



@t

LHE % P

3
§3
-@%
R
~
Z
(o
=
3
Z
@
g
S
=~
—
7\
k)
(\O]
o0
—
f
e
>‘
5
oA
)

F T N BE Y] AT AR ST Ak > o G R AT
AR AL B GIES C F A SRR B RE T ARILE o T Mt

Bhenzh A fedn B ILsm P
Hidden

Input

Output

B 2-8 # g apticd] T R B (Glosser.ca » 2013)
1.4 &~ (Neuron) :

R

Zd L’T‘Jéﬂ\ q_\ﬁé ;_;'u ’ 'ﬁ/’ {tt%ﬁ‘_‘a‘z&& Lk\F“\ t—,t‘ L’T‘Jﬁé ‘ t U o

g A g e A Lt R (Dendrite) € 4&dck p i St A g
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B CREF T - FRAHEAEp - Rerd E Akt B
ﬁs?l » T *iffslf—fﬁa?] NBTHE Ao 0 RIS R B S BGE (TR g
oA S - BENBELT - B LA

2.4 Gk (Layers) :

HEREREFd B er > 5 Fé&z- B BT B
(3 = A A BT @ JE0 0 KRR JoR I < K v
S Rdelcly o B K P YA R R IR S 0 A ER R P R
2B Y T IR ok B iy i 4 o

3. £ fim £ ( Weights and Biases ) :

Hgrz Bedden gL (Weights) SE &% = By
AR EAY e B o 2B A A T AR X 4 (Receptors)
B AT R P RIRA SR ER TR R o 2t A
& tmre $ 1T ¢ = (Action potential ) =1 & (threshold) » & B A4 15~

B5 - BimL (Blas) 2B H AT MBAFEH G AE b M FF

W

e -
4. ¥ S B (Activation function ) -
R Sl Y51 RSP EA SRR Y AR SRl o
ERREEY S EER G o ¥ s S#ice 45 Sigmoid ~ Tanh -
ReLU (Rectified Linear Unit) % » 4o 2-1 -
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% 2-1 % g Sifcsp

Activation
& S ¥t
function
1-
S(x)
. . 0.5
Sigmoid 1
=T
I ' 8 1 1 |
6 4 2 0 2 4 6
tanh(x)
Tanh ¥ _ g% | |
S rer
2
ReLU(x)
RelLLU
= max (0,x)
2 5 -

5. % w @3 (Forward Propagation ) :
¥R G GRE T R P E - R g A B
TRABIELET - Ko BEARAE e BB K2 2 - BIER
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s
=
e

6. 45 4 I ¥ (Loss function ) :
d A de B E B0 £ ¥ T G R IR R A R Tt 3
LA Slcedp A SR Y VTR R RS R R e B ok

Lo P HEnD Pl L] AT A SfeeniE > PR ki etcd] o F 2
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(ff % S}t #97 E (Mean Square Error » MSE) (5% 8)~ 2%

% (Cross-entropy) (% 9) % o
MSE = 12(}’ _}7)2 S8
n

Hp,9) = = ) p()log (4() ‘o

A8 n ATy A - TR PR L ATy Tl T
BiE e 9% Hp, QR 43 B FAF H %@ pirq Rl &4

i -F2as I L F o
7. F » @ 3% (Backpropagation ) :
o @R A5 RAY S B OB AT o 1 3B L R R SRR )
fog v Ez Badp 4 o005 10 3I5% 13 enifsics 2 58 (Nielsens2015)
SAH O Ko BIEZE N EH AR T % (Gradientdecent) ~ #2 E

MEZEREEARAERELICRL > TEP L -
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6L = V,COa'(z) 210

S5t = ((Wl+1)T5l+1)®O"(Zl) 11
ac
— = §; Fo12
ob}
aC
ST = ai ' 6; £ 13

AOI0TIF 1390 65 E- g R 10 G AR
FA oz pFaEasH EADE  z A S PEaSEEE &
BiemE s waEL b aimiLon b TRy LR RIS IGA
c gt B L B LR R S Al kE Bl 1K G S Ak OR)
5 71235 %/ (Hadamard product ) o izw ;% 535 3G i = 4244 ‘g~
ARG A GRS RTINS Fei TS
¥ Nielsen (2015) o

8. R frif it .
DURA SRR R ARAR R YUY B e B3R 2 R A SRR
Ml RE R LB LN AL A MY RIE A ST A T
FRi4 gk § ¥ gk (Saddle point) 0 4eie 3 sxeniE AR TR AL A E
B AR o FISF RS - BPFRTHERLEZ S ¥ ALOEE
(Optimizer ) ¢ #£4E #1452 ™ "% ( Stochastic Gradient Descent * SGD )~

Adam ~ RMSProp % -
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(=) paR* 4
TR CRREA ARSIt E Y L E T B AMY
#* 7 pir R 4 4] (Self-attention) {7 (28 » T B 2- 9a % ;¢ 14

SERBp AR B oA (52 p Vaswani & > 2017) -

T T

‘ M ’ { Linear ]
T A T
SoftMax Concat

T T

[ Mask (opt.) J
T Scaled Dot-Product
Attention
Scale =
T \ A A
‘ T Ak ] J Linear Linear Linear
Q K V Q K \%
(a)Self-attention (b)Multi-head attention

B 2-9 ¥ Lpiid 44

. QK™
Attention(Q,K,V) = softmax %4

Jax

14
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$3-% ¢ 3 S R A7 o att his 2 mlp his B3] 8 F 245 B
CFE - ] AR (L)FEREE P P APAPIFEREEL &
mlp_his 7 ff F & {72 ¥ > I 2 £44F TabNet o 2 38 (7 343m - 1T
Hefafl AT g R H BT AL 2 BRI BE (F]2-10) -
B A YRR B enR R B A en

FRABAME - AP T AL A - 20 m ERA DTS

(M*N 4542 ) 0 & Bt § Sack & fi > % C a7t b #H ki

ZREHEHELE > T2 - B (M,N,C) eh=FF3%E (tensor) o
T AP R RS FRE AT B Tt (flatten) Tk

B i@ fERE ((M*N),C) e

BTROBERRLIEDRLg TR - LERL C(CES
Ho) - FEEE S X2 APRFT R T U - BT 2
(D L EB=] ) AL HIR=0) BF BREOTHRES
Wi 2R SRRETT PRI - BRARE MN g s 43
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WA bR - BYIRERY FEE S EARRKRS TR
F A RS B T mﬁéf] hEs AR - B2V H557]) (ensemble
model ) > £ FiE M & S N HA LN RE BHEZTREE o

1 kB3t e e S irwlﬁg TORATH en IR 3 e ~ TOHC
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% 2-2 HAI LA
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TR G att no_his att_his

probabilities

pa1dsuu0d AjIng

(positional encoding) (attention)

3D tensor 2D tensor 1D tensor
(M,N,C) ((M*N),C) (.0
C:14/28 SN 4
E]
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(=) SHAP 2 4%

SHAP ( SHapley Additive exPlanations ) = ;2 (Lundberg & Lee >
2017 )em@ 2 A B & 1748 K3 ¢ < Shapley 8- o B3| f2 B FE T
FREHAR S HE R R go B Al TR O (de - B A
)AL 5 AT T ¥ o SHAP #-= B i ficend & 2B T & 5 %4k
S0 SRR b’%fé.iff/g%ﬁ?Shapley B oo fj}u{ju VB E BT
Ty e BT DA r SRR A T AR ERIE R T AR B
T2 08 B2 fTF 7 i i 7] ¢ o R B R e
B ?/*Jc A 1 R 3G 0 Shapley B2 5 rE— o T D
R-Eman hplehafe %254 - 40 % Shapley & - SHAP &t
1% 0 ie- B AHCAIfE Y % Shapley & k 4 fe & it H -
TR % AT R o dogt - ko SHAP 3 & B A AR A 2 -
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" AUC i & (7 503 & 2 375 o

AIEUTHCA G A 2 BF o BFY @ * ROC (Receiver Operating
Characteristic ) & 4 k3= (R 2-11) > ROC & - f & %35 4 7 [
o R ONER SR DA ERASN F F - 3P KA G R E - ROC
2 FPR (False Positive Rate) (3% 15) % # 4% > TPR ( True Positive
Rate) (% 16) % %44 - ROC 1% BAcE 26 #7177 » # b A FF 7]
BRlFEEL €3 A FHROCE R > g o MAEMRT P & P
AR A AP AR > F 2 0 FHOARTRY R R A HCR B
dE W AuEa A o Tt i@ * ROC A 7% > € 12 AUC (Area Under
Curve) » Fd R+ T A ®REBDH 5 %5 AUC A0 - 12/

¥ AUC A%~ PIHCA] £ AR 2
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