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Monitoring and Susceptibility Assessment of Landslides

in the Liouguei Area Using Satellite Imagery

Uen-Hao Wang*, Han-Ching Hsieh™*,
Zheng-Rong Lin***, Shyue-Cherng Liaw™***

ABSTRACT

The purpose of this study is to utilize multi-temporal satellite imagery, combined
with Object-Based methods and Support Vector Machine (SVM) classification techniques,
along with landscape metrics, to monitor landslide dynamics in the Liouguei Experimental
Forest from before Typhoon Morakot up until 2024. Additionally, the study aims to further
apply logistic regression for predicting landslide susceptibility. The results showed that
the landslide area increased sharply from 111.9 hectares in August 2009 to 748 hectares,
then gradually decreased to 230.46 hectares by 2024. The landscape fragmentation
and complexity also gradually decreased over time after the disaster, indicating that
the landscape structure is slowly recovering to a more intact and continuous state. The
analysis of new landslides between 2011 and 2024 revealed fluctuations, with a significant
peak in 2013, when the new landslide area reached 253 hectares, corresponding to several
major heavy rainfall events that year. Logistic regression analysis identified elevation,
slope, distance to rivers, and aspect as key factors influencing landslide susceptibility,
with distance to rivers and slope having the most significant impact. Model performance
evaluation showed an AUC value of 0.704 and an overall accuracy of 64.2%, indicating
that the model has some reference value for landslide susceptibility prediction. Overall,
this study demonstrates the use of Al-based classification methods to quantify time-
series landslide data, providing valuable information and technical references for long-
term landslide monitoring and offering critical scientific support for regional disaster

prevention and mitigation strategies.

Keywords: Object-Based, Support Vector Machine, Landscape Metrics, Landslide
Susceptibility, Logistic Regression
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BB AR 2R R B ERI60% - 15 A BB MARES H BAA A rTBR T B
M (MERERREE > 2008) - FMAMEREENEY SRR rEEt -
BRI SR A /K L ORFF T T T BRI - 2RI - FEE S i B n g -
HARKE S - TTHIE AR S S AR IGE a7 B RIS - Asp ME B RS
TRIHAREIARMAES - R REEE S AR - B IS » Al 1
WSS /R SCAEER - ST 1 SR K R - BISS T ARMRAVBRREFRE ST » 18T
EERREEE A AR - I - SR BB ME R A RER Y
fek - S AR A EREREETT K 1 BRI B, -

R B R RIS RE AT S HEEABEAK - BEAHIO8DIIRRMA R - Hf KRR
MAINGEB3% - ATIRING15% » = HIRRME IR R iz kit A= RE RIS 2K 7
ZEERR © PRI+ 200948 H 8 H S va e A S BEIERN - 5 38 7 KRR SR EA A £
AT o 7N AR R R e 0TS s R\ P 2 i PR S i PR R 8% - B RN
#1290 mm (RERESE > 2018) - @B AEERS [38 T RI20452 5% - MR
804.49 ha (FEZREE > 2011) - HFRMAERRYEGE 1B ERIE - HEMAMARTE
HuFcE (BELHESE > 2022) » HAETEA ZENTFeRE S sole B /S
%o (HEFARE R BE A RAEM SR S - CHE S RIS 8
AT o BN RGBS ERBRME TR - STl T RIVEH] - DU i sy
RIPEEN S DL AR TR S THE - SN S R E R A E RS -

H 1970 R Landsat & JRE 2 H XIT221% - ZoGRE R AL B ORIt RE
mat (L EE T H - NHpEA R ISR AR E R NENEIZ & - LHEE
NEFEDEGEREIR (Zhou et al., 2021)  ° ZEHEHTHLEIZ E A A AR K FRATRE
RIS RER REHE (RARTE - 2022) - feBtEWIFIRERERY 22T EE AN - BERSE
H RS DN RIRTR N S BREE b (Dislich and Huth, 2012) - 38k
EIRKERRE ~ FPALELE IR AL T 2B & /1% (Marlier et al., 2022) < &/
R BT RIIE RS - HATRZ SR B i - MR R A 1 307 25 el P
TT3L(EH (Chughtai et al., 2021) - [RIHGEEESEIZ BRI EREE - /£
ERBoTE BTk - HARE— G - L REESUE - KR iR
- PRI TR AR (FLEEREE - 2014) - Wl TR
FERF R E PR SR F 2k - 3 H R 2 o BB N T - I HRTERFFZ 0T
Jert eI R B A J T - TR 80 (Tzotsos and Argialas, 2008
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Petropoulos et al., 2012) o HrZFim &k es BT 4051 - CHGE SR EHE
FEFNIERRIESEE > Tzotsos and Argialas (2008 ) $2HFFPIA- B s A S RF I m g
AT R EEAYEER » Chughtai et al. (2021) WfRH SR a7
FAESHE E R B EE IR - KA SR 2 ERIAMSE - DYEEERSESSVM
ST R G - DTS ks Ry 1 st 7 5 A ] -

EEAh » Hhse AR REERGEER 22 (] S PR AR REE R  FIIAH . AE ] (Ekwealor et
al.,, 2019) - EFRREHE(CAH L ERAZZ MR (Griffith, 2002) * McGarigal et
al. (2002) BfF#EH i Fragstatsids - o /oAb SAigAvIRES - nETEHRTEE - 1H
i ey e HUA B S R A, - R THUER 220 - DUR RO BT AR RE R AH AT &
#{t. (Narmada et al., 2021) ° FFZAHSEEA At SRR B It SRt Ay 8L -
JCHAERRAE A L R PR P 3R EFIRYYE ) (Cushman et al., 2017; Fynn
and Campbell, 2018; Talukdar et al., 2021; Arora et al., 2021 ) o Kb AR ZE 5
i S FEAR B AR - DA At SR A IRF ] L Rvetadt - UG BT e IR AN
BPEARTYF R - MR B E  HARM SR IR R R E i g - Rse
RERE FH I i PR 5 T g b bt B ER B S I BR 1%+ B AR AR R -
VL HEREER BRI TR AY -

f AT - ARFE BN © (1) FIR# 2R 2GRS SIS ES VM oy
R AN BB SIS F AR 5 (2) Ko RIBE T AE T RIHERE
L (3) EREERESATHIRAY - FEELe HAR - HIREHE A SURRE Ay e tg
JRBRAE /S BEME R IS BIRINTSE - R tHaZ W il KR e 255 -

— HEAE

(—) FARERK

AW FE LAMRSE R B P s /N SRS R W ST i (1) - AR AL A 20
ARESFES - R LR - s LARPE L PR BEAERAY19.5 km > BRPEEKY
13.0 km ° MEIFHREE 250 ~ 2,600 mit] - {IAZERIRTIE - HE SRR
JERMERIL - SIEAHZE2,000 mPL_E > 1T EE ARGy S AL = e i skl o HER
T S AL A AR B E MR LR RS W+ P S PG e e R R 2 - P R AR
Ty B LR St s AR PR RE - P 2rEdEER - 2@ AEIFER9,882 ha » H A RN
FIEi83% » AN THARKING15% » HAhFIE2% (MOCE » 2012) -
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PR EI PR HEEY20 104 1m X ImAYEUE = 2B (digital elevation model, DEM )
B K HIZE R N GISIEAE -

(=) 54

ARWFERIE G BT E BN S R 2 o Ml & S VM ee B2 41 40 5
% WL R T - FrfE M EZE T H BEcognitiontk#8 » &bl
T E Sy R W@ (BIYE) o 8% 1t 25 MU0 Ry FR g . ~
PREEM ~ FHAE KPS DU - IRBEANEIRERERHERTAIREE A - WAS SR
B EE 2 I TS VM 3 JEERHVFI R AL . - SRR 2 B BAEALE (R) ~ #%
ot (G) ~EDE (B) ~TfLAh (NIR) BB SR REILAZ 2IHAFEE (normalized
difference vegetation index, NDVI) » AFANX (1) - BLE28E R A R0
R R RIRFIR - 2 R S I T A o IAE AR B At & ] - 258
G R ERE A RS » B DU R 20° R IR AE. - B B BT & 53 -
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®1 AL RATERE A A

fasE H I [N ZS B FEERT RS
2009/05/09 FORMOSAT-2 4 2m (PAN) > 8m (XS)
2009/08/19 FORMOSAT-2 4 2m (PAN) ~8m (XS)
2011/08/17 FORMOSAT-2 4 2m (PAN) ~8m (XS)
2013/07/03 SPOT6 4 1.5m (PAN) -~ 6m (XS)
2015/04/14 SPOT6 4 1.5m (PAN) -~ 6m (XS)
2017/11/17 SPOT6 4 1.5m (PAN) -~ 6m (XS)
2019/12/11 SPOT6 4 1.5m (PAN) ~6m (XS)
2021/02/02 SPOT7 4 1.5m (PAN) -~ 6m (XS)
2023/01/15 SPOT6 4 1.5m (PAN) -~ 6m (XS)
2024/01/03 SPOT6 4 1.5m (PAN) -~ 6m (XS)
NDVI = (NIR = R) / (NIR + R) .o (1)

NIR Ryilr AL MR » RESHLEE: -

Ry 1 A 3 RERS SR AHERE T - AIFZEEH S 10fERF IR i B g G - s B0
1, 0001EFEHE T AR ELBE - FIFIMURCFIRE 7% - AR e B e R 4 F B .
o7 R - BLEE G s B AR A 25 IR S T M R T PR o AT - B
AT BRSRARERERS B K Kappafl (202X (2) )+ DIGFZRERYRGEE » KappalTid
012 » KappalEiKRIFRR /- FAHERE R Bl -

N Y Xii=Xiny (Xie*X i)
T 7 0, T T R (2)
n Ry o BRI H B Xl FEE B R Y S S BRBE O E - Xy, Xy Ry EE

Perb il B 255 Z BB - N R iR -

(w) B3RE e

ARSI ArcGIS Pro#i i i 20 HEHH - 3t 7 25 700 ] %) o B st B 1 T B
SR DARAL Rz bR -
1. BHERIE

B (100 T M A T R A S A+ GRS SEIRF SRR 2 i [ T T
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2. FHIBMERMEL R
{5 AL ArCGISHYZE ST T EL + BHFAIGRIN i+ M A A T M R
el - E R SR LR R MR TR - 7T 5 B e
{5 -
3. FHRHRIB I
D SR AR 2 522009468 F 10 FI OB » F A oty - Mo T A5 B B
SEAROR » WLULIER » 3TN A S BT TR - DL BRI
FRFEHIR T HRIN B AR <

(2 ) ®x454#F (Landscape Metrics )

R PR S oo e AN SR A B AR R AR RE R SR A R 52 282 - R 2 (e RS
LR K R A st RS R RV R - AR SEER R st S A et S s i n A e T
AT o WS ELERER T RESI R A R MR iy S g e - B SRR
REENGZEZFF ER SR - 20@E¥E%H (number of patches, NP) FIZiGEE

(edge density, ED) ; REGIRFHEAEBUEIR$E2 (1landscape shape index, LSI)
DURHEAERE (PAFRAC) + AAERBREEFI R TER (CONTAG) T4t
¥ (SPLIT) %5 (£2) - i HFragstatsfKA8ETH B Ag R 51T - SREFAS HAER
MR SRS R BN S E -

() FRBAZ S
1. B E R EY
(1) BERIEE

ZEHIAMSE (Dang et al., 2020; Sevgen et al., 2019; Nhu et al., 2020) » AHF
FEAEEAUENR A - AL T AR ~ PRI~ B~ PR RS (topographic wetness
index, TWI) ~ 3EUR5REETEEL (stream power index, SPI) ~ Hi=& - SEHHHR ~ EH
1= e BT SE PR FTRE S R AR RS A B - AR ST A -GS L A
BRI HAE P A K SCB) ) B R S AR A A HOTBHE P 2 » IR S B Rk
T3 -

M AHBAZ 8 - 20 A EECRIE AERY20105: 1 m X 1 mfEHT REFYDEME AL
FTEATS - RS - BE - g~ dhER s PR ~ Bl - P RETE R
FOE T EHE -
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K2 RBFRATAL A Z TR

HiseEiE | W5 NG it
5 e NP NP =N N = E
BREY ED ED = 2(10000) E = ifiEE%RE (m)
A= HiSHERHE (m')
mEBUDINERE  LSI LSI=% E = MfiiEHRE (m)
A= AR (m*)
WEIEHEE | PAFRAC| ™™ a; = HiBRijiEE (m’)
_ [Nz:ziz,"ﬂ(znm,—tnat,)]f[(2211,zzzlanp‘,)(z:z,E;L,zna.,)] py = AR (m)
WS e, (10) — (U D Inpy)
N =S
RIS |CONTAG| ™™ p =Rl L
BBt il il P gikzlﬁﬁikiﬁﬂﬁﬁﬁﬁlmﬁ B
%+ feddouble-count S5
m = B
STBERERIS | SPLIT SPLIT — W a; = HiBRijifitE (m')
e A= HSHERRE (m’)
k3 ¥ TARIBLAE F 8 R
AR 5 ¢ S/
[ DEM 201022 HOLE RIS
B SP 20104 ZEHO B RHR TS
(e AP 20104 ZEHO B RHR TS
H RS RS TWI 20104 ZEHOEE RS
SRR PR SPI 201022 E REKIS
S CUE 20104228 E RS
SR PFE 201022 #H &R RS
RS PCE 20104E 22 OB R RIS
S IBENE i DR AKFIZ )1 6] R HE AL S
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a. MRS TRRGTE

M REFRE (TWI) RHEtRK T BEERE R EEEE - A== (3)
iR

TWI =10 (A 7 EA0(B)) v e e seaeee (3)

AR AT RN LIFEKEE (ha) » B2 InE HIAREE -

TWIn] DUE Wit 2 BRisthl@ 7k et - TWIRVERS » AR BRIk 53 5
LR -

b ETRRE R EET

TirREEFEE (SPI) M E/KTiEENE ST » HAKA (4) Fiox :

SPI =A X AN+ttt (4)

AR A (ha) - B2 - tan(B)FRIEEIVIEYNE -

SPIRYEBS) » FRaZ BRI /KR BB JTEK » L ERE R AR IRE) )T -
AIREE RIS E R U -

c. BEyE PR T

B 7 AR BL B B R o SR KRR AR ) TGS Ay B A VE s 32
PIEORRIE - FR R A B & I M E R 22 AR - RN E R AT IR RE ST R
WhFE R R N 122 853 A+ SS9ME s AR Ty NI LY 8L - I —pF 3
&)1 |GISIERE » SR P ArcGIS ProfNEARIHEE » EHE ke BE B i )3
FLBE TR B -

(2) AU BB
a. BEERA AT -

Tt 0 A R1E B TR iy B AL AR AR 2 e AR (Multicollinearity )
HIRTRE » ARSI TS T 1 A A » 2 S0 ) R AR AR 2 FH A 3 AT 2k |
AR5 IR R BB - WOR IO TR HRRR - FE IR AT E B R AR
ZAHRA PR BOE R S0HE0.7 » R4 B B IR AR - DU CRAS Y AR e TR e
77 (Guo et al., 2016; Milanovié et al., 2020; Sahani et al., 2021 ) -

b XS EOKIE T

AWFFEER A #EREEE (Logistic Regression) J7iE¥ — O BGHT FHEF T -
I T P FHIIRE A & R RO TR Y » TEIXI%# %) (Dependent Variable ) Fy 7T
IR AT FHI R R R AR AUER G fRRE TR B B 18 F 2% (Independent
Variable ) Z[HfUEATR (Saha et al., 2020) - #@fREEAKAX (5)  BIEEA4R
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A S R B AR R A AR R R AR - B EOREEREF(x) - WE AT (6) HisElH
{EF(x) A BRI A BRp - DIARBFR AR TTEENE:

F(x)=In(p/ (1—p)) = Po+ PiX| o uXy coreereererremeieieeeenenieeeeeeseseseeeeeeenes (5)

HX R HBYMES » KRR BB R ENRE - phER AR
H o p /(1 —pyE L ERE R A LLeiiB L - OB A AP RBLR 2 ARt Ry
EEAE » In(p / (1 —p) FeB AR Ll EARESEY -

P=€F(X) /(1 + @F(X)) cerrerereeeeeeeeeeeeeeeeeeee e (6)

Hrhp R AR » e FOORRISREL » RIS A IBSRBUR B A R
HIERAE -

ABFZE G R B E 7% 5 TR HRER A B st R i T/ RRE - Horh - JRgREEHAR
AIFE H 20094F-8 H B b e E\ 1% 22 20244 HAR - REFEFRIBIVER © [T FRig e
HIFE H 200948 H $% 5L h7 volie Ji 1% 22 20 244F [#T 8 AR IR I - BRI —Jo /0 SR E
G YRR FUE AR 003 AR Bl - MBI T RN RIS SATHREI AT -

o fe BB I B Y » ARIFSR 1T Ay SR A o (2] B A 22 H 2% 10,000 11
AFREEA » H:3120,0001EFAEI TRIAFIR o FEEf TR T L/ - Sl B 8 E5E
TTE R —LEH - DUHRRS S I R 72252 - AR R R B A R0M Hhi A
[ FE S 2
2. 1REYEREE

FEERH 7 =FEREREAL T ¢ MERERERTAY ~ BRICE R ERAMERIAR (receiver
operating characteristic curve, ROC) 4347 » LIS %R NS (area under the curve,
AUC) RIS -

(1) MEREREEEAL

HETE R 2 H Al R S AL TR AU B RS MR R B T 575 (Wang et al., 2019;
Sevgen et al., 2019; Kuradusenge et al., 2020 ) ° FEEEE FREA{FEEEAR LY
TEHETEE L BIAR R AL R B B REHE R P« ANBIFFE 32N 0, 00018 B 38 bR A HE 1 TS Y
FPAd o

(2) ROCHH#RSHT

ROC &l R E-A5 /- B AU PR RERVIEE T B - @@ RIBE=RE(E M g5
J&M: (True Positive Rate ) EFFFE14: (1-False Positive Rate) * ROCHH#RIEHE T —F&
A AR R T B 40 ERE ST - ARIBRTAWISE (Wang et al., 2019; Ozkan et al.,
2022; Nafouanti et al., 2021; Sevgen et al., 2019; Nhu et al., 2020 ) * ROCHH#F I & El
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AUC—Effi F » DL bR HIHIRET T -
(3) AUCHI=

AUCHEZROCHIHR PRV » FRFHAS ARV EES TERE - AUCIHEIEITE0F]
1> HPAUCHBLE » Fo B S MREBdT (Kuradusenge et al., 2020; Nhu et
al., 2020) - HEEKEHL - AUC = 0.5 » RoRBEARZEEAIEES] » AUC = 05-0.7 » &
TR B AMEREERTT 5 AUC =0.70.8 @ Tl G rH2i#E51 7 5 AUC =08-
09 » FERERIEAE RAERTT : AUC > 09 » FoRER EAREEEER T (Milanovié
etal.,,2020) -

(=) BHEraER

AR YIS R DT EEFIS VM B 73 » $H1E20094E5 H ~ 200948 H ~
2011 ~ 2013 ~ 2015 ~ 2017 ~ 2019 ~ 2021 ~ 2023 F220244F 101 FRF EAR 7 2 s 45817+
M4 - WE AR ~ FEAE - B RS VU - S SERRS RANE 2R - H
rhkEAERIEA: - ALOARAEM - O RRRE M - REAERRE - EETHTE
BIE D T i mnEREEME - FE 2 AR A R s A -

2009/05

2009/08 2011 2013 2015 A

Legend

| __EEd

.
AR

| P2

o 5,500 11.000 22,000 Meters
' ' |

B2 NBRABIKSHFFLEZD
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Bh o e R B A 1% - NSREABE M AR B 0 » Hoo AT - (HEEF R A
RS > BRI © 55— 71 - B2 IMARAE20 174 22202455 2 - S5 R 20
Fo 7N W EER G - AT BRI 2R ER S - R -

RGN 0001 FER T (b tsRs - A5 0BG RAYV SIS L Bl appa
{H - FERAFAFTR - fERPAIE L - BERETER0% - BUR/ M RES S
FEYEERS - BESL > KappalB/Eiit0.8 - (AR IBAKRERLY - (ELEAERE 7Y
PEIAIAS S VMR /51 - AERE i g o T RIMR R S G - BRIk
EAYEREDE

R4 A RS 1K appafi

year HERORE Kappa
2009/05 97.90% 0.95
2009/08 98.20% 0.97
2011 94% 091
2013 96.40% 0.94
2015 92.10% 0.89
2017 98.10% 0.97
2019 97.90% 0.97
2021 91.40% 0.88
2023 97.50% 0.96
2024 99% 0.98

(=) MBS o

T G R R S L S I R B B TS i 2 - AESEE AT TR
RIS ] - 7 2 W e s B T — DR - R BRI 101 - i
[ R B WA (03 ) - SEAE L SERE 1 Feh e o e g S f T B oA -
DU 2 W P R SR s Bl A A — 3500

BB - s SR o AWFFEH S T R A - MR T R S
AR L (FE4) o fEHE ] DL S i S T R 1 58 B PR R P B e s L 1
Bl o 200945 H 22200948 H AR » At mifE1E111.9 ha BB N2E748 ha » KIE T
SR e ie BRI RSN » 3EER T /NSRBI R HY K » iR a 765 -
I AE20095-8 HE20114E » ARIFMIMAEGFT NRE » iKZ2463.489 ha » Z BT
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2009/08

0 5,500 11,000 22,000 Meters

B3 Ry BMERRIZEFLEEN

800.0
700.0
600.0

~500.0

400.0

HmaEf (h

300.0

200.0

100.0

2009/5 2009/8 2011 = 2013 2015 2017 2019 = 2021 2023 = 2024
—area 1119 7480 4635 4719 4731 3573 2437 2359 2339 2305

B4 % k5530 A S Abdr 4L

AR EAEE » 5471.9 ha®2473.1 ha [EJ3E) - HEH20174E5845 » FiEthimtE 2
TRFHE MRS > 13573 halfE 22 20244F119230.5 ha °

e HR R R AT 0y > ARBIFSELL200945E8 H 19 H BERT 0 G £4 11 i Sl s Bk
HRERL » 387201 1422 20244F [ S IR ST IS H Ht st IR - A SIS P 5 0 B o
pmta R bE (AnEs) o fEEHP AT LIE L - 20115 AR A % 588 ha » {HF]
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150

H3m@A (ha)

100

50

2011 2013 2015 2017 2019 2021 2023 2024
——area 88 253 244.1 178 1279 119 126.9 157.5

BS5 %0553 0 e @At s 8

20134F » FriupE ST SR » 7688 hal¥ %253 ha - ;5EH20134F 23 RSN
HOF - ANERJ RGN ~ TESERER,  FRPSRE EURIK S e EAHTT o BETR - 2015408 E R
Z2244.1 ha » WAF2019438 258/ £ 127.9 ha » BUREHBTEERZ MR - SRif - 17
2023420244 » FREFHIEAE TR _EFFZE157.5 ha » 58 EI20224F R /RF RIS FIE &
22023409/ VR EGE R 5 2AH — B R E A AR S 2 B E) -

(=) HFHAZEI>H

FIFFragstats®CEEHE T 1040 RFHANY R 2 A 2 B 3 B o A R S FR A -
EIEEEEE (NP) 2% %E (ED) ~ S#ERIEES (LS1) -~ BEHEE
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