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Impact Assessment and Response to Landslide-Dammed Lake
Breaches Triggered by Earthquake-Rainfall Interactions

Chun-En Lin®™" En-Ju Linfl  Chen-Yu Chen!*! Cooper Senl?l  Hsiao-Wei ChungF!

ABSTRACT Landslide-dammed lakes, which are formed by earthquake or heavy rainfall, are highly unstable, with
more than 40% failing within 1 week after formation. Failure of such lakes poses severe threats to downstream com-
munities. Rapid detection of the formation of landslide-dammed lakes and assessment of potential breach impacts are
crucial for government authorities in preventing major catastrophes. Studies on landslide-dammed lakes have mostly
simulated scenarios where inflow fills the barrier lake, leading to overtopping failure. Although overtopping from ex-
cessive upstream inflow is a major cause of landslide-dammed lake breaches, many studies have neglected the influence
of heavy rainfall following earthquakes. This oversight can lead to the underestimation of breach risk, given that ex-
tensive rainfall markedly increases the risk of failure. In the present study, we developed a hybrid method for evaluating
the effects of landslide-dammed lake breaches induced by heavy rainfall following earthquakes. First, precipitation
forecast data from the Central Weather Administration and the distributed hydrological model wflow_sbm were com-
bined to simulate catchment hydrological processes. Then, the HEC-RAS 2D hydraulic breach module was applied to
simulate the flood wave propagation due to landslide-dammed lake breaches. Our findings suggest that heavy rainfall
strengthens the effects of flood waves that occur because of landslide-dammed lake breaches. Overall, this study clar-
ifies the effects of landslide-dammed lake breaches and provides valuable insights for disaster emergency response and
public authority operational strategies.

Key Words: WFLOW, HEC-RAS, landslide-dammed lake breach, normalized difference water index, water body
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1% > A0{er A R B S AR B T RE TR > 2
SEEEAL B — AR ESE N BURB SRR OERE -

FR#E Malamud etal. (2004) #ff3eH5 B = 7.0
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km2 DL | - B S ERUEIE NN - AR SR 2 B
Bt (Keefer, 1984) - 2024 4£ 4 H 3 H » fEiEHNIE 455
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W e
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B TR R o R a2 R e
FEAh > FEIEZE Bt AR PR B - FTREERECE /K AR DR
N R EE R o BN TEARERRERTRET
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Fig.1 The Flow chart of landslide-dammed lake breach
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2024 4F 4 B 3 H b4 705 58 43 » ATCHEEEAT EEE A Y
FOHIEE 7.2 HIE (BUMrE - Jb4k 23.77 & 4K 121.67 %)
BIRFEE 155 NH - RABERICERAY (B 6 78)
HR Pt (BFE 6 55) - BE1R I 8 BF 11 7388 4455
6.5 R (BHArE @ Jh4 24.13 & > HAL 12165 /% EEE S
59) K2 10 BF 14 /y884- 305 6.2 68 (BULfrE @ b4 24.15
J& - AL 121.98 [ BETE 4 4R) o FLAN o SSHIREHIE AR
51 2024 4 4 Ay - EBUHIE] 1,408 gRICR EIRUEATHIE S
([ 2) CREZBHENE L » 2024) « ARFCHFEIERL
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IEoh - B EEEEARIUR BB S AR K&+
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RANTEE » BARER SRR H RO AR
SN
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Fig.2 Distribution of seismic intensity and waveform
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logical Center, CWA)
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Fig.3 Aerial photo of Landslide Dammed Lake of Pa-
paya River (Forestry and Nature Conservation
Agency, MOA)
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AW 24 2545 & NDWI (Normal-
ized Difference Water Index) f5RZ#ET34T > LAIE G
AR RG22 A TR E 5 (L /KARFF . (Lekhak, 2023;
McFeeters, 2013; Sunet|., 2012) - Hxj - NDWI 521

SHE_ER ReitE | H R S KB E (Geo,
1996) » H T Z{HHI/KEEE/KEM S (McFeeters, 1996) -
ifii McFeeters (2013) % B0 iiER % NDWI f5fE2 28 »

Hers S R EEYINAT ~ AR BB/ K BRI ik
A FrLA% NDWI $EATEE B2 DU AR & iRt
HYRRHIE o KBS L L T AR il Is o doAhit
FTER ] McFeeter (1996) FriEser NDWI #55E » 3445
PSS A FH e S R B TR/ KRS B b AR H =[RI8 - [
Sentinel-2 BRI E G ER - HEMZLEE (Multi-
spectral) 4 W EA 10 2 60 AR 2 Z=RIfEITE (=
1) - H¥4% McFeeters (1996) FriZii NDWI EHEAZC
(7 1) » BLK EOS DATA ANALYTIC iRBH » i
Sentinel-2 FEzEH1) B8 7 ELVE B AT4T4ME (NIR) > B3
BEEEAE Byt (Green) » DUEE(T NDWI $51EE -

NDWI = (Green — NIR) / (Green + NIR) 1)

Faits (1) FrtfE> NDWIELI T ZE 2 i e
Ffr 2 5215 NDWI 53 Kg 2K E 770 A S
B AT AR BT AT EHESE
I RCE TR ARG » B K AR ARG
Sentinel 2 B2 BEIRERER

Table 1 Sentinel 2 Multispectral Bands Range

Band

Resolution Central Central
Wavelength Band  Resolution Wavelength
(m)
(nm) (mm)

B1
B2
B3
B4
B5
B6
B7

60 443 B8 10 842
10 490 B8a 20 865
10 560 B9 60 940
10 665 B10 60 1375
20 705 B11 20 1610
20 740 B12 20 2190
20 783

source: https://gisgeography.com/sentinel-2-bands-combinations/

< 2 Sentinel 2 B E 221 NDWI (B3R
Table 2 Sentinel 2 NDWI Range
NDWI Feature Reference
0.2& 11 Water surface EOS
0.0%0.2 Flooding, humidity EOS
Moderate drought
L0.3% )
0.3220.0f] non-agueous surfaces EOS
Drought,
-1%-0.3f non-aqueous surfaces EOS
<03 Non-Water McFeeters (2013)
>=0.3 Water McFeeters (2013)
<=0 Non-Water McFeeters (1996)
>0 Water McFeeters (1996)

Note:

EOS Weblink https://eos.com/make-an-analysis/ndwi/

(2) Sentinel-1 & 253

TERER R BB E RGBT - g iA AR
NDWI $51E 3 i ZE /KA - 28T - HERGEA S
Kzt ke B B BRI/ KRS - RIBLAER R RIEN
T EEAR A MEAZKAS (Huang et al., 2018;
Gulécsi and Kovécs, 2020; Twele etal., 2016) - £ #
GeHKASEE I T - WIS 7y R =107 ¢ Rk
[EF9fEE (Histogram thresholding) ~ 4348772 (Classi-
fication approaches) + 25 H5 HHFIH&E  (Multi-temporal
thresholding) (Huang et al.,2018; Clement et al., 2018;
Westerhoff et al., 2013; Santoro et al., 2014) - E{&ET
B AR U SR BB ERSE - DU K ae B K
Z LRSI B T8 - AR R A B
FrE B R 2 S RKie - 0 8UT7 A2 HE UK
(Open Water) K HAFRHEYIBGHRAUG 2R E - 8% LU
B X e AU B E R KR B IEKEE - 4
Morandeira et al., (2016) £ZFH Wishart fEESER 4348 A
(Wishart unsupervised classifier) #E{7i&isksrE] - fEES
Bl BHIEREREFRES /KR - ZRHHFIEE
RIEE3A A — I i 2515 HARY 5 2 [EDR ERSE - TEF IR (E
RE IR TG R I » AP EEEAES - DL
AR A F/K G - =T A K SRR T A B
RAREF A =B PR ERETTE - HEEE S
A EEREF G K RS R/KES § B0 ER
TERESI G SR BRI - #E=
BRI % B e {23 efE =R E 18
¥ SISHAFIEDARI BRI o REAS AR G
TG R TR - (B M T T &
FRIE o b > B[R AR A58 S & (R M A R T
HYEEAL » HRAERSRIRE IR E - RE ] 3 RRER
Ft~ TREUR RSO =R - H s KRR
B ERSR (Backscatter coefficients) #555 » [RIMLFEEE:
rh BEFR IS SRS (Brisco, 2015; Taghvakish, 2012) -

TR R K ORFE P LR G B EE
RIEZEAEAH - DUETTIBZE I AR > ZART704
DL T By IMEPIEE ) B T ARETHEPTE S ) Wit TTIASK
EHINEZE S B S a B I Ay —7E - A2 2015
7 HE 2020 F 7 A AFERGERET AR EGE -
{E Ry A /K RS BRI F IR (B AR - A DASRE TR
#6457t DN & (Digital Number » B2 HUHRER G2
GoTiE) Sy IMETE R - ZEHEZ G T DN (E/NR
PG s BT BT R 9
BfEAESE > ZEHGH DN B/ NP S EEAE A DU TR By
Pt (B 4) - [E0F - 5% BENEDHIEAE - LT
[~ JAE LR E AN 4 (Liu et al., 2016) ~ /N 30
& ~ BRETAI/KEEKES ~ JRE i a S IR R4
TTHHEE - DR S HERENE (BAKORE » 2023) -
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Fig.4 Digital Number (DN) Value for different Threshold Selection Methods (Left) and DN Value Statistics of Sentinel-1
Image from July 2015 to July 2020 of Papaya River (Right) (Source : ARDSWC, 2023)

3. BUERXHIEA RS 2024; Tama et al, 2023)
(1) 2R Rt AR AWFERE R R B EERTRRE R » HERRN
WFLOW 51 J i 32 K S0 B2k (Deltares) 4 A 23 HZE 28 HERKFAERARETREA: - TS
Bt B 25 0 22 [ 4y A 2L /K SR = (Spatially distributed HEE WFLOW 4 (LEk  HEA 2R E T 2%
hydrological model) » HLfEE | I 28 R pR I LK ST THEERT AWFFE (Eilander er al., 2021; Imhoff et al., 2020;
FERIRE R KSR ERAS > BUFEIARR ~ 27 ~ 5l - Imhoff et al., 2024; van Verseveld et al., 2024; Hengl et

al., 2017; Clark et al., 2017; Knoben et al., 2021) » ;4
GRPEFEMRENR - = uE BN E R & WEPS
(Weather Research and Forecasting model Ensemble Pre-
diction System, WEPS) (Li et al., 2020) TE#EETER
10%[ZEPRE ] - TR & a2 FE PR R FU A R SR ZE A
RS KITEFTEE S bR & - WRHE S R
SKIEIS PR & RO EFELR 1 R IBZEE st
B RIE (8 5) - MRIZRSE WEPS 7 4 H 22
HEHTFINZE 4 A 25 HiER 3G ERER -

7548 WFLOW & i el SRR - TR URIEZE ]
& £ 4 A 23 HEc K= R 15.7cms ~ 4 H 24
HE91.5cms ~ 4 A 25 H & 70.5 cms ([# 6) °

388~ KR N KA B A E RS T A SR T
=, (Kinematic wave method) {78377 ke on) 38 7K
JEEL (van Verseveld et al., 2024) - H#ij WFLOW_sbm
154 (Simple bucket model) > /&L Vertessy and Elsenbeer
(1999) Frfztt~ Topo_SBM fHAL S BLRENT A » W5 &
RE LA IR - ZEA R AR E » A
TEAERE RO SR E SRR - LA - i
TR ~ SRKIEEE RO 148455 - [EIRF > B AL 7R
PR BT e RER RO - SR HH R S PR B AR TR
FRE OLEREE » oF F F B IR S s s e U

DU SR EREM: (Imhoff etal., 2024; Jeong etal.,
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Fig.5 Numerical Simulation Domain of Landslide-dammed Lake breach of Papaya River
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Fig.6 Ensemble Precipitation Prediction and Runoff Discharge Hydrograph

(2) 4K A BB E

E T E S B S R EE M RIS
(Failure mechanism) B8 el T RIS DARTAL - PRI 12
SRRV RE - Al RS HE DA P RE VB T
B R [E] Y B TR RARI0 S R B T Ay B
A ZE R Fl S5 BB B T B K S TAZ Huly (Hydro-
logic Engineering Center) Fir[5Ea& 0y 7K B 31T 2458
(River Analysis System, HEC-RAS)» H#5{EH = F5 6.4.1
fEA (Brunner, 2024) - HEC-RAS ELEZ FEFTHY /K
ARG ~ JAEKER T ~ TR SORE BT 5T
(Amaliah, 2023; Butt et al., 2013; Jung and Kim, 2017;
Gibson et al., 2022; Marimin et al., 2018; Limbasiya et al.,
2022; SifiRitEE, 2019; FRREL, 2019) o A AT HE (L
SRR R - R AR RS K S
FEBE TR - DABLR S SR BE T E e TR 2
% -

A ABUN BRI BRI E SR AL T 2022 Rl 4
BB RE S, 20 N RE{EMPEAL , DTM &
o AF B E R E TRV EE M &k - Gt
R R/NER 20 m x 20 m > R
553,770 i - MEEHERAITGELY 221.5 A H - IR
FEH NI R RIE R TS 27,125 AR - (R R ER Y
SE I > 7% Wahl etal., (1998) 7 RS &isians 224 »
GBI EIFER Y 0.1 2 1 /NIRRT > HEES
TERF R - AIEZEEED RIS R ET R BROR - K
BHFEERM 0.5 Ko 1 /NIFE R B iERF e - 1R8Ik
FFAHE > KRG LEIGEE L EARER > EAREH
BB AL A B BT S 257K R 2023
FEE/KCUFER ) AR TN IHC-FHE (H0190H01)
MBEEE > HE R ~ i/ NP By A By 47.5-5.2
20.8 cms » AFAFELLEET & 20.8 cms (F AR & -
ALl B AR RSB TH RS 100 &) -
e WFLOW =t 5 - HAERBUR LG 8% 91.5
cms ; {E TIFFESREE b » ik HEC-RAS i -
B SR e B A =R BRI B ]
PEAEEASRF IR FHEESY 12 AN EPEEE FiFER Wik

Storage Water Depth (m)
[ o L

AR N R 0 B 2 SEE3 (Y 1.02%) HE T35 7E
S51E HEC-RAS RS HmE Bl S5 AR AT AbTFT
(Ahmad et al., 2023; Beza et al., 2023; Brunner, 2014;
Gaagai et al., 2022; Gibson et al., 2022; Najar and Gul,
2022; Shrestha et al., 2025; R=HR{GEE, 2019; FRZZHEL,
2019) -

EEAI A FE SRR (& HE 2R & T < R IE R
WA DTM i 2 G E Rt iE s E7KE - &
BE K& &E-miE-REREm G T HEAsCE (E
7) s o < E/K & K DTM ERHER » 3%
B 25 AR - REREREE - BUMHEZIR - AHH

7££:7% HEC-RAS {# FH FiH(Brunner, 2014) 5% > S %

% n {E#EE 0.04 Z 0.06 [ - AFRA] 0.06 #ETTSEL
RIE © ARCEANUBBIEAIDRK L - BRIFEZ 6
BEre  FEEERRTHRA RN A It /£
A Gt L Rl 20 g K& A
HERUAMIR SR 208 & KA VB IISTE - ARTIe LIEZE
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&3 BRBERBHERER

Table 3 Parameters of Landslide-dammed Lake simulation

Case BRI ()RR m) L MEER 0 g (m) A
Run1 BRI 1 20 i 25 20x 20
Run 2 ERAERR 1 20 91.5 25 20x 20
Run3 R TRARIERK 05 20 i3 25 20x 20
Run 4 REAEN 05 20 915 25 20x 20
Run 5 A - 20 i 25 20 x 20

i R Ry (el TP R R B R TR S L & WFLOW FzUR BIpA -

= - PRRHEETR

1. FEZBHERR
ASCERF 2024 42 4 H 3 HICHEHE S 4 Fijf% 2~ Sentinel-
GIKEIT /KRS IR » BB 2024 4 HAHZ 4 29H
HIRIAY 6 (EnFEAR ER2G (B 8) - IEHIREERESTG
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BEX:93%

20240409 Sentinel-2%

EBEX :91%

20240419 Sentinel-2%1& 20240424 Sentinel-2%

8 Sentinel-2 1§ (F1%AFR : 20240404 + 20240409 + 20240414 + 20240419 + 20240424 « 20240429; &EHIZHJR : BigGIS

https://gis.ardswc.gov.tw/)
Fig.8 Sentinel-2 images (Time: 20240404 - 20240409 - 20240414 ~ 20240419 ~ 20240424 ~ 20240429; source: BigGIS
https://gis.ardswc.gov.tw/)

121°2225" 121°22130" 121°22135" 121°22'40" 121°22145" 121°22'50" 121°22'55"

3 ¥ 20240404_Sentinel2_NDWI
b4 1 & i Value 2
b [ ] _ 05205 --0.45 &
- , ﬁ |- 044904
u ol 0.399 - -0.35
@ = 0.349--0.3 1.
sl . ;i'r - u 0.299--025 H
a -‘ ol 0.249--0.2 &
0.199--0.1
L -0.099 - 0.01
5 W -0.009-0
2] . 1 0.001-0.05
o w® Wo.051-0.15
g
dok
|

121°32130" 121°32135" 121°22'40" 121°32:45" 121°32'50" 121°32'55" 121°3225" 121°22:30"

121°22130" 121°22135" 121°22'40" 121°22145" 121°22'50" 121°22'55"

g | 200414 Seatine NOWL |
I Value B
W -0511--0.45 B3
] -J 1 0 -0.449--0.4
0.399--0.35
P - 0.349-0.3 5
S l 0.299--0.25 ‘g
< 0.249--0.2 a
_-f"'- 0.199--0.1
- -0.099 - -0.01
z -0.009-0 .
by M 0.001 - 0.05 H
8 W o0.051-0.15 x

121°3235" 21°22:40" 121°32:45" 121°32'50" 121°32'55"
121°22135" 240" 121°22145" 121°22'50" 121°22'55"

20240429_Sentinel2_NDWI | .
Value 1=
W -0.565-0.45 B3
0 -0.449 - -0.4
0.399-0.35
P 034903 .
5 - e 0.299--0.25 =
B 0.249--0.2 b3
‘#h 0,199 --0.1
- -0.099 - -0.01
: L L] 5 m-0009-0 .
by . M0.001-0.05 H
8 W 0.051-0.15 x

121°3225" 121°32:30" 12193235 121°22:40" 121°32145" 121°32'50" 121°32'55" 121923

121°3225" 121°32130" 121°32135" 121°32:40" 121°32:45" 121°32'50" 121°32'55" 121023

9 NDWI FEIZHIRIKEER (R21%RFRT - £ 20240404 « fh 20240414 ~ TF 20240429)
Fig.9 The water body is identified by NDWI (Date: up 20240404, mid 20240414, down 20240429)
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Fig.10 The water body is identified by backscatter of SAR images
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Fig.11 Dam breach of water depth and peak flow discharge at TungMen Village
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Table 4 Parameters of Landslide-dammed Lake simulation (Manning's n = 0.06)
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