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Abstract: Objectives: Complex terrain and geological conditions in the western mountainous areas of Chi-
na have resulted in frequent hazard chains. The simulation assessments of the landslide—barrier lake—out-
burst flood hazard chains are an effective tool for integrated hazard management, and reasonable model pa-
rameters are the primary prerequisite to ensure the reliability of simulation assessment results. However,
the coupling relationships among the multi—stage mechanism models of hazard chain are complex. The tradi-
tional parameter calibration methods for single—hazard models seldom consider the chain relationships
among different hazards, and the multi-parameter calibration calculations are complicated and the error ac-
cumulation problem is prominent during the cooperative interaction operation of the hazard chain model
groups. Methods: In response to the demand for tightly coupled modeling and global calibration of nonlinear
cascade relationships, we propose a dynamic data—driven multi-parameter genetic calibration method for

landslide-weir—flood hazard chain coupled dynamical model. First, a landslide hazard chain coupled dynami-
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cal model coupled by granular flow model, drift flux model, and sediment scour model is established. Second,
a multi-parameter genetic evolutionary under dynamic observation data constraint is studied the calibration
method 1s used to obtain the parameter set of the optimal population by iterative genetic evolution operations
such as selection—crossover—variation. Results: The proposed method was validated using the 2018 Baige
landslide hazard chain experiment, and the simulation results of the optimal parameter set were found to be
in good agreement with the measured data after 400 iterations. The maximum fitness of the population was
0.932, with a deviation of less than +5% , demonstrating the feasibility and accuracy of this parameter cali-
bration method. The advantages of this method over traditional calibration methods in terms of effective-
ness, stability, time consumption, and efficiency were discussed from multiple perspectives. Conclusions:
This method effectively utilizes temporal observation data to dynamically calibrate model parameters and ac-
curately describes the spatiotemporal variation process of the hazard chain, providing support for the com-
prehensive management of geological hazard chains. Further research will focus on knowledge—guided reliable

simulation and evaluation methods for hazard chains, enabling reliable analysis of hazard risks under incom-

plete data conditions.

Key words: parameter calibration; hazard chain; simulation; genetic algorithm; landslide
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Table 3 Expressions and Values of Evaluation Indicators

P S AR ik i 22 (H
T KRR 25 /m AR, . =max {|r,— r]} 2.813
K
> =7l
S HEARRLJEE 22 /m AR— =1 1.163
£
B2/ (ms™ 1Y) AV, =max { v, — v]|} 2.064
K U
T2 (mes )  Z el 0.741
AV=rT
e KK 2% /m AH,,,.= max {|h, — !} 1.818
K
T K2 /m 2 W=k 0.569

AH='=
k

I 8, 7T R IR BN R GE RS AR KR R
Yoo SRS, R SCHR A 5 814 2R 1k
FETTE TN T Z B B 2 S 8 = 2R R
R 30T U A R GE T M A 2 5 TR i O e S
X GHR B B kAT BB, P2k TR A L R
5 € 2 B A IR JR BR T B — i, B 5
K AT 2RBPFECLE ) . EHEFT IR R, B
ST AT b BB R b B Z2 A RIDXEHE R 25 )
) 22 A Ml EATEAN DD T A SR T e O i
JRUBS: , 73T 50K B AN S 2 B A AR KA AL .

(d) 100 s (€)200s

(H300s
CORSEVEE O W70 EEhHEE/(m-sT)

P8 ok i AR A T AL
Fig.8 Visualization of Hazard Chain Velocity Changes

o 5E VAR S SO 35 I D3 B SR BRAE L X 4%
AU 2 B E 7 1k B A ROTE R E R L R I K
ARG 4 TS bR HEAT XS LG, 3 0 A0 4 A% e B B B LB
SHRORE T R (BB S LR T RIE) |
F 3 AL 1 R S AR SR B S R AR
BEALRGE R . S ARAR S R (D) A 2
TR TE IR B2 L S F e BN 2R 5 92 (B Y



1444

VRN O NI S S

2025 -7 H

DU B B, AR S R Y T R BB R K
3f ) Jin #X Nash-Sutcliffe 2 2 & £ (0~1) gk 17 3F
W5 (2) Fesie M 2 48 B0 76 A ] A 326 4% Uk %8 (400
U AR 22 Z 80, 8 o BN Y R EORE R
PR E M 5 (3) 3 B RE I 48 45 B AE MR B 2%
AR FL (400 ) T S 803 it F A i 1a) 5 (4) 3F 58
BRI A8 I8 )% 8 & 1k 3 {H (Nash-Sutcliffe 24 %
FRBORT 0.750.8) B 45 5 1 2 AR B, AR
B /N 2 IZ B EROR MR, FAH BT 4

A0 25 5 b 00 B, 9 5 6 2 3 A R B
TEA RO RIS RE P o i BRI 0.7
I R A 08 AL Bk R T R T B R AN Y
B RACR R B AE Ry 0.8 B, # & Bt f B i 3
RORW WAL TR T RS A s A L T R
FEIS LU R M0 T O Rk AR T RE S R K. SR b
IR 4 Bh Bk v 25 G Mk BE RURS B2 B U 1 R AR S
B AR 5 38 AL Ak (BRSBTS A
ez al

WG - : i
l BB |'_+ A1 [‘;r:j::“’l 81 |Bb p— Hh &R SR
¥ | B p—t g 5
it ] b | o0 | —
B2 7 i R n— Vi o ) e ZH0
I : T : | M B2 +—: -+ [LY) &E’
F e : L | Jrsmip
Pt — BE e O ¥
[t by g [, ] 580 s [ FB0 ¢ B0 |
TGRS HUR B Maseilt b s e
B9 SR E BRI
Fig.9 Comparison of Parameter Calibration Methods
T4 BHEREFEFEMHEIIL
Table 4 Performance Comparison of Parameter Calibration Methods
AR THERCE
e i ‘ it /mi
ik e R BRI /min - ok (R 0.8)/K
ZE R Ik 0.723 1.352 631.67 296
JRER T Rk 0.769 1.782 145.33 312
BLF S R 0.894 0.027 190.45 27 203
H A AR 33 42 3 Ak % SRk 0.932 0.012 214.25 29 137

1 Gt B9 TP BT 2 JORGE i R B B BN
[ B B 9 % 22 1) ) 52 2R B X OC & T i) 9 R IS
2SR B AR M FT R AR SR T — P -
12 ZE W) -t K KGR B IR B 2 S50 e SR i
P A A5 7 ik, 1 St L T ol JORL U AR A | IR
Mo 108 AL R | Y8 v iof Rl A5S 0 RE 5 1) T 3 i B
TR RSB T AN E 2 RO R A Ry g A ik
A TE 5 LA 2018 4F 1R 1 AT Ay 592 36 22 091
E T AR SCT7 i g il R O O 5 A G R e T ik
4 S5 6 X LU SR 7R AR SO 1 7 25 1 RE RURS E 1Y
L3 o 5 IR 38 AL E 1 R B ik e A AR
I e L0 508 o A TR 2 B A7 B S A HE UL 4G
RBE VT i 0 9 T BE Y I A R A AR O b R
F B IR K LR AR S L RSB TR
RG] 0 9 F B AT AR AP AL 5 i, T 5 B

A58 B B A E TR 0 R B9 7T 5 0 A
Z % x #

BORPE, BATN, SRIR AL, 45 . R 9 B AR
LR b 25 RN T SR S A [T]. R
RAE2ER E BARFERD) , 2019, 44(7) : 949-956.

GE Daqing, DAI Keren, GUO Zhaocheng, et al.

Early Identification of Serious Geological Hazards

(1]

with Integrated Remote Sensing Technologies:
Thoughts and Recommendations[J]. Geomatics and
Information Science of Wuhan University, 2019, 44
(7): 949-956.

VFIR . O0F M 5T 7 g AR B U AR OC ) B A AR S
BHELT] RBURZE 4 (fF B RH# R, 2020, 45
(11): 1651-1659.

XU Qiang. Understanding and Consideration of Re-
lated Issues in Early Identification of Potential Geo-
hazards [J]. Geomatics and Information Science of

Wuhan University, 2020, 45(11): 1651-1659.



%550 &5 7 Z=

45 < B )y ) R O A% ) M Jo 9 R A T 2 O A AL A T T

1445

[3]

[4]

[8]

[11]

FEMS, F7m, PRIGEN , 4. SO MR ORI K
R R R A LT]. B BE BT, 2008, 23
(4): 317-323.

CUI Peng, WEI Fangqiang, CHEN Xiaoqing, et
al. Geo—Hazards in Wenchuan Earthquake Area and
Countermeasures for Disaster Reduction[J]. Bulle-
tin of Chinese Academy of Sciences, 2008, 23(4) :
317-323.

LGSR, AREE, KR, 45 B AR UCE N 2R
R IEIIFE L] RO EE R (E B RE D,
2020, 45(9): 1344-1355.

DU Zhigiang, LI Yu, ZHANG Yeting, et al.
Knowledge Graph Construction Method on Natural
Disaster Emergency[J]. Geomatics and Information
Science of Wuhan University, 2020, 45(9) : 1344~
1355.

NGUYEN V B, KIM Y T. Rainfall-Earthquake-
Induced Landslide Hazard Prediction by Monte Carlo
Simulation: A Case Study of MT. Umyeon in Korea
[J]. KSCE Journal of Civil Engineering, 2020, 24
(1): 73-86.

ZHOU W Q, QIUHJ, WANG L Y, etal. Com-
bining Rainfall-Induced Shallow Landslides and Sub-
sequent Debris Flows for Hazard Chain Prediction
[J]. CATENA, 2022, 213: 106199.

PR, RN, XVLLE, . S A B E O
2 B R AL B N T R B (). TR B T
2016, 24(4): 569-577.

LI Junfeng, ZHANG Xiaochen, LIU Hongyan, et
al. Application of Numerical Simulation Technology
to Emergent Rescuing of Geological Disaster [J].
Jouwrnal of Engineering Geology, 2016, 24 (4) :
569-577.

KURGANOV A, MILLER 1J.
Scheme for Savage-Hutter Type Model of Subma-

Central-Upwind

rine Landslides and Generated Tsunami Waves|[J].
Computational Methods in Applied Mathematics,
2014, 14(2): 177-201.

SCARINGI G, FAN X M, XU Q, et al.

Considerations on the Use of Numerical Methods to

Some

Simulate Past Landslides and Possible New Failures:
The Case of the Recent Xinmo Landslide (Sichuan,
China)[J]. Landslides, 2018, 15(7): 1359-1375.
IANNACONE J P, QUAN LUNA B, CORSINI
A. Forward Simulation and Sensitivity Analysis of
Run-Out Scenarios Using MassMov2D at the Trafoi
Rockslide (South Tyrol, Italy)[J]. Georisk: Assess-
ment and Management of Risk for Engineered Sys-
tems and Geohazards, 2013, 7(4): 240-249.
HAFIYYAN Q, ADITYAWAN M B, HARLAN

[12]

[13]

[17]

[18]

[19]

D, et al. Comparison of Taylor Galerkin and FTCS
Models for Dam-Break Simulation[J]. IOP Conferen-
ce Series: Earth and Environmental Science, 2021,
737(1): 012050.

ONGDAS N, AKIYANOVA F, KARAKULOV
Y, et al. Application of HEC-RAS (2D) for Flood
Hazard Maps Generation for Yesil (Ishim) River in
Kazakhstan[J]. Water, 2020, 12(10): 2672.

WIE, L, Eh S — o T U i A
AEAREBIELT]. RGO HAEA, 2022, 34(7):
1506-1511.

YANG Zheng, XIANG Zhimin, MA Shiwen. A
Method of Loose Coupling Entity Modeling Based
on Variable Rules [J]. Jowrnal of System Simula-
tion, 2022, 34(7): 1506-1511.

PREGE , T, 200, 5. SRS EEERRE
ZEIR[T]. M4 244, 2019, 48(12): 1507-1522.
CHEN Ruizhi, WANG Lei, LI Deren, et al. A Sur-
vey on the Fusion of the Navigation and the Remote
Sensing Techniques[J]. Acta Geodaetica et Carto-
graphica Sinica, 2019, 48(12): 1507-1522.
BN, FAkR L B E . 24 CNNAG I 5
RAEVEAN Ik L] RBUR 4R (5 BB 00
2024, 49(8) : 1466-1481.

ZHAO Zhan’ao, WANG Jizhou, MAO Xi,et al. A
Multi-dimensional CNN Coupled Landslide Suscep-
tibility Assessment Method[J]. Geomatics and Infor-
mation Science of Wuhan University, 2024, 49(8) :
1466-1481.

TR, 2T, XM, A ICHE R Y K
TR S5 Bl 7 ik [T]. RO 2= 2 4 (s AR
=), 2020, 45(8): 1168-1178.

WANG Fei, JIANG Wenyu, LIU Binbin, et al. Di-
saster Model Service Chain Orchestration Method
Using Disaster Chain Rules[J].
Jormation Science of Wuhan University, 2020, 45
(8):1168-1178.

GOLBERG D E. Genetic Algorithms in Search,
Addion

Geomatics and In-

Optimization, and Machine Learning [J].
Wesley,1989,1989(102) : 36.

ErR, BE, XNEW, . S SOk SR B 2
B E R BUBE S T R T]. AR B 2 IR
2007, 22(4): 649-655.

WANG Zhonggen, XIA Jun, LIU Changming, et
al. Comments on Sensitivity Analysis, Calibration
of Distributed Hydrological Model [J]. Journal of
Natural Resources, 2007, 22(4): 649-655.

g, A 2, 5. 2 B AR REOL LS
FELRR (1], TR 24, 2021, 43(6) : 745-
753.



1446

BOBR 2 (R

ISR Y

2025 -7 H

[22]

[24]

[26]

FENG Qian, LI Qing, QUAN Wei, et al. Over-
view of Multiobjective Particle Swarm Optimization
Algorithm [J].
2021, 43(6): 745-753.

fEREE, B, Xok, 45 . BT DU Ak iy =
oK 3 1K B S HAG ik [T]. BT
2, 2019, 39(6): 2024-2032.

REN Tingyu, LIANG Zhongyao, LIU Yong, et

al. The Parameters Estimation Method Based on

Chinese Journal of Engineering,

Bayesian Optimization for Complex Water Quality
Models [J]. Acta Scientiae Circumstantiae, 2019,
39(6): 2024-2032.

A, FRRY, RAR . R T LA 2 2T 09 e T — 3
PE AT RN S AR [T] KE A,
2022, 37(4): 220-224.

LI Zixuan, DU Juan, XU Wei.

Landslides Direct Economic L.oss Vulnerability As-

Rainfall-Induced

sessment Using Machine Learning Methods [J].
Journal of Catastrophology,2022, 37(4): 220-224.
SADEGHIAMIRSHAHIDI M, VITTON S 1.
Tropical Storm-Induced Landslide-Dammed lLakes
and Debris Flow Hazards at Ocotepeque, Western
Honduras[ J]. Landslides, 2019, 16(1): 55-64.
BAGNOLD R A. Bed Load Transport by Natural
Rivers [J]. 1977, 13
(2):303-312.

ARMANINI A, CAPART H, FRACCAROLLO

L, et al. Rheological Stratification in Experimental

Water Resources Research,

Free-Surface Flows of Granular - Liquid Mixtures
[J]. Jowrnal of Fluid Mechanics, 2005, 532:
269-319.

LIMZ,HE Y P, LIU Y D, et al. Hydrodynamic
Simulation of Multi-sized High Concentration Slurry
Transport in Pipelines [J].
2018, 163: 691-705.
HIBIKI T, ISHII M. One-Dimensional Drift-Flux

Ocean Engineering,

[29]

Model and Constitutive Equations for Relative Mo-
tion Between Phases in Various Two-Phase Flow
Regimes [J]. International Jowrnal of Heat and
Mass Transfer, 2003, 46(25) : 4935-4948.

BRENNEN C E. Fundamentals of Multiphase Flow
[M]. New York: Cambridge University Press,
2005.

RICHARDSON J F, ZAKI W N. The Sedimenta-
tion of a Suspension of Uniform Spheres Under Con-
ditions of Viscous Flow [J].
Science, 1954, 3(2): 65-73.
MASTBERGEN D R, VAN DEN BERG J H.

Breaching in Fine Sands and the Generation of Sus-

Chemical Engineering

tained Turbidity Currents in Submarine Canyons
[J]. Sedimentology, 2003, 50(4): 625-637.
RYAN D A, BROOKE B P, BOSTOCK H C, et
al. Bedload Sediment Transport Dynamics in a Mac-
rotidal Embayment, and Implications for Export to
the Southern Great Barrier Reef Shelf[J]. Marine
Geology, 2007, 240(1-4): 197-215.

SRR, VRO, SZORUBL, . Jo AHLEE R D R AR
R URINE K-S B QR it] i AN DA I
2020, 35(1): 203-210.

GUO Chen, XU Qiang, PENG Shuangqi, et al.
Application Research of UAV
Technology in the Emergency Rescue of Baige L.and-
slide [J]. Jowrnal of Catastrophology, 2020, 35
(1): 203-210.

B, WEM, B, . S Ak s
RO BB AE AN RO E A AT [ T]. Bk 5 T
&, 2020, 20(10): 3860-3867.

ZHAO Cheng, FAN Xuanmei, YANG Fan, et al.
Movement of Baige Landslide in Jinsha River and
Prediction of Potential Unstable Rock Mass[ J]. Scien-
ce Technology and Engineering, 2020, 20 (10) :
3860-3867.

Photogrammetry



