http://www.renminzhujiang.cn

DOI:10. 3969/;. issn. 1001-9235. 2026. 02. 003

Ba1HFE2H ARERIL
2026 4£ 2 A PEARL RIVER

EiFd, AL, kb, F. RTEZRERNGETAEEAAXNAFREE]]. ARZRIT,2026,47(2):23-36.

S 1 L 357 9 RS 4 Lt A L) BT S0k o

A IEE

341000;2. L AKFI B 4 KFAFIRFR,ILE #HE

E&EH, ALY ERis E
(1L THEIA¥NAFES R TRYK,IH #HM 330099)
W ERAEANEARGHSS TRBEEGEZARIFS, ARNEFRENCEEZRETHEL, GLAA
MELT Bk % F R 470 £ %07 ok UG Bt S o &R B B A IR 3h 75 oy AT kB R F KR Y
AR RFATEANI, T ERARBARN AL L SR T o RAEAER , s hah b 3Rk R ILA R
AR Tk A TAMREL L A THRBEANBA X AR A THEA S I AN EG O ESF =, 55
OHTE R RS B A AR BT PR R, RGN R S B ARRACALER] 3T K SR A4 3

AN E | RGPSt BT AT A AR 0 P BB, SF AT R R AT R AL AT R
KEEI  FEAR MR RT3 R E R e oA RIe 4 2 Fik R

RESES.TVS7  XEFRIRAD:A

AR, TR 9 FE T A 38T K S R B A
AU g R B SR R kR B w T R IRTE
KIRRE AL, 2 ] T 2 A 3K I 1 e i D o ™
AR ICE 22— SR AR bR A A
F A A R A i R FH AR A S5 DR 3R 5 I Tk 35
) R AR RN R B R T SO
N A A W0 7 4 A b ™ Rl , o R Bl T B AT &
S8 FERRIBOI R TR PR, R M B A )
P 18 7 2 7 AR R 4R T 3 R 1 XS 7 42 g
C A B S0 25 SR R U A By [

TEUE ST I KUK B SR v, 7 kR A
B IO DGR BR T o XU B BB R U A LR
Mo 17 9 i MR A2 A Ak AR o T R AR ) DE 2
A5 F P R %O F Bz — o B
TN 5% 4400 1) sl 6 s A2, AN AT LAAE K KR
Aof TR 5 | 52 A 1] 22 4 X B 7% 22 0 2 0 U
J3 16T LABEAR 58 e g 413 B i) Ok A 0 AU, DA
MR RFE LW D N BB TR Tk

FEAR RN B ARAE T AN B Bl as N7 GPS

BEE£WB: MK A AR EILE T H (52469002)
s B #5:2025-06-11

XEHES:1001-9235(2026)02-0023-14

S s A 2 AT T B L
e k7 9 F N 2 B b Y N A 25 32 B
URTE A WFFE 5] A Dijkstra B3 A% 5145 2 Fh ik
BRI vk, BRI 55 T B8 1Bk 80
Ko BT E B AR SR 2 Y 44T, )
HArshs 5 2% ARG AL 15 BRI v 1 38 1o 4 | 51
B 55 2 E AR DR A5 5 TR DT AR e 4. EAh,
BT I E i BN R Sl R G5 S o
BONHEAT N BT AT 2 R S DR 2R A a5 J A2 1
R4 T R R

PRI, AR SO A G B o DAL A B A R 1) ik
Bili b, ZR G5 Bl T A R R 7R 14 B 9 N A 1 AT
FEBUIR , T AR IFNT G T 3 2 32 I AR R ik
14 J B 55 A A, RS LS P R BR A R A 8 5 1
BTN e, 18 YR B oS A7 TR B AR Ak
S22 S ASE B AR | 2 IR EE P R Ak 2R
S8 [P AL, 2 1 R ke il AR B Ak sh SRR DR 2
Y g A gy 1) gk — AL R 5T, S 5 R E
F18) 7 A 77 DR 42 sl B2 P R0 S

f&E HHE:2025-08-15 M4 HE & BHHE:2025-09-26

YEHBIIv : 154 (2000—) , 55 Wi+, B8R F955 2 B 2 B BEFIY . E-mail:15079032193@163.com
BSIEE XML (1969—) , 5, it ¥, FE SR G IRIA RS = 80R 9. E-mail : livzw@jxust.edu.cn



24 N ERERIT

2026 4F-

1 S RENES TS EEARIIK

W NS 2R R FOR I A, ik
17 357 0Bl 149 LA, W58 PR FIATT A2 R T L A
MBI E R H AT 288 XU HAE
JO7 Xt 5 9 B T B, A R A T aE
Xt E7 9CE BEAT AL PTG, AT kT UCE RO IR B
BERR AR o Sl R 307 O T XS A B e o 4 O P
P2 T7 B A RE 2 W S8 R Gk T, U
W ARG I 3 R LR MR Dl A T T G I 2R DR B AR
HE Al WU 77 22 4 B SR S AR T RE S A0 FLART
AR SORE VE AR ) 38 8 87 9% XU 73 Hr -5 4 B0 2% 4
D7, I AR
L1 R X B

FRIT, b 357 95 B XU 20 A 7 ik 3 B A A 1k
g P A 8 VR T D s e
O Xof A Sy i B A8 0 T RE 5 A UL R S A
B GETHI7 12 A AU SBLE A S T b 7K & A= )
LA FI AT BE I AR o PN Sh a2 B 0 it
RE BT I L RO 1%, A T Dy s RN K
gt oA R TR S AU T 2R T R R R
AR GIS 73 M L THRARA R 045

a) 3T Dy O B E gE it o . ARIEE A Y
Dy S 5 R BORE DA FE A, SR RO A il A
ERIGETT I3 AT , T R A SE R PG FIE 55 1 A
TR KB LA AR SR . Benito 28 D 52
I 5T KRR ES 5 BRI ) 51 B R A 45 i 74t
RGP, B Z 2 BT IR THE T K AU AL
K T RGETH R, % 07 vk B RE T R A
TR AU, (B AR 25 18] 23 B AR 1] KU J7
AT A A 35 JR BRAE , X LA A XIS, 22 38 A I 25 70 A
FHIE o

b) FE T SR AT o 3l o 2 R AR R
JRIRS: 5 b T i G P R 383 2 ) ) O 2R, R
Sl T 8t 30 AR R AT 2 19 S S 1T UL, XS
TP BETR B HEAT 2 BT AR . Sun SFOR 4%
T R TR AN [ A 4y R 107 20 T A Tl 4 22
AR JE VIR M BRI R ER R M55 1k

Wi 157 FHR S RE T3 RE AR A5 5 A J7 AL R T 4T
Rt 7 KBS A A 2% o 17 S ASE AUk B L S Ml e ik
LKA I 23 AR AR AL (L] IR 77 70 2 0 S Al R 3
R RE BRI

c) T 3E B R R H GIS (Geographic
Information System ) #li & 7387 o b 55 13 0] T3 2 i
A5 GIS = (R AT He R ZE &, B T SC ke %K
P ST A TR, SR RN AG o %7
W0 R T DD B ek oK Y i 8 AR AR L (5
XFFAR ST B A EOR G o, 5 EOK EME LA 2 LS
2o W E AR T T GIS il SWMM (Storm
Water Management Model ) ) 22 F AR /K 1153 773k | 38
Ao X S T A T A T ARUK R AU Y A
WFFE , ¢ DL T S RS RIS AD SR AT B

d) FETHRARIR R AT o LA RS B Ay ik
filh, P25 G fE P M 55 1 5 R 3R N7 93 XU TF
WHITE IR AR o TR PR IR RIEEE T LU BIE SE Al
B B BEBF B B T KPR FIR SAKAY 1
TR ICE M LR ARG R T B EUR N T I 1
o P R AR ) 8 1 R 555 2 [ g g T 7 K
TR o R TR RS R o B AR % vk
AR WL b sz e DI R R AL, AE A SRy BR A
PO 5 b 00 2 45 52 2R AT A5 i R 2R X %
PR PR K
1.2 b7 XA BT T BR

W A i A T A I, 5 35 A4 Tk
¢ AU B L5 N 2R B ) Lk B 9 ik A 1Y)
SCHEBRAT20, PR I 2R G A Bk XS B L
A WENE . TR, BEE YR O N T fE
SRR S HOR AP R R, b XU A B A
FRIETEI T B REAL AR AL 7 6 AL . FEi%
kR, B AR R AU BT IR JEE 5 N 51 A
TSP T B, SR U T | sl 2 o R A
HOR AR B , B 80 7 RURS A8 B P 0 O
TR o ASCR AT AR LA T 5 IXUR: 4 P Y
L35 LI TR o U T AR AEL | IV A 7 R L R K
AR RS AR BEEOAR , W] S 2R B BRI S
EMTTES%



2

R AR I K

62 B A2 LS O 0 25

1.2.1  BEEBILS R 2o W AT

Ik T T AR DR A B 1 SRR T, E
BB 3 T TR AR LA SWMM 2 MIKE™ | Info
Works 2527, H: 32 BTy i I 7 30 A T o 2 o R K 7R
Wi e -H T RGBT SRR R,
N7 A 5 U T R R S L T
B R SR P (A5 P Y R A LB B i 42 2%, o 7 oA,
T X SRR Wy B SRR B I G
JEEE T 2 DR T 2 B A 0 S BOE TEG E T
XK o AR, B 15 A M 45 31 S AR
KB 5 B D & i |, k05 ¢ 8 B0 i AR L& AR
H 25 ZHE AL, G365 B 1k W R 400H | o 3t S0
B |1 439 DEM DL K38 T A 6 T A 0 5 40 45
T 36 22 RS A S ARSI Y AT LT
HEIK (Y TR B ] VPR BE AF A AL o T PR AR FL 0 H
AR EE T a5 R ek B i i 2 K0 i G
S5 R HE AR, Ak I 2 B Bl A
PRAE A

FE N SR B 20, AR R AR T 2 B AR AR Ak
5RO r) T, P35 N e R B R G rh 45
POCHR W 1, TR R G, BR AR LA B2 —Fh o
S T AR TR B2 R OGP

S 2 R AR

'

Kol Sk B

.

BEYFBEL S T

'

DU 55 0L 20 13

!

Il ALk

.

B SRR

B 1 R 2 R i B AR
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Research Progress on Path Planning of Urban Flood Disaster Risk Management
QIU Qingyang', LIU Zuwen"*, LI Xinyi’, TANG Ming’, GUO Zhiguo'
(1. School of Emergency Management and Safety Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China;

2. College of Water Conservancy, Jiangxi University of Water Resources and Electric Power, Nanchang 330099, China)

Abstract: As an integral element of evacuation strategies and resource scheduling, path planning offers innovative approaches for
optimizing flood disaster risk management. This paper first systematically reviews the primary methodologies for flood disaster risk
analysis. The overarching framework for flood risk management is then explored further from the perspective of flood simulation
integrated with emergency scheduling and digital twin-driven methodologies, focusing on the pivotal role of path planning technology in
facilitating emergency scheduling. Based on this, the existing path planning methods are categorized according to algorithmic
principles, namely, graph search-based algorithms (such as A* and Dijkstra), heuristic algorithms based on intelligent optimization
techniques (including genetic algorithms and ant colony optimization), and adaptive algorithms based on model learning or rule
evolution (leveraging techniques like deep reinforcement learning and cellular automata). For each algorithmic category, a thorough
analysis dissects its respective advantages, inherent limitations, and specific applications within the challenging context of flood
disaster scenarios, considering critical factors such as computational efficiency, solution optimality guarantees, and robustness to
dynamic environmental changes. Following this methodological analysis, the paper systematically synthesizes prevailing challenges
and unresolved issues in current research, centering on three critical dimensions. The first dimension concerns the challenge of
achieving truly dynamic real-time path planning, as the existing algorithms often struggle with the computational latency required to
replan optimal paths fast enough in response to the extreme volatility of flood scenarios—characterized by surging water levels,
unexpected infrastructure failures, and rapidly emerging hazards—while ensuring robust performance under severe time constraints
and potentially incomplete or noisy sensor data. The second dimension highlights the lack of sophisticated, efficient, and transparent
multi-objective optimization mechanisms. Effective disaster response necessitates simultaneously optimizing for multiple, often
conflicting objectives like minimizing evacuation time, maximizing resource delivery efficiency, ensuring personnel and evacuee safety
by avoiding hazardous zones, maximizing the number of people reached, and minimizing operational costs. However, current methods
frequently lack robust ways to handle these complex trade-offs, especially with differing priorities or difficult-to-quantify objectives.
The third dimension identifies a crucial gap in the tight, bidirectional integration of path planning algorithms with high-fidelity, real-
time urban hydrological and hydraulic models. However, path planning dictates movement, the evolving flood inundation
fundamentally defines traversability and risk, yet current integration is often loose, offline, or relies on oversimplified flood

representations instead of requiring seamless coupling. Specifically, hydrological model outputs dynamically inform the planner’s cost



36 N ERERIT 2026 4F

functions, constraints, and traversability graphs, and vice versa. Finally, by outlining prospective research trajectories, the paper
anticipates future trends focused on advancing hybrid algorithms combining graph search, metaheuristics, and machine learning for
enhanced robustness and efficiency. It develops more expressive and tractable multi-objective optimization frameworks tailored for
disaster logistics and fosters deeper integration through standardized interfaces between path planning engines and advanced
hydrodynamic simulation platforms (digital twins). Additionally, it leverages edge computing and distributed systems for faster real -
time computation and improves the incorporation of human behavior modeling and uncertainty quantification into the planning process
to create more resilient and adaptable flood risk management systems.
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