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Abstract: Against the backdrop of climate change, water network systems face systemic risks involving multiple overlapping hazards
and cross-scale transmission. Traditional analysis paradigms centered on engineering structural safety are insufficient to meet the
security requirements of complex mega-systems under changing environmental conditions. Starting from the current status of China’s
water network development, this study reviews major achievements, identifies key challenges in building a safe and resilient modern
water network, and analyzes existing gaps in the basic theories and methods of water network resilience. Considering the multi-objective,
multi-level, and multi-element coupling characteristics of water network systems, and focusing on the three core functions of water
supply, flood control, and ecological protection, this study defines the scientific connotation of a safe and resilient modern water
network and proposes a corresponding theoretical framework. On this basis, a strategic framework for developing a safe and resilient
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modern water network is established. Strategic objectives are proposed around cascading risk prevention and control, functional
maintenance, recovery and reconstruction, and digital-intelligent iteration. An implementation pathway is clarified through the coordination
of engineering systems, network structures, dispatching mechanisms, and digital-intelligent systems. A closed-loop operation mechanism
that integrates perception, analysis, decision-making, execution, feedback, and optimization is also recommended. Furthermore, from
the three scales of macro-level planning, meso-level dispatching, and micro-level control, this study proposes a multi-scale collaborative
promotion strategy for constructing a safe and resilient modern water network. Systematic development recommendations are also
provided from five aspects: engineering foundation, dispatching capacity, scientific research, institutional mechanisms, and industrial
layout. The findings can provide important support for building the theoretical system and promoting the engineering application of
safe and resilient modern water networks.

Keywords: modern water network; safety and resilience; multi-objective coordinated dispatching; closed-loop operation mechanism;

system capacity building

T E'IJ—%_

B 5K 7K A2 DA SRITE 9 it . 51 HEK T2
NIEIE. HE TR S BEIREENTFER, FK
FIRRALECE . TR bR . KAES RGP E
e TR E R, dhibhd . [H SRR
17 SR g BRI ZL) /K W v b7t [
FIEHS, BRI T “ R e,
B M. FEOFEe, BH@EYy. HEEF” WE
FOKME & B E bR, SEMIEREKEIE. KE
B KIREE. KR E A S, (R N RILFE E
RS RBE AN HEMRINE) B,
Insm E oK B, AR R FHE . KE RS
BWAC W2 K IREERE T, (a4 I [X 48K
VIR R R, 50 3 [ SOK R 328 28 Al T3 e 7K
MWiE . H I EYTEDACK MR E KN R S
PO BE IR TTUZ R, SRR K 24, 0%
Srrtt e R AR EEE L,

A BRAAR AR N ZRIE SSL A R, A K
FEHMGRIBIIRZ . WRE R KRR A
T K N R G I 22 AXiE AT o [ B 9 Bl
(EM-DAT) 4iition, 2000—20244E, 4ERiEHE N
HORAERIK 4124 . KEE26721K. TR413 k.
E 664 % MR KRG, K5 FiE RN 2 5
Mg N\ R A K, A F 18.51 12N, & ¥FHi 25k 3
10.51 542370, TR FHRARHES 2aka R a4
—3, it R, 2000—2024 4, R E L KAtk
226K N FE282 K. HufE 120K FIF 227k, HA
HEK 9T RZ RN D RIARGR 9.43 /2 N0, th4h, B
— R FMRAEFAE DTS LR E R, K
RELI, KM ARG, LMK EAEEDT
R TR — K ST B, — FE AR — AR E” EE

MARR AL T, MKMImIGZ RSN, R
B ARGENE U, o Bl A5 N SR AR KA -

TENH AR RS TREREH R ERE &
gt KIEAWTSRACTIRERT RN, 22 4 1 th i
KMESS, AR T RGN ThEE WAl e 51 KB R
GBI “HINE” ARy —RloE % 1 R Gk RS iR
BB, OB B B 9 9 Kk U 7T
SR B B, R ARG Yt 2 A T A AT
ANAR AR 7 0720 i A K S B A AR, AR
gi 2k DO BEIAUK B AT RS E T 5 KU
RS RE ST IAZ o AR bR . BRI, RSl B A . IRk
5IE RE DK N 2% DI BAR &, JEi
TR SRR F, PREGK M R GEia AT %4
SRR, BONZKR) LR AR 75 SR A SR

ARG K IR, 48 H K S T
I BBk, R NI G 7K X B0 1 SRtk B e A 7 9%
FEERIEMR, 45 &R EK I R G2 ATRE S N 7
5 R ZEPIMEIAUKMR2 P, (R 24
PIVEDAOK B HESE . fERCREA B, ESehing H
PRy SCHERRAT . B ELPAIIA PRI HERE ST T R
WA, A AN TTRRFEAL . HBERE ST REA AT
PREBLED S kA = 5 AN R R R, Ik
[ 2 e A IR W i B 5 BRI 2%

= REKMEIZIR K B R T

(—) FHEKMZEIZLIIK

WHE O EER R DR, E
N 2 (PR R E R R 2R . 42 BAA /K 2 R
Y195 R, BMIEREZ1x10%m’, KIS, HE K
AR B R A, DU Wi, —Hit
KR TR PHERE, [ 5K M 25 32K 3 ik

051



ZEFMEIA KM BITBE RH S SR E 5

B A, TREAR AT 2540 2 25 1Y 58 1K
W RGBT BE 7T, O [ S R S it 5 [X 35K
PR R FE SR 1 M S 7K 2 4 ORIFEEAIEE o

FEE R FIMK TAE BT 1, e S8 50K
W Y97 BN, RREEHESERE I, B X T
FoABIE . FARILRAR ., e TR e 1T I
Frel RIERRSE, hERSIVIANY TR Eshaeit, frd
% r KL 5 2 TR N RGUACHERER B [FIR
SISt TR s, HILEE. ILRF
By A8 DX IR BT RGBT AR AR RE, K BRI XI5
WS 2 KBS M e RF5E T, KM “ Tk
HEE” K& RPIE R

fE TREIZAT PR T, T XA o P R Y o .
Bi QIR SRS, B K IR B I i % Gt o T
P BHREE ARG E . £ TEKE. 2 Hirh
ISR I AT . T, . s
NRZOE T KR, GG 2KERGHESE
DK EIREL, KM RGP . KBHIRTLE
e RN A AR A2 55 7 THT O 3 T2 BE 0 A BTG 5B

R AR R R WOT I, BE DA AL
FARA KRS ARMESY,  IE H il RR R AR R A B
WrBoadt. B TR e R A s S AR
AR B FHERE, M RHOR T S ARtk R B
A gedE, HEBIK IS AT B 456 YK Bh 1 HOR WK Bh
A2, NEIFATHIKM TR g g 5 8 &
SRt 7 EESE,

FESCEEAG b, SR R RTE K B 5 iz
17 R ASWTER AL, HESIKIM RSt TR E SR
A RS e A . ERRTER I, 1E5K30K
EIpAL Bt R A RERVN A e I D DI EASE AN |
FERIRE AR R0, SRR, B sk s 7 ik Pk
J&, IRPESA IR 2 N AR N 5 i R ok
FOCRF, WERER VIsFRCRY . AR R,
HorZpde . WS “ REHK T — AL M
RIRFERL G, TR P BIK I — By s — & 20K
W97 R AT, SEIUR K I R G IE AT RS B S
RSN U

(20 BEKWEZEEIEEEIES AR5 E

H A, 3 K R S R B st (%2 429
PEBACK A ZESROK EY) B RS EscBl HiE T
i, S R A T I 9 T ol AT RE R DR S B D g

052

R R 247, TR K P S B I 1 3 2T
T LEAE Fh1 T RR AR B S5 5 1] 4 % 4 (R
Y 5D 0 25 Bl B SV B 3 5 52 2 KUK B B 2 ]
HIRICAE, %24 HIPE 5 BURALE R 4 5 4 A
KFURR ., H . BRI A R, R
B PR TR

1. ASLFRE % 4B ATIE /1 AW K

TEARAS A N IE B S IR R, B b
M. TR, RHAmNE SRR EE RN,
gk, K TG E R E LT, X
B K I TR 7 A R BB K, (LB 4K {154
BB R . B A A IR A KR
FURE AR RE RSB R, T {3 A A S B
BT TRERRE VU PR T 073 5 i — 43
ISe RN Wy CU S AT oy
WA I T RS TE 3 R AR, 222 A M BLA K I T
fO 2 B R AR

2. K IHPBE T i 1 2 Al D AT

K P23 9 AR ) T T B T A TR, 5
IR (AL A R e — B T TR,
il TR K R, TR SR, &
BRI TR, BERARERS, TR
PR RIS IR R A 5 2N R TIRETIME, %
KIEE A £ TR IR 2 BR 1 25 % Bl 1 42Tt
2.

3. % ERR U R B K, G555 47 L
7% e

22 4 PR LA K 9 AR I i L K Y
B OKESRPSELECL, AR HF2 EER
PR, R, AKRVHAEIE S TR, ¥ E bR
Mg, £ TREG. 2 HERBRES, HELhE
AT, BT, B, BRI R E
. I . AR TR ) TR 1 i
UL 35 U 5 L BB LIS T — 2 52
FEARREHRT, WAHE R kR
L. PR SRR R MBS R
AR, R 22 A LA A I T 0 .

4. BUR R BT 5 14 9 SR AL TR

B M. KB A A TR A R
T R T SR, (H R A
VEESRE, H AR R 5 SRR I I 47 7 R 2 1]
DA FAE2EEE, 7ESCHESEBL “ Tk, BUE. Wi, W



PETIEMEF 2026 FF F28 % H5H

K7 e AR T AR . X K
WA AEB IR HEA G — . IR R A TE#
HEICE AL SR, 520 2 PR A il 5 A0S 2y
Braeds. IR, AR B R AAAE AT R VEAN A2 |
ZACRE A BRI Fod B AN R S R, HE DL 56 42
2 R 2K I B R FE TR, TERIR LI RE %2 2 ¥
PEBLARIK P BE

= ZREFHMHIRKMAIRILIGIR

BEE WL L M 7 iR IR B e, AR
BRI — R S8 STFIZ L R RS, £
G E S B SR S5 T5 T, AR R 2%
RGAEPEN KA T DI REIRAL . PR L R A3 BT
IR 7 LA BT, T R 2 e IR
K WA RIBTE FEATS Ak ke B B B, BT BRI XK R 28
R TREEFEAN 2 H b bl R RS & R A A R T AN
o, AFEKM I REY SIERCA E . SR PITE R Zh
REMIMERALA R . A AR R B U AN 2
HOE WK EALAG] ) REAS AL S 1), 1 R T B ) B
WARR, (LS WIEIAK N @ BT AT A7 75
—EHMR, FERIIELLF LTI

1 FERE SR R 5 IAUK M DI RES SHa e A 2

MRS AT 1 5B T, &
FH T2 Y RAE SRR T R HRPUR G IFEAEH]
T ERJE R 2 B E ThRER S I RE 1= H AT, )
WL i — KGR E L R E, IANH
— RGUNIR R REE T R G SRR T RS X Hk . B
FI8 1R ) RE X IR R Y, SR TR R T LA
PEL TUARYE. BRI UREC AE 77 AP Y B RS R O
WO AT 4ESE, OF RGBT AR SR R R AR 1 45
AL BB, SUbFES, PIvEE B — DR R4t
AMLEAES TN YERFIEATIRE, 3N AR
BRI AT I L AL AL ZA T T A s B
SEILGS R PR R R e 0. IAOK I — M R
RERG, HZOIhaetmpit. ok £5%EL
HHbR, BrEEZERKK. TRIFEZ. XK
SRAE BRI IE [R5 ] S F TARE AR R i
WIVEsE S0, 75 G s K I ] A O o i 1R g
TREGUK AE /TR AT FENE, A DA T S R LA
Wee. R &R E R el AR . 4T
KT L PMEDAUK BB IL 5 DhRESR A%

DM R TG — AR, T 4 K R T i B
B«

2. 5 Z FLHIME IR i G T 4 20, R K T
it R AR A 2

AR, WA AL S R R
FE, WM T 4 R 7 L I 4
M. 7E3CiE. GRS M% ARG, BB E N R
GetE R ah i B R IOREAT A, X 2 i 52 44
GEEHL. PERSIB LA SRR, T
SHRENRE R GRS RO, B IR T B
o, fER K BN RGSUR, BET )
NFEIL R 5 DUHA7 £5 0 P ST, 0 S 4 A
ST B LR R G M R B o SRR AT S5
N TR 595 4 e S 3 SR, K SRR
ISR S B R R R 1 L A
fi, (E7ERL T A OK R 37 2 — 2 B, B
K I 0190 248 4640 2 SRV R SR B T M 50
WEAT TR R, Ik 5E 4T A
TS AP B AR U e T4 A i
R TT AR Z20R, B T R I 5 Tk
B KR KB BEAE. BRI LR 3
HICHESE . B 5 2% 00 4690 9T 90 M 4 M 2
W, KRR TR L. 2 H AR A
DINBEAERRE VR, 7 5 RS B 5 1)
REMIPEZ RS . L, IR IR I R 20T
IKSOKEN D A TR A A, R 4]
K P S R 75 0 1 8 2 A

3. AT AR S, (HA R i
iR 52

SRR, BT 0 SO 5 S I 1 B 23
AR F PR R RO, %Ky v I R R K
R TENS B REDEATIAR R R, W RS
fEHREh i T IR A A AT DAL, M TT4nfL
RGN AE I S WAL, SEBLRI M AB
ZIE, FERER NG RGBT, Ok DB
PROAST Z R AR SR S ST (R A 45 2 1
SHTERFR, AR B R FI AR PR A 4 T L)
REHR I, 3 TT 4 A AR A S VU
LT A R, BT SRR R,
A7 VR — 3 ) 2 VR B A 5 207 207 T
F,TE R T R R 4 B o A 3 T T,
AT, TP I 1 AR B A 3 s e

053



ZEFMEIA KM BITBE RH S SR E 5

PR, TR B KU R PO Fidh . AR A
FZ. ThEEZERE. MU E . KGR EKIYIE M
Gt R . DU 1 S 5 BOR RE AR IR € L3N
TRIRGEMARL, XS WA K R IE AT 2t FE R It
WIEHLHISCIEA L . FRR AR TR T, K
KA R BUE BRI EVE, ARGtk T I B Fek
W] 7 BT 4 (0 T 7 VR A DA 78 0 e R SR AN i 17
o WA REE AR . RGRE . R AR
R 2 MRS ERR, FRWITE 4 R
MR BEAZ AT I BE A IR PR, 5 2 R
iR MINPE T EEY N

4. BRI B R R ek, (EHCE IR REI L
HLA ) REAS 2

A REE . AT R, BRSSO HOR
IPRE A, T Kl SR Bl A 0 AT 7 158 T A
NBEFCRTIY o IZIRTVEIE I B e SHIER R Gtz 1Tk
A PRHEA R R R AR BEAT Zh A M, AT
G AL GE T IEAE T SR T3 T A SR PR, S kit
b R HTIZ L VPG [ SN RN S R R
SR R, AH AT FUE — 2D B T R B AR
GUNE REWITE D HTHEZE, JFEEE RS FEAR
GERAGNZHGES, SLIXRGEIIEREH
FREER S & NN, R, A E s
i BORYES R A HED R AR I A BER A T 08 I
eI VE 43 A IR AR A R0 UK &, B3 Rk 3)
IS RENEHES K IR IE M 1] S AL 55 R e AL A Y
(H AR 22 I BLAUK M R B8 ST A TE 70
K 2R R TR AN P B K R B gt T 2 B
NSCHERR TR J7 & ik WAL R B 1R
MR RET RSt AR EE ., FE
ARARETE . CRE RIS M R AL, BRI T
HUE BORIRRE 2 2 WMER AL -

M. ZE2HFMEIRKNETRZERE

(=) KR GHFEE]

KA 2R G2 AR SRR 2 9 Rl HnE /K T
FEONIEIE . 45 Rl TROVIKAL . & B8 T
B, SPtHERs . KBHRECE . KAESRITEEE
e —k, B “H-H -4 ML HRER
IR ZR s R AR K 28 5 KR Rt et
LA SR — R R Gt KMAGEILZ

054

Hir. 2290 ZEFEFIE: fEDhREH brJr i,
IR G A AR B 22 4y BK ORI, RS YERR
L EA, HA MK OREAIUK RS L5 2K
JEIFERESCHE, Bt 22 AR BILK 0 o T XS D iR
LeBifis, YRR ORI IS E AR A A 2 A
JRIIZyAE™NT, 2B 2 H BT R SRR AL A2
EHRYITH, RGIBITYREFY . FEE HL
Ly BH. . BRES5ER, ARZEHTERE
FERBS AR AR S IR 55 it SR 7 A7 76 22 5%
TR 70 2 SR TR D R 45 & 1K 2 R JGA B R 5
FEFIRE R DT, KR GEH RARTIK &
KRR R EHEPERA TR A ERUEE RS
HLREFML, FREFEDKIKR . TIHER
LB SE LR # R, TR B - TR -5
B RN EZERGE RS Bk, KMRGIFE
- TRERE I BB N, T RAMAEIK R 5 L
T IO 4% 3E o 7K 7 B AR R I R U 5 17 R B A I

S

1TRE ST

() REFMMHEIRKWER R E

fegi gt ax B LS TR %0, RAETIE
BR T B R GR, MME SR e gy 24
UREA 5 T, SN B AR GEAE A v T8 G A A
di G BB N RE Sy . T M B AN R R
LRIk EERL, ROELRIE S ATERIZ; )
PERE A IE R, M T “ AR o
SoRES, RERGEISN T LI T REYERr AL N 2%
Bir AT SR F B2

A [ BB HEZR N, BLAUK AL
e TREAUELY K, BEARBE R G BATHLH S
I RAMEKT . S5E50KMAHLE, BARK
WA PRI RFAE A2 RES 72 T RS IRIE L B AR DI RE H
FSE A € SN N S R G L WhlEfbis
T 5. HIUCA AL T DL i K
BENGI T, RGRNBERNTH, BRKRELT
FEM 2 RIS 0 kA, oKk Bk, EEEZH
PRGUE L, BUBLR RONSHE, RGUAEINE
&, MERENEIE N R A AR B B K %2 4 R
PR R

fEZ EPINEBAOKM IS A R, Ze R
LE bR, SRIFEKRGA R ERRBOFREE A
NRERSE AT HINERAESIER, SmiHK N RGAE



PETIEMEF 2026 FF F28 % H5H

ARERIRBD N R AR e, IREANLENIRE s B
AR SRBURAF A SRR R, SR TRER & 58
. ML HENURER . YR T
MBCE BRI, $-THKM 2 fRiERE ). =F 3
[l 1] 7K W 2 e 1 AR @ R [ D e R L B
TR AR S R R AR

ET e, ZEPMEIAUKM ARG FEN: K
W ARG LI EINEE T, RITLREARE, &
2% LB R gE, SKBLBE. K,
ERZ R OIIRE, HA& KT AR - b
il - RIF IR R — B BT MIE1T R
RETRBERE S -

(=) REFMPEIA KM A HE

A INEBUAUK I R A TR A B T T B
FOK. A=K OIRE, KITTREA R, ML
. AEEHLE SECE KRG FEER, KR SHE
ZRANBNE T R B i, R A
SR EIENAMERE . H AT LT 445 1
BEATIRFE

e iodlr T P o8 7)) d /X AW R & SIS 1T
17 22 Y5 XURS: (0 I B D RE 77, RFEZAKI “490 - H -
457 Mg gk, Wi TRA R, RS S
[ A IESETBL R ARG,
FIRBE D) RE 2 4Rk, I Al B T T ] RS £
PO ORGSR R AR R A A R T Th
AER AR

FEPR T R N T, AR PLEh C 2k AR HUE LSS
SRR T, R PIEIAK AR ST P 45 3%
WA 2 RRRERR, BETREIUREE. &
DI P[] 4 2 5 BB A5 0 S, 6 b dE AT Rl
s, il T, RgEd siRey) S 4t
i TR B UK. ARSI

FEWE BT, EPEhRIssaR)E, %4
AL IR PRI AR 1 R 5 8 B AL 10 i 1] 7R
H, dd TRERE. FHEMEEE. HERL, Sl
ARG IRERIRE .

FERBEIRARTT T, T R AR B K I AN E
Y, IR AR B 5L T 808 R 4850831
Frel e 2] 5T R ). R Gulid I, is
TR ER R, AW R EERN,  SCBL A4
B RLX A EE AL AL

(M) ZEFMEIAKMBIRILIES

BT AR KM R SRR ZIE . BE2 5 E N
EEE e o 71K 2N AW N ISTE A S 5 K /B2 B2 i N
REH AR, BEJISRAL. BATHLH] . B8 SO LR L
PEREIL AR BRI SR B FIRHEZR (WK D, H0H
bR AEAE AR BT SE LK R R gt B AR I8 AT ARt
YB3 P o8 71N & K AW N DA D S DT
Thae H s Wi RGP 2 Wiz o fe m . RE R
ik S W 28 SEAE A R LB BU = = W EK P, 38
AT LI iR R GERE T RS RN Se B R, O
SCEENPARGURR . b RE AT SRt
PR PR

FE LR R T, 2 A BIEBLK I BL IR IR
KR 5KF TR RGN “N - H - 457
W28 S5 A N B AR o o, 7 AR IS IS
5 DX A B ARG A E , “H 7 XL X R P K
AEME TR ACBOER R, 47 W hEH
PRI A TR R B T . “ - H - 457
2508 I K TREAR RIEAT K I T R A X 2% 4
R, LYK EL AT o

FEThRE B ARIZ T, 2 A PIEBLAUK M ALK
Bk ER=K0IhEEN AR T, AFRIIGEZ
AR ORI AHE RIS R . RgtiEd
FEAFRIZATH BOT DR S Rt AT sh AR B, SEEl
% AR RIEAL .

FEREIRALZ M, 2 AaPIEBAUK N AT i 5y
TR IS TR R AL P DU SRR BRE RE 77, BRIV AT XS T3l
BEJy. R IRIRE 1. KRR E A BE ) DA
KIPIERGEARE ST PUSERE S FE IR P g K I &R G4
AR BE T I RE4E R KT SR B RCR, 2 1FH K
W 22 A IR A% O R AESESE

FERBATHLRZ I, ZEPITEBAOK KT “ T
FEAR R — W28 S5 — U EERIL AR FA) i 7)1 P S B
Tk A Hrp, KR TRER R SRR BRIRHE 5K
RIREHIY B SCEE, W28 S5 4 TR K AR F R A
IKBEIR N FLRCR S R e P R F v (0 77, HE
PUE N 2 TR &R, SEIL TR Re A M 24540
H TR

FERCE SR, 2 DK W UK 727
AR ORZ O SHE KA TK R 2 8 4 A i A T
TR, SEIUN RGUBATIRES LR RS, AR
RS AR T . FEBLIEAL b, e B SRS AR

055



REFMIAR KM F ES LR RS

B

[ ]

+—|—+
RIRIKZ

KR TR
K.

L Kl

‘ st

A Bk

B S xS

RE L
Thig B ks

Vg H s

o N B =

4 5 3

Kok R WA

3 i R B
CETE SR ] - R

—_
A

Tk S TR
ST BT

RIHE M REES
L - BRI

HIMERLR B - AR - RS « EEHE o UL o FRUEEHT « RGAL
BB e A A8 ) RALE

# gﬂki e

x
R ‘z,

I > HLERR

XK B)

_RBL

=

————

> BB

B Z2FEIARKMIBIRHELRE

SNV, SCEE R TOU TR E, HEBK
W 22 48 (R I8 AT X i 20 56 BIX 8 17 4 5 L B O R 5
Az

T REFMHEIA KBRS

HlgE “REGw&. “eWE, FARN. 6
BHe, |AEY. WiIEARF7 NEERER, %K
I R 5] - ARG E] - ORI AE ST
BB, A AR, SEHIEAR . FAEELS B IA]
HEE 4 NUERE, ARG 2 I BUAK I B B A4
flg S (L 2) .

(—) B B#R
KM ARGEZ Hir. 2E%. ZEFZBEM
ZRUFAE, LA AE RIS A AT T T i ) 22 4 U
ST AErE, 2 BTEIAUK BN SR R
A7 5] — RGO A - BUR T BE - ST R
AUEEK . GE TG R MZEEH 5 L] b

056

FRfE, BACER. &, W, BEAFZERZEK
1) B DL X2 [ Juds [B] p sk [ K 5l 4
7K W H AR B0 BOS AT 18] 4 JR) B R AL B A2
RIS, RIEZIURED . BdlRt & B RE TN A4 B
R BOR, M B — 70 A — RS - AT
—RALIBATIR R, RTE RGN KSR BIR A R
AN RE ). I ST IEAT IR S SR AAL B
SCHLUH EERN . B B AN R G RE B ST S
FRELTERE, HEBNIK R 28 G Hh A Bl N ARG 17 2 Bl
IAACEEAR, AWTHR T2 A PR IR RE S MK

e 2 W VEBLAOUKIN R GERI R 2 iR, F
LARGERE I PRTT N LR g H bnfl &, 5 B4
LATR 44NJ5 T

1. a5 i XU 9 42 A R

NLRKIN RGNS IS B A 5 R DAl S RFE
e 7 e ARSI AV A - T vy 2 1) i 3K
oy NI Rl O R AU PSRRI S iR DAL
SYIRTRIHT ERTERE Sy, ST RS AL FR R AR 5
HRONL ) R G0N 5 T HRE J7, SEBL  BR  BI 4 )



PETIEMEF 2026 FF F28 % H5H

[ |0)

s | | xewh | | swmd | | sewe | | fewE | | Ry |

Cwnew ) sl
RUHER R Kb RIFIHE | mmmae
A wHREn | mpen [ [| waEeh [ WA
i SRR Bk
'::} wwn | | O | e
' A ko ie
L bS] %O IIRE T T #E4 T 57 |
: NI e T e P 1t ) o i
NETER BT S B HE SR L 5
, TS ST TR BRI

[ |0

[ | o] () [ —{ o —{ i |

E2 ZEFMEIRKM K FREIRHESE

SRER ORI

2. TR IIRELERFAE 1

WRITK B S5 5 2 )2 R L], A
T B X3 R G P R (K B C B S KR
BHESIRAR, SRS SIEHIRE ST, AL 2 KU
A TR EERLE] e K& 5 R 4a L], 52
THRGHE i RE T I D BEGERFRE 1, SEELAEK
B ik 5 AR S Th REAE U R B BUR SR AR E S b, 0
SR F RS [ D3 . AR Gk RS R, 38 57K R 2
Gue R IR shid i b i B ARz e A AT 1

3. siAk K e ThRE K R RE

W TRESE . SHIRER S RS & 8
PEHLH], e RBIRRM B PUE B R IR R NS
IR BRI R UL Z R AR E LA, Itk
BRSBTS DRI R RS, 4k R G =
8], PR T 3 AR, S RGE B )
IR AR, SR FFHE T 5N h et A RE

4. TS W Eh 5 S A RE

IS 6 el oV UK AP L= I s I B/ PN
R NLEBEM = HHES AU RER,
27 MR TR A B SRS AT S 5t
SRR EZIBITRR, LR RGIZITIREM

WEERCR, B AR I RS R R AN RE F R, A
W DAL TR RN 32 AT A AN BE G B SR s o )
7K W 22 ¢ M 222 96 9Kl A TR ) B0 9K R B AR, AE
KIIEAT LB H & BB AT

(Z) SRR

LU TR R SRR I E

WEFF R R TSR RS, SEH R
SRR BRI AR SR . T AL R R R B KA
S RASACT 5N B ARRFAE, BHEAT RIKE . &
PR L SRR R S VAT A R S A i Y
spAb oK. Bt AEREL HirgiE M, 2711
REPR R XOK IS KB & . N SHORMAES
KR EEAEST SRS STHRRE ST o BRI X S A T 55
AT, AL E TR S SRR, &R0
ARAEST, IG9R TREVR RAEN I T 5 EARAES K [
57 TSR 2R T RGN e A A AR B KCP. HfE
2 TRE Bt FUBEY 5K 17 RE 3R THIL A, TR AT A
HHL ThREEE . BATAEENIOKM TR R .

2. SRR B 25 1 5 OB R

FEI RAE BRI Z8 T4 27 VR AL /K R e 5
MISCEEAE T, ESLH N R &R, R RS0

057



ZEFMEIA KM BITBE RH S SR E 5

SEIBATHIRBETT 0. REEIEAE g9 8RR, EH 2
AKIRHR A g M 2 8 B HAME R, s RS E
PREIEPEAN B IR R L R . IR IE ORI
W2 £k, 30 5 OGBSI L B AN RE
BEAR SR A e . R R 2t i S 51 R R ek X
LRI RETE . RIS, ISR oCH Ty MRS I S
WS T, RIS AR E e AT SEVE R BTN
ZhRE ST, HHEBK I TREERE ) = R (] 190 2% A 2
Tt

3. K i 2 R R EE AL

HIGEE R . XESEANREEEN, @i
AT, B S0E. B RIS K IR A &
MRG0 4% . s, AR ITE
BN GEBBRR . BOKIRE. ERRPED
HAR K, e, B, BT
i, g KRN, (E BRI S &
PR SERAL AR LS N 2OR A U, ST
B GUAE AR i S AN SRR RS, 2% T B DR i
AR ERE ST, SKOUKBRIRACE . Bt R
SREELREDE, AWHETHKM ARG BEIE T
HMEF ARG o

4. HEREBUE LRGN 5 B RE AR R

DA 2R AR SO L EARSE, MR R
FHOK T ZIEENEERBIA R, Tt
XPKBE S KRR IR 2S5 O B B 5K A S s )
REST. MNsRZ IR MR RL & 5, B g1
Ky RO AR, HESHUEI . TR, P,
TR INBER LR & . KIEAN TR R REdhE
B Brr R A R BOR, M A H S
IBAT W AR AN SRR A 55 22 3 S 1 R RE PR S
FERG, SIS 5 S AL AR
TR, FREARTK M R G0 BBl 251
TS RE ST ShARIERE I E Ui RE
NG AMEBAOK MR B B om A 7 U S .

(=) ANER

9 PR B 22 A A AR K I s () A Ak s, R
P 01 2 A FR I PR BEAL A, S MRV 131
B RAMAIFELLAEH

1. SR IR

WAEZ U T B, SRBUKTE . Mg, T
WEME R, S K BR . KR, KA S5t

058

£ N K VAN SSuR/ e oY DS BN B E A B AR
TR GRG0, RTEXFER K. 58K,
TR B AT S A 2 U S5 S 1) SIS e 77 A
TR RE 7o b R R DX R
TCHI RS BRI 25, SEELARSE B BRI, K
HEVR AT 73 R I, 97K R Gris AT & B it it
AR (RO SO AN R SR o RIS i g e R
P AR A 3k i A A0 XU RS S M e A s 2853100,
e B RS VAt 5 9 JBE 1R SR B i

2. BT IREEIA TS

RO RKEEV BN A | AR A BOR R
WAL P ALY M ) 2 1 AN 22 H AR 70
Privsik R Siasci BER, Xkkdf. T
FRIBATIRES . BEFR AL B RS s AL B AT B A
FURITRIN M7, PRAG AN RS 1% 57 T R ST RE R 57
MR B SV AE R T T o FESLIERN b, 235 H et
IKOREE L Bt g, BRI mEL EH
bR, JTIEZ 7 Sk AN BEHE, TR R S R
U E R SR T 5 o 33 B et JRURS: T B 70 A0 i S T S
P, SCEILEh o sl N ) S TR FE AR, 3R R G
RAANBN AT IR RS NLXT BE 77 A B3 U T B AR

3. AT BT

KITG— L S ML B RSB R, K
PRAEE RN BRI AR M TRE I hl i, S8
PLPESL, K. Rk 51K TRE A8 G Bt 1 [
IBAT o IR L RAT I P A S M DN A B A PR B
Lot B4R TRREATIRGS . B RCR SRR AL 15 DL
BAOR R B2 7 S8 AT 9 o TR BRAT S 2 F HE L1 AR
ZEy WG OLECH I XU R R, S T e S s 5t
AR EE, KRR 0 RAEVE ARG A o 38
RS PAT RORVPAE B, W BOKORER . Btk
AR RAESE HARSE IS DU AT L8 1Pr, Arde
o A AT B RG HEE A AT S

4. IEARAIATT

S ST AT SBT3 SR o ) 5 3
SOACHLE], Xt R AT I RE T A MR . R
W WS LAk B REAT RGBS b, R
PIIA TREAR A I B UAE BALH] A+ A 2 5
R SAR BRI AR BRI IST
RIFEE, FFEEUA TR R BHIRNC & 5 SRR B
BRI, AN IE R MRS TR R R R SR IR R
HEShZ IR RN BATHIR AN RN R R 5 U0,



PETIEMEF 2026 FF F28 % H5H

TR IR — I3 AT — R — PAT — Bt - tAL” (kA
HISATHLE, SEBLRGERE ST SR TT

() thE) e

T 7] B2 A ARA A S5 T 7K I R GERE JI 4R TH B sK
iRk, MR B, RN S ERAT 3R %,
Wik Z =PI BAUK M R/ LK 3D,
2 MR K X AR S A B2 T TRE AR 5 0 45 45 #g 1Y)
SLAh b, SRR AR AR T I R GBI AT R RE
Orb, EEZ RO VR S S, TR
RN — U — FE R RIS ) 2 A AR
REA R . FEEMRE b, HAE A i i
RGRE AR R R )R R RE b, E AR
T 2 AU R T 1 LR e ) B A A P A 1B 4T
BE s FEROW R b, B I 45 ] S B PR M 2
A T TRESAT TR AL T -

LB R : T 1) R G e 7 3 (1 L s e

FEFEMRE L, ISR S B SOK R R
K LLRGLRE I k%ot HEBEK R i AR
AR TR R RE M R A B A . 42 %5 /K DR L IR
TLIATE AR R B A S, M &
Z Hbri RN TREA R 5 g 4t sm K e A
K Bt SAESSEZ O RE LS A SCERE . 2
HeIEL b, FEgE MR SR S 2 TSI R K,
H “ TREAR &R — RSt — RGeS P [AIULAE
R R, SKMERES. ZHESENEETY

H AR T P N gE 7y, SEILRGLRE I
IR IE 5 % ) 2 T A B

2. RO REE: T IR P A AT R B2 2H 2R

EHFREE b, AR EENLE AR O, HESIZK
H TR IE A RIZIT RG A, WEEZ
P BEXIRAI T EEE AR R, dAGESK. W X
Wz M REEERR, LOKEFREE. Bt
BES5ASAENG AL S55hEE. BiEEs
MR, EALTE R - R4 - BT - R - A
AT AL, TR B T S S AT . T
FMES. FUESSRAEENFESITER, WEL
R 2 SR B 5 A UL, 1R RGeS AR
BlA AT T B SR e Y 5 i R R e . @R
TR S LR AL, K 24T B 2 BORAT
[V 7 N 2 R B 2 A 1 P O T E i 2 8

3. GOWRUEE T ) AT V& Hb g 4 o) S

TERORBE b, DAY R R A%, R B
B4 TAEPAT G S 55 8. Mg —
RGN RRIEAR R, 152K TRt 5 K it 7%
%N B AT I T RE R M R P ) BT, SRR R 26
BT RAEF — 42 HIHELE T IS — Rk smiildE—
WAbRE Ty, HaR S gL RS PR ik &R, Al
RGUIRAS RERS Bl SR, das il e SR AL T SR 4K
Wi o TEUCHERN b, HESh B i Tise T 2 ) 1)
SRR A, LI 2B ERA BT R 3)
AT, B Rk, b, ff

AR e
TRER 461 Yif ) i
OEMEHERR o REEEESN WRLMERE W AME BAS \
4 4 4 4 R %
l + + l B
e8I EEAL o
S BORAERE ) LT
R R AT 2025 e A%
WA — HING
il — /%
. i J& 4t 1
RN
B RIFA e
BRRAE  RSEAER  ATWHSIE  RERMGE BRER  —

E3 ZEHMIMRKWEIRTSE

059



ZEFMEIA KM BITBE RH S SR E 5

A B ZOR RE g ER L L A N R IAT . ATRZ I TR
TR

7N REFMIAR KM & RZEIL

(=) ITEEMER

PASETH TR A R MBI AR BEE N H R, 4%
et TR WE R R E 5is/TR T
. WK S EBPBGI N L&Y S, 95
ot TREAE M I 1 5 T W PR S0 R et il
ARG . B IX L R BRI S B A =, 4
HZIRL. ZRUMMERR, MKMARGIATHEL,
FETE ARG W AR RE /T L sk TREM
A AT S A R, HESh TREA R A
PRI RE DB AR AZ, /KN R Ge i I R S
ZENEIBAT ARSI

(Z) BAEENER

HIZK M R4t 240 FIsiT 5 R R RaE
MRLFE K, RGRTHA AL 1. 18T M RE T
S5ZERMIERT. WEER, R, XE2ZEH
PR &, IR ST S S P R, o
gt 5 7 AT Z WA R, $RTHE %
o5 T X RIA B ReT; HESDHEEIZAT FHIAAL
HvE, HSE “RE T8 - AT - B &
WA, fedbis T B AL, ESRAAE B, mrE
& FMSEMBEEARBITHR, MRS
RIS S S VAL, IR ARG R BN
P RSN Wi B 5 A HE TR P2 E 7, HES K I U I
I EAT R EAT R HER SR A S A AR

(=) NEAREE

Sk ARG HIRKRE TIEMERE. 2R
FEKIORB A REE N 2 HbsZhREvh Iz 1T 5%
AHRAE,  RGuHERE 2 e PIEBLAOK MR 5 741
Wo HERURBOKMRGHER R TRRM. R
HG R RN T R AR ALHLEE, R T
FEGEH . W2, WERRISHUK. Pk, E%
SR T REYE FF 2 1B VR HT G 2, M s 5 7K 3C
KA. RETRESE R E RS HIE
AR AP R R, HESh R EPIVE &R A A]
BACK SR PPN (A R A . FEBLIEAG B, Rk

060

PRGN EL R 5 2 SRl T A LR R IR IR, &
BRI S LB L R AR B A 1 2 R IA R
FETHN 2 AR 1 2 i e 0 5 WIS R, il
FERAFEPE NI FE RS . R, ARFT
TSR TRES, M [ B SIS AT TR 1
R R, B2 FWRE SN, R R
SRR 5T IR G FIVE IR E T, HESHAH SRATE TT AR
RS AT [ TR AT E A

(E) AHIHLH EE

ISR RSS20 B X REBITTRR, &
GEAERERLNAR 2 . Hain B S as AT AL — iRt
Lo MG HIKMIS AT AR, BRI AR R
BURAR 2 5 FERLN, HESh/K IS AT H 70 208 B )
i RN ZR T I FEIZAT AL, SEBA R Z S S
AR XA TR A P e R A i R 58 38 Bl va
BShRER R, RO R S 3 LR
TR A5 BN, WS — M BRRE; AL
CRF TR - PUT - B - L ML
BATE NG, Bl T e R e, HESK N
BB 2 90 UK R SR B 2 OB AT A P AE
A, ATIRFHKIN RGUSAT AR AT 42 7

() FlHRER

Mgt EPIEBIOK M R G RE T BIEF R, &
Gury i e A e A I P SR R, RS K
P ATIZ A VLA RE Bt i R o A2 IRRIBA 1Y
P22 IO AR SO FERL, BRI SRK X 45 A R AR R
Al KB PEAG 5 RE TBCEDUL, ST LRI SRR
FUESRTBETE; ERRIAT, HEsh TR Bl
RS S F T , KRRA R AR N
PR TR IE 54 & HIGERE Sy, sRib TRER RAEMNK
U ST RISCHEERE s AR EEIATT, HL AU E AL
FAEAIKM . BREH T & SISO O L
B LAR R, R R 1 2 15 S . SC RS
iR R BE B AR = i MR 35 BE 775 AEFEHI3AT,
DR JE THT [0 45 PR SRR 55 AT PP R a7,
A R A . G AR B S R R 4
R, PRI TR TN, WIERe T, SO
AR 2 I R e S S AE HEVE 3

Fi 28 52 A

RSN AL BE P W ANAEAEAT T ) e o 5 B8 55 0 5%



PETIEMEF 2026 FF F28 % H5H

Received date: May 7, 2026; Revised date: June 2, 2026

Corresponding author: Li Yunling is a professor-level senior engineer

from General Institute of Water Resources and Hydropower Planning

and Design, Ministry of Water Resources. Her major research fields

include water network planning, operation, and management. E-mail:

liyunling@giwp.org.cn
Funding project: National Key Research and Development Program of
China (2023YFC3206500)

SE

(1]

[2]

(3]

[4]

(5]

l6]

(7]

(8]

[9]

ZEEYE P KIS E KRR, 2025(22) 0 1-3.

Li G Y. Accelerating the construction of a modern water network[J].
China Water Resources,2025(22):1-3.

[ . HEB KM v R A R ORI IR [ 7K 2 4 DT DRI A Sk
I AL 2 2 SRR AL HUAR Ve PR 3 A KR STk L. v I 7K
F1,2026 (1):1-9.

Li G Y. Advancing high-quality water conservancy and safeguard-
ing China’s water security : Contributing to securing decisive prog-
ress in basically achieving socialist modernization[J]. China Wa-
ter Resources,2026(1):1-9.

BRI T, X, &5 2 BRI M. Jb 5 o
FE MK R H AR 5 2025 :25-35.

LiY L,Guo X N, Liu W F, et al. Safe and resilient modern water
network[ M ]. Beijing: China Water & Power Press,2025:25-35.
TR KRB, XU R, S SR I 1 R 4 1 F 0 2 S PR
AR K, 2025C11):1-7

LiY L,Song Q B, Liu W F, et al. Discussion on the construction
ideas and pathways of the national water network dispatching and
command system[J]. China Water Resources,2025(11):1-7.
FRAET XU RO I, 4. 6] K o e FE 4 AT A SR %
AU, KA S KRR (P EE30),2023,21(6) : 1055-1063.
Guo X N, Liu W F, Xing X G, et al. National water network theo-
retical connotation and its relationship between strategy and tac-
tics[J]. South-to-North Water Transfers and Water Science &
Technology,2023,21(6):1055-1063.

HIBrom, Rk, B4 S5 SRS EZOK M TR %Y
W], T REREE 2024, 26(6) : 108-119.

Niu X Q, Wu Y Y, Wang L, et al. Thoughts and suggestions on
high-quality construction of national water network project [J].
Strategic Study of CAE,2024,26(6):108-119.

T ICHR. PR A 22 1 SR K 0 A S KR R R R LT A DK
F),2024(24) :7-9.

Wu W Q. Accelerating construction of the national water network
and promote high-quality development of water resources[J].
China Water Resources,2024(24) :7-9.

FRIE T 2 B DR, A5 I 2 IR BAR K 0 2 v S8 B 5 i
Bt Es ARl ] K BHIR RS, 2023,39(3) 1 1-7.

Guo X N,Li Y L,Chang T,et al. Construction thought and imple-
mentation pathway of “Jingchu’anlan” modern water network[J].
Water Resources Protection,2023,39(3): 1-7.

K, SR, BRI, &5 T T K B ) 354 AN 1 “ R
2 22 AK ARG = 5 L 7 R R L0, K BV AR
2025,41(4):27-32,104.

[10]

L11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Liu W F,Guo X N, Li Y L, et al. Study on optimized layout and
networking scheme of “Jingchu Anlan” modern water network
based on spatial equilibrium evaluation of water resources[J].
Water Resources Protection,2025,41(4):27-32,104.

Centre for Research on the Epidemiology of Disasters, Université
Catholique de Louvain. The international disaster database
(EM-DAT)[EB/OL]. (2023-09-26)[2026-04-287. https://www.
emdat.be/.

51 JU, IVEESR , 75 U, 55, BT EM-DAT Hff (1 4 3R 5 K
FHE D Mt FE LT, v KR K B R 2 0 5 B 2 A (P 9S00
2023,21(3):287-294,306.

FuPF,Sun H Q,Su Z C, et al. Analysis of global drought disas-
ter chains based on EM-DAT data[J]. Journal of China Institute
of Water Resources and Hydropower Research,2023,21(3) :287-
294,306.

fen K, VL. A 3R e ol 8 R 7 R S A A8 T 2 4 5 1) B %
LT PEDKF2024(24) :60-67.

Gao C S, Hu J. Impact of climate change on safety of water infra-
structures and response measures[J]. China Water Resources,
2024(24) :60-67.

B0, MK, b RR A BEAR 0 2 IR EE i R E
W IE—— LAk 507 & KOABILI]. AKF 4 5 2025, 56 (8) »
1012-1024.

Jin W B, Liu Y Q,Fang Y D, et al. Research on multi-source data
analysis and disaster trend of chain-induced disasters: A case
study of typhoon “DuSuri”[J]. Journal of Hydraulic Engineering ,
2025,56(8):1012-1024.

Ty AR sl oo, KR A5 JRE 30T A B w0 R RRIE
PRI WL ], o TR, 2026,28(2) :260-274.

MaY F,Zhang J Y,Liu C S,et al. New characteristics of extreme
rainstorm and flood in Chinese cities and suggestions for enhanc-
ing resilience[ J]. Strategic Study of CAE,2026,28(2):260-274.
TRV T, (S A B SR 2R G IR XURG PE AL 5
O SCILRG R L] KK R ,2025,45(5) : 1-12.
Su H Z,Gao J X, Fu Z M, et al. Research status and prospects of
service risk assessment and regulation for cascade dam systems[J].
Advances in Science and Technology of Water Resources, 2025,
45(5):1-12.

Gao J X, Mao Y P, Su H Z, et al. Risk assessment method for
cascade dam system considering risk transmission effect[ J]. Sto-
chastic Environmental Research and Risk Assessment, 2026,
40(1):7.

FRBEMR , X B 2, 22 B A5 AR AT T Uk 7 XURS: T AR RFAIE 5 98
TSR TSNS [T ], JKFI 54,2022, 53(7) : 757-768,778.
Cheng X T, Liu C J, Li C Z, et al. Evolution characteristics of
flood risk under changing environment and strategy of urban resil-
ience improvement[J]. Journal of Hydraulic Engineering, 2022,
53(7):757-768,778.

oyt i TN S5 50 . R G0A BRANLA I AR R B vt ok 5 )
PESR T FEAR A T ——FE T 50 19 117 2025 48 U R SR 3 470D/
OL]. " [E B i 5 ,2026-02-28. https://doi.org/10.16867/j.issn.
1673-9264.2025686.

Yang J J, Zheng L N, Cai R B. Pathways for improving flood con-

trol and drainage resilience in megacities from the perspective of

061



ZEFMEIA KM BITBE RH S SR E 5

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

062

systemic governance: An empirical analysis of Jinan’s response
during the 2025 flood season[J/OL]. China Flood & Drought Man-
agement,2026-02-28. https://doi.org/10.16867/j.issn.1673-9264.
2025686.

K W TT AT . e LT W B e B R R A R
SRR, KR, 2025(23):28-35.

Mok W C, Yang F ,Lee J H W. Establishment of a resilient flood
control and drainage system in high-density cities: Practice from
Hong Kong[J]. China Water Resources,2025(23) :28-35.
H/NERE, TR Tl AR SR EOK SR R G RE R S
VS L) ] KM %41, 2025,56(10) : 1253-1266

Zheng X K, Wang Y, Zhang D, et al. Driving factors and regula-
tion strategies for resilience of water resources system in the Yellow
River basin[J]. Journal of Hydraulic Engineering, 2025, 56 (10) :
1253-1266.

JHEIEE, AT, P, 55, 224 — AR - B B R WPk R S e
B0, A E AR ,2026(2) 1 1-10.

Zhou C B, Xiang Y, Yao C, et al. Challenges and prospects of
safe, ecological, and smart reservoir and dam construction [J].
China Water Resources,2026(2): 1-10.

X, SN, By, 5. B KA AR 42— W1 R M R
WEFELI]. s AR, 2025,27(5) : 236-248.

Liu W F,Guo X N,Li Y L, et al. Compensation scheduling of the
first phase of the south-to-north water diversion project’s eastern
route[J]. Strategic Study of CAE,2025,27(5):236-248.

fTEAE, 5, 0, 55 i L7 8 KoK 2 RS — ik
W T REA R TELT]. s AR 2, 2025,27(4) £ 129-140.

He G H,Zhao Y, Wang H, et al. Water security safeguarding and
integrated water network layout of the jiziwan region in the Yellow
River Basin[J]. Strategic Study of CAE,2025,27(4) : 129-140.
URHEZE, F . BUAEITLIL 1961 48 LUK foe M 3 Al 7K 1 15 25 2 BRI
AR P Sk 55 RSB D). v KR, 2026 (1) £ 36-44

Luo J J, Wang W. Practice and reflections on regulating the most
extreme low-flow event since 1961 and the most concentrated au-
tumn flood in the Hanjiang River basin[J]. China Water Resources ,
2026(1):36-44.

BOH, W AZ , B, S T 1) 0K TR B ¢ T AR e R JEE P
FAREARITIRZR T ] KR4, 2022, 53(3):253-269

Huang Y, Yu S, Luo B, et al. Development of the digital twin
Changjiang River with the pilot system of joint and intelligent
regulation of water projects for flood management[J]. Journal of
Hydraulic Engineering,2022,53(3):253-269.

PG AR SR, BRI, B BT R R AR R AR T vk 5
HENEUREAGLI]. KBRS, 2024,40(4) :36-47.

LuX C,XuZX,LiY K,et al. Assessment on dynamic risk of ur-
ban flooding and waterlogging disaster based on multi-agent mod-
els[J]. Water Resources Protection,2024,40(4) :36-47.

Holling C S. Resilience and stability of ecological systems [J].
Annual Review of Ecology, Evolution, and Systematics, 1973,4:
1-23.

Hashimoto T, Stedinger J R, Loucks D P. Reliability, resiliency,
and vulnerability criteria for water resource system performance
evaluation[ J]. Water Resources Research, 1982, 18(1):14-20.
Rinaldi S M, Peerenboom J P, Kelly T K. Identifying, understand-

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

ing, and analyzing critical infrastructure interdependencies[J].
IEEE Control Systems Magazine,2001,21(6):11-25.

Bruneau M, Chang S E, Eguchi R T, et al. A framework to quan-
titatively assess and enhance the seismic resilience of communi-
ties[J]. Earthquake Spectra,2003,19(4):733-752.

Walker B, Holling C S, Carpenter S R, et al. Resilience, adaptabil-
ity and transformability in social-ecological systems[J]. Ecology
and Society ;2004,9(2) : art5.

Folke C. Resilience: The emergence of a perspective for social-
ecological systems analyses [J]. Global Environmental Change,
2006,16(3):253-267.

Haimes Y Y. On the definition of resilience in systems[J]. Risk
Analysis,2009,29(4) :498-501.

Bi W, Schooling J, MacAskill K. Assessing flood resilience of ur-
ban rail transit systems: Complex network modelling and stress
testing in a case study of London [J]. Transportation Research
Part D: Transport and Environment, 2024, 134:104263.

Bi W, Hackl J, MacAskill K. Enhancing flood resilience of urban
rail transit systems through recovery resource scheduling optimi-
sation: A case study of London[J]. Sustainable Cities and Soci-
ety,2025,128:106437.

Pagano A, Giordano R, Portoghese I. A pipe ranking method for
water distribution network resilience assessment based on graph-
theory metrics aggregated through Bayesian belief networks [J].
Water Resources Management,2022,36(13):5091-5106.

Diao K G, Sweetapple C, Farmani R, et al. Global resilience
analysis of water distribution systems[J]. Water Research, 2016,
106:383-393.

Wang J, Zuo W D, Rhode-Barbarigos L, et al. Literature review
on modeling and simulation of energy infrastructures from a resil-
ience perspective [J]. Reliability Engineering & System Safety,
2019,183:360-373.

Dong B X, Shan M, Hwang B G. Simulation of transportation in-
frastructures resilience : A comprehensive review[ J]. Environmental
Science and Pollution Research,2022,29(9):12965-12983.
Batouli M, Mostafavi A. Multiagent simulation for complex adap-
tive modeling of road infrastructure resilience to sea-level rise[J].
Computer-Aided Civil and Infrastructure Engineering, 2018,33(5) :
393-410.

Shadabfar M, Mahsuli M, Zhang Y, et al. Resilience-based design
of infrastructure: Review of models, methodologies, and com-
putational tools[J]. ASCE-ASME Journal of Risk and Uncer-
tainty in Engineering Systems, Part A: Civil Engineering, 2022,
8:03121004.

Ye X Y,DulJ X,Han Y, et al. Developing human-centered urban
digital twins for community infrastructure resilience: A research
agendalJ]. Journal of Planning Literature,2023,38(2):187-199.
Ajayi O O, Kurien A, Djouani K, et al. Artificial intelligence for
infrastructure resilience: Transportation systems as a strategic case
for policy and practice[J]. Sustainability,2025,17(20) :8992.
TWEM, R, B, & RILHR S R 2 20 K W) 1 V7
ALT]. K UE LR, 2025,41(1):27-34,75

Fan Z P,Li Y L, Ma R, et al. Resilience evaluation for the Yangtze

River and Yellow River inter-basin multi-route water network [J].



PETIEMEF 2026 FF F28 % H5H

Water Resources Protection,2025,41(1):27-34,75.

SR, BAR AT, BRI AL, &5 ORI T M R S ] R Bk
KISl ]. i E TR 2025,27(4) :95-105.

Han K H,Li J X, Chen X S, et al. Development strategy for intel-
ligent resilience of underground space system in megacities [J].
Strategic Study of CAE,2025,27(4):95-105.

X, R, 2R, A5 SRR I 0 v i R X K B R
RGPS T W FLLI/OL]. K BV LR F7 , 2026-05-18. https://
link.cnki.net/urlid/32.1356.TV.20260518.1343.016.

Zhao Z N, Liu Z,Li G X, et al. Improving water resources system
resilience through the construction of a three-dimensional water
network in a typical region of Southwest China[ J/OL ]. Water Re-
sources Protection, 2026-05-18. https://link. cnki. net/urlid/32.1356.
TV.20260518.1343.016.

[47] TEHE, 7538, TAR2 55 iy P 07 9¢ 35 OGS 11 K 4 L pF

03], KRR ,2025,36(6) : 933-948.

[48]

[49]

Wang Y T, Su X, Wang L Z, et al. A refined assessment of urban
flood resilience [J]. Advances in Water Science, 2025, 36 (6) :
933-948.

EI, 05, E R . TAERK BV R G AR P 2R SRR AIE X I
URBHLEELY ] KRR R 5 2025,36(2) : 190-203.

Wang Y, Wan F, Wang W H, et al. Complex network characteristics
and resilience-driving mechanisms of water resource systems
in river basin [J]. Advances in Water Science, 2025, 36 (2) :
190-203.

TRANE, IR, A, A FE TR AR B R AT ROR AT VIKOR
WA INER D R XK BE RGN LT ], KB IR
2026,42(2):190-198.

Zhang X L, Jiang L R, Ma R, et al. Evaluation of water resources
system resilience based on variable Pythagorean fuzzy and VIKOR
coupling method in central and southern regions of Hebei Prov-
ince[J]. Water Resources Protection,2026,42(2):190-198.

063



