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Tab. 1 Influence path of disaster disturbance on urban network characteristics™ "
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Tab. 2 Specific characterization of network elements of different types of urban networks
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Tab. 3 Evaluation method for urban network resilience based on network connection”” """
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Tab. 4 Evaluation method for urban network resilience based on network structure”
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Tab. 5 Evaluation method for urban network resilience based on network function”""" """~

ad O WENE PN T BRI
pR— SRR . BRI S M, AR SR W 2 3h Ae
2
S— WWM&%”" TR EHRE T T 45 I BE AR P A AL i 2%
P 244 L AT ) RS, 500 . AR R R M4 T AL
— %Tm%%%%¢%ﬁ$,ﬁﬁ@%\ﬁm%QﬁW$T%%ﬁM%%
ﬁ% A ;iiz%ﬁﬁﬁf\ﬁ%ﬁ%Wﬁ%MX@UWWWﬁ%mt&HE
MR BRI %8, AT | MBS AT R4 T e
- ZAMBNE T prgerr, ol AR SR R S R
—— WIS N GRED ., QIR DS A, AT Al T 25 2
Bk BRI R
e o MR R | IR BN R A R T T R B T R R
SRR A S~
- %ﬁwﬁﬁﬁﬂ” 2 I 44 DIy B VT R A R AT P A
i ﬁw%ﬁﬂwy AR E T4 3h AR B
- P S eil PFEIRBN T A BT IO ZR 1 I 45717 A TR 2R 1 S o
BB s B ﬁﬁi@ﬁ%ﬁﬁ%%%ﬁ%&%%%@m@ﬁﬁﬁw%ﬁ%%ﬁmm
ERTT
445 AL I IO 4% 1) B B K AR LN, 2 R R

W24 AT TT 8, MASTERNE, [HEZH, &
NP2 ZURIEE ARG RS U 3l T [ 2% 25 # ik
FFPRAT T, A 00 255 2 R PRAN I8 FH IR 3138
RS AR RUBE X PR A0 SR 2R IX IR 0 25
DXk, RRZE G ERRI F S, E
ZBRT A [R] 0 2 T R TR AP AN e A2
ZESto AMMRRZEEERPEOTIE T TR R
FERBAT R IR0 R, S

26

YR AN

SN S T AL RN G SN IS

BARGE RN LA, AR TS E
PR R B S (B SRR G AT AT
LA 12 3 S UL 2 TR PR S WA B TR X
LR, - A o 28 S AR A (R 00 25 S5 48 73 31 K
TME | GO R REATITT R S S5 AT
ANTE] RUEE AN I 2 A T AN A th 75

—_‘75/:%% o

2GS AN

3.4 T S BIPER DI REVEANY

Ty RE TN T 5 A2 X KU 8l T =k
T H T 5 X 4 RS AE A ) M D A T TR IR R
TR 2 B Sk . AZHE& LT E
W 465, R B3R T 9 5 1 B REASTADL I
TF5E AR e R FE AR BN IR ASR I S A,
B MIEE F AR R SRS b i)
T R L5 T RER AL, e T AR YRR
SR ST A BERR SR I He R T R 45 T
BERRIRENT . JEFEARBIIERI T, Tang &5
GBI S I MEARFAE, 3 T BT
MLECT A R (MR AR, DAASEALL
BB M4 I BREE IR R s Jiang
SR L DU, AR 2R MRSl R BBl
SR AL BER M ER M R S AR
T LD RETHAE . ARNG FAAUTT I, Erfan
Doraki & A4l J EAAT M ARHAE . kTiTAE &2
U RIBEREZM, RAZ EARERIE,
BT 4 BAEERIRR AR BOR T RN A8
TR ZE A AL AR Yang 51 g pE
TR IB ML RE, B AR E LK
LAY, RELIEXS L T AN IR] H 0l 2 AR 5
LR M S BEEBL; Wang %1 G
U ER . ZREERHE, SEFERER
VRSN 2 E AR, W T AN RRR RS
Sy R 3 KRS R Jeid B2, DA A8
T ZFF MR BI &2, 2010 45,
2/ IR 2% 0 1) BB TR A8 A0 W 32 3] 5%
T, 40 Du S AT EE. AU, K. Al
WZ BRME I . . 2%
FHIE, EBGE A A SRR, 5T 2250
WL Ih e AR R RETT s B
LB UG B R, R A4 3
MU $ERATEOCREAE, R N 45 A58 )
O HE TR A 8 0 2% 22 (R U 2 55 S ELAE
BEFTTPEOY; Gao S5 2 pEASTE 44 (i R 1tk
FHE, WS T REFESRD T 2/ BRI R 45
F R AR (AR AT, O R 15 it DX 2% 1)
DRSS BEANRY, S TSR AL T BB RIR (F5),

LA TT X 20 P R T R PPN AT ST B
RZR 2 70 I T 37T 22 T I 45 T R 1 52 i
I REBLUTON 782 FI T E00 SAN T N 4%,
WAL R 5 R AR R e s B, O KT



&G, KRR . KW
B B SR SR M R R Sy, BT
BN AT P 25 R B 0. ZhREZUE
RNERIEFENTE 22 DT i 4, DU B3 26
GBS AN RIS 169 44 16 19 T 1] P =t
WRIRA, AT H 3 SE AN PR DX A IR
M T 2R 6% IBICE BRI . 17 RA R0
MU R FH LN, RPN AT
FEMI TR AR

LRERE, T HRME AT
LERNMEPFO T IR 8 s DA R PR A
R HeT 1 R ERATFM T IAREY B
I S ARV 5 100 7 B3R A O A RE T ARG
SERLZETT A, (HBMT LR AR . BT
TR 2R 22 (PP T3 A R T P AN R 79 1]
R AR SRR IS 22, B NI R (10 )= A
FEE RN BT A BRI T Ik
HRETAFEASRL . S 3T 4%
MIIMERES ). 2R, FER i MBI
W[5 75 TR PP T 3 A e o ST I RE 2R
PPHTT ¥ REAS KT SR T 190 255900 M PR B e S
(B P EREARICHE T PR, (AT R
ASAE R A BN RE R DL

4 FET 2% B BT R0 2 P A T
e

WHTTE, ZHMFR SR THEMER,
TR ZR AP T3 B T ) 28 0 PR A T
B, RRTHRRNEER, R FRE
(PP T 1M LAZE 5 AR T I 25 90 1k R 50
Apt. BT, BEHELEG “MEIE—NM
PR T 3" WR SR, B ET N
LB AR EOTESE (15 2).

WhB 1 F BRI T I 2% S 8 1 A
o PTG AE L% FE MY
ZPFNG . QUFTINS . FEHEE I H I IUANIN
EICE- SR YEE SChI NS /S0 Y E 2
BoEE, DIRFIES . s, miE
IEAESERE R, LB B IS X I 2 A
AN KR EEA o

WrBL 2. Sl SR . 25 HL I
T L ARFAE I, 1 24 S AT 3 T O 28 A A1 5 7K
TRMAIERLE . WHTEwR R S A

L@ $)M4T / Special: Resilient City

1o o P 4% S5 B

BARE. REDEEH.

TEME. FEME. ZiF
4. BIFTRLE..

&5 (GDP. RiEZEF )
! RYIE (FNES. BREHE.

|
|
|
|
|
|
: BEMMES..
|
|
|
|
|

BERHE)

SEREE F\ ,4

ERMBIFE

Atk BRME. REMKE.

s

I
|
I
|
|
I
RESHE. REME. SHMKE. |
|

WHRE. 58, 5. o

B RABIFAE

MEEHFAERT, RIEBEREE
Bm=

At EE. EE.

[4 EHMBISE F\ /4

J -

A /

| R YLEN T 5k i R AR A AE B AT 22 8 38

|
|
|
I AL . ||
|
|
|

HFMELE, REL, WK

FE. MEEN, EESEN
LT RS IR 5 i

2 BT M E R T M IERIITIELR

Evaluation framework for urban network resilience based on network elements

Pl sl e, DTN 92 55 1 o kg 22 3 9 4%
RO, BB M A O . SRR
RHE,

BrBL 3: BT PEO T ER R . R
TTEIGIMAETI R R . ER L N
RINHEAA [ 4 2R TT o AERE T I
e A Wi vivs N I VA K e e o A LA
PI | RFEAAL | NGRS T
THT o P A0 o 4RI S PR B A 150, ¥ R B
B, PRSI R GARAL, MRS S M
BRAU SRR AS Tl W 25 2 B A2 . Bk Ss
HARRE RO (5 B W45 5 RE Ol |
AR AR R 2 i, B RO . K
NP S5 R AL, AN TR 225 T 51 TR

kM, WRRF & AR
B KU B B s BUT M 44 5Rf SLR 35T
ESIA At RR R, WO, B RS
WIZ& A, 2R F DL S5 A [A] & 15 (] U1 A
. QAP (quadratic assignment procedure )
G HTEESRAB AU 5% 0 246 1 K T Bk v el
AR A 25, BT 4 Bt 2 BP R
EANFLARFR B UERR, W hirte . dE
PR S I R, E SR FA FLREAUL K
PRI AR E R (% 6).

5 dhig5REE

5.1 WA RN
TR W MR IS (TR B, T ) 45 9)

27



||
IIII XIERiil Landscape Architecture  2025/10

6 ST AP PR AN 7T R e

Tab. 6 Selection of evaluation methods for urban network resilience

4
o e AR MSEE S T
T RInTLE T
e N }gi E:Ei;fj“ﬁl TR AT ETED)
N o Gk
S e HORSERIE e mrist RS  BHERER
RS o BRI ——— e T S
ISR Fgs et BUSMUHRHL, SERTRE, NILRRRS
FZEEE ST, FRME  FIERIZRN . DYRCHENOE. RIS
FgT A AU BEOPE . SR RO
YRERERE | TNV B R AT | S
- o EEmRR R Rt g 0o MCPIOREUIRE, S0
% e A =
TR DURAE, M IGRREE. BL—bSE . GRS
FgtE SR RIS AT, (IR, @RI B
VAT T BURF Ik .
W . g ORI, BESISE
HOD SR
LS B . S . Bt
s iﬁ*%%ﬁ T IRBHSMREREZER . SR RB . S5
mg PR s IR
’ SV ) TR o ————
Mgz et FILECHRIE | DURCHE . FHiT4R R
FLEE (et SR RRERIAE . BTN, QAPAMTIES
R A, B AN, SO, BFERR OIS
IR | SEREREIRE . A R T
o ASRRAME. MR b, s s SHRIRELL, AR
QU e EAR el 5
RS s PONEMER jassthy i RIS | U4 £5HIR S
WAL AT . ISR . W
- HERIS DL GTIURAE, it
%5
PERMBE T AR EZE, FRE. &9, BT, BTRRERNIN TR T

B EZ T M e, SERFEIZI RS
s, T, MEedEES. EHENE
AW G R FHEAT T RSk LAE,
FEELT o0 2% BEZR (IR I 45 P EE FR PO HEDR
ASCHINIFEE G EELAE 3 NI

F—, TN [EIGHT ) 4 A R K
ER s EEAERZESR. BAKE,. 3
DAEFFAEEN A D= REER, T
PURTS AR K E . N T A FA e 22588 N 2%
AIRIATE ., WS EEHE R . 22U el
RN SR S PF AL S B ACHIPE, Aok
WHFS AT AR TR EbL. BB X 22 35F |
QIR 2 AEIE . SRIEEERI S W 4
W R A I T T J B A XU RS R AT
R, ATLOEEUE B 4T TR . ML
PRI AR T o

7, T ANE MG E RPN T %
BACR AR R He T BRI T34
T8 TR BT 90 2% v B B B W T 2K

PEAL 25 B R A BLVE ey, BET 452
PN T F T R TR 9 D 2 A AT
WYk RS, BT DB ZEZ TN T ik
I 2 e NI A S A SR P S
FEFIRIE RETT

=, KFRMEESETR . KRS
ZVTEARIIY, 456 4R — 4R E—
PR L B EeE, HER T M ERD
W WS PR ERE, 4R B S 7S
ML, ERME . BFF%E . BT W%,
TE W S BRI FR I, BO% % B LRI T o 45
FEAE R R F W& 75t ETEAN T ¥R BRI,
NEIZ A5G R FHRL L T o 245 S AN N 45 A
fiE, SEIRRLES HLAETT ST . 1%
PEMHESEAT B T AR T 0 240 1k R A A
WA R, & T 2 AT N 4 A
5, BA—E RN FAME.
5.2 AKWFFETT IR

1) GG RFGRENEE SR HT

FTBEEG . NDBSEREA SR s oo
IR AR S G RIE A E 2 OB B —
FEMSE L, (AR TR 58 7 30 77
TEEATVFR], AT T st K A 1 9
PsE o AATT LLAE BY o 24 AL f A A | A
AR SO AT | M 451k 5
BRI 2, BHUER . W, ADSER
VARSI W 2 sl SR R, ARk
PO 2t o St L T S A P AN T S I BB T 1Y
HET R

2) BRI R S AT GS . H AT
23 (IR A 9 26 R ) 2 (A T B[]0
IIMTEETT R, DAL PR BRI ) 4%
HCZR O O, TG ¥ S BT s 9 AT
FHIE, 228 BCRIE LS R E=ATRIE
Fpm, Et, "R E Otk SRR,
R PR AME AR, ARSI A T T
LS IR ZR YA (AR PP AR

3) sEESHERIEM NS EHNE. &f
WIgcTEmaBk, IHE. #mEEZURE,
AN TR RUE P 000 2 235 ) (A1 T 32 PR 22 S A
EHAMRREA L, — I, ZWREREE R
TEDCHR AR R, LR 5 A\ Zh 5243 B
B P 2R o 4 S RSN oW R AR T
2, MR 28 G5 AR S e AR R P2 7]
HIMHRAE AT S5 — 7T, PORRUEAERR
JERETAL SR BT 205 75
Bbfth b, R A BSRLIR L O —i 2k
GSFE ML T I, R EHER
IREEMVRFAIE, AR AN [ R Y ) 25 45
PPFAT SRR EEAE

4) SHZRIE R RIS &f
WH5E 2 K H T SN TSI 07 3%, 4R80T
BRI IEF BT WK T 194 25 27 6 B I 28 35
A, BT AR T FE LTS A
KA SR 28RBS . AR R R FIIE
P2 2%, RIGHIC L W 2 SR 24 ]
Jrk, ESLYTT A T BB 2R G PP DU
Blo WTFZIRAMGEMBI, R A RO T
W%k BIREYE, ERRTT B BR R
ARARFAGHSR, FahRKELE, &
FEIREZ REMAETTR, DRSS
FERE



ZE ik (References):

MFRER, #hlE, BxEEFIBENHRIFES R
R EH S [J] ST, 2022, 41 (5): 1371-1387.
GUO W D, ZHONG Y X, FENG X H. Research on the Resilience
of China's High-Speed Rail Urban Network from the
Perspective of Vulnerability[J]. Geographical Research, 2022,
41 (5): 1371-1387.

[2]DU W X, ZHAI G F, SHI'Y J, et al. Structural Resilience
Disparities in Regional City Networks Under the Influence of
Typhoon Fitow and COVID-19[J]. Cities, 2024, 155: 105460.
BIEPKIR, EpkE, FIEK, FIARHHEMNEEETHE
B[] HIBRIFEE, 2020, 39 (10): 1619-1631.
XIE'Y S, WANG C J, HAN Z L, et al. Structural Resilience
Evolution of Multiple Urban Networks in the Harbin-Dalian
Urban Belt[J]. Progress in Geography, 2020, 39 (10): 1619-
1631.

4 HIEF, BFH, H, SEBHEFEEEAORS
MEEASAE R B &0 E K[V & 18, 2024, 44 (5): 53-
63.

GUH Y, LI'Y X, LAO X, et al. Characteristics and Influencing
Factors of Population Flow Network During China’s Spring
Festival Under COVID-19 Pandemic[J]. Economic Geography,
2024, 44 (5): 53-63.

(5] K187, &, EF2EFEBEEINELFLETEN
EEEME R[] BARRIRFR, 2021, 36 (9): 2193-
2204,

LIN' Y Z, PENG C, WANG B Q. Optimization of Network
Structural Resilience of Territory Development Zones Based
on Propagation Simulation[J]. Journal of Natural Resources,
2021, 36 (9): 2193-2204.

6=, EEETFPBEARLETRAINPERESHXE
FREFMEEWHNEERCHARVMENZHRE, 2022,
41 (6): 945-955.

LI' B, CAO G. Structural Resilience Change of China's Marine
Economic Network Based on the Data of Sea-Related A-
Share Listed Companies[J]. Progress in Geography, 2022,
41 (6): 945-955.

[7J TANG J Q, XU L, LUO C L, et al. Multi-disruption Resilience
Assessment of Rail Transit Systems with Optimized
Commuter Flows[J]. Reliability Engineering & System Safety,
2021, 214: 107715.

Bl %, HkE, PR PR THHEDSERES
AOMIEMEREISME[J]RIRRIE, 2022, 44 (2): 414-424.
HE Y, YANG Y C, GUO J K. Vulnerability of the Shipping
Network of China's Coastal Container Ports Under Disruption
Simulation[J]. Resources Science, 2022, 44 (2): 414-424.

[91 TANG J Q, WANG J, LI J Y, et al. Predicting Human
Mobility Flows in Response to Extreme Urban Floods: A
Hybrid  Deep Model Spatial
Heterogeneity[J]. Computers, and Urban
Systems, 2024, 113: 102160.

[10] SHI S, PAIN K, CHEN X. Looking into Mobility in the
Covid-19 “Eye of the Storm": Simulating Virus Spread and

Learning Considering

Environment

Urban Resilience in the Wuhan City Region Travel Flow
Network[J]. Cities, 2022, 126: 103675.

(1] BkaRBE, BIE, =S, S HEEBRRE NN
MR ZEDRREMEARHR: UILERSEHLERAH[I]K
=% 2020, 35 (2): 210-216.
GENG S L, ZHOU Q L M J,
Differences in Disaster Perception Among New Media Users

et al. Spatial-Temporal

and the Influence Factors: A Case Study of the Shouguang
Flood in Shandong Province[J]. Journal of Catastrophology,

2020, 35 (2): 210-216.

[12] FER, BhE, FENETFHBEE RS TR
FER B ERF TG DIERMRORX 6] FREX
RBSWE, 2022, 36 (11): 148-157.

WANG Z J, ZHOU X M, FANG Z Q. Evaluation on the
Resilience of Urban Tourism Flow Network Structure Under
the Impact of COVID-19 Pandemic: A Case of Chongging[J].
Journal of Arid Land Resources and Environment, 2022,
36 (11): 148-157.

MBI Xz, FERBARZECNEHNE RIS
KNEMREEES: NWERDHEFENENEFEESF]

2%HRIR, 2018, 38 (8): 214-223.

RUAN W Q, LI'Y Q. The Impact and Spatial Difference of
Natural Disaster Crisis on Tourist Demand[J].
Geography, 2018, 38 (8): 214-223.

(14 X7R3, XEERABRRSWENSECRERE
E[JRBRZE, 2024, 46 (9): 1852-1866.

LIU Y W, LIU H. Dynamics and Driving Factors of the
International Qil Trade Network[J]. Resources Science, 2024,
46 (9): 1852-1866.

[15] TAYLOR P J, HOYLER M, VERBRUGGEN R. External
Urban Relational Process: Introducing Central Flow Theory
Urban Studies,

Economic

to Complement Central Place Theory[J].
2010, 47(13): 2803-2818.

[T EEF, ®BE, S, TH=ZAERBHXEHED
ML . MESREREV] BRARRFR, 2024,
39 (3): 564-581.

WANG Y K, ZHAO M X, JI R, et al. Food Supply Networks in
the Pearl River Delta Mega-City Region: Characteristics,
Resilience and Security Strategies[J]. Journal of Natural
Resources, 2024, 39 (3): 564-581.

7 ERR, 8, BREARZTERBTXEZOIWE
Wt SR BN HMIERA AR EESEE, 2023,
32(7): 70-77.

WANG L Y, FU Y, ZHAO D. Investment Optimization and
Resilience Improvement of Regional Core Industrial
Enterprises’ Supply Network in Case of Severe Disasters[J].
Operations Research and Management Science, 2023, 32 (7):
70-77.

[18] TOTH G, ELEKES Z, WHITTLE A, et al. Technology
Network Structure Conditions the Economic Resilience of
Regions[J]. Economic Geography, 2022, 98 (4): 355-378.

[19] SHIW T, MU X Y, YANG W L, et al. The Spatial Mobility
Network and Influencing Factors of the Higher Education
Population in China[J]. Science and Public Policy, 2024,
51 (3): 406-420.

[20] BAI C Q, ZHOU L, XIA M L, et al. Analysis of the Spatial
Association Network Structure of China's Transportation
Carbon Emissions and Its Driving Factors[J]. Journal of
Environmental Management, 2020, 253: 109765.

21 Etp, FRE, HHEH, EXERTANATER
BABXMEEDSENEJ]MIBHRZT, 2023, 42 (2):
550-562.

LIAO C C, LI X M, HONG W Y, et al. Multi-dimensional
Measurement of Network Structure of Guangdong — Hong
Kong — Macao Greater Bay Area from the Perspective of
Traffic Flows Space[J]. Geographical Research, 2023, 42 (2):
550-562.

22 BF$E, BEE, HEH, FR=EAXGFTEHN
RARBHKRFAERTIMIRT : AR AL 86 [J)] 112
5, 2022, 42 (9): 1522-1533.

MIZ F, QIU Z X, SHANG Y M, et al. Technological Innovation

L H)METS / Special: Resilient City

Connection Characteristics and Influence of Regional
Innovation Cluster in the Yangtze River Delta: A Case Study
of New Material Industry[J]. Scientia Geographica Sinica,
2022, 42 (9): 1522-1533.

[23] JOHN R S, MILLER J C, MUYLAERT R L, et al. High
Connectivity and Human Movement Limits the Impact of
Travel Time on Infectious Disease Transmission[J]. Journal
of the Royal Society, Interface, 2024, 21 (210): 20230425.

[24] LU Q, DING B H, GU J P. Regional Economic Vulnerability
Based on Investment and Financing Network Attacks[J].
Cities, 2024, 150: 105012.

[25] X#E|, G, £LE, %ﬁr‘jbﬂﬂiﬁil‘ﬁﬂ*ﬂﬂﬁi’s‘”‘“
ROESEHADNE: UPEEEADRME R[]
5T, 2017, 36 (4): 647-660.

ZHAO Z Y, WEI'Y, WANG S J, et al. Measurement of Directed
Alternative Centricity and Power of Directed Weighted Urban
Network: A Case of Population Flow Network of China During
“Chunyun” Period[J]. Geographical Research, 2017, 36 (4):
647-660.

[26] BERGANTINO A S, GARDELLI A, ROTARIS L. Assessing
Transport Network Resilience: Empirical Insights from Real-
World Data Studies[J]. Transport Reviews, 2024, 44 (4): 834-
857.

27 5%, HESHHNENA THPERREIFIEE
XXFFFR[J]) MR, 2022, 77 (12): 3104-3124.

MA ' H T, HU X Q. Regionalization of Scientific and
Technological Innovation in China: From the Perspective of
Urban Network[J]. Acta Geographica Sinica, 2022, 77 (12):
3104-3124.

(28] EEER, 2, ARIGE, & KEMHE NS/
fERMES ‘*ﬁ LAL@?:%BFE[%UJ I3 T & R 5
2024, 31(3): 16-23.

HUANG J Z, XU Y T, HU G Y, et al. Analysis of Borrowing
Scale of Metropolitan Network Externalities: A Case Study of
the Shanghai Metropolitan Area[J].
Studies, 2024, 31 (3): 16-23.

29| XWE, EEF, HWI, F 1 HIBHENEZINEE
BB SRS S A R[] BB FR 5%, 2022, 41 (9):
2367-2384.

ZHAO M X, WANG Y K, HU Y K, et al. Examining Performance
of Urban Borrowed Size Based on the Towns' Network

Urban Development

Externalities of Guangzhou — Foshan Metropolitan Areas[J].
Geographical Research, 2022, 41 (9): 2367-2384.

[30] REN M H, ZHOU T, WANG C X. How Does Information
Flow in the Urban Network Reshape Agglomeration
Externalities? Considering Non-linear Effects, Proximity
Mechanisms, and Industrial Heterogeneity[J]. Cities, 2024,
152: 105247.

B &EE, FEHEECHSKFTPO: PERTESK
BHRASEMEPOECSEUNRDRALZER,
2021 (5): 23-31.

CAO Z, PENG Z W. Rising Global Innovative Centers: The
Evolution of Chinese Cities in Global Interurban Scientific
Collaboration Networks[J]. Urban Planning Forum, 2021 (5):
23-31.

[32] tRilt, L, EEE g?ki—ﬂﬂﬁﬁ%ﬁ&iﬁﬁ@%%ﬁ’ﬂz
HeFMERR: ULERE G [VMEHR, 2021,
40 (6): 1840-1856.

RAO 'Y, SHEN L Z, WANG X. Research on Regional Innovation
Network Based on Large-Scale Scientific Research
Infrastructure Sharing: Take Shandong as an Example[J].

Geographical Research, 2021, 40 (6): 1840-1856.

29


https://doi.org/10.11821/dlyj020210421
https://doi.org/10.11821/dlyj020210421
https://doi.org/10.1016/j.cities.2024.105460
https://doi.org/10.18306/dlkxjz.2020.10.002
https://doi.org/10.18306/dlkxjz.2020.10.002
https://doi.org/10.31497/zrzyxb.20210903
https://doi.org/10.31497/zrzyxb.20210903
https://doi.org/10.18306/dlkxjz.2022.06.001
https://doi.org/10.18306/dlkxjz.2022.06.001
https://doi.org/10.18402/resci.2022.02.16
https://doi.org/10.18402/resci.2022.02.16
https://doi.org/10.1016/j.compenvurbsys.2024.102160
https://doi.org/10.1016/j.compenvurbsys.2024.102160
https://doi.org/10.1016/j.cities.2022.103675
https://doi.org/10.31497/zrzyxb.20240305
https://doi.org/10.31497/zrzyxb.20240305
https://doi.org/10.31497/zrzyxb.20240305
https://doi.org/10.1080/00130095.2022.2035715
https://doi.org/10.1093/scipol/scad082
https://doi.org/10.1016/j.jenvman.2019.109765
https://doi.org/10.1016/j.jenvman.2019.109765
https://doi.org/10.11821/dlyj020220535
https://doi.org/10.11821/dlyj020220535
https://doi.org/10.1098/rsif.2023.0425
https://doi.org/10.1098/rsif.2023.0425
https://doi.org/10.1016/j.cities.2024.105012
https://doi.org/10.1080/01441647.2024.2322434
https://doi.org/10.11821/dlxb202212011
https://doi.org/10.11821/dlxb202212011
https://doi.org/10.3969/j.issn.1006-3862.2024.03.004
https://doi.org/10.3969/j.issn.1006-3862.2024.03.004
https://doi.org/10.3969/j.issn.1006-3862.2024.03.004
https://doi.org/10.11821/dlyj020211036
https://doi.org/10.11821/dlyj020211036
https://doi.org/10.1016/j.cities.2024.105247
https://doi.org/10.11821/dlyj020200673
https://doi.org/10.11821/dlyj020200673

||
IIII MIEEIiE Landscape Architecture 2025/10

(33] X Ovfa. BB IR KIS X S F M B 4548 5 99 TSR [J].
IR}, 2020, 40 (6): 874-881.

LIU X'Y. Structure and Division of Urban Innovation Network
in the Guangdong — Hong Kong — Macao Greater Bay
Area[J]. Scientia Geographica Sinica, 2020, 40 (6): 874-881.
(34] EREHS, BZEMF, PHRN, FHEHNFLEFTEME
EBENRERNERJ) HEBRIZE, 2024, 44 (5): 743-
753.

WANG S P, TENG T W, HU S L, et al. Evolution and Driving
Factors of Spatial Network Structure of Digital Economy in
China[J]. Scientia Geographica Sinica, 2024, 44 (5): 743-753.
[35] R, XA, MXH2EERKEXEMHRFEEM
IR [J] BVES IR, 2022, 42 (2): 220-235.

SUH Y, LIURH WEN T. The Structure of Urban Tourism
Information Network in the Guangdong — Hong Kong-Macao
Greater Bay Area[J]. Tropical Geography, 2022, 42 (2): 220-
235.

[B6] T2, BRI, BE=xBISEENE T R=AHH
RMEREERFEREN I F R[] WEHRR,
2024, 43 (5): 1088-1106.

YE Q ZENG G, JIANG H Y. Robustness of Knowledge
Networks in the Yangtze River Delta and Their Impact on
Innovation Performance Under Random and Targeted
Attacks[J]. Geographical Research, 2024, 43 (5): 1088-1106.
[37] TAYLOR P J, CATALANO G, WALKER D R F.
Measurement of the World City Network[J]. Urban Studies,
2002, 39 (13): 2367-2376.

[38] NIE W P, CAI SM, ZHAO Z D, et al. Examining the Impact
of Urban-Rural Spatial Structure on Mobility Networks: A
Case Study of Taxis[J]. Cities, 2023, 141: 104512.

[39]HE D, CHEN Z X, PEI T, et al. Analysis of Structural
Evolution and Its Influencing Factors of the High-Speed
Railway Network in China's Three Urban Agglomerations[J].
Cities, 2023, 132: 104063.

[40] YANG Y T, JIA B, YAN X Y, et al. Structure and Dynamics
of Urban Freight Truck Movements: A Complex Network
Theory Perspective[J]. Transportation Research Part C:
Emerging Technologies, 2024, 158: 104442.

[417YANG X D, LI H L, ZHANG J Y, et al. Urban Economic
Within  the Urban
Agglomeration: Exploring Spatially Correlated Network and

Resilience Yangtze River Delta

Spatial Heterogeneity[J].
2024, 103: 105270.

[42] JIANG S Q, YANG L, CHENG G, et al. A Quantitative
Framework  for

Sustainable Cities and Society,

Network Resilience Evaluation Using
Dynamic Bayesian Network[J]. Computer Communications,
2022, 194: 387-398.

[43] ERFAN DORAKI M, AVAMI A, BOROUSHAKI M, et al.
Agent-Based Modeling for Sustainable Urban Passenger
Vehicle Mobility: A Case of Tehran[J]. Transportation
Research Part D: Transport and Environment, 2024, 135:
104380.

[44] YANG X, XUE Q C, DING M L, et al. Short-Term Prediction
of Passenger Volume for Urban Rail Systems: A Deep
Smart-Card  Data[J].
International Journal of Production Economics, 2021, 231:
107920

[45]) WANG T, ZHANG X T, MA'Y H, et al. Risk Contagion and
Decision-Making Evolution of Carbon Market Enterprises:

Learning Approach Based on

Comparisons with China, the United States, and the
European Union[J]. Environmental
Review, 2023, 99: 107036.

[b6] B, T ETEWHENRZEEHRMNESIOR
M XM <MNEMBNEDFTRIRRB V]S mARL,
2024, 48 (9): 19-30.

LU Q, NING J. Network Structure Analysis of beijing-Tianjin-
Hebei Urban Agglomeration Based on Enterprise Data:

Impact Assessment

Application of Regional Social Network and Hypernetwork
Analysis[J]. City Planning Review, 2024, 48 (9): 19-30.

[47] GAO J X, BULDYREV SV, STANLEY H E, et al. Networks
Formed from Interdependent Networks[J]. Nature Physics,
2012, 8 (1): 40-48.

[48] MOSTAFIZI A, WANG H Z, COX D, et al. Agent-Based
Tsunami Evacuation Modeling of Unplanned Network
Disruptions for Evidence-Driven Resource Allocation and
Retrofitting Strategies[J]. Natural Hazards, 2017, 88 (3): 1347-
1372.

[49]GUO X Q. DU Q, LI'Y, et al. Cascading Failure and
Recovery of Metro — Bus Double-Layer Network Considering
Recovery Propagation[J]. Transportation Research Part D:
Transport and Environment, 2023, 122: 103861.

[50] WANG Y Y, TIAN C W. Measure Vulnerability of Metro

Network Under Cascading Failure[J]. IEEE Access, 2020, 9:
683-692.

%3k iE(Sources of Figures and Tables):

= 1IRIESE I (2][3][8]-[19] BIEBLY); £ IRESE
Sk [20][22][24]~[33) B L ) ; X 4iRIBS & XMk
[2][3][21][34]~[36][38]~[41] B H;, F5RIESEZ M
[2][3][5][7][10][40][42]~[50] R iH; HREIRHIHAIES
28,

(w8 / FEE)

fEE-N:
HXIE /% /| BRAZFZASHH ALY ZREZELHE
&/ RRTAAMBEFDIE. mHNEDE

EEE/ B/ Bt/ BRAFERNSHTALZREUE /
MARAEAEL=ERL . WHAHEZEMNE
EISEEABFE: guofang_zhai@nju.edu.cn

BHE/ /Bt BRAZEASHHAYZ R
R/ ARTGEAEHEDME. i RE R

DU W X, ZHAI G F, LU Y W. Research Progress of Urban Network Resilience Assessment Based on Network Elements[J]. Landscape Architecture, 2025, 32(10): 21-

31.DOI: 10.3724/j.fiyl.LA20240026.

Research Progress of Urban Network Resilience Assessment Based on

Network Elements

DU Wenxuan, ZHAI Guofang*, LU Yuwen

Abstract:
[Objective] With the advancement of information technology and regional

integration, urban networks are more vulnerable to various disaster

disturbances, posing serious challenges to population mobility, information

transmission, industrial collaboration and innovative cooperation. Urban
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network resilience is an important issue in regional resilience research. The
term reflects the ability of urban network systems to develop, strengthen,
through the
collaboration of urban networks. The current research on urban network

resist, and recover quickly from disaster disturbances,

resilience primarily focuses on network structure and network function, seldom
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considering systematic review of evaluation methods for urban network
resilience. Therefore, this research comprehensively summarizes the evaluation
methods for urban network resilience from the perspective of network
elements.

[Methods] Based on the bibliometric method, this research analyzes the
previous research on urban network resilience, revealing the research hotspots
and evolution trends in this field. By following the workflow of network types —
network characteristics — evaluation methods, the research constructs an
evaluation framework of urban network resilience based on network elements.
[Results] More and more scholars pay attention to the evaluation methods for
urban network resilience. Firstly, the characteristics of multiple urban networks
and their disaster application scenarios are quite different. The transportation
network focuses on the mobility of population flow and accessibility of
infrastructure. The information network considers the promptness and diversity
of disaster risk information transmission. The economic network focuses on the
self-sufficiency and scale of capital supply. The innovation network emphasizes
the asymmetry and mediation of knowledge cooperation. Natural disasters,
public health events and accidents often restrict population mobility. In this
research, the transportation network is selected for resilience evaluation.
Economic and innovation networks are selected to reflect the stability of
industrial cooperation and technological exchange in the face of long-term
disasters, such as the economic crisis, the COVID-19 epidemic, and socio-
economic pressures. The information network is selected for exploring the risk
perception of urban residents to various disaster disturbances. Secondly, the
evaluation methods for urban network resilience based on four network
elements have different advantages. The evaluation method for urban network
resilience based on network node can identify the key nodes with positive
influence or negative disaster transmission ability in urban networks. The
evaluation method for urban network resilience based on network connection
can assess the connection strength and dependency relationships between
different nodes. The evaluation method for urban network resilience based on
network structure can explore the urban networks with different morphological
characteristics and topological structures. The evaluation method for urban
network resilience based on network function can realize the function
assessment by simulating multiple disaster disturbance scenarios. Thirdly, this
research proposes an evaluation framework for urban network resilience based
on network elements, aiming to achieve a breakthrough in network resilience
evaluation from “single network evaluation” to “multiple network evaluation”.
This evaluation framework involves three stages. In the first stage, when
selecting the type of urban network, the intensity of disaster disturbances on
urban network is considered. The urban networks include transportation
networks, information networks, economic networks and innovation networks.
In the second stage, the influence path of disaster disturbances on urban
network characteristics is considered, and appropriate urban network
characteristics are selected. In the third stage, the evaluation methods focus on
four network elements, including network node, network connection, network
structure and network function. When choosing the evaluation methods for
urban network resilience, the types, attributes and characteristics of urban
networks are considered. However, the research on urban network resilience
faces limitations. 1) Little attention has been paid to the disaster propagation
ability of network nodes, and the diffusion mechanism of disaster disturbances
needs to be further analyzed. 2) The complex effects of connection type,
connection direction and topological feature on spatial effects need to be
explored. 3) Social network analysis is the main evaluation method for network
structure. A scientific and unified evaluation framework has not yet formed.
4) The simulation results of network function cannot sufficiently represent the
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disaster disturbances in the real world.

[Conclusion] There exists a large amount of research on urban network
resilience to resist single disaster disturbance. The research fields include
urban planning, geography, disaster science, etc.. Some research directions
need to be deepened. 1) Evaluation method based on network node. Network
propagation model, agent-based model and other model methods need to be
emphasized in future research, in order to simulate the dynamic diffusion
process of information, virus, and population. The important nodes in urban
network that have both resource control function and disaster adaptation
ability should be identified. 2) Evaluation method based on network connection.
The evaluation method of spatial effect of network connection should be
improved by combining the centrality, agglomeration, transmission and other
topological indicators. 3) Evaluation method based on network structure. It is
necessary to integrate macro-scale and micro-scale evaluation methods, so as
to effectively compare the evaluation results at different scales. 4) Evaluation
method based on network function. Deep learning methods such as recurrent
neural network model and long short-term memory network model should be
adopted. It is necessary to establish a network function simulation model under
multi-disaster scenarios to improve the accuracy of research results.
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resilience assessment; research progress
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