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Fig. I Topological structures of knowledge networks in Shanghai, Nanjing, Hangzhou, and Hefei in 2017 and 2021

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1094 o B WF 5T 434

322 #=HREE x1 2017E520215F L5, B, HMl.
(1) AR Z A SEH 2L, ABEAIR M 4 B AR A R AR AR

R T LU R
g[\ ! %ﬂ{;ﬂ;ﬁfi ?ﬁﬁﬁéjﬁ%ﬁiiﬁﬁzli?gﬂ Nanjing, Hangzhou, and Hefei in 2017 and 202’1
B AHSEXT T AR 2 H | T

BB AL A SO B AR 2 R I
e SAEMR A, TR ERH T — 05 Goor 108 GOGF 53
RAERIVEN o 2% Castaldi 55 ™' 1) 05 73 fift J7 GOIN 104  GOIN 133
e, AT PG A IPC 4325 S iR R 155 BOID 74 BOID 125
A Z R L RN AE A S Z R4 K. T HOLL 7 BOSB 121
—'fﬁﬁIPC?&*%Z[EJE@*H%TEﬁE}%, JJ:I:‘[/J C04B 64 HOIL 92
tﬁﬁiﬁﬂ%ﬁ?ﬂﬁ@*ﬁﬁ%ﬂ?&% IJ_‘T#?:;FIJE\ﬁ 5 s GOIN 142 BOSB 170
1Y 7 Lk s AR 2R E (UV) . SRH GO6F 133 BOID 169
3ACECE 2 B R A 22 (R TR A 2 BOID 116 GOIN 161
AL (RV) . BARAXNT . HO2J 106 GOGF 144
N 1 CO2F 101 GOSB 106

v ;Pg' m(Pgr) w Bl BOID 110 BOID 198

A P AR B RIN AT N ER— LB L F g GO6F 104 BOSB 191
PAVES B (7 S AR RSB B A GOIN 101 GOIN 159
N 1 & 1 CO2F 94 GOGF 154
RV_;P"UIH(PWJ ;P"'IH(PJ (2) GO5B 86 A6IL 141
Krf: P AP, AS R NFIR AEWHT AT am ook 59 BOID 91
3P R m B S 2 6 50T R n ) GOIN 57 GOIN 85
i s COSL 51 GOGF 81
(2) BEMIZEE O, QBT T 1Y CO8K 50 B0SB 79

ThE 2 TR G 2R 2 Bl A (] A 4 AL 1T R AR O BOID 39 CO8L 61

g, X LERIPLATREA H T4 S X Ik i) P R
SHNR e AR R 2% ol il o8 DS RE A A T HAE R 245 4544 v 1A R s 52 AR S AR AR AR
ARBUEE L HECER S, TR i T BB S R 0 28 DA Al s DX dsl AL PR AU
SRR RIS, JHESIPUCR AR 43 S H A . Yao 55, Guan 55"
FEREEAEMEE SRR Z S B — D OTFHER b, 0B P R 2% B S5 A8 5 X 41 2L
HTHIRANA o

Balland %541 B2 OV ELIE A RE SC T — NSRS AR 48 i i E BT, AR S0k
TANMEEIILFBAG R = 41 DI B E R SRR, IFHRA W i B rhocs
AR A A I T 5 AT 2 ) 85 R B2, g R v O P (LA DAy 2 ) A T AR
o HHEAPER: O SRR WL MBI = Al & B FIE o i 5 2
AL 2 A LA H TR LA, R 2 DA R L B L AR A P B A AE L A
@ HE SIS VCRE . 7EA A A 5 7 BRI rh DCC H i ALkl o i s bk A
FEEIH G, BRI R S (8 T R — 3 R LA ) RS VEBTEG TR
DR B — SRR RIS VEIEE R 1, ABATRo o WP 54 B L MR B o — 5%
BAEL R PTA TP B, 5 N Ucinet BRI = A 41300 1 B BT
EAERZ R LA

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



58 MOEE AR BEHLS R RS TR AT RN SRR AR PR IE SO BT STEA RN 1095

(3) FIREFRE . RERBAFORMB GRERE, NP RIERBOEIA T A
RERBA R EXIEARBE B R T, e AR IR — A K
BB TARBIZ A, (BRI L b 25 IR 26 1 1 i V5 15 BALRERIRE 1 . B
K EFR, FRRIERMUCGE -G E W R B AR . A xnE .

C«:li 2L (3)

Kb CRFFHREREG LIS BEAEREG fRERY SR, o R %L

38, EHAS T N4 GDP LA K R&D i AR Al A8 5, R&D o Heid o 71551
J7 W BCRE S H  GDP Y el B, B R TR T 2017—2021 4F (b BT ST AR 4 )
(https://www.stats.gov.cn/) 12022 4FVT A GeiT4F% (https:/tj.jiangsu.gov.en/) | WiTLA
G4 (https:/tj.zj.gov.en/) . HRUEGITAEY (http:/tjj.ah.gov.en/) FI_L T G114
% (https:/tjj.sh.gov.en/) o A3 GDPFEARRFRRE [ b 1 — > [ S b X i 28 0% & ik
PRIZEA T R&D (5 HARBL T 7 BOR X TR R 8 . 32 2 F BRI 45 AR B

HOLER .
x2 TEHRSNE
Tab. 2 Variable description and measurement
A W RET7 i
Yol RE A i WS (INNO) SR R AU B T R R
Bolfipkeists REHLAGE T AR R R () XA 2 A THANLIG I P 26 A5 1 (e (L
100 U7 HURHEPE R E)

BREIGE FAR MR ENE () X HIT PO0 £6% A7 7 T INF 190 286 15 14 B 1

Pl s HPARCZ L (UY) Il PR A 3 (S 2 (B (2
HRAEAEZ AL (RV) SRS PR AR 1 (58 A R R SR L
VR RZE A ERUHE R M2 i B O
FRIERERSE (C) E 2 e 1 7 SRR L R R
R&D itk SR R M T WA R SH 1 GDP Y L]
A¥3GDP W RAE 4 GDP

3.2.3 BEARE BN AEIRZ MRS 250, XA R EERBOT S FE I, R
A /N etk (GLS) XTEE AT, AR .
INNO, =a+y,Q.+B[Z]+P.[A,]+e (4)
. AR INNO S B2 AR IR i BB Sk, D78 He [ 738 s I — 00 DA i ke P 2
PRI, QF FoR AT i (M RS b, ABO B 15 [Z & —4L R e —A 3R
FRBE N SEFRRAE AP il A i, HARALHG . ARAHSCZREE | AR C 2Rt . & 1E
RIZE R e . PR R [AJE—d HAE ST it ST e R A =, R
f45: AGDP, R&D filtl; eFR/RiRETL; y. By R EISEL
3.2.4 Faf Mty IASRE HLVE R H AR R AR A TR A 56 . ISR RE HE
D s o N [T B8 i1 oo S BUETR [y € SN 0K =1 4l r= A S 2 2 R 6 = N R e E A [T o
S BB XIME . MZSRRE E BT AR
1 1
I E P )
K NFRTEEG & RFRT SR IR AR K, A EE, W 1/d, =
0o R TAHFXF H 45 Moo i Je AORICR, 7 B 5 A RE AU —fR AR B, JE AR 45 55 RE L

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1096 o B WF 5T 434

fabs EM, TR AAE

EM=E. JE, (6)
oy EAS AN EAS B4 ) R T A A J5 W 288008, INESBLRE L EMASOTR, TR
“5 Fafat PR
4

4.1 BEHSEELE T = Hi A0 M4 fa i 45 E

B, BEPLZGE TR =41 DI EIR N LA R, B ETah R AR R
KRBT ass (B12). Wi, fE—RIEARGEHREHLIES, BlandbR b ek
BARWAEZ G, K=MAWH N ARG O SR E ARy (K =M
255 52 BN A TR B i AR S TR . 2017—2021 4%, 7ERENLICE T RR
M AP A 38T R R 28 FA R (K T 0.41 (2017 4F 3N 78 &5 2 Uil T MIpHLI T T
R R B Fa g E(E B, 2091 0.02 F10.28) , TM7EE H Xy R 1Y 2020 45T FTRG 5%
TH IR 28 FRf P B L 0.41 (435110 0.43 F10.42) . 2021 4F, TEREMLIGE T, L. BoMl .
Ml AIRERER 0%, LT, WA SE, HREEERWET, 258k
37%. 40% . 35%. 31%M75 55 BIENGR T A5t 1) B {E .

K = Ik X RS B B IR B DA EA S R 22 5 I SR K =
FATT IR 48 2 B AR B AT, 5 0 BUON SO T A H AR R 45 4544
TGS (&3 LA 1098 51) . 2017—2021 4F, TERIZE A AT IEM T, BEMLYCE IfEdL
F N 5351 7] LLFE R 58% -5 66% 119 i, & BT I HAE R AR 13% 5 16% 1915 1,
XSGR R AR BE 1R S HR Z e ARG, WS IARE , ML S E B
i TR AT R N A AR AR AR TR, B A RS ] (ARG, 2017 —
20214, HFEIE N4 R Moran's 73K T0.26 (P<0.003), BEMLYCHE T 42 )5 Moran's 734
KT 0.18 (P<0.01) . 2017 4F % &2 Yoo T %0 15 0 28 A il 1 1 HE 42 A 0 A9 30 77 2 e et
(0.41), T (0.38), HrIH (0.37). EifE (035). &M (0.27); 2021 4EHTH (0.40) |
g (0.37), mEat (0.35), T (0.34) HEMARTERIANL, mAE (0.33) BFF-EH S,
HH(0.21) BRES 1947 2017 FM12021 45t NS HEA fe)m (BB T A R 2% Fafi
PEE 2017 4F 24 0.02, 202144 0.09), JRihzs Bl B AT A, ERBIGE T, &R#
FEn R, ZRALERA R SR TR E R X ML T, R E R
X, GEEEH R IREERX,

WAL FAIATE , ZH R L rhil, 2017—2021 4EBEHLINE B HE T K =A%
TR 28 B fid A R R B LT IR a3 . 52017 4FA L, 2020 4FBEMLAIE B
i AL BN AR ARG, AR T AR 2 R fd AN R AR EE L,
PN 2P, EDL . SN E 10%0) b [H20214F, BEAT. TSRO I AR M 4 R
v TR, K4 (WA 1098 51) v LA W, 2017—20214F, mat. T¥ . GM.
BPH L i =N SEil . Sl WERSSE O I AR P AP I SR AR v b R £
Ky B BN B, Wb, 2EPEAE 24 NI 7 PR e SRS T rRA et T

K = AR AR 28 RAEAS 2R AVARIE SR T B AL B P2 o FEPIRh I SR g T
e = A HE PR R 2 R R X T RS T TR R AR, I — AT A
B AENE G SR 3 TTFE ) KBS HR AR BE 1 o 2021 AR FEBEAL S B B Uh N = AR AR M 452
AP 0.983 5 0.524, & THER S W b 9 0.952 5 0.396, ARG & FIFF RS 141

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



58 MOSE AR AL G TR S AT AR SRR R IE X R ST 1097

2 20172021 EREHN S ERRNGE TR=EAETHHIRNEREETE S Z
Fig. 2 Spatial variation of knowledge network robustness in the Yangtze River Delta under
random and targeted attacks from 2017 to 2021
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Fig. 3 Node removal curves for random and targeted attacks on selected cities in the Yangtze River Delta from 2017 to 2021
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Fig. 4 Changes in the robustness of knowledge networks in the Yangtze River Delta from 2017 to 2021
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Fig. 5 Illustration of the impact of knowledge network robustness on innovative output
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Robustness of knowledge networks in the Yangtze River Delta
and their impact on innovation performance under
random and targeted attacks

YE Qin', ZENG Gang’, JIANG Haiyun'
(1. School of Environmental and Geographical Sciences, Shanghai Normal University, Shanghai 200234, China;
2. Center for Modern Chinese City Studies, East China Normal University, Shanghai 200062, China)

Abstract: In the new development paradigm, enhancing the robustness of the urban knowledge
network in the Yangtze River Delta (YRD) is increasingly recognized as an effective strategy to
address the challenges of "anti- globalization" in global technological cooperation and to
promote high-quality integrated development. This study is based on the authorized invention
patent data from 2017 to 2021 for 41 cities in the YRD. It constructs intra- city knowledge
networks using four- digit technology categories as nodes and the frequency of technology
combinations as connections. The study evaluates the robustness of knowledge networks by
simulating both random and deliberate attacks and calculating the network collapse threshold.
A panel econometric model is employed to explore the impact on city innovation performance.
The findings reveal that: (1) The knowledge networks in YRD cities exhibit stronger resilience
to random attacks compared to deliberate attacks. (2) The overall robustness of these networks
shows a pattern of high in the east and low in the west, influenced by the COVID-19 pandemic,
with an initial rise followed by a decline. Under deliberate attacks, Hangzhou, Shanghai,
Nanjing, and Ningbo consistently rank in the top four in network robustness, while Chizhou
ranks last. (3) The overall robustness of the YRD knowledge network, under both random and
deliberate attacks, surpasses that of individual cities' networks. Enhancing cross-city and cross-
sector technology integration opportunities increases the network's ability to resist risks. Over
five years, the rate of cross-sector technology integration in the YRD increased from 41% to
47% . (4) After controlling for related and unrelated variety of knowledge, and network
centrality in cooperative networks, regression analysis shows a positive correlation between the
robustness of city knowledge networks and innovation performance. The impact of knowledge
network robustness on innovation is more significant during deliberate attacks compared to
random attacks. Even when substituting the network collapse threshold with network efficiency
ratio for robustness testing, the regression results remain significant. Finally, the study
recommends consolidating technological innovation efforts in core technology areas, including
separation technology, digital data processing, material testing or analysis, clean technology,
and polymer compounds- five fields that hold central positions in knowledge networks.
Strengthening inter- city technological complementarity is also advised to enhance the
robustness of the knowledge network in YRD cities.

Keywords: knowledge networks; robustness; innovation; random attacks; targeted attacks;
Yangtze River Delta
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