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Tab. 1 Data statistics for each year

AR 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
BlEBdE 1421 1552 1751 2063 5423 6421 9302 13651 17729 18841 22001 23061
ARERGE 1384 1506 1685 1972 5363 6394 9243 13581 17587 18738 21889 22989
PERE R 56 93 132 216 621 816 840 1594 2093 3496 4393 4767
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Tab. 2 Indices of the weighted and directed network and their geographical implications
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(1) b RE AR EE, mRrE AR H R PR . M5 A5 ZiE N
SR TE , 2004 AR E RS 10 L R ik S5 R Z 1k A Ak 59 J EE 4 1 65.87%
81.90%, 201544 4R TF3 74.18% . 89.63%, A 7E % FIEL MR | & P8 4 % =
S, HM(iRs: B, BUCAHARFAE S B0, RHCFHEARNHER S EED T4
Arlal, HOH 280K 7EHEZSERTIA T (4): 2004-2007 4EF B, FEAREEFSIIES A
MZAE N 2R FAEGHE Y, NP ZRL &L & wl L, Rl
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Tl 4, b ERR () AR BT ARG M A ER AR A% B AR
FAR BV B 2B WAL G hl gAY, ZERARFEAS T ) £ SR H 353858

(2) @i BHILFH AR LR HRA R, FoAR S B VR A W55 . 78 4 M4
RS ACHEA ) G 0 2.21% . 2.41% . 2.47% . 2.91%, RHFHLKIM 5 R 5.12% .
5.18%. 5.33%. 5.42%, BHIFPLFAG SRS HE Tk, SRmTigtkiE s, HM

R3 BAREBEGEEENL (%)

Tab. 3 The proportional variations of the actors of technological transferring network (%)

RSPNCZSTWN 2004 4F 2007 4F 2011 4E 20154F
Al 65.87/81.90 68.97/85.47 72.51/88.92 74.18/89.63
[ 2.21/0.51 2.41/0.46 2.47/0.51 2.91/0.61
BHIFHLIL 5.12/0.45 5.18/0.53 5.33/0.44 5.42/0.48
N 23.25/1.51 20.51/1.27 18.24/1.80 15.81/1.21
TR & 1 22.11 24.23 24.89 28.36

F4 FERFIEEHEALL. S, BANEOST

Tab. 4 The statistics of the main actors including enterprises, universities, and institutes
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FEAIRES (NURERERK) ., Bt (TIImERRESRK) . ZWUE Wk
FAPRLE ) A, B 2015 A AME RS A & HE RS 15.81%, WA LI
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3.2 FEARRNFMEEEL
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(1) LA MRS A ) K B S RLER AR o 1), AL TR A7 L (46.47%)
K, EHHAERKZ (33.50%), KWPEH 5L (20.03%) &/, BEE, A%
FI L SRR LA G i EoE, DR BRI R R, 2004 4F:20.03%, #4512015
A1 48.03% . X FEIR AR LRI T AN TR, IR WEE BT, mabii
TR L FHEA% 5 I\ 2004 4F-[1) 46.47 %R ZL T FEH] 2015 41 8.82% . 1X M TAT e Bty , 4 =
£ 3T B L B AR R AT 1 7 it A 25 AN A 45 1o i o 4 7 i T L R R AR AL
Tl 5 )t DA A% e g AR i o) 3 I 328 5 1) 52 R e 1 ST o o e ARl A 28 A AR o s
T4 o

(2) LRIZEAIGERMIXS AR E, MEEids . P TR . s bR a2k
EFRERRAL IR 5 LB ISR A, 7E 4 AR VLB i 2 ) & U AL
M 20% ;254U AR [ S0 5 ey, R 10%; WAL TR . g
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Tab. 5 The variations of patent transferring classification and category (%)

LU SCHDER AN A B C D E F G H
20044F  20.03 33.50 46.47 1642 2194 1090 7.00 565 1427 1090  11.71
20074F  31.24 39.40 2936 1048 23.62 1421 409 797 1393 983 1587
20114F 3042 46.98 2261 11,78 2240 1126 425 619 1719 1032  16.68

20154 48.03 43.14 8.82 13.63  23.63 13.68 3.82 7.14 13.02 11.56 13.82
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4.1 O EREN

(1) LW, BUIH . Rt TR SRR RO E, MR “Zdun” #
P, 2004-20154F 0], AR OO PEE — A R E AL, R TS — 0T s, B
B AU RN ST R PR PR SR S, HBAR IR BAZ T s, BEAS 25 A2 0
AR B ES . SR, B B, BEaL . RN EE O PR AR I ] Y 25 A
Hidi/h (F£6), KUK =ML REE ARG ML 0O AL IEERES , B4 2%t 14
A% 2l il 5SRO RIS, B UM BEE . RN TR o M
WIRAANL TR, 1EBEANFARGE S I AR DAL E, P9 e R A E
117, SZMERORRIAR, O3 R Ao S PR 22 Sl shaU R e, AN R45 R4y
HuC S R BRI 2 oAk e R (AR — 3RS A IR AT HES AR EOK,
M 2004 4F | 2007 4EA95E 1307 . 5 10 UG B THE] 2011 45 2015 4R 55 2160 . 2 447,
TG A EEA K = A R R A AR Bk By, VEAE AR A I VE R AN GE .

F6 THRPUMEEREEZWK
Tab. 6 The top five variations of node centralities
JE O e
2004 4F 2007 4F 2011 4F 2015 4F 2004 4F 2007 4E 20114E 20154F
i (0.44) _1£(0.96) iE(1.44) _iE(1.80) LifE0.14)  Li0.37)  L#E0.30)  _LUEE0.11)
Bt (0.32) R 52(0.56) F5L(1.04) TN (1.56) e (0.09)  FEHL0.13)  AHE0.19)  FH{(0.06)
F5(0.16) Bt (0.52) BN (1.04) Fi5L(1.56) TR0M(0.02)  BLMN(0.09)  BLIN(©.11)  FRH(0.05)
Je#5(0.16) I5H(0.36) 4 (0.8) B (1.44) BEL(0.01)  TU%0.08) FHEL(0.09)  AHE(0.05)
£:1£(0.12) T(0.36) J85(0.8) T (1.44) Je80.01)  JEB(0.06)  FEWI(0.08)  TUL(0.04)

(2) L. BEAt. HUN . FRIHAEHT th iR & b0 A AR gt G, SR Bl . R
MEF BT R G AU RE | I B SR A AU e (7)),
AL R BUM L FEART. IRHA T IS AR (R A 28 A kT, AR AR
I Fi 39300 1) TE LR R A A IR I (i, R L rh Dol 2 AU A AR I
W 4 JRy R P D EORY BORAR S L . BRI T R BEAT, UM L 2R AR
BRHTRECT B TRE =" B RN, RGO R, SRS lE L A E TR
=BT, WRREAT A O BRI Y, AR SR TR R, O
BORY B DT o IO L 522 A HE . I Rl S AR (RLE A B R T
A AL RE U] phy 850/ SO 240 0 (R BRI IR, M52 1 At K e 1 &
R, BOMRBEERG G WA, 2R fke . Sl M BT AU (4L
NG, BRI M S AR BN, BORFRS 1970 BRAR L B
4.2 WA AR T EENRK

(1) FARFES B T7 16 LIAZ I Z B 52 K o) ol e e o 5, R BARSR . Hcfih
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Tab. 7 The variations of the change weighted degree, weighted indegree and weighted outdegree

2004 4 2007 4 2011 4F 20154 20044 20074 20114 20154
i 13(22/9) -70(34/104) —260(271/531) -264(671/935) || iJH 3(3/0)  9(10/1) 77(94/17) 56(151/95)
DXl 0(6/6) 26(43/17)  134(249/115) -160(485/645)|| GHE  -8(0/8)  1(2/1)  57(83/26) 89(137/48)

BFUM —4(6/10)  12(23/11)  -103(105/208) -137(360/497) | ZEM  -3(0/3)  0(1/1)  7(18/11)  68(108/40)
T 314 1(10/9)  —46(71/117)  —154(246/400) | HUT 22/0)  2(2/0)  11(31/20) -24(55/79)
000000 -1(4/5) ~5(42/47)  447(544/97) | M 11/0)  -5(0/5) —11(4/15)  60(85/25)
L 2(02)  0(9/9) 63(87/24)  -207(214/421) | FEW)  0(0/0)  0(0/0)  7(25/18)  55(76/21)

ME -2(1/3)  3(15/12)  49(151/102)  -48(280/328) | WM 0(0/0)  0(0/0)  6(9/3)  24(55/31)
FEL O 0(1/1)  34(42/8) 33(55/22)  299(410/111) | Dh#zil  0(0/0)  0(0/0)  10(14/4)  —1(36/37)

TH -3(1/4)  -3(7/10) 12(82/70)  =7(197/204) | P -4(0/4) -1(0/1)  1(2/1)  -13(13/26)
& 3(3/0) 1(3/2) -38(17/55)  —158(98/256) || Sl -1(0/1) 1(1/0)  2(3/1)  17(28/11)
w2200 2(5/3) 18(45/27)  -36(146/182) | E¥K  0(0/0)  2(2/0)  2(3/1)  4(20/16)
BH 0/ -15(0/15)  —28(105/133)  -16(140/156) | HKz  2(2/0)  0(0/0) —6(10/16) —14(0/14)
By 0(0/0) 1(3/2) 7(16/9) 113(181/68) | JHJH  4(4/0)  0(0/0) 1(2/1) 7(10/3)

FBRERY BIR G 8E0. IWER WS ot Sy E (K12), 7 2004-2007 i
B, WPREARG S MY B DL L i A s AR E O i i— R =g SR, H A SUE BRI
AR AL, BPHORI R LIS (BRI A3k i xd o 32, SRl BoReiE, an b
T 0 5 R 2B AR A5 24 S T, UM =2 oA . 4924 T AR T
By, MW FESEI., . WINGET AR, 2011-20154ER By, iR, 700, e
I BRSO R R G SR B K, M L AT L R SRR GO T AN I
— AL IR L L R AR RS, TR ) J 3 R R i g, I AN
LN AtE, R RTIREETL . N, AR L BRI LR R SR SR Y SRR
ARYHAEK . BEAh, 2011-2015 4 0], FB3 3k b 58 7 B i v R 2 kR AR Y ik
FHERE, BRAIE—LW ., Eae—Li, Big—aIM ., B—3hik, DL —e e
A RS TR

(2) FARGSE TR IRIMAE S, AR S IR, JET 2004 4F 5
PRECAR LS 28 ST (25 55 L RIEFEIRTTXT ), Geit2007-2015 AR BRH A IR A9 it
WS NAGRE) vTLISH (388): IRPRL MR BRI E ARG I fae e F L
W—5 M . EWE—HU . BOM N . B — R 4B A 1S ST (7 R
B 60%), WG “Hb 7 HKHR” (place dependence) THALHL, FRiF 2 A4S [A] 15 T AT ]
Wi R ERra s, PR AR I S ) BB FE I MR, RN Ay ] 3k i )
By HFRsEA, HA B A AR . BeA, SRR . il — . N —TE T
B RIFLREYE XS T 20114 “JWEL” 4500, ZP—hIN . FH—hu . &G IH—5 M 3 XF
FR KT 2015 A ARS8 IR AR Al R, B R AL 5 B S I A X <
(A TG 223K 174) , SR 78 WA IR PR 42 A U 30 9 2858 i A A G il JRe il , S e
PR R AR A TR B A, TR TN BRGS0 e B . 36l
e TR R HLASE
4.3 WEREARRNME R E L

(1) BRBREEAGR B2 [ A Ay, < E oK™ B . DL 4N Ta) Wi 452 AR i sl
W2 AN T A, A Bl ArcGIS BRAR FH I 28 A% B bt T EL, ARl = A3l fie+
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Fig. 2 Spatial evolution of interurban technological flow network in the Yangtze River Delta Urban Agglomeration

RN R B E (K3). WERIGMRE, REX EEERT L, Wig
BB . T R, FAE, VLA . o8 BIRTAE; IR X 5% oA
LR RZ . WM SEl . BRI AR A IR DA TR dE bk . =N .
M, WA RARILAE, AR e L, SR B EORE RS B0 BR DCAE i T K = M
AP SRR, BARE RIS Mk, E20114ELL B, mat. B, T
SR “Z7 ZSa S E AR I, BEERRRIERE 27 MBI AR T EhE AR SR
0 IR s 711 5 e T T e G 275 A e 11 T 7 o O e e Y N B i o
WA 28 K T 71.43% . 78.46% . 74.07% . 80.83%, it HH K/ Iak i AR Bk 28 UG (B¢
FZRE NEACTRERE , BRI IMAEIN 535 245, SS(E 45 IRt 3
AE SR 230, 156 I R 26 PN S 4 23 TE) AR A R0 AN i, v (LK 2R A T [ 7 % 1) 5 e ok
R, TR B B R IEAEEAAL, KB “SREMHEME | 355" AR

(2) ZS[E&5F I, FAR L 2 BB B i — b O — S IR 8l — 22 420 I 25 1 i Ak
A, T HE Echarts - H AU R ALY, il ka5, 23] 2004-2015 4FH AR 3R
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R8 BARMENMZ T XIS T

Tab. 8 The variations of city pair in interurban technological flow network

SCHEBETT  20044F 20074F 20114F 20154F 141 SCHEBETT  20044F 20074F 20114F 20154F 19
IR 11 49 194 477 466 | &E—HM 1 2 22 41 40
FiE—hTM 7 13 61 82 75 b —& e 2 1 4 9 7
T 4 10 24 92 88 AR 2 0 8 6 4
LA 4 1 65 46 42 i 1 0 4 12 11
B —i1 3 2 50 64 61 TH—HIM 1 0 11 22 21
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Fig. 3 Spatial evolution of interurban technological transferring network kernel density in the Yangtze River Delta
Urban Agglomeration
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Fig. 4 Interurban technological flow diagram in the Yangtze River Delta Urban Agglomeration
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Spatio-temporal evolution of interurban technological flow
network in the Yangtze River Delta Urban Agglomeration:
From the perspective of patent transaction network
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Abstract: Taking the Yangtze River Delta Urban Agglomeration as an example, based on the
perspective of patent transaction network and applying the big-data mining technology, social
network analysis and GIS, this paper describes the regular laws of the spatiotemporal evolution
of the interurban technological flow network systemically. The results are obtained as follows:
First, enterprise is the main body of interurban technological transfer, while universities and
institutes play a minor role in the patent transferring relationship. Besides, technological
transfer tends to generate in an internal system, instead of spillovers outside. What's more, the
patent related to appearance designs is less than innovative patent and utility-oriented patent.
Second, as the diffusion centers of the interurban technological flow network under a hub-and-
spoke organization, Shanghai, Hangzhou, Nanjing and Suzhou make a transfer from technical
convergences to technical centers. Furthermore, Hefei, Nantong and Jiaxing become the main
technological absorbers. Third, two diffusion models in the interurban technological flow
network are observed. One is hierarchical diffusion model from hubs towards lower-tier cities
or sub-centers. The other is contacting diffusion models and technological flows have emerged
between those neighboring city pairs because of spatial proximity. Fourth, interurban
technological transfers are not well distributed. Under the Matthew Effect, the dynamics of the
technological flow network is self- organized with the coupling mechanism including place
dependence and path creation. Finally, the spatial evolution of the network presents an
evolutionary law from discrete homogeneity with single core (e.g., Shanghai) to dual- hub
driven pattern (i.e., Shanghai and Suzhou) to multi-core network with a hub-and-spoke system
(e.g., Shanghai, Suzhou, Hangzhou and Nanjing).

Keywords: technological flow; patent transaction network; spatiotemporal evolution; social
network analysis; Yangtze River Delta Urban Agglomeration



