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Fig.1 Schematic diagram of the corporate network of Legend Holdings within cities
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Table I The adjacency matrix of urban network through the lens of

corporate network of Legend Holdings
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Table 2 Statistics of top 10 cities of network centrality in China
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Fig. 2 The spatial organization of node centrality in the urban network in China
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Fig.3 The relationships of urban centrality in China

W £ 7 788 R ) 308 T A R 0 W | A T 5 =2
VLR,

BBV 230 T 7EAS [ 4 O PEAA 28 v ) b
PAFAE B E 225 (B 3) o — bl e B2 oo
TR Z TR = T A BEAR R AL, B
THT 50 007 BE R T A BE R Ik A 304, an
BPC T BT R X ST R T X
A 348 Rty o TG 99— 28 DX v B T 7 v
MR R R A BN gE . R AT T S50
A7 A BE R B B3 T AT 28 A4, I KGE
0 PUEAE AT T AU Z i DX A 2
Wedio BT ACE . B s M S BRI
BRI A BEAR T B R B2 AR 4 R 24K
BT B T . A BE(EURT Y B 25 R A K
PRS2 R, A RS (B2 L B s 572 5 LR 2 AR
P, 40 00 ) 243 #1242 35 2 T KV B
FNFIPE 2, 43530 v 199,189 156 F1153

2L AW R ARE (Y BE AL AR
TIE, T LR 30k T 42 B I 45 Dy 8 Kl 40 4 I M A 0
T DRI AU O 3R DX A T B
T BEA T BRI A ) S G IR T R i 2
W 6 PRI (K1 4) . 2 E M OHTTS B
A BE R BE AL TR0 5 7 3T, 45 L et | i
RN 3 A3, AT T 2 E AU R T iR
O IRTT o DXIHEA T e 8T 48 A TR S0
A7 BE R T A BE A3, SN (R B A
A B & H A 02 4.73% . 2.16% 1 1.38% ) ik
1 (2.82%.2.29%F11.54%) JE[7(1.92% .0.91%F1
1.68%) 3L 30Nk rli o X IsUPEA S iF ek Tl 4 v
A BESLTHT 507 A FE R T H0 BE ik, A ds K
7 (1.86%.0.91%F12.33%) . K ¥ (0.19% . 1.65%F

@ 2 Eiiz LR . .
O KB ¢ %
o RKIgHHRL /B T , Teg
o HAILHAIRM " ,
o WAL YHe S
- BUhERT S L

P4 Hp [k i 100 2 DI RE 2 (A Jey

Fig.4 Differentiation of network function of cities in China
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Table 3 Estimation results of robust regression

Bz B

NJZ

GDP 0.000075(2.37)** 0.000354(22.61)** 0.016059(38.35)**
Wage -0.000533(-0.04) 0.005097(0.10) 0.118726(0.79)
Knowledge 0.093159(4.57)** 1.022583(12.20)** 3.392038(24.49)**
Passenger 0.015987(165.71)** 0.187254(471.83)** 0.016222(10.81)**
Capital 27.67549(156.45)** 147.2401(202.36)** 39.62405(16.97)**
Obs 277 277 277
R-squared 0.99 0.99 0.99
A B, PR AE 190K, SRR 0% L %
R4 RBPERAIHER
Table 4 Results of regression with heteroskedasticity robust standard errors

i A A
LanGDP 0.416403(3.54)%** 0.607268(4.78)** 0.529721(6.04 ) **
LnWage 0.053529(0.30) -0.046360(-0.22) -0.355287(-0.38)
LnKnowledge 0.246686(4.69)** 0.255670(4.02)** 0.171197(4.67)**
LnPassenger 0.064779(1.70)* 0.122403(2.66)** 0.016433(0.79)
Capital 1.14691(3.46)** 1.669750(4.39)** 0.673575(4.73 )**
Obs 277 277 277
R-squared 0.59 0.64 0.67

TE AR {8, URAE 1% KPR 3 URAE 10% K B2



84 TR - v [E T A 285 Lo 0 225 T A J B i) PR 3R 1263

SR AR T T BN S8 4 S W5 Bl A AL
R IR Z B A TR X 9 R 245 1 TR
U A1 A SN ES P e AN AL U A I
PI9350 105 293 J6 .84 559 I, 1M K HEAIE PR
FIHR T T %843 51 841 47 JCHFI 63 13570, S
T 8 5 At AR i A AR IR 2 R T TR A
RO B 2 e B A AR TR AR . S50 1, YR
AR AV AT T B8 8, R T T Xt B
ABERI A BEAREA 3 IE a5 . X Al RERE
FEIRTT 4% & B R, B MRS i T
ZoE AR, 520 S (A BE 2R ) A SR
FER R

Lt LR A AT, W 9 4G SR s IR T Y 4%
23 [ e — PR e A S Y /O L R
TS IR AR IR B M 2 Bl 1At RN B
PRI M XA AR A S B R Al fE
A AE BOA B IR T M A 2 T LB R
PUGEA = 5 (3 Tl 57 50 S LA, SR ik 6 43 32
BILAE) T 1) o) 00 el DX 18 3 (o 5 A 6 LAt 2k
TR (PR30 T T T 3k e bR T R LA e v ) R R
L WEAB &R, BRI A
FH B 8 S 1 5 1 i BT R 0 4 38 T 0 485
P ) SOUAS J5y - 2 B0 T AR 3R T I 1 7 A (E
IR DB, R IR T 2 R AU R T
TR (IR T 5 A5 A AR 28 JE A+
KNG E

ASCRIBI 5T A B T 30T 28 AR A 1 HE o
I T P 2 AR G — A i 2 R R 2 ) S
H 27 AR FEAE X 7 A SR AEAE 2 P A S 5T
FERH/INITT HE IR T BB 22 119 I & 32K 114 B ) D) 2%
R 2572, A SR 5 ) 2 B R B i HL & e oy
I FH P 25 05 R B RE 72, th A B2 A A Rk v]
BT 22 A MO T A BRI 25 T /NSl Tl D)o 2 37 25
F IR L ARSI BAT 2 BA b 3 B Ay
MG KR AE /N S (F55E -, GDP
A F 1T 30% T, AL TR T 95% A9/ wlELES |
96.67%I1 & = 2 81.87% WK £ ) . Wil
Ui, A HHUA (Borrowing size) ” AN J2& 24 Hif H [ 3%
7 RIZ DA R BB S . AR SCROFFE 2516
B TS MBS T, K L2 R e
UG F AS T it AN B R 2
B I T ) T AS J2 /NI T R A% B 22 179 DA D) 2%
Higkas o

4 it

TE S (6] B, TTs H 484 S 7 it B 5 20
T2 BT AT AE o T B 284S R LA 5
M 5 3 T 0 ) 2% P 5 05 %) S AR T BE T, TR
AT R 45 5 4 ) MR ST . AR SCHET 2016
AR AR T2 R 100 55 Al R 25 ROAELA SR T Y
B sf J 1 A B P51 5 STl 295, fE e LA |
BIFFE T v ST 0 2 1) o i S R R TR 3R
R :

1) o [l 190 28 O P 25 ) o A 52 BRI R 2
AN SR RS AE o T 0 4 1 RE A p A B O
23 (6] o3 A R B D - SR S AR A EE AU B
AL o AJE O P2 18] 50 A1 4 A
X, BA Z A0 o Sl G EE R
FIABE S B HE W A2 ) 2 TR AR S, BRI X
A DXORBR = A i D 3 T P Y R LI
SR, 3 T AR G AU B K 1 3 v {8 i 1R 5| B 22
BT 5 Z BT B R

2) o EE S B 4% T BE T iR 1 BLE Sor
o 4 BN [ 4 B2 1 rhoC PERRAIE, ST AR SR AT L)
K53 09 542 G- HREFN P B s 4 PR O
s (R AR ALt BRI | R (A i
AR Ay DX I A A ) v 3R Tl st ™
) R B (R AR A DA Rk
UK (I RTAE ) AR (L A rp A B A
AR A BF A B3t BRI T (A0 7730 22 N 45 ) LA S vt
JERMR M ST o IR R TP IR GO R S
LR R T A SRR AR X, 1 457 o [ Y
Sl AR L5 IR AR

3) ZBFHUEE ARG 2 Bt MG B
DRI 28 PR R SRS IR TR K . PSR4 2R
7R PEOUBEREIE P R T 285 A KR B R T 2N
TEBN ) AR — AT 2 T UBLER i 25 e
Bhf R A MBEUR BT F IR A XAk
B HAg PO E AW AL e 25 | T 2 4
oMb R 3 SCHURA AR R, M 4R i i ) 19 2%
H

B CHR (References)

[1] Friedmann J. The world city hypothesis [J]. Development and
Change, 1986, 17(1): 69-84.
[2] Sassen S. The global city: New York, London, Tokyo[M]. Princ-

eton: Princeton University Press, 1991.



1264 b H

il

2% 384

[3]

[4]

[3]

(e

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Castells M. The rise of the network society[M]. Chichester:
Wiley-Blackwell, 2010.

Taylor P J. World city network: A global urban analysis [M].
London: Routledge, 2004.

Alderson A S, Beckfield J. Power and position in the world city
system [J]. American Journal of Sociology, 2004, 109(4):
811-851.

Cook K S, Yamagishi T. The distribution of power in exchange
networks: Theory and experimental results[J]. American Jour-
nal of Sociology, 1983, 89(2): 275-305.

Neal Z. Differentiating centrality and power in the world city
network[J]. Urban Studies, 2011, 48(13):2733-2748.

Ze/NEE A FI S M. U TR L, 1999. [Li Xiaoji-
an. Corporation geography. Beijing, China: Science Press,
1999.]

TR, T A S RIZE IR - XU R M. et B
27 kAt 2011, [Ning Yuemin, Wu Qianbo. Spatial organiza-
tion of enterprise and development of city-region. Beijing: Sci-
ence Press, 2011.]

TR, R4, S5 30T 2% My 5 I EE AU 1 6 R ——L
T PR AR R 2 By B I 2% S AU []. BT, 2015, 70
(12): 1953-1972. [Wang Cheng, Wang Maojun, Chai Qing. The
relationship between centrality and power in the city network.
Acta Geographica Sinica, 2015, 70(12): 1953-1972.]

SRR Sl T I 4 1) s ) 5 S AR SE D). AL AT R R
[ K 2%, 2013. [Wu Kang. Urban network in China: Spatial
structure and evolution mechanism, Beijing: The University of
Chinese Academy of Sciences, 2013.]

R, BB, SR, RUHRIR T A D REIE 2R b A2 A
25 AR, 3T BRI 2% ), 2014(1):46-52. [Zhao Miaoxi, Wei
Jiming, Wu Kang. Functional linkages in the Beijing-Tian-
jin-Hebei Conurbation Region and the evolution of the com-
plex networks. Urban Planning Forum, 2014, (1):46-52.]
FETEAR A R, A5, 2T MR Y L T = A
M T 199 2% 45 4 V25 F 9 [T HO BB 7, 2017, 37(4):546-553.
[Zhuang Delin, Yang Yang, Jin Shengwu et al. Evolution of the
Yangtze River Delta’s city network based on the strategic emerg-
ing industries. Scientia Geographica Sinica, 2017, 37(4):
546-553.]

ALY, E48, DR, Ok SEm 01 = Ml 9 4 254
Y2 SURRIE KT8 A —— Al 10 2R A R A (). 30T R 27 ),
2014,(4):24-30. [Zhu Chasong, Wang De, Luo Zhendong. Cen-
trality and power: A method of analyzing city network spatial
structure. Urban Planning Forum, 2014, (4):24-30.]

FEHA, Eh2f), 2R p BT W R R S5 M A SR R
= IRTT I 45 23 TS SR AF 5T £ 55 Mb B, 2012, 31(4):50-54.
[Lu Xu, Ma Xueguang, Li Guicai. Spatial pattern of regional
city network based on international advanced producer servic-
es’ layout in Pearl River Delta. Economic Geography, 2012, 31
(4):50-54.]

XUE. B PR 190 40 Hi——UCINET 5052 8 1 (56— 0) M.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

i R B WAL, 2014.[Liu Jun. Lectures on whole network
approach: A practice guide to UCINET (2nd).Shanghai: Truth
& Wisdom Press, 2014.]

i N RILFTE E Z 1t . o BT ST 4ELE 2016[M]. AL
e E 4 A, 2016. [[National Bureau of Statistics of
the People’ s Republic of China. China city statistical yearbook
2016. Beijing: China Statistics Press, 2016.]

AR, T b ) DO 2K A = S T 2% S B S5 AR TS
[7]. Hu IR AL 2E R, 2014, 33(12):1587-1600. [Li Xiande. Spa-
tial structure of the Yangtze River Delta urban network based
on the pattern of listed companies’ network. Progress in Geog-
raphy, 2014, 33(12): 1587-1600.]

Liu X, Derudder B, Liu Y. Regional geographies of intercity
corporate networks: The use of exponential random graph mod-
els to assess regional network formation[J]. Papers in Regional
Science, 2015, 94(1):109-126.

Pred A R. City-systems in advanced economies: Past growth,
present processes and future development options [M]. Lon-
don: Hutchinson, 1977.

Henderson J V, Ono Y. Where do manufacturing firms locate
their headquarters?[J]. Journal of Urban Economics, 2004, 63
(2):431-450.

Defever F. Functional Fragmentation and the location of multi-
national firms in the Enlarged Europe [J]. Regional Science &
Urban Economics, 2006, 36(5):658-677.

Duranton G, Puga D. From sectoral to functional urban speciali-
sation[J]. Journal of Urban Economics, 2001, 57(2):343-370.
Lucas R E, On the mechanics of economic development [J].
Journal of Monetary Economics, 1988, 22(1): 3-42.

Eaton J, Eckstein Z. Cities and growth: Theory and evidence
from France and Japan[J]. Regional Science and Urban Eco-
nomics, 1997, 27(4):443-474.

WlEte, E A, MR, DA b BT A S YT
HkWF 5T [J7. o B 2% 31,2013,68(4):449-463. [Pan Fenghua, Xia
Yabo, Liu Zuoli. The relocation of headquarters of public listed
firms in China: A regional perspective study. Acta Geographica
Sinica, 2013, 68(4):449-463.]

Alonso W. Urban zero population growth[J]. Daedalus, 1973,
102(4):191-206.

Camagni R, Capello R, Caragliu A. Static vs. dynamic agglom-
eration economies: Spatial context and structural evolution be-
hind urban growth[J]. Papers in Regional Science, 2016, 95(1):
133-158.

Meijers E J, Burger M J, Hoogerbrugge M M. Borrowing size
in networks of cities: City size, network connectivity and metro-
politan functions in Europe[J]. Papers in Regional Science,
2016, 95(1).181-198.

Burger M J, Meijers E J. Agglomerations and the rise of urban
network externalities[J]. Papers in Regional Science, 2016, 95
(1):5-15.



84 TR - v [E T A 285 Lo 0 225 T A J B i) PR 3R 1265

The Spatial Pattern and Influential Factors of Urban Network Centrality in China

Sheng Kerong, Zhang Hongxia, Si Dandan

(Economic School, Shandong University of Technology, Zibo 255012, Shandong, China)

Abstract: The research of centrality of urban network is an important entry point to analyze the hierarchical
structure and explore the evolution process of urban network. First the two-stage ownership linkages model to
identify urban network through the lens of corporate networks is developed and the urban network in China is
defined based on the top listed 100 enterprises in 2016. Then the spatial patterns of urban network centrality in
China are studied from three perspectives of outdegree, betweeness and indgree. Finally the key factors affect-
ing city network centrality are identified using two econometric methods of robust regression and the mecha-
nisms of the key factors are analyzed. Three main findings are concluded. First, the spatial distribution of cen-
trality in the urban network in China is unbalanced and heterogeneous. The spatial structure of outdegree and
betweenness centrality both exhibit core-periphery patterns with primate city with great power. The spatial con-
centration of indegree centrality is relatively low, with multiple core cities. There is a significant spatial correla-
tion between the three centrality measures of outdegree, betweeness and indegree. The three regions of Bohai
Rim, Yangtze River Delta and Pearl River Delta have high level of centrality values, becoming the core areas
of urban network power system in China, while most cities in Central and Western China become periphery re-
gions, which suggests that cities with more power have more prestige attracting others to relate. Second, the
network function of cities in China exhibits differentiation. Based on the combination of different centerality
measures, the urban system in China can be divided into five functional levels: the national dominant center
with the highest level of outdegree and betweeness centrality (including Beijing, Shanghai and Shenzhen), re-
gional command centers with high level of outdegree centrality but low level of betweeness centrality (i.e. Wu-
han, Guangzhou, etc.), regional gateway cities with high level of betweeness centrality but low level of outde-
gree centrality (i.e. Dalian, Nanjing, eic.), investing centers with relatively high level of indegree centrality but
low level of both outdegree and betweeness centrality (i.e. Ningbo and Lanzhou), and the periphery cities with
low level of all the three centrality measures. The spatial pattern of the power in urban network is different
from the urban hierarchy predicted by central place theory, which reveals that the foundation for the develop-
ment of China's urban system is undergoing profound changes. Third, economic scale, knowledge capital, avia-
tion facilities and political resources are key factors influencing the spatial pattern of urban network centrality.
The results reveal that preferential attachment is an important mechanism in the development of China’s urban
system: the cities with large market size, good aviation infrastructure, abundant knowledge capital and political
resources will have the advantages in attracting more corporate headquarters or branch layouts. This paper will
enrich and deepen the understanding of the characteristics of urban network structure in China, and provide ref-

erences for the construction of urban network theory.

Key words: network centrality; the ownership linkage model; preferential attachment; hierarchical structure



