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Fig.2 Traffic flow network and skeleton structure in the Pearl River Delta (17", February and 15", March)
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Table 1  Centrality of city degrees in the Pearl River Delta

Wil fFER SEE I PR
HMEE A HEE AR B A

JoM 27.800  16.807 25.862 31.338 26.401 17.565
WY 27.139  19.187 26.259  20.405 40.086  23.707
R5E 13.951  10.586 22510 21.028 8.405 16.164
fihil 12226 8.714 19.358  21.170 6.034 6.897
=M 8101 10.963 10.545 12.354 2909  11.530
Wi 6.858  10.672 6.202  4.208 7435 11961

il 6.432 6.251 10.832  7.713 3.879 5.388 4 ZR=AMCAE L — 2R — D 2R
I 6.039 6.010 4.524 3.770 3.233 4203 Fig.4 Core-half edge-edge structure of the space of flows of the Pearl

BERG 4512 7.120 2.419 6.525 1.940 2.909 River Delta space of flows




3 BREAE . BRI A AR R Bk S 2 —— T s | oA 427

I, FRZEETT A I AZ , R 5 B AR )
2 27% MR O IRTT XS AL T 29 74.7% M ARRK R
54.7% WA R R T 55.2% (I AS B &R (BRIR I
4, 2019), HARCKE, FEERER L, BT
ML WYL, il BN R85 N
G R EE R, JLAs B R AR VT BRI AR I 1
‘Y7 ERRA . M AR I B A AR AN, BRYT
PEIR (B R . R RN, T
WX TR B L A 28 5 BOA B il S 2O AR
AR BT B M g SR 6 TR g i %, (1
AT A S BT £ T P AN I & P 1 SR AR
AL, R T LM IR ARTE L, B
IS E AL & el =N UES Y A B E Ry [1] 2 e A=)
Fi N7 FRUER, RIS X PR R . AR
i, JERCT DAGIIAZCAT B, R, BN R
SER N A G gk, s ) 2R 2

N FREEE ) BRI .
3 R

X R = A M X TR S . S A AR
WTRAE AT 2S [ FEA TR R ) S 40, S DL
i

1) TR = A DI T I 2 s ) AR ST M —
RFE —RYIE — Xk . X —5 “Pidt—ZRpg”
FE ) B D2 S5 05 B L A AL 5 S I A i 2 2
SERARAT . AT AU 2R A B DX e e — e R
ARG T T A R A RIS A, TR T X
MR PR, BESCBLER = DXl i A 32
FOERIRSR . PR el , — 7 1 s 22T f A 22
R A E AR, i R BRI PR I
WL P T S Iy S R T S A IRME, fe R B2
7 fdr . AT EEER | ol s AR T LN R
SR F MGG SEIIRPR LA SO T,
PREERPE SIEER ;A IS B L LR 55 LA 2
PSRBT 2 5 — 7 I EA T T A O SE
T3, IR O R R 2 S T R 2 e A e
Kt Y, G R AR T R AT RE . 7L
SRR b 5 S T RN | BRTAEAE AT LA i I
PO F PR T 322 5 O A58 A0 BB 0 e e
wah,

2) R = M DX (] 0 4 S B A A —
NG — NG AARBTEH R R R A X

] 3 A SRS, I R s R e R, B
AU, fEEER 2N BN, sCHi
ERISTH . TINERZE R, AR L REBIRY
MR ENASR . FERMMEAESS A LRI
W A SSFRRAE , BRTTZR 2 Bk — M ML X T fE
B BRI SR, e A
ARSI TIRECERE ) o MY AT S [A] & AT
DIHEIRT, AAEE =ML T M — R 5E — I
— XA TR RE A B — Ak, R
] 7R VU AR S 5 )32 BT IR T e Uy, 5 B
Hril, EHEH . BN, EA SRS

FEGEATLAS A, TR BN B AT mT LA
B J 28 BRI [X 5597 Bk = M b IX A 7= Ib i R &
JEEHS, BNFETT O aE A X UK SRR A = B R A 9
Bl b, SEBUTEL R EE RS . BRI R e X
JR B A R BB DR as [ A, ATxE )M
T — T MRk 22308 — T M 2O Ik — AR SE 0 S
X — TR 2 s — i L BT X — IR s AT A VR X —
T B " B A O & OB et 55,
2018), HER=MMHLIXALGE N Tl X%, 1m o g
R A=K B AN 1 | = E Y 4 A 7
BRI AR S5 M, T8 RBR BE P B 2 o i Xof
PN AR R DRI LRI, AT AR T SR
7 XA R T A B 36k R 55O (A% 0o B T 45
NNGACZS ] WA B2, LRI B HL X AE
BYSIRNEES FS 5ENS BRI, AT
NARES K “URYIAE, N PAR” Rt
278 DX R T v A ST R T AR PR R
B, LR RGERE R, e R Lk
H1 A% 4 2 i B2 0 = b S5 0K 50 1) 28 5 1 K B Y [
7 R R 1 PRk a5 i 2 AE A

AR, DE Bt 2 I ZERRAE rh AT LASR BGR
SRR B RERERRE. AR
BT AN I SRR R E R B
AICRERTT, RS, BN XS — 2R Y
R, HFEEFEAET M RYE D RS
T XA EOR LR, SE e F SR ARSI A
MR LR 5, FF IR X RS 3 i e SZRc s
T FE LA Ry DX IR A% i R BN, S5 4 B . K
DRI HR TR B R b i — s . B2k
BT BB T IR AR ST 2 N, RO R
GEARFN N BER LRSI AR S . N T AT



428 #ooay

i B 42 %

Yy A, H B A A A TS X AR T
BN, A EPERHEA R =A% = e
R X IRAZ AL S XA R, A AN A B G R
i, WHHAR RS HE, AT

AW I T 22 TOI R 56 2R R (0 I oAk
TS RIS ST PR T H53 Bk — Al B0 R SRR L 1Y)
AR, EOAEUTAL: 1) BF5EERIMY
SRR TFER = AT RS, RMNER S 2ERZ MR
R = SNSRI AR o DX P 3 1 2 33
PERE LA, RHT E AT TR R R39Sk,
o B [ AN [R] ]ROBEAS [R) 4 [ i 1) 1 o5 IR, 4k
TSR] BRI A I G ] ik T B IR T A FR I A RRAT(E AS
it 2) AR R EEE T T XXMM, FERE
I TT — DX 8k 2 T o) %o R = o b X P T R R A
AINREE 540 HT, AN RUBE T B TR 40 14 5 1) A4 0F
PR, 7 — R I 220 T 3T B ok i N AR
1. 3) BRI — e e, U A
JBE LT B A REAS K BR = A i X 28 B b R B4 T
TR, KAeE S e T, FE—E iR, &
oK PR S8 e ORI O LR |, REEPREE RS
2B St S pr ik s R, R ABRAE T 25
IR 2R 5 4k 2 X 245 B IS UE AR A

2%k (References):

Cao H and Xu Y. 2020. Finance Industry Network Structure of
Guangdong-Hong Kong-Macao Greater Bay Area. Guangzhou: 7"
Annual International Conference on Geo-Spatial Knowledge and
Intelligence.

Castells M. 1989. The Informational City: Information Technology,
Economic Restructuring, and the Urban-Regional Process.
Oxford: Basil Blackwell .

v, BbibR, SHEASE . 2011, FE TR R AL A 30 T R A e b U 2 )
00 2% 25 1 43 BT —— L BRVL = M P Ti o 451 . 223, 66
(2) : 257-266. [Chen Hao, Lu Lin and Zheng Shanting. 2011.
Spatial Network Structure Analysis of Tourism in Urban
Agglomerations Based on Tourism Flow: the Case of Pearl River
Delta Urban Agglomeration. Journal of Geography, 66(2):
257-266.]

AR, BFRSE, AR 2012, WL RS ) B K
M AL BF9¢ . A SCHL B, 27 (4) ¢ 32-36. [Gao Xin, Xiu
Chunliang and Wei Ye. 2012. The "Space of Flows" Perspective
of Urban Geography and Its Chineseization. Human Geography,
27(4): 32-36.]

ERRERMGEZ G2, | RE NRENY, 0T EIX U,

WRTTRRBIAT ELIX BUR . 2017, TRAG SIS 1 kIO X iR
HEZL B8 . (2017-07-01) [2021-04-11]. https://www. bayarea.
gov. hk/sc/about/agreement. html. [National Development and
Reform Commission, People's Government of Guangdong, The
Government of the Hong Kong, The Government of the Macao.
2017. Framework Agreement on Deepening Guangdong-Hong
Kong-Macao Cooperation in the Development of the Greater Bay
Area. (2017-07-01) [2021-04-11]. https://www.bayarea.gov.hk/sc/
about/agreement.html.]

J AR NRBUR . 2020, )7 ARE NRBUN G T 1 E R R SGE SO
77 ol A R A T % R Y UL . (2020-05-20)
[2021-04-11]. http://www. gd. gov. cn/zwgk/wjk/qbwj/yfh/ content/
post_2997541. html. [People's Government of Guangdong. 2020.
Opinions of the People's Government of Guangdong Province on
Fostering the Development of Strategic Pillar Industry Clusters
and Strategic Emerging Industry Clusters. (2020-05-20) [2021-04-
11]. http://www. gd. gov. cn/zwgk/wjk/qbwj/yth/content/post
2997541 .html.]

Hui Eddie C M, Li Xun, Chen Tingting and Lang Wei. 2018.

=

Deciphering the Spatial Structure of China's Megacity Region: A
New Bay Area—The Guangdong-Hong Kong-Macao Greater Bay
Area in the Making. Cities, 105: 102168. doi. org/10.1016/j.
cities.2018.10.011.

MR SR, BRI SR, W 2019. A as LA T A R
T DX 23 ] ) 25 4 Joy——FE 5 U5 S8 T % LL 2 #r . 2235F
HEE, 39 (6): 7-15. [Qiu Jianjian, Liu Yihua, Chen Haoran and

Gao Feng. 2019. Spatial Network Pattern of Guangdong-Hong
Kong-Macao Greater Bay Area from the Perspective of Space of
Flows—A Comparative Analysis Based on Information Flow and
Traffic Flow. Economic Geography, 39(6): 7-15.]

I, BREE, B 2000. I R AF B A A TS SR B H:
HANI . NSCHETR, 24 (4): 43-49. [Sun Zhongwei, Lu Zi
and He Junliang. 2009. The Spatial Pattern of World Internet
Information Flow and Its Organization Mechanism. Human
Geography, 24(4): 43-49.]

W, WG58, ZF, AR, 2018, J T Huss 4 Uit i B2 1 DX 3 i
Bz AR IE——LILIR A o il ASCHBEE, 33 (1) 102-108.
[Shen Lizhen, Xi Guangliang, Qin Xiao and Wang Xia. 2018.
Spatial Characteristics of Regional Mobility Based on Express
Logistics Measure—lJiangsu Province as an example. Human
Geography, 33(1): 102-108.]

Stalder F. 2003. The Status of Objects in the Space of Flows. Toronto:
University of Toronto.

Taylor P J, Catalano G and Walker D R F. 2002. Measurement of the
World City Network. Urban Studies, 39: 2367-2376.

Townsend A M. 2001. Network Cities and the Global Structure of the
Internet. American Behavioral Scientist, 44(10): 1697-1716.



3

BREAE . BRI A AR R Bk S 2 —— T s | oA 429

FETOR, ARV 2014, 1< = Ayl DRI YT r el DX AR af ol M4 2R HE R

WFFE s BT Al IR 0 25 (4 43 BT 5 12 3T B R 2 1), (2)
24-31. [Tang Zilai and Li Tao. 2014. A Comparative Study of
Urban Systems in the Yangtze River Delta Region and the Middle
Reaches of the Yangtze River: An Analytical Approach Based on
Enterprise Linkage Networks. Journal of Urban Planning, (2):
24-31.]

ET7T5, Bk, XU . 2019, BRI IX 25 (0] 2 5454 5 4%

B [ & JR 9 SEHE L St 5 R
Fangfang, Yang Huanhuan and Liu Meng. 2019. Empirical

(13) : 125-129. [Wang

Evidence on the Spatial Economic Structure and Network
Synergy Development in the Guangdong-Hong Kong-Macao
Greater Bay Area. Statistics and Decision Making, (13): 125-129.]

Wasserman S and Faust K. 1994. Social Network Analysis: Methods

and Applications. Cambridge: Cambridge University Press.

VRERIR, 5342 2019, B {08 I DX R R QT 0 45 A4 25 1] 38 1

— M TRIIBH R AR Oy . P E R, (5): 68-
79. [Xu Peiyuan and Wu Guihua. 2019. Spatial Evolution of
Knowledge Innovation Networks in the Guangdong-Hong Kong-
Macao Greater Bay Area—Also on the Status of Shenzhen as a
Science and Technology Innovation Centre. China Soft Science,
(5): 68-79.]

WY, BREE, T, RESE. 2013, T EAR BN K ML
X3 T R AEF 9T . A B, 33 (7): 67-73. [Xiong
Lifang, Zhen Feng, Wang Bo and Xi Guangliang. 2013. A Study
on the Characteristics of Urban Networks in the Core Region of

Delta Based on Baidu Index. Economic

Yangtze River

Geography, 33(7): 67-73. ]

SKHHT, AFRiAR . 2017, BB KRR LIRS T —2 . o,

(5): 64-73.[Zhang Rixin and Gu Zhuotong. 2017. The Ins and

Outs of the Guangdong-Hong Kong-Macao Greater Bay Area and
the Next Step. Reform, (5): 64-73.]

KN, MR, TR, BHE.2018. ‘sl 5 “hWshasm”

WA KX KR VB R TS IX A 481 R
LRI 2% T, (4) . 24-33. [Zhang Yishuai, Zhao Min, Wang

Qixuan and Cheng Yao. A Study on the Development of "Great
Bay Area" from the Perspective of "Place Space" and "Mobility
Space": Guangdong, Hong Kong and Macao Guangdong-Hong
Kong-Macao-Great Bay Area as an Example. Journal of Urban
Planning, (4): 24-33.]

R, BRILO], RHE. 2014, SUHREIR T Y D) AR AR S H A 2%

BN, T, AL,

) 4% Ak . kT MR 2= ), (1) . 46-52. [Zhao Miaoxi, Wei
Jiming and Wu Kang. 2014. Functional Linkages and the
Evolution of Complex Networks in the Beijing-Tianjin-Hebei
Urban Agglomeration. Journal of Urban Planning, (1): 46-52.]

252, 2018, B HEIROCHE DX i Y BB AE
SR R R RO R MR BERE L 37 (12) 2 1597-1608.
[Zhao Xiaobin, Qiang Wei, Huang Weihao and Xian Shi. 2018.
Exploring the Theoretical Framework and Development
Strategies for the Development of Guangdong-Hong Kong-Macao
Greater Bay Area. Advances in Geographical Sciences, 37(12):

1597-1608.]

7]

& kA= RA .
EFEHF OKEEEHIE P LELBREA L LET R
58
G TR ITE  REEREL, BA LR



430 oA o H 42 %

Exploring the Spatial Structure of Pearl River Delta: Based on "Space of Flows"

Huang Fengjue' and Yang Tao’
(1. Department of Geography, Faculty of Arts & Social Science, National University of Singapore, Singapore 119260, Singapore;
2. School of Architecture, Tsinghua University, Beijing 100084, China)

Abstract: As China's reform enters deep water and the opening-up enters a new stage, the Pearl River Delta
(PRD) region, an important spatial carrier of the national location policy, has become the focus of attention in
terms of improving collaborative governance capabilities within the region and optimizing the spatial system
structure of urban agglomerations. In this study, a "space of flows" network was developed based on the capital
flow, constructed using the foreign investment behavior of A-share listed companies, traffic flow, constructed
using population migration data, and information flow constructed using the search engine index. The social
network analysis method was used to qualitatively describe and quantitatively analyze the spatial connection
characteristics and evolution trend of the PRD cities. The study shows that the urban system of the PRD urban
agglomeration has been developed into a "space of flows" network. Additionally, it shows that the spatial
structure of the urban system of the PRD urban agglomeration is closely centered on the regional development
corridor of Guangzhou, Florida, Dongguan, and Shenzhen, which is deep in the north-south direction. Capital,
traffic, and information flows form a network structure with Guangzhou and Shenzhen as the regional extreme
nuclei. The urban network shows a significant coresemi-edge-edge unbalanced structure, and the free flow of
development factors among cities in the Bay Area is still hindered, with gradient development differences among
cities. Overall, the factor flow network is mainly based on Guangzhou and Shenzhen as the dual cores, with
spatial differentiation among capital, transportation, and information flows, forming a more apparent network
power center on the east bank of the Pearl River. By measuring the degree of centrality of information, traffic, and
capital flow of each city in the PRD, Guangzhou, and Shenzhen were found to significantly exceed other cities in
terms of attraction and output of flow factors. In terms of investment flow, a narrow "N" structure is formed with
Shenzhen as the core node which converges toward the Pearl River; in terms of traffic flow, a wide "N" structure
is formed with Guangzhou, Shenzhen and Dongguan as the core, which undulates in the middle of the Bay Area;
in terms of information flow, a narrow "N" structure is formed with Guangzhou, Shenzhen and Dongguan as the
core. In terms of information flow, an inverse "y" structure is formed along the east bank of the Pearl River with
Guangzhou and Shenzhen as the core. Based on the empirical study findings, the development planning of the
PRD urban agglomeration is discussed in the light of its actual development. To promote the deep integration of
urban agglomerations in the PRD region, it is necessary to avoid zero-sum competition caused by non-market
factors through institutional innovation on the one hand, and through increasing the investment in infrastructure
construction and accelerating the circulation of factors on the other. In addition, the rapid response of the Internet
can help cities at the geographical periphery break free from the geographical constraints of physical distance to
develop faster.

Keywords: Pearl River Delta; space of flows; urban spatial linkages; social network analysis



