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Fig. 2 Scatter plot of urban population size and external interaction intensity and GDP fitting under logarithmic coordinates
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T Z S H NGRS Pr R A AW, AR T 2R K

FEAL S BN FV BRI SR A8 B X IR T 2 05 7 th i L RVE R T, e=pvtBs=1.248> 1,
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TN AMIAE B LR AR A BRGNS 0, PR T 30 28 5 77 Hh (%) RS P 36 14 R
FAL A5 NT N RS SR R 138 BT, SRR BLVE R4S N 0TRSO GDP (1) 52 i
Bk FANRAS TR, 2 AN AC 1. 35 BE X GDP 4 520 i R AR Bk N R, 7 p <
0.05 7K F T, A H.I Al RFOFAS ik 3 H I A XA AR R (AOKS B 7™ A b 350, ThiE AL 5
[R5 | A SE B IR R0, AR J5 25 e T %2 86.9% , i — DU/ T EAY 1 AL 3
WEERN I 2 o RO R AR i (N HUBERNANI A B ) R A0k (AR A i fnb 2P
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®1 HHAOMENFTIMIZE SR EFSERIFER
Tab. 1 Regression results of effects of urban population size and interurban interactions on GDP
A R 1 R 2 3 T 4 I 5
NS 1.156"7°(0.029) 0.93577(0.049) 0.890°(0.356) 1.113(0.819)
INTAZ . 1.2107(0.050) 0.3137(0.057) 0.266(0.370) 0.072(1.033)
22 BT 0.008(0.064) 0.759°(0.313)

AL
P e
AR

©

AIC

BIC

5.0987(0.175)

0.851

-110.600

-99.772

5.406™°(0.027)

0.686
92.869
103.697

4.7137(0.181)

0.865
—-137.282
—-122.844

4.978°(2.100)
0.866
~135.298
-117.251

-0.362'(0.163)
-0.393°(0.179)
4.851'(2.124)
0.869
-137.391
-112.124

H: Tip <0.001,7:p < 0.01,":p < 0.05.

3.3 s A OSBRI T E] A 37 Bh 0 4% X 42355 7= HH A 24 i)

HE— A5 2 IR T N 04 SRR AT R 28 3550 e 8 55 7 R ), 36 2 [ A 25 SR rh i
ZIIKHF VIF Y/NTF 10, FREAFAEILLPERE, AHIE T fe/h 3 lH i fe 20
Pt o MBI 1 SR 2 T DL Y, ZERUARIAE RAONAE AR, 38T A DR R SR 1
PERECH IE 53 HITEp <0.001 Fl p<0.057KFTF i 2, RN ARSI i 2 & 52
W AT RN R . A DRI 2557 152 i B T30 7 45 R 3800 5 31 ¢
BN LEA AR, FEAS SCH Y MR B[R] A5 1, 7 A i B AR AR AR 1Y
T (MEERPRUEIAAR ), N (M TR, LB A ) ik 1740
P (p<0.05)

F2 HAERPER
Tab. 2 Regression results from benchmark models
A hE R 1 R 2 s VK] Y 4 R 5
BN AN E R 1.2097°(0.031)  0.5587(0.046) 0.507"(0.051)
UNEES; -0.466"7(0.116)  —0.157°(0.075) -0.161°(0.086)
SR I 0.120(0.010) 0.033°(0.016) 0.035°(0.022)
MIZERLN AMEAC 1.061°°(0.064)  0.262"(0.053)  0.109°(0.051)
PageRank 1.4377(0.411)  0.044(0.216) 0.116(0.200)
28 4t 0.025(0.018) 0.033(0.019) -0.017(0.010)
AR W 0.2727°(0.041) 0.53377(0.043)  0.2697(0.043)
LR 0.116™(0.020) 0.137°7°(0.025)  0.1027°(0.020)
72 0.1887(0.024) 0.1887(0.030)  0.2087°(0.026)
[ 2 P 0.1957(0.024) 0.191°°(0.033)  0.184"(0.025)
HHT 0.863°(0.168)  5.764™(0.287)  9.884"°(1.252)  5.68877°(0.691)  5.9637°(0.624)
R 0.861 0.945 0.703 0.927 0.949
VIF 5K fE 1.250 6.699 2.037 4.558 7.630
VIF ¥ 1.171 3.362 1.696 2.916 3.548
HE: p <0.001,7:p <0.01,":p < 0.05,
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Fig. 3 Relative contribution of each agglomeration and network effect variables to explained variable
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X5 hmamt (R 18R 3), INANTSS AR IR AR STk A 2 LEZy o 322, 4%
RO 57 DT 2, ATV N ARAR RSN AR FE s (EIA B | AR S
AR, WOZARN Y SRR LRI , /BT AN [AIRRM, MHE2 2By 5 iyt
AR 1T Y77 ARl B HE SRS AN I 28 ROV Y ST (181 3¢), I BUASEATY A Fr) £ SR AL AIAS
MR R A SRR BB R 5 SRR A TR, A7 e A A B P 15 D0 B, N I RS
KI5 AR RN Tk BE 240 22%

5 BRI R B M 265 ] REXS 2855 AT AE N AR Z8O0E, 1 B (9 R D)
VR AN AR B B T A&, SRITPI Bed /D 1% (2SLS) AR [m] U Fy Py A=
[FROF FEAT R PR (3R3) . S52RFRI, SMIACH o B R RE Y 6 S5 7 s i
EHNIE (p<0.001, p<0.05), PageRank RELFERA 6 11 E AIE (p<0.05), RWTI A
ST 7E DO 255 T A B Ry L Ak T A ) e (57 X T 28 T G R B B R A ) T [
TTZERLTY 8 AN VAR RGN, SRR, AR AT 225 7™ 1 04 52 i B 1) 55 LR A5t
F (p>0.05), WA BR I EA TN . FIRERT, M2 IMRIE R B 6~
T8 h R i R E VAR (p>0.05), FRWIRIZESNERIE XTI T 28 TR B S e T AN
F L W R SR B RN X B R R T2 B Ty, 3 A SR s (] U
A O A 5

®3 FHER&ENZFEEREHEITER

Tab. 3 Robust estimation results from two-stage least squares method

G5 R 6 R 7 LR 8
LR PNEF 0.626™(0.083)
N -0.124°(0.084)
RGN 0.047°(0.019)
PR £ 2557 HMIAEH. 1.0727(0.175) 0.285'(0.052) 0.258(0.197)
PageRank 1.393°(0.776) 0.036(0.233) 0.509(0.286)
P £ PP 0.026(0.021) 0.033(0.014) 0.032(0.013)
il Ar it WA IEL S 0.5297°(0.041) 0.258"(0.046)
LRI 0.133"(0.027) 0.158"(0.038)
P 0.192°(0.031) 0.171°(0.033)
[ T AR 0.189"(0.035) 0.208'(0.029)
i il 4.724(2.719) 5.484(1.904) 2.222(1.179)
Durbin 0.004 0.005 0.031
Wu-Hausman 0.004 0.006 0.035
R 0.706 0.883 0.936

i ip <0.001,7:p < 0.01,":p < 0.05,

4.1 i+ig
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The impacts of urban population agglomeration and
human mobility on economic performance

LEI Weigian', JIAO Limin"?
(1. School of Resource and Environmental Sciences, Wuhan University, Wuhan 430079, China;
2. Key Laboratory of Geographic Information System, Ministry of Education,
Wuhan University, Wuhan 430079, China)

Abstract: As a product of certain type of social interaction, urban scaling laws assume that
urban attributes such as urban economic outputs are largely determined by urban population
size (internal interactions), implying the assumption of agglomeration economies. Urban
population agglomeration represents a local network effect, while the global network effect on
a larger spatial scale between cities should also be considered in terms of the improvement of
social productivity. Taking 275 Chinese cities at prefecture level and above as the research
object, we constructed an urban human mobility network by Baidu migration data and portraied
the degree of external interaction by human mobility between cities. We comparatively
analysed the non- linear relationship between population size within cities and external
interaction and urban economic outputs under the urban scaling framework. Results show that
there is a significant super- linear scaling relationship between urban economic output and
external interaction, revealing the higher multiplier effect of external interaction on urban
economic outputs. The role of network spatial interaction cannot be ignored and it has become
an important complement to agglomeration economies. Further, indicators such as urban
population density, agglomeration and network externalities are introduced to quantitatively
and comprehensively measure the effects of urban population agglomeration and interurban
population mobility and their synergistic effects on urban economic outputs. The agglomeration
effect brought about by urban population size remains the main driver of regional economic
development, and the ability of cities to benefit from exchange and cooperation on a larger
spatial scale has yet to be enhanced. This study contributes to fully understanding the origins of
urban scaling laws from taking both internal and external interaction into consideration,
deepening the recognization of the agglomeration effect and network effect of regional
economic growth. This paper is supposed to support for promoting high- quality integrated
urban development and deepening the practice of coordinated regional development.
Keywords: agglomeration effects; network effects; urban scaling laws; human mobility;
economic efficiency



