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Fig. 2 Consumption integration degree of cities in Yangtze River Delta
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Fig. 3 Changes in intercity consumption flows
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Table 2 Empirical results of main models

Y (1) (2) (3) (4)
KA ConsumptionFlowRatio | ConsumptionFlowRatio | ConsumptionFlowOutRatio| ConsumptionFlowInRatio
PG G -0.129*** —0.148*** -0.101 *** 0.016
( -6.270) (-5.563) ( -8.755) (1.509)
T x PGSR 0.057 " 0.073 *** -0.057 ***
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W PR A -0.638*** -0.402* -0.146 -0.046
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RO 0.195 -0.085 -0.290 0.662*"
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0TI ] 5 O 2 b= = =
F 3 8 5 550 b= = = =
FETE G x H 4y [ 52 540 b b= b= =
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Fig. 4 The proportion of tourism and entertainment expenditures in urban consumption inflows before COVID-19
B AR TE R R AR R TT I] 22 R A T RIREE SR, " FRTE 1 % KT B3,
F3 HHEKRER
Table 3 Mechanism test results
Ay (1) (2) (3) (4) (5) (6)
s R ConsumptionFlow ConsumptionFlow ConsumptionFlow ConsumptionFlow ConsumptionFlow ConsumptionFlow
Ratio OutRatio InRatio Ratio OutRatio InRatio
SETE S -0.161*** -0.108 *** 0.014 -0.135%** -0.099 *** 0.023"
( -6.620) (-9.448) (1.547) (-7.117) (-11.983) (1.996)
ALk > 0.067 " 0.077 *** -0.054 """ 0.026 0.054 " -0.047 "
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BiER (-2.197) ( -3.048) (1.039)
2 g 0.450 -0.215 0.780*
ES A (1.418) ( -1.680) (1.942)
W -0.340 " -0.114 -0.046 -0.470** -0.148" -0.098
BAEHG L (—1.846) (=1.092) (-0.361) (=2.509) (=1.703) (-0.647)
HIEHA 4.147 %" 0.124 3.838 """ 3.917 *** 0.125 3.645
4 (9.152) (1.142) (6.581) (7.464) (1.441) (5.612)
= 1.086 1.063* -1.133 " 1.143 1.221 *** ~1.438*"
GDP (51t (0.743) (1.783) ( -2.907) (1.021) (3.088) (-2.181)
- -0.263 -0.274 0.439* 0. 460 -0.044 0.654"
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Il T 5 50 2 2 2 2 2 2
H A 1 78 %08 2 2 2 P 2 2
.
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R? 0.870 0.883 0.736 0.868 0.900 0.687
JH%E R? 0.865 0.879 0.726 0.863 0.897 0.675
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Fig.5 The differences in online service penetration rate and diversification of two types of cities before and after COVID-19
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COVID-19 and intercity consumption flow: From the perspectives of urban

consumption function and industrial digitalization

HUANG Yi-yu, LU Xiang-hua, XU Bo ™
School of Management, Fudan University, Shanghai 200433, China

Abstract: To control the transmission of COVID-19, protective measures such as lockdown and travel restric-
tion have inhibited intercity movements and thus the consumption flows. However, whether the intercity con-
sumption flows have recovered remain highly uncertain after the gradual reopening and recovery of cities, espe-
cially considering the regional and flow directional differences. Based on the consumption data of an online
service platform, this paper empirically tests the impact of COVID-19 on the intercity consumption flow across
41 cities in the Yangtze River Delta region and its heterogeneous effects. Our results demonstrate that intercity
consumption flow significantly decreased even in the long run. Consumption outflow of central cities has recov-
ered rapidly, but their consumption inflow decreased more dramatically than non-central cities. The key mech-
anisms for intercity consumption flow recovery are explored from the urban consumption function and industrial
digitalization perspective. Results show that COVID-19 has prompted the digital construction of non-central cit-
ies, thus the narrowed digital gap between them and central cities helps non-central cities to reduce their reli-
ance on central cities, which ultimately affected the recovery of consumption inflows and outflows. The find-
ings provide insights to spur regional economic recovery in post epidemic era.

Key words: COVID-19; intercity consumption flow; urban consumption function; industrial digitalization
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Appendix Table 1 T-test of urban consumption functions
ERRT Difference PSR S Difference DID
WHTRA (AT - (ARl - | (BEETRE -
T | AR IR T | Aok
L) LT PETRT)

A SR A SCHR I i E 0.033 0.054 0.021* 0.024 0.052 0.027 *** 0. 006
TR IR 5 5 L 0.059 0.044 ~-0.015*** 0.062 0.05 —0.012*** 0.003
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Appendix Table 2 Correlation analysis

SR () | (@) | 3) | 4) | (5) | (6) | (7) | (8) | (9) | (10) | (11) | (12)
(1) WBRIE B s el | 1.00
(2) BRPRIE PR e | 0.79 | 1.00
(3) BRI PERMALLS] | 0.78 | 0.25 | 1.00
(4) izl -0.36| -0.45| -0.16| 1.00
(5)%1E)E -0.39| -0.57| -=0.06| 0.00 | 1.00
(6) BRNSCHRIFYIfE | 0.53 | 0.17 | 0.68 | -0.11|-0.02| 1.00
(7) VAWIPRIR A SR ThBE | —0.45| -0.30| -0.43| 0.22 | 0.13 | -0.30| 1.00
()& LRsBBE%R | -0.21]-0.50] 0.15 | 0.67 | 0.01 | 0.06 | 0.14 | 1.00
(9L M4tk | -0.10 -0.47] 0.28 | 0.48 | 0.08 | 0.24 | 0.01 | 0.59 | 1.00
(10) SR P B | -0.53] 0,69 =0.19| 0.79 | 0.07 | -0.08| 0.31 | 0.76 | 0.68 | 1.00
(1) T JE YA b 0.84 | 0.47 | 0.86 | -0.25|-0.13| 0.53 | -0.44| 0.00 | 0.12 | -0.36| 1.00
(12) % =7\ GDP 5t | —=0.32| -0.49| -0.06| 0.69 | 0.07 | —0.10| 0.21 | 0.74 | 0.51 | 0.64 | -0.14| 1.00
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Appendix Table 3 Collinearity analysis
KEAR VIF 1/VIF
PG A 1.23 0.81
SIS il 4.66 0.21
LT x B E 2.2 0.46
SR NSk i Y he 1.52 0.66
TR IR 5 SR T fiE 1.34 0.75
2k LIRS BER 4.12 0.24
2 b Rgs £ ouik 3.04 0.33
Wl P s EGE L 8.33 0.12
WIE WA L 2.61 0.38
% ==k GDP (5Lt 2.87 0.35
Mean VIF 3.19
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Appendix Table 4 Robustness check of main effects
A (1) (2) (3) (4) (5) (6)
P ConsumptionFlow ConsumptionFlow ConsumptionFlow ConsumptionFlow ConsumptionFlow ConsumptionFlow
152 T
- Ratio OutRatio InRatio Ratio OutRatio InRatio
B —0.122*** —0.102*** 0.043 *** —0.120*** —0.087 *** 0.021**
PEN 5
( -4.454) (-9.195) (3.818) ( -10.089) ( -14.678) (2.181)
X 0.029 0.002 -0.000
LN
(0.561) (0.126) ( -=0.009)
FLIRTE x 0.057 0.073 *** —0.057 *** 0.070 *** 0.072*** —0.048 ***
P IR (1.905) (5.085) (-3.991) (3.834) (6.323) (-4.132)
Wl P -0.400" -0.147 -0.044 —0.265*** -0.200 *** 0.106 **
BERHE H (-1.945) (-1.393) (-0.283) (-4.271) ( -6.937) (2.344)
T JE A 4,051 0.045 3.919 *** 4.261 *** 0.457 *** 3.538 ***
ik (8.589) (0.466) (6.653) (13.817) (3.895) (7.433)
=l 0.931 1.165* -1.514*** -0.007 0.003 -0.153
GDP (51t (0.597) (1.971) (-3.219) (-0.027) (0.031) (-0.771)
-0.101 -0.288 0.642** 0.261** 0.297 *** -0.115
B RO
(-0.121) ( -0.882) (2.519) (2.420) (6.552) (-1.195)
T I K = s s D i 7
A Ay 8 5 5508 = 3 & D i i
ﬁ‘r%}a x AN AN AN AN A A
. & & & & & &
A Ay 8 7 R
FEARL 492 492 492 492 492 492
R? 0.853 0.873 0. 660 0.844 0.813 0.764
JE#E R 0.850 0.870 0.653 - - -
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Appendix Table 5 Robustness check of mechanism tests

(e (1) (2) (3) (4) (5) (6)
— ConsumptionFlow | ConsumptionFlow | ConsumptionFlow | ConsumptionFlow | ConsumptionFlow | ConsumptionFlow
Ratio OutRatio InRatio Ratio OutRatio InRatio
- -0.160 *** -0.107 *** 0.015* -0.150*** -0.104 """ 0.016
(-6.531) (-9.507) (1.707) ( -8.244) (-12.824) (1.390)
HUGIRTT x 0.059 0.072*** -0.052*** 0.032 0.053 *** -0.039**
P IR (1.962) (4.775) ( =3.744) (1.086) (4.155) ( =2.467)
& ks -2.881"" -2.009 “** 1.408 "
BiER ( -2.606) (-4.027) (1.900)
EAN S 0.421 -0.139 0.584
EZIN 4 (1.256) ( -1.190) (1.361)
AR A 0.379 *** -0.060 * 0.522 " 0.344 %" -0.071" 0.515%*
iR e (2.904) ( -1.704) (2.652) (2.609) ( -1.905) (2.550)
B AN 0.826"° 0.351*" 0.142 1.022%" 0.367 " 0.266
BURITE (1.914) (2.170) (0.321) (2.571) (2.682) (0.768)
EEYN'Gdias -0.014 -0.010"* 0.005 -0.010 -0.005 -0.000
KT S8 440 (-1.513) (-2.263) (0.477) ( -1.140) ( -1.335) (-0.042)
TR R AR ~0.044 " -0.026" 0.010 -0.063 " —0.043*" 0.026
PRI T a5 (-1.738) (-1.919) (0.691) (-2.231) (-2.563) (1.474)
BT -0.416*" -0.168 -0.010 -0.454"" -0.164"" -0.048
BRELS H ( -2.068) ( -1.605) ( -0.082) (-2.663) (-2.142) ( -0.355)
5 A 4,113 0.099 3.847*** 4.001 *** 0.177 " 3.619 ***
di b (9.310) (0.966) (6.606) (7.867) (2.000) (5.430)
= 0.898 0.938 -1.063*** 1.045 0.990 *** —1.044
GDP A H (0.623) (1.666) (-2.718) (1.075) (2.755) (-1.662)
— 0.168 -0.001 0.315 0.827 0.382" 0.133
(0.200) ( -0.005) (1.238) (1.242) (1.714) (0.339)
BT [P RE ZB0NE 2 b= 2 2 2 2
F 053 [ 7€ R08E = b= 2 2 2 2
PG x L o L . L
A3 s ~ = "~ = = =
FEAEL 479 479 479 479 479 479
R? 0.870 0.886 0.738 0.882 0.913 0.752
% R? 0.865 0.882 0.727 0.877 0.910 0.740
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Appendix Table 6 Protective measures of cities in Yangtze River Delta ( Nov. 2020)
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Appendix Table 7 Robustness check of main effects after removing the effects of epidemic and protective measures

R (1) (2) 3) 4
KA ConsumptionFlowRatio ConsumptionFlowRatio ConsumptionFlowOutRatio ConsumptionFlowInRatio
s -0.129 "~ -0.148 """ -0.102 " 0.016
REN IR
(-6.235) (-5.526) (-8.814) (1.581)
N 0.055" 0.073 """ -0.059 "~
HL IR > B
(1.864) (5.178) (-4.016)
L A2 e -0.635""" -0.409 " -0.143 -0.055
Yk B R b
(—4.745) (-2.002) (-1.376) (-0.352)
e 4.096 """ 4.092 """ 0.019 3.993 "
IO i b
(8.971) (8.915) (0.192) (6.998)
. 0. 664 0.933 1.187" _1.544 %
SE=7"k GDP (i 1E
(0.473) (0.591) (1.971) (-3.334)
PR 0.180 -0.087 -0.298 0.671°
(0.249) (-0.103) (-0.901) (2.637)
Ik 7 S A P & iz iz
J3 A3 11 2 2800 = = 2 =
PENEIG > 33 1] 2 2800 = P iz iz
FEARSL 485 485 485 485
R? 0.851 0.856 0.879 0.670
R 0.847 0.851 0.875 0. 659
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Appendix Table 8 Robustness check of mechanism effects after removing the effects of epidemic and protective measures

LAY (1) (2) (3) (4) (5) (6)
el b ConsumptionFlow | ConsumptionFlow | ConsumptionFlow | ConsumptionFlow | ConsumptionFlow | ConsumptionFlow
: Ratio OutRatio InRatio Ratio OutRatio InRatio
-0.161*** -0.108 *** 0.014 -0.134*** -0.100*** 0.023 **
G (-6.593) (-9.489) (1.606) (-7.072) (-12.275) (2.085)
HUGIRTT x 0.065 ** 0.077 *** -0.056 *** 0.025 0.055 *** —0.049 ***
PENS IS (2.443) (5.481) ( -3.716) (0.802) (3.991) (=2.770)
HARAX 0.374*** -0.062 0.524**
Y e (2.924) (-1.630) (2.617)
L7/ UNE| 0.879 ** 0.356 ** 0.207
BURIITE (2.229) (2.268) (0.480)
2 % ~2.696 " —1.692*** 0.948
BiEE (-2.154) ( -3.030) (1.037)
& FRss 0.450 -0.217" 0.785"
EZIN A (1.411) (-1.694) (1.938)
W PR -0.347" -0.112 -0.053 -0.476*" -0.145" -0.108
i (-1.931) (-1.094) ( -0.420) ( -2.568) (-1.705) (-0.705)
. 4.146 " 0.120 3.843 %% 3.916 *** 0.123 3.649 ***
PR i b (9.180) (1.119) (6.593) (7.460) (1.408) (5.609)
= 1.102 1.078 " —1.141%** 1.150 1.234 %% —1.451**
GDP (51 (0.747) (1.792) (-2.976) (1.017) (3.139) (-2.223)
— -0.267 -0.282 0.446" 0.456 -0.055 0.664 *
(-0.344) (-0.863) (1.874) (0.725) (=0.299) (1.772)
0TI [ S R0 = =z b= =z = b=
H A5 1 72 55O = = b= b= b= b=
&‘ﬁ%ﬁ x H. H. H. (=N H. =R
F 5y 52808 " - ~ . o~ =
FEA KL 485 485 485 485 485 485
R? 0.870 0.885 0.736 0.868 0.901 0.686
J#% R 0.865 0.880 0.726 0.863 0.898 0.675




