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Figure 1 Pollution spillover mechanism of smart cities
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Figure 2 Parallel trend test diagram
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Figure 3 Moran’s 7 chart of pollution by city in 2005, 2010, 2015, and 2020
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e, it LM A6 5 Wald A6 56 25 S5 1 i 128 B
B S )R AR, 26 2 R LM A5 5 Wald
e 6 47 ik 2 4 248 D A i, 6 AR v [ B A7 7 23 (1)
i o T 5 25 (] 1 22 00, BT L 7 e B3 48 ) A T A
AU SDID 5% B HRGE R 23 7 12 A OSR T <08 b 775
AR . S [ S84 MR 2 TR R (4

Tr— b 40 A AT 2 )RR (£ 3) .

e 3BAY (7) AT A3 ()5 ) (1) 22 3 XL 2%
OIAGTE AEEL (8) by s i) WU H 22 40l 1T 45 L, A58 7Y
(10) LA 23 [8] 4BHz 5 14k ) it — 20 X 43 1 23 [l ¥ 1
25 AR RZ R . P 38 3 B9 [ A 45 S m] 6T, £ 451 DID
B AN SDID #E Y i did 1) 72 5035 3% Rt BB T
B R I T BOR X AR H A E  E  T JeR BEOR .
W x did ) ZBTE A Fh a3 ARG R 14 0 3 R 1F , 3R
R0 S R T IR R ) T X A i 1) 95 4 HE A R B A IE
T 4 1A A U, T 5 A b X TG A8 S 1
P g 2 5 B R T ) D R M X R T S
TIPS . i —20 41 522 Akl s
JC 2 A SDID A5 78 [a] 5 25 - vp \oR W, X did 75
BERG, Wy X did 08350 1F, F R 2T

£2 Wald &I FNLRAGIGLER
Table 2 Results of Wald test and LR test

i w, w, W, w,
IM_lag 431.162%** 820.863%** 47.778% %% 88.756%+*
Robust_LM_lag 144.484% % 691.281%% 40.274% %% 19.197##*
LM _error 289.576%** 129.934%%x 30.391%** 73.868%**
Robust_LM _error 2.898* 0.352 22.887%#* 4.309%*
Wald_spatial_lag 38.06%** 66.39%%* 82.79%** 62.55%%*
Wald_spatial_error 37.18%#* 53.84%%% 76.43%%% 55.53%%x%

R3 BEWTBRMMISREBMN=EEERTER

Table 3 Spatial benchmark regression results of smart city policies on pollution transfer to neighboring areas

(7)

(8)

(10)

i ZH DID W, w, w, w, 22 Akl
did —0.098%*** —0.083%** —0.085%** —0.131%** —0.122%*%* —0.095%**
(-3.953) (-3.581) (-3.477) (-5.301) (-4.896) (-3.858)
W x did 0.083%* 0.319%*%* 0.281%%* 0.256%**
(2.218) (2.944) (5.013) (4.664)
Wi x did —0.167%**
(-3.195)
Wyrr * did 0.077*
(-1.852)
W x Control YES YES YES YES YES YES
Control YES YES YES YES YES YES
T YES YES YES YES YES YES
s i) i1 YES YES YES YES YES YES
R 0.782 0.044 0.294 0.040 0.091 0.678
N 3,472 3472 3472 3472 3472 3472

W OB e geit i, [ PR R p i, e o 203 BI1FRIR 1% 5%  10% (1) 58 K-

INGCE

hitp://www.resci.cn



1660 %O Rl %

25 464 4 8 1

HUR IR IR BASCR HAT 25 [ 5 B, 717 30 A 14
B IR T R AR PR3 75 G 1 [] P ek AR kvl 7 A
15 Qe 7% o MBRUEHT BT o X T8 E IR TR U, A1
B Bl T BOR Y S T LA R A B DX ] ) 4
AT AR, P3[R 1 i ) S A58 | g
REVRAE B PRIRE I AR BB 7 38 . XA SR
T PSR PR (2 B S AR R DA% %), B S
TIT A% 38 1 K07 A0 15 ) 26 3 e AR EL 27 ) RIS
SNk OB EZ SRR IR (EPORAE IS ¢ QIIE S
U, B ST B R S, — 5 R T T ]
PR T Bl 5 58 4, 7 AR LSO, T R 1) e J
(PR A 5 55 — T T, 8 IR T R Y R ) 2 1
FEOG YT ALIT RS f 2l AR R ¥ e
e R 5 AR IO T 2 M) ) A BE A

5 AR B R RE T LA BRI 22 5 DL AT I
B SRR R R PR . A DX SEBH )
S R 2R T S PR AR R 2T UK SRR
ARAER G4 5 B RS0 T T WM S 0 i IR kT
) F AR 32 FI N FHBE T, SEBLIX 8 — AR b & J o
4.4 TRERMAELE
4.4.1 HPFE%mE

HH T 25080 P BB A7 AE S (BT S 3 ml 05 45 R
2 PR SR R 500 4 2 i 7 2 R 5 i U2 T 1) A fkt
PEIEATRRIE . 1 $E winsorize HE1T 5% 7K F F) 48 e Ab
B BXRE AT DO M 5 E 2730 Bl B ey 5
HALEUE , e KR EE R B B M5 B . IS5 5 0L
4, mHRZESF S SR A5 R — 20, H 5 G5
P AR 4 R+ HERR T R AR T

T4 HWEEERBER

Table 4 Data winsorization test results

G w, W, W,
did ~0.071%%* —0.063%** ~0.099%** ~0.092%*%*
(-4.068) (-3.443) (-5.331) (-4.926)
W x did 0.077%%* 0.271%%% 0.196%** 0.182% %
(2.716) (3.352) (4.659) (4.447)
Control YES YES YES
kT [ YES YES YES
T[] [ 5 YES YES YES

4.4.2 ESH T

SRR U IR 5 R YR A I — 1 , 2 % Hung 454
FIBFFT , R Bk T i 4 HH AT A9 2005—2012 4F
BAEIAT UG SR . 515 2006 ,2007 ,2008 ,2009 4F
A LB T T, LW, R B AT o [ 5
B, FSEIESEE T, WX did REUS AT E,
P T L Ath A 47 B3 ORI 2 X R 7 A Ui R )
(B IAE o I T 2R 0 s St {0 R D 35 o [ ) 2%
AS/NT UL B P2 2013 AF A Bk iy B it e

x5 EHRBER

Table 5 Results of falsification test

Ay did W x did
2006 —0.095%* 0.055
2007 —0.078%** 0.051
2008 —0.057%%* 0.065
2009 -0.044* 0.082
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Table 6 Test results of excluding other policies * influences
_— AR T 32 R AR A 2y BB
W, w, W, w, W, W, w,

did ~0.090%** -0.087%** —0.133%** —0.123%** —0.085%**  —(,088%** —0.135%** —0.122%**

(-3.829) (-3.502) (-5.256) (-4.830) (-3.663) (-3.572) (-5.388) (-4.853)
W x did 0.122%** 0.425%* 0.280%** 0.262% % 0.083%* 0.508%** 0.288% % 0.263%**

(3.145) (2.397) (4.720) (4.548) (2.204) (3.980) (5.053) (4.755)
did, 0.040 0.022 0.014 0.009

(0.826) (0.435) (0.289) (0.186)
W x did, —0.325%* -0.554 0.001 -0.050

(-3.709) (-0.778) (0.005) (-0.419)
did, 0.127 0.134%% -0.047 -0.019

(1.504) (2.346) (-1.209) (-0.475)
W x did, -0.172% —0.817%%* 0.032 -0.082
(-1.697) (-2.803) (0.318) (-0.782)

Control YES YES YES YES YES YES YES YES
T YES YES YES YES YES YES YES YES
I [ [ 5 YES YES YES YES YES YES YES YES

AR PR A T AT SR PR B T SR I T A Sy it
FELE A XS RS AR Y .
4.4.4 N AR

Sy G PN A PR R, A LA R iR AT N AR
PERGES o (R USSR R TE A, i b —4E48 N HAL
BT RO 5 HE AR L 1984 AF Y ek T sl 0 i <7
FEAE D BT BOR 9 T AR & v, [RIHZE R ANER
TR — B mlA g5 R, THAR & i 5120
A did 3 TEASC, 5 W Be did 8005 B3
H i, Ak, Cragg-Donald Wald F 4t it &~ 17,18
b 55 T B AR RS 5 545 28 ] R 9 Bl s, Ul B
U 1) 45 508 i N AR A 5

#7 IETEM[ITER

Table 7 Estimation results of instrumental variables

5t H—FrBdid % KBt polu
w 0.108***
(4.136)
did —0.164%**
(-3.462)

Control YES YES

T T YES YES

Fis i) i 7 YES YES

5 H—THH
5.1 BTz SR 2 4

Fie e 2 (15) = (16) A8 23k i 3 ekt O X 3
V5 G (AR 80 5 38 R0, 22 1 s A0 A 3
P, P 4 R Rl Tl Xt 3nk Tl 75 e Ay i i) S Jo e
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Figure 4 Effect of smart cities on temporal

heterogeneity of urban pollution
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Figure 5 Spatial heterogeneity of urban pollution affected by

smart cities
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Table 8 Results of mechanism test

- agg inno indus gov polu
(17) (18) (17) (18) (17) (18) (17) (18) (19)
did 0.015* 0.014* -0.032 -0.009 0.045%%  (,045%** -0.001  -0.001%**
(1.911) (1.670) (-1.548) (-0.397) (2.873) (2.707) (-1.471)  (=2.031)
W x did —0.035%** 0.145%%* —0.080%** 0.001
(-2.826) (4.356) (3.147) (0.702)
Wiy > did -0.010 0.037 0.023 -0.000
(-0.370) (0.503) (-0.654) (-0.172)
Wy * did -0.033 0.217%%% -0.089%** 0.000
(1.639) (-4.021) (-3.131) (0.160)
agg 0.122%%
(2.293)
inno —0.035%*
(-1.810)
indus —0.044*
(-1.764)
gov —1.567%**
(-2.709)
W x Control  YES YES YES YES YES YES YES YES YES
Control YES YES YES YES YES YES YES YES YES
T T 7E YES YES YES YES YES YES YES YES YES
I [ [ 5 YES YES YES YES YES YES YES YES YES
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Spatial spillover effects of smart city pilot on
neighboring environments

BAIl Yang, QIU Zirui

(School of Economics and Management, China University of Petroleum, Qingdao 266555, China)

Abstract: [Objective] Smart cities apply the next generation information technology to resource
and environmental management to promote sustainable urban development. Existing studies focus
on the local environmental governance effects of smart cities, but ignore their possible impacts on
the environmental pollution of neighboring areas and differential spillover effects on neighboring
smart cities and non-smart cities. [Methods] Based on the panel data of 217 prefecture-level cities
in China from 2005 to 2020, the smart city pilot was taken as a quasi-natural experiment, and the
local area-neighboring area pollution effect of smart city construction was evaluated by using the
spatial Dubin differential model. [Results] The study found that: (1) Smart city policies had
significant positive spillover effects on neighboring area pollution emissions under the four spatial
matrices, and the results are still valid after the robustness test of data winsorization, falsification
test, exclusion of other policy effects, and endogeneity test. (2) The analysis of the spatiotemporal
dynamic effect of policies showed that the spillover effects of smart cities on pollution had a time
lag, while the spatial distance followed the attenuation law of geographical distance. (3) The
mechanism study showed that the construction of smart cities had a regional innovation effect,
which reduced its pollution through knowledge spillover, but led to the transfer of traditional heavy
industry and heavy polluting industries to neighboring non-smart cities and increased their
pollution. [Conclusion] Although smart city policies optimize the local environment, they produce
a “beggar-thy-neighbor” environmental pollution phenomenon, especially that mainly neighboring
non-smart cities bear the pollution transfer. The government should emphasize the concept of
collaborative governance in smart city policies and strengthen the awareness of regional joint
prevention and control between local governments in neighboring areas, especially between smart
cities and neighboring non-smart cities.

Key words: smart city; pollution transfer; spatial spillover effect; spatial difference-in-differences

model; regional collaborative governance; China
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