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Abstract

Utilizing the panel data of 285 prefecture and above cities between 2003 and 2018, this study
investigated the effect of smart city policy on urban haze pollution in China at national, regional,
and city administrative rank levels by using the difference-in-differences (DID) model and the spatial
difference-in-differences (SDID) model. Results show that, in general, smart city policy reduced
urban haze pollution of pilot cities. Moreover, the results confirm the presence of spatial heterogeneity
in the intensity of the pollution mitigation effect at regional and city administrative rank levels.
Additionally, this study identifies the spatial spillover effect of smart city policy and provides empirical
evidence of the coexistence of “beggar-thy-neighbor” effect and “demonstration effect”, which
indicates the difficulty of haze pollution control in the process of smart city construction and highlights
the importance and necessity of top-level design and differentiated policies of smart cities. Finally,
several meaningful implications and research avenues are outlined.
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Introduction

Since the launch of the reform and opening up,
China’s economy has maintained a speed of moderate-
to-rapid growth for several decades [l]. However,
with the characteristics of high investment and high
pollution, the traditional extensive development model
has resulted in some severe urban diseases, such as
traffic congestion, inflated housing prices, urban land
shortage, and especially environmental pollution, which
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has drawn the attention of academics and policymakers
[1-3]. To achieve sustainable urban development, new
urbanism and smart growth movements began to
flourish in the 1990s [4, 5]. Against this background, the
concept of smart city began to take shape. Smart city
refers to the city that could maximize desirable outputs
with limited resource inputs by the use of information
and communication technologies (ICTs) to improve
urban services in multiple aspects including business,
transportation, communication, water, energy and other
urban systems [3, 6]. Smart city is a new city pattern
which integrates resources in a way that can provide
better urban services on the basis of making full use of
the ICTs [3].
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The first “smart city” initiative originated from
the “Smarter Planet” project proposed by IBM
Corporation in 2008, which treated smart city as the
breakthrough point of smart earth [7]. Currently, many
countries are attempting to create or develop smart
cities and smart city has become a major policy priority
in many countries [8]. For instance, many smart city-
related policies and projects have been carried out in
various countries around the world (e.g., the “Digital
Britain” plan in UK, the Galway Bay “Smart Bay”
project in Ireland , the “T-City” project in Germany,
the “I-Japan” strategy in Japan, and the “U-Korea”
strategy in South Korea [9-11]).

Following the wave of smart city construction,
the Chinese government also devoted substantial efforts
to develop smart cities to achieve the goal of sustainable
and high-quality development in the long run.
The smart city concept was initially introduced in China
in 2010 [12]. Subsequently, the Chinese government
formally proposed the smart city construction plan
in its national policy in 2012 [9]. The development
of smart city was written into the “2015 Report
on the Government Work™ as the future development
direction for Chinese cities [3].

With the development of smart city construction
practice around the world, increased academic
attention has been paid to smart cities [13]. Smart
cities are considered as a new way of thinking about
urban space and future development goals [14], which
is distinct from the traditional urban governance
modes by its characteristics of thorough perception,
deep interconnection, and intelligent applications
[9]. Scholars believe that smart cities could be both
a new engine of high-quality economic growth and the
ideal solution to the environmental challenges of rapid
urbanization [15, 16]. That is, smart cities provide new
ways to solve urban diseases through social governance
reform and technological innovation and development
[9]. Under such circumstance, an important question
arises: have smart city policy (SCP) initiatives in
cities around the world effectively reduced urban haze
pollution? So far, the research on smart city is growing,
owing to new advances of smart city practice across the
world. For instance, Yu and Zhang (2019) investigated
the effect of SCP on energy efficiency in China [13].
They found that there existed significant regional
heterogeneity across cities, although the SCP exerted
a significant positive effect on energy efficiency in
general [13]. Yao et al. (2020) examined the impact of
SCP on eco-efficiency, and revealed that, on the whole,
the smart city construction significantly improves
the eco-efficiency [17]. Guo et al. (2020) explored
the effect of the implementation of SCP on urban
traffic congestion, which showed that the smart city
construction has significantly reduced the degree of
urban traffic congestion [9]. Xu et al. (2020) analyzed
the causal effects of SCP on urban innovation, and

found that SCP in China positively and significantly
impacts urban innovation [18]. Qian et al. (2021)
studied the impact of SCP on economic green growth
and showed that the establishment of smart cities has
significantly promoted the green growth of the Chinese
economy [19].

Through the above literature review, it can be seen
that the implementation of SCP plays a positive role
in alleviating urban traffic congestion, and promoting
urban energy efficiency, urban eco-efficiency, economic
green growth, and urban innovation. However, few
studies empirically examined the link between SCP and
environmental pollution.

To answer the aforementioned question, it is
necessary to conduct empirical researches in various
countries. To this end, the potential marginal
contributions of this paper can be listed as follows:
First, to the best of our knowledge, this is the first
empirical research that comprehensively investigates
the direct and indirect effects of SCP on urban haze
pollution in China at national, regional, and city
administrative rank levels by treating China’s SCP as
a quasi-natural experiment and adopting the DID and
SDID models. Hence, this study provides empirical
support for the argument that smart cities could be the
ideal solution to the environmental challenges of rapid
urbanization [15] and, hence, echoes the recent studies
that have investigated the environmental effects of SCP
[1, 17, 20]. The second contribution of this study is
that it identified and verified the spatial heterogeneity
of the effect of SCP on urban haze pollution and,
hence, deepens the understanding of the environmental
effects of SCP. This is especially important when
considering that the Chinese government implemented
an unbalanced development strategy at the early period
of the reform and opening up and that cities in China
have different administrative ranks (e.g., centrally
administrated municipalities, cities designated in the
state plan, provincial capitals, and sub-provincial
cities) and levels of power and autonomy [21, 22].
Third, through scientific research methods, this study
identifies the spatial spillover effect of SCP on urban
haze pollution, which offers empirical support for
establishing a regional environmental joint governance
system. Last but not least, this study expands
the boundary of the research topic on the effect of smart
city, offering enlightening implications for smart city
construction and urban haze pollution control in other
emerging economies.

To sum wup, this study aims to investigate
the environmental effect of SCP under the Chinese
scenario. Specifically, this study uses the smart city
pilot in China as a public policy experiment to analyze
the impact of the implementation of SCP on the haze
pollution of pilot cities and their neighbouring and
non-adjacent cities. Research conclusions of the paper
provide new empirical evidence on the effect of SCP.
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Materials and Methods
Data Source

Referring to the information delivered by the
Ministry of Housing and Urban-Rural Development
(MOHURD) of China, the first, second, and third
national lists of smart-city pilot project were announced
on January, 2013, August, 2013 and April, 2015,
covering 90, 103 and 97 cities, respectively. Currently,
a total of 290 cities have been selected as national
smart-city pilot cities [23]. The national smart-city pilot
projects in China were implemented at the levels of
cities, counties and towns. That is, the 290 pilot cities
includes prefecture-level and above cities, country-
level cities and town-level cities. Since the statistical
data of cities at the country-level and the town-level
were difficult to collect [13], this study focused on the
pilot cities that were prefecture-level and above cities.
Meanwhile, to capture the effect of smart-city policy
comprehensively, the prefecture-level cities that these
country-level and town-level pilot cities belong to were
also incorporated into the experiment group cities.
Finally, a total of 164 prefecture-level and above cities
were marked as the smart cities. In addition, the treated
time was regarded as the current year if the national
smart-city pilot list was delivered in the first half of the
year, otherwise the next year.

As for the data source of dependent variable
(haze pollution) of this study, the PM, . emission data
were derived from the Atmospheric Composition
Analysis Group that is led by Randall Martin at
Dalhousie University. They estimated ground-level
fine particulate matter (PM, ) total and compositional
mass concentrations over China by combining Aerosol
Optical Depth (AOD) retrievals from the NASA MODIS,
MISR, and SeaWIFS instruments with the GEOS-
Chem chemical transport model, and then calibrated
them to regional ground-based observations of both
total and com-positional mass using Geographically
Weighted Regression (GWR) [24, 25]. The data of
control variables were collected from the China City
Statistical Yearbook (2004-2019), and the China Urban
Construction Statistical Yearbook (2004-2019).

The research samples were obtained according to
the following criteria: (1) exclude the cities that were
dismantled during the study period, such as Chaohu,
Bijie and Tongren; (2) exclude the cities that were
established during the study period, such as Haidong,
Turpan and Sansa; (3) exclude the cities with severe
data lose, such as Lhasa; (4) exclude the cities with
data inaccessibility, such as Hong Kong, Macau and
Taiwan. Finally, given the availability, continuity and
comparability of data, this study adopted a panel data
covering 285 prefecture-level and above cities during
2003-2018 as the research sample. Fig. 1 illustrates

Study samples

4 Pilot cities of smart city policy
Region
[ Eastern
[ Central
B Western
[ ] Not covered

e Non-pilot cities of smart city policy

T |
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\ FLF
South S;a Islands

Fig.1. Geographical distribution of the study samples.
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the geographical distribution of sample cities, and also
differentiates sample cities into groups: pilot cities of
SCP, and non-pilot cities of SCP.

Variable Specification

(1) Dependent variable

Following prior studies [26, 27], the proxy indicator
for haze pollution in this study is PM, . concentration
(PM,)).

(2) Key explanatory variable

In this study, the key explanatory is SCP represented
by d x d, which takes the value 1 if a city conducted
the national smart-city pilot in year t and 0 in other
cases. d_ is the policy dummy variable, which equals
to 1 if the corresponding city belongs to the list of
national smart cities, and 0 otherwise. d, is the time
dummy variable, which equals to 1 if the treated city
has implemented national smart-city pilot policy, and 0
otherwise.

(3) Control variables

Referring to the current literature [1, 13, 17,
20], four control variables are incorporated into the
regressive equations, including fiscal decentralization
(FD), industrial upgrading (/U), urbanization rate
(UR), and foreign direct investment (#DI). Specifically,
fiscal decentralization (FD) is represented by the
proportion of financial expenditure to financial
revenue, industrial upgrading (/U) is represented by the
proportion of the added value of the tertiary industry
to the secondary industry, urbanization rate (UR) is
represented by the proportion of non-farm population
to city’s total population, foreign direct investment
(FDI) is represented by the proportion of foreign
direct investment to GDP. The summary statistics are
presented in Table 1.

Econometric Model

The DID model was employed to investigate the
effect of SCP on urban haze pollution. Notably, to
verify the average treatment effect and the dynamic
marginal effect of SCP separately, this study adopted
two different models, which are constructed as follows:

Yie = Qo + aydy X dy + apXie + A + pie + &¢ (g

Table 1. Summary statistics.

Vir = Qo + @ 725013 dy X dp + i
+ A+ pe t g )

where )" stands for the dependent variable of city i
in year #; a, is the constant term; d * d, denotes the
key explanatory variable; a, and a, are the coefficients
of the key explanatory variable, which measures the
average treatment effect and the dynamic marginal
effect of the implementation of SCP on haze pollution
respectively; x, represents a vector of control variables;
a_ denotes the coefficients of the control variables;
4, denotes the city-fixed effects to capture unobserved
heterogeneity; x, denotes the year-fixed effects that
control for temporal shocks; ¢, denotes the error term.

To ensure that the development trend of the
treatment and control groups is parallel, this study
adopted the parallel trend hypothesis test by adding the
leads and lags of the initial dummy of SCP, which was
set as follows:

Yi*t = Qo + Zr3n=1 amdu X dt—m + 2;51=0 andu
Xdppn + QX + 4 + 1 + &5 3)

where d_~ denotes m-year lead; a  denotes the
coefficient of d x d_ ; d_ denotes n-year lag; a
denotes the coefficient of d < d , . The meaning of other
parameters is the same as defined in Eq. (2).

To test the direct and indirect effects of SCP on
urban haze pollution in China, the SDID model was
employed following Chagas et al. (2016) [28], and the

model was set as follows:

Yie = Qo + a1dy X di + ayxi + f1Wr Dy
+ BoWnrrDie + BrWixie + A + pe + €i¢ @)

where W, D, denotes the spatial spillover effects
among the treated cities (pilot cities); B, denotes the
spatial coefficient of W D ; W, D, denotes the spatial
spillover effects on the untreated cities (non-pilot
cities) neighboring the treated cities; B, denotes the
spatial coefficient of W, D W represents the spatial
weight matrix adopted in this study (including the first-
order adjacency weight matrix and the spatial squared
inverse distance weight matrix); f denotes the spatial

Total sample Treatment group Control group
Variables
Obs. Mean Std.Dev. Obs. Mean Std.Dev. Obs. Mean Std.Dev.

PM, 4560 0.385 0.165 2624 0.408 0.151 1936 0.354 0.178
FD 4560 2.314 2.039 2624 2.039 1.961 1936 2.687 2.083
19} 4560 0.894 0.507 2624 0.877 0.452 1936 0.918 0.572
UR 4560 0.519 0.265 2624 0.543 0.263 1936 0.487 0.263
FDI 4560 0.023 0.032 2624 0.025 0.027 1936 0.019 0.038
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coefficients of the four control variables. The meaning
of other parameters are consistent with Eq. (2).

Results and Discussion
Baseline Regressive Results

Based on Egs. (1) and (2), the effects of SCP on
urban haze pollution in China at the national level are
reported in Table 2. Specifically, the results of average
treatment effect and dynamic marginal effect are listed
in columns (1)-(2) and columns (3)-(4), respectively.
The coefficients of d x d are significantly negative
in columns (1)-(2), which provides initial evidence
that SCP has effectively reduced urban haze pollution
in terms of average effect, no matter with or without
the consideration of control variables. In particular,
compared with non-pilot cities, SCP could reduce urban
haze pollution by about 6%-7%. However, columns
(3) and (4) show that the coefficients of d, x d, are
significantly positive in 2013, positive but insignificant
in 2014, and significantly negative after 2015, which

Table 2. Baseline regressive results at the national level.

indicates that the mitigation effect of SCP on urban
haze pollution began to work after 2015, no matter with
or without the consideration of control variables, as
viewed from the dynamic marginal effect perspective.
Moreover, in general, the pollution reduction effect of
SCP increases with time. That is, the longer the policy
is implemented, the stronger its pollution reduction
effect will be.

Test of the Parallel Trend

A critical identification assumption of the DID
model is that the treatment group and the control
group share a common change trend before the policy
shocks (i.e., parallel trend assumption) [29]. Based on
Eq. (3), the parallel trend test was conducted, and the
corresponding coefficient diagram of key explanatory
variable was reported in Fig. 2. It can be found that
the coefficients of SCP on urban haze pollution are
insignificant in the former three years and nearly equal
to zero, indicating that there is no significant difference
between the pilot and non-pilot cities of SCP before
2013. Hence, the parallel trend assumption is satisfied

Average treatment effect Dynamic marginal effect
Variables
(1) 3 “4)
d xd -6.643% %% -5.981%**
b (-22.429) (-20.113)
2.742% %% 1.791**
d, x dys (3.191) (2.156)
0.924 0.045
d,xdy, (1.508) (0.076)
dxd -4.028*** -4.579%**
u” oo (-7.403) (-8.608)
d xd -8.624 %% -8.894 %
w4016 (-15.850) (-16.619)
dxd -9.662%** -7.850%**
w” aor (-17.758) (-14.360)
d xd -13.473%** -11.429%%%*
u " %ors (-24.762) (-20.755)
0.060 0.073
FD (0.798) (1.006)
U -3.54 1 H -2.444% %%
(-10.782) (-7.581)
8.811%** 7.627%%%
UR (17.302) (15.267)
6.625% 5.792
FDI (1.721) (1.554)
Constant 44.269%** 42 450%** 44.253%%% 42.109%%**
onstan (374.262) (90.443) (396.452) (93.179)
Observations 4,560 4,560 4,560 4,560
R-squared 0.105 0.202 0.204 0.263

Notes: t-statistics in parentheses; *** p<(0.01, ** p<0.05, * p<0.1. The following tables have the same notes as in this table; to save
space, they are no longer reported
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Fig. 2. Parallel trend analysis

here. However, the coefficients of SCP do not become
significant until five years later, indicating a five-year
lag in the effect of SCP on urban haze pollution.

Placebo Test

To eliminate the impact of the potential unobserved
factors in the selection of pilot cities of SCP and verify
the robustness of prior empirical results, this study
conducted the placebo test. Specifically, 1000 times of
random sampling among 285 cities were performed to
conduct regression analysis consistent with baseline
regression, with 164 cities randomly selected as the
hypothetical treatment group, while the other 121 cities
as the control group. The kernel density distribution of
urban haze pollution was illustrated in Fig. 3. As we
can see, almost all the absolute values of t values of
the sampling estimation coefficients are less than 2 and
their corresponding p values are above 0.1, indicating
that SCP has no significant effect in these 1000 times
random sampling. That is, unobserved factors have
a negligible impact on the estimated results. Hence,
the placebo test is also satisfied.

Heterogeneity Analysis
As mentioned above, there exists huge heterogeneity

among cities with different administrative ranks or in
different regions [22, 30]. Following the geographical

Kernel density estimate
0.4

0.31

P-value
o
Y
|

0.1

0
tvalue

Fig. 3. Placebo test.

division standard announced by the Chinese National
Bureau of Statistical (CNBS), the sample cities were
firstly classified into three regions, namely, cities of
eastern, central, and western China. Then the estimation
was conducted based on Eq.(1), and the heterogencous
results of the average effect at the regional level were
reported in Table 3.

As shown in Table 3, the coefficients d x d, are
significantly negative in columns (1)-(6), implying
that SCP can effectively reduce urban haze pollution
at the regional level, no matter with or without
the consideration of control variables. Moreover,
the absolute value of the coefficient of d x d, is the
greatest in the western region, followed by the central
region, while the eastern region has the least coefficient,
thereby confirming the presence of spatial heterogeneity
of the intensity of the pollution mitigation effect
at the regional level.

To delve into the heterogeneous effects of SCP on
urban haze pollution at the city administrative rank
level, this study divided the study samples into two
parts: first- and second-tier cities and third-tier cities.
Specifically, the first- and second-tier cities involve
centrally administrated municipalities, provincial
capitals and sub-provincial cities, while the third-tier
cities are all prefecture-level cities. Regression analysis
was performed based on Eq.(1) after the aforementioned
classification, and the empirical results were reported
in Table 4.

Table 3. The heterogeneous results of the average effect at the regional level.

Eastern Central Western
Variables

)] (2 (3) (4) (5) (6)

d xd -5.728%** -4.067*%* -5.986%** -5.500%** -0.137%** -8.935%**

uo (-12.421) (-8.582) (-12.347) (-11.638) (-14.805) (-14.004)
Control variable No Yes No Yes No Yes
Observations 1,616 1,616 1,744 1,744 1,200 1,200
R-squared 0.092 0.247 0.085 0214 0.163 0.201
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Table 4. The heterogeneous results of the average effect at the city administrative rank level.

First- and second-tier Third-tier
Variables
)] 2 3) “)
dxd -5.554% %% -4.66]%** -6.91 2% -6.275%%*
wo Tt (-8.180) (-5.874) (-20.965) (-19.331)
Control variable No Yes No Yes
Observations 560 560 4,000 4,000
R-squared 0.113 0.217 0.105 0.202

As we can see in Table 4, the coefficients d, * d,
are significantly negative in columns (1)-(4), implying
that SCP can effectively reduce urban haze pollution, as
viewed from different levels of city administration rank,
no matter with or without the consideration of control
variables. Notably, the absolute value of the coefficient
of d x d, for the group of first- and second-tier cities
is smaller than that for the third-tier cities, implying
that there exists a spatial heterogeneity in the strength
of the pollution mitigation effect in terms of the city
administrative rank.

Further Analysis

Based on Eq. (4), this study explored the direct
and indirect effects of SCP on urban haze pollution in
China at national, regional, and city administrative rank
levels. The corresponding results of the average effect
under the first-order adjacency weight matrix and the
spatial squared inverse distance weight matrix were
reported in Tables 5 and 6, respectively.

As shown in Table 5, despite the positive but
insignificant coefficient of d, * d in column (3), all
the other five coefficients of d x d, are significantly
negative, implying that SCP can reduce haze pollution
of smart cities directly when incorporating the spatial
spillover effect into model, except for the central region.
The results are almost the same with the aforementioned
results, confirming the robustness of the pollution
mitigation effect of SCP.

Table 5 shows that the spatial coefficients of W, D
are significantly negative in columns (1)-(3) and (6),
positive but insignificant in column (4), negative but
insignificant in column (5), indicating that the spatial
spillover effect of pollution mitigation brought by SCP
on urban haze pollution can be established in pilot
cities across the country, cities in eastern and central
China, or third-tier cities but not cities in western
China or first-and second-tier cities under the first-order
adjacency weight matrix.

Meanwhile, the spatial coefficients of W, D
are significantly negative in columns (1)-(4) and (6),
negative but insignificant in column (5), suggesting
that the spatial spillover effect of pollution mitigation
caused by SCP on urban haze pollution can be basically
established in the non-pilot cities neighboring the pilot
cities under the first-order adjacency weight matrix at
national, regional, and city administrative rank levels
(the first- and second-tier cities are an exception).

On the whole, the direct and indirect effect (pollution
mitigation) of SCP on urban haze pollution can be
established at national, regional, and city administrative
rank levels under the first-order adjacency weight
matrix .

As shown in Table 6, although the coefficient of
d, x d, is negative but insignificant in column (2), all
the other five coefficients of d X d, are significantly
negative. This indicates that on the whole SCP can
reduce haze pollution of smart cities directly when
incorporating the spatial spillover effect into model and

Table 5. The direct and indirect effects under the first-order adjacency weight matrix.

China Eastern Central Western First- and second-tier Third-tier
Variables
(1) 2 (3) 4) (5) (6)
dxd -3.696%** -1.869%* 0.034 -10.754%%* -3.396%** -3.93]%**
wo (-6.131) (-2.116) (0.032) (-9.215) (-2.629) (-5.714)
W -4.980%** -3.592% %% -10.666*** 1.347 -2.694 -5.009%**
oD (-5.319) (-2.595) (-6.945) (0.688) (-1.234) (-4.761)
W -9.613%** -4.5]19%%* -8.698%** -15.598%*** -2.762 -10.031%#**
virP (-17.465) (-5.4106) (-8.929) (-15.275) (-1.184) (-17.536)
Control variable Yes Yes Yes Yes Yes Yes
Observations 4,560 1,616 1,744 1,200 560 4,000
R-squared 0.311 0.356 0.325 0.383 0.313 0.316
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Table 6. The direct and indirect effects under the squared inverse distance weight matrix.
China Eastern Central Western First- and second-tier Third-tier
Variables
)] (2 3) “) (5) (6)
dxd -5.744% %% -1.096 -3.007%** -12.661%** -3.243%%* -6.191%*%**
uo Tt (-10.625) (-1.247) (-3.246) (-13.139) (-2.485) (-10.387)
W -1.073 -3.232% %% -5.077%** 5.133%%%* -1.626 -0.938
P (-1.385) (-2.6006) (-4.0106) (3.509) (-0.898) (-1.087)
W -8.21 2% -3.369%** -6.741 %% -14.384%%** -3.936* -8.555%**
wirD (-16.367) (-4.283) (-7.768) (-14.757) (-1.759) (-16.597)
Control variable Yes Yes Yes Yes Yes Yes
Observations 4,560 1,616 1,744 1,200 560 4,000
R-squared 0.288 0.344 0.304 0.366 0.313 0.291

analyzing under the squared inverse distance weight
matrix at national, regional, and city administrative
rank levels, except for the eastern region.

The spatial coefficients of W, D are significantly
negative in columns (2)-(3), significantly positive in
column (4), negative but insignificant in column (1), (5),
and (6) (see Table 6). The results suggest that the spatial
spillover effect of pollution mitigation caused by SCP
on urban haze pollution can be established in pilot cities
in eastern and central China under the squared inverse
distance weight matrix. However, the spatial spillover
effect of the implementation of SCP aggravated
the haze pollution of the pilot cities in western China
under the squared inverse distance weight matrix,
thereby verifying the presence of “beggar-thy-neighbor”
effect.

It is worth noting that the spatial coefficients of
WD are significantly negative in columns (1)-(6),
indicating that the spatial spillover effect of pollution
mitigation caused by SCP on urban haze pollution
can be established in the non-pilot cities neighboring
the pilot cities under the squared inverse distance at
national, regional, and city administrative rank levels.
This result confirms the presence of the “demonstration
effect” of SCP on haze pollution mitigation of the non-
pilot cities.

Overall, the direct and indirect effect (pollution
mitigation) of SCP on urban haze pollution can be
established at national, regional, and city administrative
rank levels under the squared inverse distance weight
matrix. However, the implementation of SCP in one city
can aggravate the haze pollution of other smart cities
in western China. This “beggar-thy-neighbor” effect
deserves further attention.

Through the above analysis, it can be seen that,
in general, SCP reduced urban haze pollution of pilot
cities. Moreover, there exists spatial heterogeneity
in the intensity of the pollution mitigation effect at
regional and city administrative rank levels. In addition,
this study identifies the spatial spillover effect of SCP.

The implementation of SCP has spatial spillover
effects on the neighboring pilot cities and non-pilot
cities, but the spatial spillover effects also show
spatial heterogeneity. The research findings show
that smart city, as a new mode of city development,
could exert an important influence on haze pollution
reduction. This study provides empirical support for the
argument that smart cities could be the ideal solution to
the environmental challenges of rapid urbanization
[15] and, hence, echoes the recent studies that have
investigated the environmental effects of SCP [1, 17,
20].

Different from previous studies, this study directly
focuses on the impact of SCP on urban haze pollution,
adequately explore the heterogeneity of pollution
reduction effect of SCP, and identifies the spatial
spillover effect of SCP on the basis of DID and SDID
models. This indicates that a novel spatial econometric
perspective is more reasonable and, hence, should be
advocated when it comes to the policy effect evaluation
of SCP. Moreover, the effects of SCP on urban
haze pollution can be different by adopting different
spatial weight matrices, and hence great attention
should be paid to the selection of appropriate spatial
weigh matrix.

Limitations of Research

Although this study has initially introduced the
SDID model to investigate the effects of SCP on urban
haze pollution in China, several potential limitations
still deserve in-depth exploration. For instance, due to
the limitation of data, only PM, ; was used as the proxy
indicator of air pollution, future studies can incorporate
other air pollutants (e.g., SO,, NO,, O,, and CO) into
the measurement of urban haze pollution. Additionally,
due to the limitation of technological availability, the
temporal/dynamic effect was ignored in the empirical
analysis, further research can be employed to clarify
this effect in the future.
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Conclusions

Reducing haze pollution should be a theme of smart
city construction, while little attention has been paid to
the pollution reduction effect of SCP. To fill this gap,
this study empirically investigated the effect of SCP on
urban haze pollution in China. The main conclusions of
this study can be drawn as three points.

First, SCP has basically reduced urban haze
pollution at national, regional, and city administrative
rank levels without the consideration of spatial spillover
effects, while there exists a five-year lag at the national
level. Second, on the basis of the SDID model, the
coexistence of the “beggar-thy-neighbor” effect and the
“demonstration effect” of SCP on urban haze pollution
in China are confirmed under the squared inverse
distance weight matrix at the regional level. Last but
not least, the spatial heterogeneity of SCP on urban
haze pollution in China is identified at regional and city
administrative rank levels.

From a managerial perspective, our findings yield
several policy implications. First, the implementation
of SCP helps to balance city construction (economic
development) and environmental protection. Thus,
both central and local governments should incorporate
smart city construction into their economic and social
development plans and vigorously support the smart
city initiatives. This is particularly important when
considering the fact that smart cities in China are still
in the initial stage and there is a great distance from
the real intelligence [17]. The smart cities in China
still have great potential to reduce haze pollution.
Second, smart city construction is an important way
for economically underdeveloped areas to catch up
and surpass. This is true because currently smart cities
in the central and western regions have advantages
over those in the eastern region in reducing haze
pollution. Moreover, third-tier smart cities have
advantages over first- and second-tier smart cities.
Third, the spatial spillover effect of SCP on urban haze
pollution deserves more attention, the “beggar-thy-
neighbor” effect in particular. The traditional viewpoint
of “beggar-thy-neighbor” should be replaced by
the notion of green development with the establishment
of a benefit-responsibility sharing mechanism in the
process of smart city construction. However, this is
inseparable from the top-level design of the central
government and still has a long way to go. Finally,
considering the spatial heterogeneity of SCP on
urban haze pollution, a national framework for
joint governance of urban haze pollution should
be established coupled with the implementation of
SCP. Meanwhile, city resource endowment should
be taken into account and differentiated policies can
be implemented to give full play to the advantages
of various cities. It is extremely critical to avoid
“one size fits all” in the process of top-level design of
SCP.
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