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Abstract 
This paper takes the construction of smart cities as the starting point, and theoretically 
explores the mechanism of the construction of smart cities to promote energy 
conservation and emission reduction on the basis of literature review. method to 
evaluate the energy-saving and emission-reduction effects of the pilot construction of 
smart cities. The research results show that the construction of smart cities can 
effectively reduce the level of environmental pollution; and through the heterogeneity 
test, it shows that the size of the city will affect the implementation effect of smart city 
policies. Finally, according to the mechanism test, it is concluded that the purpose of 
environmental improvement can be achieved by optimizing the industrial structure. The 
research of this project will help deepen the understanding of smart city pilot policies, 
and help reduce carbon emission intensity and achieve green development in the new 
development stage. 
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1. Preface 

Since the 18th National Congress of the Communist Party of China, my country's development 
has paid more and more attention to the construction of ecological civilization. President Xi 
Jinping has made important discussions on carbon peaking and carbon neutrality many times. 
From the official announcement in 2020 that "carbon dioxide emissions will peak by 2030, and 
strive to achieve carbon neutrality by 2060", and then clearly stated in 2021 that "carbon 
peaking and carbon neutrality should be included in the overall layout of ecological civilization 
construction" A series of important discourses, such as these, demonstrate my country's 
determination to the development strategy of energy conservation and emission reduction, and 
promote the construction of an ecological civilization system. 
But looking back over the past 40 years of reform and opening up, China has been focusing on 
economic construction for a long time, and a large number of industries consume resources 
uncontrollably and damage the environment, resulting in my country's ecological and 
environmental problems. Is there a measure to balance the relationship between economic 
development and environmental protection? From the perspective of China's urbanization 
development, due to the fact that many industries are mainly concentrated in cities, coupled 
with the large-scale population effect, environmental pollution problems also follow, and the 
proportion is gradually increasing. As a result, the Chinese government began to explore a new 
development direction. The smart city pilot policy implemented in 2012 was an innovation to 
the traditional urban development model. Then, with the advancement of Internet technology, 
smart cities have played an increasingly important role in economic and social development. It 
has become a key element of the Smarter Earth strategy. 
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So how does the implementation of smart cities work? In other words, can data be used to 
quantify whether the environmental problems of various cities will be improved due to the 
construction of smart cities, so as to provide theoretical support for the construction of smart 
cities? These are questions that need to be explored and resolved. 

2. Literature Review 

Regarding the research on the impact of smart cities, many scholars have conducted research 
and analysis. 
First, the concept of smart city is put forward. Kelly (2004) and other scholars believe that the 
construction of new cities needs to be combined with Internet technology, not only to pay 
attention to rapid economic development, but also to pay attention to the system construction 
of ecological civilization, implement the concept of sustainable development, and integrate it 
into urban development; Caragliu A ( 2011), it is simple to think that the construction of a smart 
city is the integration of technology, integrating modern technology on the basis of tradition, so 
as to realize the sustainable development of the urban economy; China's development should 
integrate the concept of sustainable development to prevent traditional enterprises with high 
emissions and high pollution from entering the market again. 
Second, the construction of smart cities in my country is not perfect, and there are many 
problems. Zheng Jiliang (2019) proposed an ecological environment construction model by 
observing the development of smart cities in some coastal cities in my country, and evaluated 
the policy effects of smart cities. The problem of pollution provides a theoretical basis for the 
future development of smart cities. Li Yang (2018) analyzed the development status of the 
project from the perspective of smart heating, then measured the efficiency of its energy saving 
and emission reduction, explored the impact mechanism of the smart heating project, and 
finally the prospect. Ding Jinqun (2018) believes that my country's smart city construction is 
still immature, the city's development model is not perfect, and some cities lack innovation, and 
have not established urban construction plans for their own characteristics. 
Third, the promotion of technological innovation. Wang Zhidong and Zhang Lin (2016) found 
through research on high-tech, high-tech enterprises and high-end talents that the combination 
of these three can effectively improve the progress of local technical level, thereby promoting 
the development of smart cities; Liu Ruijie (2012) studied China's environmental data and 
Combined with the economic development status, it is found that the technical effect can 
effectively alleviate the problem of environmental pollution, and essentially improve the 
efficiency of enterprise resource utilization. 
To sum up, scholars have carried out a wealth of research on whether the construction of smart 
cities will improve environmental pollution, but most of the research is in qualitative analysis, 
and there is little empirical analysis on environmental improvement and economic 
development of smart cities. Therefore, this paper takes the construction of smart cities as the 
starting point, based on the data of 210 prefecture-level cities from 2005 to 2017, and uses the 
method of double difference to evaluate the energy saving and emission reduction effects of 
pilot construction of smart cities. It has certain theoretical research significance and important 
practical significance to put forward corresponding countermeasures and suggestions for 
promoting smart city construction and high-quality economic development. 

3. Research Design 

3.1. Research Hypothesis 
Industrial upgrading in smart cities can alleviate environmental pressure and improve 
operational efficiency. By giving priority to the development of the tertiary industry, it can 
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promote high-quality economic development on the basis of protecting the environment. 
Therefore, assumption 1 is made: the construction of smart cities can achieve environmental 
protection by optimizing and upgrading the industrial structure. purpose of protection. 

3.2. Model Construction 
This paper uses the difference-in-difference method to explore the impact factors of smart cities 
on the environment, stemming from the possible endogeneity between explanatory variables 
when evaluating a policy, and the difference-in-difference method can effectively solve this 
problem. First, two dummy variables are constructed, Du and Dt, which represent smart city 
pilot cities and non-pilot cities and policy implementation time, respectively, where Du=1 
represents cities that have established smart city policy pilots, and Du=0 represents cities that 
have not established smart city pilots. City. Dt represents the time dummy variable. Dt=0 means 
that the period is before the policy occurrence period, and Dt=1 means that the period is after 
the policy occurrence time. my country began to formally propose the construction of smart 
city pilots in 2012, so this paper will 2012 become the The urban sample of the smart city pilot 
is regarded as the experimental group, which is represented as Dt=0 before 2012 and Dt=1 after 
2012. DuDt is the interaction effect between policy effect and time effect. Based on the above 
analysis, the model established in this paper is: 
 

Pulgas = α + α D × D + b Z + ε  

Pulwas = α + α D × D + b Z + ε  

 

Represents the sulfur dioxide emissions of a city i in the t year. Due to insufficient data sources 
and data availability, this paper will use the logarithm of sulfur dioxide to represent the 
industrial waste gas index; similarly, it also means that a city i is in the t The industrial 
wastewater discharge amount in year t, and the logarithm is taken to represent the industrial 
wastewater index, indicating other control variables that have an impact on environmental 
pollution. For example, the level of economic development is often negatively correlated with 
environmental problems; technological progress can improve efficiency. Environmental 
protection has a positive effect, and also includes the proportion of the secondary industry, the 
level of opening to the outside world, etc., which represent random disturbance terms. DuDt 
represents the interaction term of double difference, which represents the impact of smart city 
construction on the environment. 

3.3. Sample Data and Indicators 
This paper uses per capita GDP (ten thousand yuan) to represent the level of economic 
development. In addition, according to the environmental Kuznets theory, the level of economic 
development and the level of environmental pollution have an "inverted U-shaped" 
relationship, so the square of per capita GDP is added to the control variable. The industrial 
structure is represented by the proportion of the secondary industry; the level of opening to 
the outside world is represented by the total import and export; the level of technological 
progress is represented by the per capita patent authorization at the end of the year. Except 
GDP per capita, all other values are logarithmic. The data in this paper are mainly taken from 
the China Urban Statistical Yearbook. 
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4. Analysis of Empirical Results 

4.1. Hausman Test 
Before performing the benchmark regression, it is necessary to determine whether there is a 
significant difference between the two types of estimators, that is, a fixed-effect model or a 
random-effect model. Here, we choose to use the Hausman test model form and add four control 
variables, respectively for industrial waste gas. Based on the data in Table 1 and Table 2, it is 
found that the difference between the two indicators and the control group is not large, and the 
P values of the two indicators are both equal to 0, indicating that the estimation results 
significantly reject the null hypothesis" H: is irrelevant", so this paper will use the fixed effect 
model to calculate. 
 

Table 1. Haussmann Test for Industrial Waste Gas Indicators 
Industrial waste gas indicators fe re difference Std.err 
GDP of the secondary industry 0.0001766 0.0001719 4.72e 1.19e 

Total import and export -2.43e -2.35e -7.94e 1.09e 
GDP per capita 5.21e 7.84e -2.63e 6.95e 

Number of patents -0.0000157 -0.000016 3.26e  
 

Table 2. Haussmann Test for Industrial Waste Gas Indicators 
Industrial waste gas indicators fe re difference Std.err 
GDP of the secondary industry -0.000863 0.000085 -0.0001713 0.0000121 

Total import and export 9.31e 0.0000104 -1.13e 1.49e 
GDP per capita 1.31e -7.86e 2.10e 1.96e 

Number of patents -0.0000167 -0.0000218 5.12e  

4.2. Benchmark Regression 
According to the regression results in Table 3, it can be seen that without adding control factors, 
the two indicators of environmental pollution, per capita wastewater and per capita waste gas, 
have a significant negative correlation with the implementation of smart city policies. 
Implementation can effectively suppress the discharge of waste water and exhaust gas. Then 
the control variables are added for regression. From the results, it can be seen that the 
inhibitory effect of smart cities on environmental pollution still exists, but both pollution 
indicators have decreased to a certain extent, which also shows that the added control variables 
also affect the environment. There is a certain influence between pollution and the 
implementation of policy effects. From the data point of view, the implementation of smart city 
policies has significantly reduced exhaust gas emissions by 9.67% and wastewater emissions 
by 19.11%, which has a direct effect on environmental improvement; from the perspective of 
technological innovation, advanced technological reforms will alleviate the mitigation to a 
certain extent. The pollution problem is manifested in that it can significantly reduce 18% of 
waste gas emissions and 10.5% of waste water emissions. At the same time, with the continuous 
innovation and reform of technology, enterprises can use more funds for technological 
transformation. The higher the level of urban science and technology development, the higher 
the development efficiency of the city, which leads to the elimination of traditional industries 
that cannot follow up, and then transformed into enterprises with less pollution and higher 
efficiency. However, due to certain factors, A new technology cannot be transformed into 
efficient productivity or can not be effectively used in the first time, and due to urban 
differences, the application of technology and the improvement of efficiency also take a certain 
period of time, so it will not play a role in inhibiting environmental pollution. to the effect. From 
the perspective of industrial structure, industrial structure has a significant positive effect on 
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environmental pollution indicators, so industrial structure will have a destructive effect on the 
environment, so industrial structure is a cause of environmental pollution, and it is urgent to 
transform and improve. 
 

Table 3. Benchmark regression results 
 (1)exhaust gas (2)waste water (3)waste water (4)waste water 

dudt 
-0.2324 
(0.067) 

-0.2132 
(0.007) 

-0.0967 
(0.156) 

-0.1911 
(0.032) 

Technological innovation   
-0.18e 

(0.880) 
-0.105 
(0.205) 

GDP per capita   
-0.178e 
(0.603) 

-0.384e 
(0.119) 

level of opening   
-0.04e 

(0.795) 
0.0001 
(0.122) 

Industrial structure   0.00027 
(0.073) 

0.00197 
(0.096) 

Squared term of GDP per capita   0.7069 
(0.185) 

-0.00817 
(0.839) 

constant   -3.452 -1.950 

4.3. Robustness Test 
4.3.1. Common Trend Test 
In order to solve the systematic differences in the changes of smart city pilot cities and other 
cities, it is necessary to conduct a trend test on the two, that is, whether the changes before and 
after the implementation of the policy are basically the same, so as to reduce the estimation 
deviation of double difference. This paper adopts the PSM-DID method. According to the data 
in Table 4, the differences between smart cities and non-smart cities before 2012 were small 
and relatively stable. From 2012, the experimental group began to show a larger growth change 
compared with the control group, and the gap has been increasing. It shows that the 
development trend of the two groups of variables is the same before 2012, excluding factors 
other than the policy influence, and the obvious difference between the experimental group and 
the control group after the policy occurrence time is in line with the common trend hypothesis, 
so this paper uses A sample of the PSM-DID model was applied to perform econometric 
regression. 
 

Table 4. Common Trend Test 

pollution index Coefficient P>t 
dt -0.0915 0.072 

2009 -0.2089 0.042 
2010 -0.1750 0.089 
2011 -0.1053 0.306 
2012 -0.1769 0.085 
2013 -0.2351 0.022 
2014 -0.2372 0.025 
2015 -0.3321 0.001 

4.3.2. PSM-DID Inspection 
The basic regression results show that the smart city policy has indeed played a huge role in 
improving the level of environmental quality. However, in order to avoid possible estimation 
biases, the PSM-DID robustness test is performed on the regression structure again. The results 
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are shown in Table 5. The results show that There was no significant difference in each 
covariate after matching, while the difference between the explained variables was obvious, 
which indicated that there was no systematic difference between the experimental group and 
the control group after PSM matching. 
 

Table 5. PSM Inspection 
Variable matched treated control Bias% 

GDP per capita 
U 6.478 4.917 49.7 
M 6.47 6.6907 -6.8 

GDP of the secondary industry 
U 54.136 31.633 41.0 
M 54.136 53.217 1.7 

Technological innovation 
U 3.9604 3.9556 3.0 
M 3.9604 3.9723 -7.4 

level of opening 
U 2.0509 1.2864 60.4 
M 2.0509 1.9019 11.8 

 

After the above tests are obtained, a new set of experimental groups and control groups will be 
obtained, and then the benchmark regression will be performed by the double difference 
method. According to the regression results, it can be seen that the inhibitory effect of smart 
cities on environmental pollution is very effective. The indicators are all negatively correlated 
with smart city policies, reducing the per capita industrial waste gas emissions by 21.9% and 
the per capita industrial wastewater emissions by 10.8% respectively. This result is not much 
different from the previous results. The significant inhibitory effect also made another test for 
the previous conclusion. 
 

Table 6. PSM-DID regression results 
VARIABLES (1) exhaust gas (2) waste water (3) exhaust gas (4) waste water 

dudt 
-0.495 

(0.0675) 
-0.237 

(0.0446) 
-0.219 

(0.0659) 
-0.108 

(0.0473) 

Number of patents   
-0.0866 
(0.0339) 

-0.0662 
(0.0244) 

GDP per capita   
0.00895 

(0.00123) 
0.00188 

(0.000881) 

Total import and export   
0.297 

(0.139) 
0.105 

(0.099) 

GDP of the secondary industry   1.911 
(0.210) 

0.875 
(0.151) 

Squared term of GDP per capita   0.172 
(0.0722) 

0.156 
(0.0519) 

constant 4.834 
(0.0159) 

2.824 
(0.0105) 

-4.452 
(1.190) 

-1.772 
(0.855) 

4.4. Heterogeneity Test 
4.4.1. Heterogeneity Test of City Size 
Since there are differences in the scale and technological level of different cities, which affect 
the accuracy of the conclusions, a heterogeneity test is carried out for different cities to explore 
the effect of smart city policies on cities of different scales. The regression results are shown in 
Table 4-6. It can be seen from the data that in some cities with large populations, the effect of 
smart city policies on environmental pollution is more obvious. This is because, in large-scale 
cities, the level of economic development, technological innovation The level of ability and 
talent quality is relatively high, which provides a good foundation for the implementation of 
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smart city policies and is conducive to the implementation and development of policies; on the 
contrary, for some smaller cities, the impact of smart city policies is limited, but it can also To a 
certain extent, the impact of environmental pollution is reduced. This is because in small-scale 
cities, the level of economic development is not high, the ability of scientific and technological 
innovation is insufficient, and there are insufficient conditions to retain high-tech talents. For 
cities with super-large populations, the inhibitory effect of smart city policies is not significant. 
It may be due to the large population and complex implementation environment, coupled with 
a large number of household waste pollution, the environmental damage caused is also 
relatively serious. Therefore, the policy has just been implemented. At the time, some large-
scale cities need some buffer space. Finally, large-scale cities often have a sound government 
structure, accurate division of responsibilities, and effective cooperation between government 
departments, which provides a foundation for the implementation and implementation of 
policies. To develop in a direction that is more beneficial to the interests of the people. 
 

Table 7. City-Size Heterogeneity Test 

 
(1) 

Pop<=100 
(2) 

Pop>100 
(3) 

100<pop<=500 
(4) 

500<pop<=1000 
(5) 

Pop>1000 

Exhaust emissions 
-0.274 
(0.316) 

-0.124 
(0.0586) 

-0.110 
(0.0725) 

-0.187 
(0.108) 

0.149 
(0.455) 

Wastewater discharge 
0.264 

(0.341) 
-0.164 

(0.0475) 
-0.0865 
(0.0587) 

-0.373 
(0.0884) 

0.247 
(0.535) 

4.5. Mechanism Inspection of Industrial Structure 
Table 8. Mechanism Test Regression Results 

VARIABLES 
(1) 

exhaust gas 
(2) 

waste water 
(3) 

exhaust gas 
(4) 

waste water 

lnintgdp 
-0.135 
(0.015) 

-0.078 
(0.0117) 

-0.0411 
(0.0153) 

-0.0517 
(0.0125) 

Number of patents   
-0.0738 
(0.022) 

-0.0676 
(0.018) 

GDP per capita   -0.0894 
(0.0159) 

0.002 
(0.013) 

Total import and export   0.017 
(0.0232) 

0.00238 
(0.0191) 

GDP of the secondary industry   
0.87 

(0.102) 
0.259 

(0.0839) 

Squared term of GDP per capita   
0.00116 

(0.000429) 
3.96e 

(0.000352) 

constant   
1.351 

(0.424) 
1.536 

(0.347) 

 
Since the Industrial Revolution, China's industrial structure has begun to transition to the 
tertiary industry. While developing productivity and economic level, it has neglected the 
damage to the environment, resulting in more and more serious environmental problems. The 
implementation of the development direction of smart city has not only driven the rapid 
development of smart industry, but also other surrounding industries related to smart city 
construction have also risen rapidly. By accelerating industrial upgrading, smart city 
construction promotes the continuous development of high-tech industries with high efficiency 
and low pollution. Because the tertiary industry is mainly a clean and low-energy-consumption 
industry, the damage to the environment is relatively small, so many traditional industries with 
large pollution emissions Enterprises will be rectified or even eliminated, and gradually 
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transition to environmentally friendly new energy enterprises, so the transition of the 
industrial structure to the tertiary industry should be accelerated. To test Hypothesis 1, this 
paper will consider the control variable (tgdp) of the tertiary industry structure, and do a cross 
term (intgdp) regression between DuDt and tgdp. The regression results are shown in Table 8. 
It can be seen from the data that smart city policies can optimize the industrial structure, 
improve industrial utilization efficiency, and achieve the purpose of controlling environmental 
pollution. Wastewater discharge. 
Through the above tests, hypothesis 1 is verified. The construction of smart cities can improve 
the problem of environmental pollution by optimizing the industrial structure and improving 
the allocation of resources. 

5. Conclusions and Recommendations 

5.1. Conclusion 
As a new road and direction of urban development, smart city, with its high efficiency, low 
pollution and other characteristics, has built a solid bridge between high-quality economic 
development and environmental protection, bringing more benefits to urban construction. 
Green production methods reduce carbon emissions on the basis of facilitating life, adhere to 
the strategic focus of energy conservation and emission reduction, and make important 
contributions to urban development and the realization of the dual carbon goal. 
This paper selects the panel data of 210 prefecture-level cities for 13 years from 2005 to 2017, 
and uses the double difference method to draw the following conclusions: the construction of 
smart cities can indeed effectively reduce the level of environmental pollution, which is 
reflected in the reduction of 9.67% of exhaust emissions and 19.11% of The waste water 
discharge has a direct effect on environmental improvement; advanced technological reform 
will alleviate the pollution problem to a certain extent, which can be significantly reduced by 
18% of waste gas discharge and 10.5% of waste water discharge. In addition, the regression 
results show that with the acceleration of economic development, the problem of 
environmental pollution will also increase, so there is a negative correlation between the level 
of economic development and environmental pollution. From the perspective of industrial 
structure, the secondary industry structure does cause pollution to the environment, but with 
the upgrading and excess of the industrial structure, in the process of turning to the tertiary 
industry, the data shows that the tertiary industry has an inhibitory effect on environmental 
pollution. 

5.2. Recommendations 
First, promote the construction of smart cities, combine energy conservation and emission 
reduction, and the concept of sustainable development. On the basis of improving people's 
livelihood, focus on the allocation of environmental resources, efficient operation and 
development, establish sound environmental protection measures, improve basic public 
facilities, and increase production efficiency. , reduce the level of environmental pollution. In 
the context of the Internet, artificial intelligence, Internet of Things, cloud computing and other 
methods are integrated into environmental protection, and existing resources are rationally 
utilized to build a new city of "green development". 
Second, adjust the industrial structure. First, optimize the industrial structure, advocate the 
development of green and environmental protection industries, gradually eliminate traditional 
high-polluting industries, vigorously support and cultivate enterprises with low energy 
consumption, low pollution emissions, and high resource utilization, and promote the 
upgrading of the industrial structure; Under the current background, the new urban 
development model promotes the adjustment and transfer of the industrial structure, and 
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builds a high-efficiency, low-emission industrial system, so as to realize the coordinated 
development of urban economic growth and the environment. 
Third, encourage technological innovation and technological innovation, increase capital 
investment in scientific research, enable enterprises to develop and use more effective 
environmental protection technologies, and make full use of scientific and technological means 
to reduce environmental damage; continuously cultivate and attract high-quality talents, Only 
high-quality talents can play a major role in promoting the urban economy and urban 
construction. Through the supervision of environmental issues, theoretical analysis, proposal 
proposal, and decision-making, environmental pollution problems can be solved in a timely and 
effective manner. 
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