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Abstract 

This paper first analyzes the spatial correlation of annual average PM2.5 data of 
prefecture-level cities from 2001 to 2016 to test the spatial effects of smog pollution in 
China. Secondly, a spatial Dubin model was constructed to analyze the socio-economic 
influence factors of smog pollution in China. The conclusions showed that: (1) the smog 
pollution in China showed a significant positive correlation; (2) various socio-economic 
factors had a significant impact on smog pollution, of which There is a Kuznets curve 
between economic development and smog pollution; there is a positive "N" relationship 
between population size and smog pollution; other economic factors including energy 
consumption, transportation, and industrial structure have significant effects on smog 
pollution "Contribution" role. (3) Due to the significant differences in haze pollution in 
the region, the government should adopt environmental management measures tailored 
to local conditions. At the same time, taking into account space spillover effects, cities 
should strengthen their joint prevention and control capabilities and jointly manage 
across regions. The significant impact also indicates that the smog pollution should be 
effectively controlled within the city by improving the economic structure. 
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1. INTRODUCTION 

Over the past three decades, China has made remarkable economic achievements. However, 
in the process of rapid economic development, the lack of protection of the atmospheric 
environment, China has suffered severe air pollution, especially fine particulate matter (PM2.5) 
pollution, which has become a serious problem for Chinese cities. Pollution has the 
characteristics of high frequency and high pollution. Initially in 2013, smog weather in China 
appeared on a large scale, covering nearly a quarter of China's land area, and nearly half of the 
people's daily lives were adversely affected. "Nature" authoritative magazine points out that 
continuous high-concentration haze weather will reduce human life span and even devour 
people's lives. The elderly and children with poor resistance are high-risk groups. The most 
common is respiratory infections, and haze can be seen. The harm to human health is alarming 
and cannot be ignored. In January 2013, 1.4 million square kilometers of harmful fog covered 
China, affecting more than 800 million people. In 2015, PM2.5 pollution caused 1.1 million 
deaths in China, during which the number of children with pneumonia increased dramatically. 
At the beginning of 2017, “Beijing was swallowed by the haze and clouds in 20 minutes, 
disappeared in people ’s sight, and set a new historical record”, and other reports on smog 
weather in China occupied almost the headlines of all European media and were over-rendered. . 
The rapid expansion of heavy haze reduces the visibility of the air, traffic is blocked, and people's 
travel is inconvenient. In addition to the impact on health and travel, more people are paying 
attention to the economic losses caused by smog. According to statistics, the annual loss caused 
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by air pollution is estimated to exceed one trillion yuan. The smog pollution has become normal 
throughout the country, the operating costs of foreign-funded enterprises have increased, and 
labor productivity has decreased, which has seriously hindered China from attracting foreign 
investment; the overall decline in air quality has made China lose its advantage in introducing 
high-level foreign talents and attracting tourists. The good image of China's megacities is greatly 
reduced. Its negative impact has brought huge economic losses to China, and it has become a 
bottleneck factor restricting the improvement of the quality of economic development, which 
should not be underestimated. In recent years, the party and the government have attached 
great importance to the management of smog. The 19th National Congress of the Communist 
Party of China put forward the fight against pollution as the three major battles to win a well-
off society in an all-round way. Therefore, studying the causes of smog pollution and identifying 
the root cause can provide a certain basis for smog management. 

2. LITERATURE REVIEW 

So far, there are many studies on the socio-economic driving forces of air pollution, but most 
of them focus on carbon emissions (Alam et al., 2016 [1]; Kais and Sami, 2016 [12]; shen et al., 
2018 [27]; Shuai et al., 2017 [28]; Wu et al., 2018 [32]), and other compounds targeting sulfur 
oxides, nitrogen oxides, or PM10 (Chang et al., 2018 [2]; Sinha, 2016 [29]; xie et al., 2016 [33]; 
zhao et al., 2018 [40]). 

In terms of PM concentration, the early researches on it were mainly concentrated in the field 
of natural sciences, and the research results were mostly related to the chemical composition 
of haze and natural factors. A large number of studies have been conducted from the 
perspectives of chemistry, meteorology, human health and their sources. These studies show 
that smog is affected by many natural factors, including temperature, relative humidity, wind 
speed, and water vapor pressure. (Pateraki et al., 2012 [24]; Onat and eva, 2013 [22]). In 
addition to these meteorological factors, smog is also affected by human socio-economic 
activities. Ma Xiaoqian et al. (2016) [21] found in research that socio-economic factors are the 
root cause of frequent and serious smog pollution in Beijing-Tianjin-Hebei region. Natural 
factors such as meteorology are only important factors affecting smog pollution. Therefore, 
research based on a socio-economic perspective is very important. In recent years, more and 
more scholars have devoted themselves to research in this field, generally from the following 
aspects: 

The first is the impact of the level of economic development on smog pollution. It mainly 
focuses on the study of whether there is a Kuznets curve between the two. Grossman and 
Krueger proposed the famous theory of environmental Kuznets curve, that is, an inverted "U" 
relationship between economic growth and environmental quality, providing a theoretical basis 
for related research. Yu Hao (2015) [6] based on 2013 PM concentration and air quality index 
data of 73 cities in China, and proved that there is an inverted U-shaped environmental Kuznets 
curve in China's air quality. However, some scholars believe that the typical environmental 
Kuznets curve does not always exist in China. Due to different research samples and empirical 
methods, the relationship between economic growth and environmental pollution will show 
different curves, similar to U-shaped curves, N-type curve, etc. (Yanchao, 2019) [36]. For 
example, Qi Shaozhou and Yan Yaxue (2017) [26] verified the Kuznets curve of the smog 
environment using 232 cities across the country as a research sample, and found that only a few 
cities had an inverted U-shaped EKC in the smog, and most cities had a smog. It is U-shaped with 
economic development, and the "environmental Kuznets" hypothesis does not hold. Lu Hua 
(2015) [19] and He Feng (2016) [8] studied the relationship between China's economic growth 
and smog pollution based on the municipal and provincial levels, and found that It is an N-type 
relationship. 
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The second is the impact of urbanization on smog pollution. Some scholars believe that high 
urbanization means large-scale industrial production, increase in car ownership and use, and 
increase in urban construction. These not only greatly increase carbon emissions, but also 
increase emissions of fine particulate pollutants. Haze has a positive relationship with smog. 
Liu Chenyue and Xu Yingzhi (2017) [17] based on the intermediary effect, that population and 
industrial urbanization have significant direct and indirect effects on exacerbating smog 
pollution, while land urbanization has no significant impact. Lei Yutao (2019) [14] Taking 112 
environmentally friendly cities as an example, he found that from an independent perspective, 
new urbanization will intensify smog pollution, and the industrial structure can mitigate smog 
pollution through two paths of rationalization and advanced; From the perspective, the 
interaction between new-type urbanization and industrial structure has a positive effect on 
magnifying the effect of reducing haze. Therefore, it is necessary to focus on the integration of 
production and city and give play to the combined advantages of controlling haze. Lin Baiqiang 
(2018) [16] and others based on the EKC (environmental Kuznets curve) theory and BMA 
(Bayesian model average) analysis of urban air quality changes in the process of urbanization 
in China, the results show that urbanization The process has a significant negative impact on 
atmospheric pollutant concentrations, and cities with higher urbanization rates tend to have 
lower air pollutant concentrations. Of course, some scholars point out that the relationship 
between urbanization and smog pollution is not a linear change, but an inverted u-shaped 
relationship. Such as Xi Ji (2018) [11], Yanchao Feng (2020) [36] and so on. And Yanchao Feng 
(2020) [36] found in research that smog pollution has a u-shaped curve in large cities, and only 
an inverted u-shaped curve in small and medium cities. This is the space for smog pollution 
caused by urban expansion between cities of different sizes The transfer of risk provides clear 
evidence. 

The third is the impact of industrial structure on smog pollution. Industrial structure is 
usually measured by the percentage of GDP added by agriculture, industry, and services. And 
many scholars found in research that the increase of industrialization in the three major 
industries will aggravate smog pollution. Feng Feng (2015) [7], Fang Shizhen (2017) [5], KuiLuo 
(2018) [20] and other scholars all believe that the proportion of the secondary industry is the 
main factor causing smog pollution. PengJiang (2018) [10] found that industrial activities 
contributed more to the increase in smog than other factors. Cheng Zhonghua (2019) [3] Based 
on the statistical data of 285 prefecture-level cities and above in China from 2003 to 2016, the 
relevant research shows that although the advanced industrial structure has a strong effect on 
smog reduction, the industrial structure is rationalized. It can also promote the reduction of 
smog. 

Fourth, the impact of foreign direct investment on smog pollution. In the study of the impact 
of foreign investment on the environmental quality of the host country, there are usually two 
views. One is the "pollution paradise" hypothesis, that is, high pollution enterprises introduced 
by FDI enter developing countries with lower environmental protection standards, which will 
cause pollution transfer. The host country's environmental quality has deteriorated. Foreign 
scholars such as Pao and Tsai (2011) [23] and Kivyiro (2014) [13] conducted empirical research 
on some countries in Russia and Africa by using autoregressive lag models and found that FDI 
is a factor that affects the environmental quality of these countries. Domestic scholars such as 
Zhou Li (2015) [41] and Zeng Hao (2019) [38] found that FDI has a positive impact on smog 
pollution at the provincial level, that is, the "pollution paradise" hypothesis is established. The 
other view is the "pollution halo" hypothesis, that is, FDI enters the host country with new 
science and technology and industry, which promotes the improvement of its environmental 
quality. In related research, scholars such as Xu Helian (2012) [21], Li Li (2016) [15], Jiang Lei 
(2018) [9], YingzhiXu (2020) [37], etc. have all found that foreign investment can reduce fog 
Haze pollution, that is, the "pollution halo" effect. 



World Scientific Research Journal                                                      Volume 6 Issue 5, 2020 

ISSN: 2472-3703                                                       DOI: 10.6911/WSRJ.202005_6(5).0004 

43 

In addition to the above factors, scholars have considered other social factors such as 
technological innovation (QianZhou, 2019) [25], traffic congestion (Liu Huajun, 2019) [18], 
environmental regulations (Zhang Cheng, 2019) [39], and other social factors. Its impact on 
smog pollution. 

Looking at the previous literature, there are still unavoidable deficiencies in the research. 
First, scholars' conclusions are inconsistent. Fang et al. (2015) [4] believes that population is 
the most important factor affecting PM emissions. Xu et al. (2016) [34] and Wang and Fang 
(2016) [31] believes that economic growth is the decisive factor. To solve these problems clearly, 
more comprehensive analysis is needed. Second, since PM monitoring data was released in 
China in 2013, most studies have come to conclusions based on cross-sectional data, while 
previous studies have rarely used panel data. However, Van Donkelaar et al. (2010) [30] began 
to extract PM concentration data from aerosol optical thickness (AOT) since 1999. It is shown 
that the panel data of PM concentration can be applied to future research to obtain More reliable 
cause of PM2.5 concentration. In addition, many literatures still use provincial data for 
quantitative analysis. However, due to the different levels of industrialization and urbanization 
between cities, there are significant differences in PM2.5 concentrations and economic 
development levels among cities. Using provincial data will ignore these differences, which may 
lead to Estimation and analysis errors. Moreover, China's provinces have large spatial scales and 
large internal differences. It is difficult to use provincial data to capture the spatial correlation 
and space spillover effects of PM2.5. Therefore, based on the prefecture-level city level, this paper 
uses the 2001-2016 annual average PM2.5 average value obtained from the Columbia University 
International Geoscience Information Network Center (CIESIN) to measure the aerosol optical 
thickness (AOD) using satellite-borne equipment to construct a balanced panel Data, 
comprehensive analysis of socio-economic factors affecting smog pollution. These influencing 
factors will provide scientific basis for local governments to formulate effective and targeted 
policies and contribute to the reduction of national PM2.5 concentration. 

3. CONSTRUCTION OF SPATIAL MEASUREMENT MODEL AND VARIABLE 
SELECTION 

3.1. Spatial Measurement Model Setting 

Considering that there may be spatial spillover effects of smog pollution in China, there may 
be deviations in ordinary measurement models. This paper will use a spatial measurement 
model to analyze the socio-economic factors of smog pollution from a spatial perspective. This 
article specifically uses the more general spatial Dubin model (SDM), which is the general form 
of the spatial lag model (SLM) and the spatial error model (SEM). 

 

𝑦 = 𝑐 + 𝜌 ∑ 𝑊𝑖𝑗𝑌𝑖𝑗 + 𝛼𝑋𝑖𝑡 + ∑ 𝑊𝑖𝑗𝑌𝑖𝑡𝛾 + 𝜇𝑖𝑡 + 𝜆𝑡 + 𝜀𝑖𝑡
𝑛
𝑗=1

𝑛
𝑗=1            (1) 

 

In the formula,  𝑌𝑖𝑗   is the dependent variable; 𝑋𝑖𝑡   is the independent variable; 𝛼  is the 

independent variable coefficient; 𝑐  is the constant term; 𝜌  is the dependent variable space 
autoregressive coefficient; 𝛾  is the independent variable space lag coefficient, 𝜇𝑖𝑡  and 𝜆𝑡  
represent the space effect and time Effect; 𝜀𝑖𝑡  is the residual term; 𝑊𝑖𝑗  is the spatial weight 

matrix, which indicates the degree of correlation and interaction between the various spatial 
elements;  𝛼𝑋𝑖𝑡  indicates the influence of the independent variable in the region on the 
dependent variable; 𝑊𝑖𝑗𝑌𝑖𝑡indicates the independent variable in the region on the neighboring 

region The effect of the dependent variable is the space spillover effect. 
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3.2. Index Selection 

3.2.1 explained variables 

Haze pollution (PM2.5): Considering that PM2.5 is the main culprit causing smog pollution and 
has the greatest impact on the environment and the health of residents, this article chooses the 
annual average value of PM2.5 to measure smog pollution. 

3.2.2 Core explanatory variables 

(1) Economic growth (gdp): This article intends to use the per capita gdp to represent the 
level of economic development. In order to prove the above conjecture, this article will add a 
square term for testing. At the same time, in order to eliminate the inflation factor, this paper 
takes the per capita gdp in 2001 as the base period and uses the gdp deflator to process the 
actual per capita gdp. 

(2) Population Density (pop): Since the size of each city will be ignored by simply measuring 
the total population, it is not scientifically comparable to directly examine the impact of 
population on haze, so this article uses population density to measure its Impact on smog 
pollution. 

(3) Technological innovation (pat): Technological innovation can further improve the level of 
technological progress. It is a key link in controlling environmental pollution and improving 
environmental quality. It is important and most useful for improving environmental quality. 
This article chooses the amount of patents granted at the city level as a measure of technological 
innovation, which can better measure the level of urban innovation. 

3.2.3 Control variables 

(3) Industrial structure (ind): Most studies have also found that industry and construction in 
the secondary industry are the main factors affecting smog pollution. Therefore, this article 
speculates that the secondary industry has a positive impact on smog pollution. This article uses 
the proportion of personnel in the secondary industry to represent the indicators of the 
secondary industry. 

(4) Energy Consumption (en): This article speculates that energy consumption has a positive 
impact on smog pollution. Due to limited data acquisition, this paper uses the annual electricity 
consumption of each city to replace this indicator. 

(5) Foreign direct investment (fdi): This article first converts the foreign direct amount into 
RMB units, and then measures the index by its proportion to GDP. 

Transportation (trans): This article selects the total passenger transportation volume of each 
city to represent this indicator. 

3.3. Data Source 

The PM2.5 data in this article were obtained from the Battle Institute and Columbia 
University's International Geoscience Information Network Center (CIESIN) using satellite-
borne equipment to measure the aerosol optical thickness (AOD) as described above. The 
patent data comes from the national intellectual property platform, and the remaining 
economic indicators come from the China City Statistical Yearbook and the statistical bulletins 
of the national economic and social development of each city. Because there are some missing 
data in the data collection, in order not to affect the empirical results, this article deletes some 
of the missing cities, and the remaining 254 prefecture-level cities are empirically returned. 
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4. EMPIRICAL RESEARCH 

4.1. Spatial Correlation Analysis 

4.1.1 Space weight setting 

In order to perform correlation analysis, we need to set a spatial weight matrix. According to 
the laws of geography, any thing or phenomenon is interconnected and affects other things or 
phenomena around it. The same is true of the problem of smog pollution between cities. The 
closer the city is, the greater the impact of smog pollution on the local city. Therefore, this paper 
constructs the related spatial weight matrix through geographic distance attenuation. This 
article takes 294 prefecture-level cities as the analysis object, first obtains the latitude and 
longitude data of these 294 prefecture-level cities, and then uses the stata software to calculate, 
and the spatial distance attenuation spatial weight (W1) is set as follows: 

𝑊𝑖𝑗 = {
1

𝑑2⁄       𝑖 ≠ 𝑗

0           𝑖 = 𝑗
 

Where 𝑑 is the Euclidean distance between the regions, and W_ij represents the square of 
the reciprocal of the space centroid distance between the two regions. The weight matrix 
overcomes the spatial interaction caused by the complex geographical environment and is more 
in line with objective facts. 

4.1.2 Test of spatial correlation results 

In order to verify the spatial correlation of smog pollution in China, the global Moran index 
and Geary C index were used to analyze the spatial correlation under the distance attenuation 
weight matrix. The analysis results are shown in Table 1 

 

Table 1. Variable descriptive statistics 

year Moran’s I p-value Geary’s C p-value 

2001 0.538 0.000 0.472 0.000 

2002 0.514 0.000 0.477 0.000 

2003 0.486 0.000 0.505 0.000 

2004 0.425 0.000 0.548 0.000 

2005 0.446 0.000 0.533 0.000 

2006 0.457 0.000 0.529 0.000 

2007 0.501 0.000 0.485 0.000 

2008 0.452 0.000 0.522 0.000 

2009 0.438 0.000 0.536 0.000 

2010 0.458 0.000 0.523 0.000 

2011 0.463 0.000 0.519 0.000 

2012 0.452 0.000 0.523 0.000 

2013 0.483 0.000 0.515 0.000 

2014 0.439 0.000 0.541 0.000 

2015 0.484 0.000 0.504 0.000 

2016 0.470 0.000 0.519 0.000 
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From the results, under this spatial weight, Moran's I is greater than 0, and is significant at 
the level of 1%, then there is a significant spatial positive correlation concentration of smog 
pollution in cities in China. High-concentration PM2.5 cities are adjacent to multiple high-
concentration PM2.5 cities, and low-concentration PM2.5 cities are adjacent to multiple low-
concentration PM2.5 cities. Characteristics of haze-contaminated areas. At the same time, the 
spatial correlation coefficient remained above 0 and a strong and significant level from 2001 to 
2016, indicating that the spatial positive correlation relationship of smog pollution is relatively 
stable. In addition, observe the Geary's C index, which is also greater than 0 from 2001 to 2016, 
and is significant at the level of 1%, which still shows that there is a significant spatial positive 
correlation concentration of smog pollution in cities in China, which is derived from the global 
Moran's I The conclusions are consistent, so that the spatial effect of smog pollution in China's 
cities can be tested. 

4.2. Spatial Model Inspection 

The previous spatial correlation test confirmed that there is a spatial clustering feature of 
smog pollution in China, so a spatial measurement model was selected for statistical testing. 
First, the results of the spatial autocorrelation test of the residuals of the ordinary panel data 
model (OLS) regression are shown in Table 2. The p-statistics of LM lag, Robust-LM lag and LM 
error, Robust-LM error are all 1%. The significance level is significant, indicating that the 
construction of a spatial econometric model is more reasonable. Then the LR test and Wald test 
are performed on the SDM model. The results are shown in Table 3. From the results, the 
coefficient levels are significant, indicating that the SDM model is stable and cannot be degraded 
to SLM or SEM model; the final Hausman test result shows that the 1% significance level test is 
passed, and a fixed effect model should be selected. Finally, the LR test was used again to find 
that the SDM model under the spatial fixed effect was more reasonable. Therefore, the test 
results of this model were selected for analysis. For comparison, the empirical results of the 
spatial lag model and the spatial error model are also attached. As shown in Table 4: 

 

Table 2. LM-test 

LM-test 𝜒2 p-value 

Moran's I 4.1e+04*** 0.000 

LM-lag 862.371*** 0.000 

Robust LM-lag 558.381*** 0.000 

LM-error 1996.948*** 0.000 

Robust LM-error 1692.958*** 0.000 

 

Table 3. Correlation test 

Correlation test 𝜒2 p-value 

LR test for SAR 61.72*** 0.000 

Wald test for SAR 21.47*** 0.000 

LR test for SEM 58.14*** 0.000 

Wald test for SAR 18.22*** 0.005 

 

In general, compared with the spatial lag model and the spatial error model, the R2 of the 
spatial Dubin model is the largest, and the test results of the significance level of the parameters 
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of each variable are better, and the overall simulation fit is higher, indicating that the spatial 
Dubin is again The model is a reasonable model setting. Next, we analyze and discuss the socio-
economic factors of smog pollution based on the empirical results presented by the spatial 
Dubin model: 

(1) Economic growth level: The per capita gdp term is positive and the quadratic term is 
negative, and p values are significant at the levels of 5% and 1%, respectively, proving that there 
is a Kuznets curve between smog pollution and economic growth. That is, smog pollution will 
increase in the early stage of economic growth, and it will gradually decrease as the economic 
level increases. In addition, the spatial lag coefficient of the quadratic term of gdp is 0.028, and 
it is significant at the level of 1%. That is, when the local economic level is high, it will increase 
the smog pollution in neighboring areas. This may be because when the local area is in order to 
improve the environmental conditions, the local polluting industries will be transferred to 
neighboring areas for production, which will increase the environmental pollution in the 
neighboring areas. 

 

Table 4. Overall sample regression results 

variables SDM model SLM model SEM model 

lngdp 0.166** 0.134* 0.169** 

ln2gdp -0.014*** -0.009 ** -0.014*** 

lnpop 5.019*** 4.875*** 5.482*** 

ln2pop -0.835*** -0.807*** -0.912*** 

ln3pop 0.0457*** 0.044*** 0.050*** 

lnfdi 0.004* 0.005** 0.004* 

lnen 0.002 0.001 -0.001 

lnindg 0.036*** 0.0271** 0.036*** 

lntra 0.009* 0.010** 0.007 

lnpat -0.001 0.008** -0.003 

W_lngdp -0.397**   

W_ln2gdp 0.028***   

W_lnpop -18.006***   

W_ln2pop 2.980***   

W_lnen 0.046***   

rho 0.926*** 0.942*** 0.947*** 

R-sq 0.224 0.139 0.036 

Log-likelihood 3365.403 1601.97 1601.97 

Number of Obs. 4048 4048 4048 

 

Note: ***,**,* indicate significant at 1%, 5%, and 10% levels, respectively. 

(2) Population density: The correlation coefficients of population density are positive in the 
first and third terms, and negative in the second term, and both are significant at the level of 1%, 
indicating that there is a positive "N" between population concentration and smog pollution. 
Type relationship, that is, when the population density is low, smog pollution will increase. As 
the population increases, the smog pollution will decrease. When the population is too large 
and exceeds the load, the smog pollution will be aggravated again. 
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(3) Opening level: The correlation coefficient of foreign direct investment is 0.004, which is 
significant at the level of 10%, that is, with other factors unchanged, for every 1% increase in 
foreign direct investment, the smog pollution will increase by 0.004%. This shows that opening 
up has caused the phenomenon of "pollution paradise" in China. 

(4) Energy Consumption: Although the influence coefficient of power consumption 
throughout the year is not significant, it still has a positive effect on the increase of smog 
pollution, which reflects to a certain extent the effect that can not be ignored. 

(5) Industrial structure: The correlation coefficient of the secondary industry level is 0.036, 
which is significant at the level of 1%, indicating that other factors remain unchanged, the 
proportion of employees in the secondary industry increased by 1%, and smog pollution 
increased by 0.036% . 

(6) Transportation: The coefficient of total public passenger transportation is 0.009, which is 
significant at the level of 10%, that is, with other factors unchanged, for every 1% increase in 
public passenger transportation, smog pollution will increase by 0.009%. 

(7) Level of technological innovation: The impact coefficient of technological innovation in 
the SDM model is negative, but not significant. It is worth noting that the impact coefficient of 
technological innovation in the SLM model is significantly positive at the level of 5%, that is, 
technological innovation increases smog pollution. 

5. RESEARCH CONCLUSIONS AND POLICY IMPLICATIONS 

With the gradual emergence of haze pollution problems, controlling haze pollution and 
winning the blue sky defense battle has become the focus of national environmental governance. 
In order to provide corresponding countermeasures in the management of haze pollution in 
China and the implementation of differentiated haze control policies, this paper is based on the 
existing theoretical basis and structural factors to the mechanism of haze formation with space 
econometrics to verify the haze pollution. Space spillover effect. Subsequently, this paper 
constructs a spatial panel model to investigate the impact of deep social and economic factors 
on smog pollution, such as economic development, population size, technological innovation, 
and industrial structure. 

5.1. Research Conclusions 

From the research results, various socio-economic factors have a significant effect on smog 
pollution. The empirical results show that there is an inverted "U" relationship between the 
level of economic growth and smog pollution, and the initial economic development will 
increase the environmental burden and bring unavoidable harm to the environment. However, 
with the improvement of the economic level, environmental pollution will be effectively curbed 
through various means such as industrial transfer and technological progress. At the same time, 
with the enhancement of environmental awareness, investment in environmental governance 
will be gradually increased to further improve the surrounding environment.  

The impact of population agglomeration on smog pollution is not a purely linear relationship, 
but a positive "N" type relationship, indicating that population agglomeration to a certain 
degree can play the dividends brought by the scale effect, and improve the scale efficiency of 
traffic and the efficiency of supervision. Conducive to environmental improvement and reduce 
smog pollution. Therefore, population congestion is not necessarily the main cause of 
environmental pollution. It may be a double-edged sword. If the city's capacity can be enhanced 
through technology and management in urban development and the level of planning can be 
improved, it may be able to bring the population to a certain extent. The dividends brought by 
the agglomeration can not only improve the economy, but also improve the level of 
environmental protection and achieve a win-win situation.  
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The relationship between technological innovation and smog pollution is affected by 
technological bias. In fact, technological progress is biased in the production process. 
Technology can be divided into two types: production technology and emission reduction 
technology. The former mainly affects productivity and the latter It mainly affects the pollution 
intensity.Therefore, the bias of technological innovation determines to a large extent the impact 
of technological progress on environmental quality. Pollution control has made a difference, and 
it is particularly important to effectively guide the technology toward "greening". 

The remaining economic factors, such as the level of opening up, transportation, industrial 
scale, and energy consumption, all have a "contribution" to smog and atmospheric pollution. 
The positive impact of the level of opening up on smog pollution proves that the "pollution 
paradise" hypothesis is established, and the inflow of FDI has increased the discharge of 
environmental pollutants, leading to the deterioration of China's environment. This is mainly 
because local governments in China in order to vigorously develop the economy often It will 
reduce environmental standards and introduce foreign industries with large pollution intensity 
to the local area. Although the local economy has been developed to a certain extent, such 
development has also come at the cost of environmental damage. When introducing foreign 
capital, governments at all levels need to consider both the economy and the environment, and 
strive to achieve the optimal level of FDI absorption and utilization, so as to achieve sustainable 
and healthy economic development. The positive effect of the transportation structure on smog 
is mainly reflected in the exhaust of motor vehicles. With the continuous improvement of 
highway infrastructure and the increase in various types of transportation, a large amount of 
exhaust is emitted, causing air pollution, which is not conducive to air pollution. Effective 
management of smog. The structure of the secondary industry and smog pollution have shown 
significant growth effects. The energy consumption per unit output of the secondary industry 
is about 4 times that of the tertiary industry. Compared to other industries will cause greater 
harm to the environment. At present, China's extensive industrialization development model 
and the industrial structure dominated by industry, especially heavy industry, are undoubtedly 
not the important factors that cause the intensification of smog pollution. Therefore, it is 
imperative to optimize the industrial structure and upgrade the industry. The main cause of 
smog is coal, which is the main source of energy consumption. The exhaust gas and particulate 
matter generated by coal consumption are the main sources of PM2.5. To get rid of the haze and 
lock the city, it is necessary to change the energy structure and improve energy efficiency.  

5.2. Policy Implications 

Haze control measures and methods are not achieved overnight. According to the empirical 
research conclusions of this article, the characteristics of haze pollution in the space and time 
dimensions, as well as the socio-economic root causes of haze pollution, show that the 
implementation of haze control policies must be unremitting and persistent. Strategy, and the 
spatial spillover effects of haze pollution and socioeconomic factors discussed in this article 
have important guiding significance for the effective management of haze. Specific suggestions 
are as follows: 

(2) Improve the ability of joint defense and control between areas 

In the previous analysis, we learned that smog pollution has a significant positive spatial 
correlation. High-pollution cities are adjacent to high-pollution cities, and low-pollution cities 
are adjacent to low-pollution cities. There is a space spillover effect. The "transmission" of 
neighboring cities will undoubtedly increase the cost of smog pollution control. Traditional 
territorial governance models cannot solve the problems of repeated governance and pollution 
spread. Therefore, in the management of smog, it is necessary to break through regional 
restrictions, break the boundaries of administrative regions such as provincial and municipal 
levels, to achieve joint prevention and control of regional, industrial and other smog pollution 
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control, and to establish corresponding joint management and joint defense. Control 
mechanism to jointly plan and coordinate the management of smog pollution. 

(3) Improve green technology innovation capabilities 

From the evidence, we know that green technology innovation has a certain haze-reducing 
effect, but from the perspective of the amount of green patents granted, China's overall green 
innovation capacity is low. Even in the most developed cities in the east, traditional technology 
innovation Therefore, China urgently needs to improve its green technology innovation 
capability, especially in the central region. This area is dominated by resources and energy, and 
for the sake of economic development, it accepts high-pollution enterprises in the eastern 
region, which has greatly increased the environmental burden and has become the region with 
the most severe smog pollution in China. Therefore, it is urgent to adopt green technology to 
increase The efficiency of green technology improves the quality of economic development and 
reduces the cost of economic development. In order to enhance the ability of green technology 
innovation, China must comprehensively strengthen the economic level, infrastructure and 
technology investment, give full play to the research and development advantages of scientific 
research institutes in universities, create a good environment for technological innovation, and 
encourage SMEs and private capital to autonomously and spontaneously The government 
implements certain compulsory measures and encouragement and subsidy policies on the 
development of ecological innovation and green technologies, and actively promotes economic 
entities to actively research, introduce and adopt green technologies as a whole. In addition, 
when formulating environmental policies, the government must not ignore the geographical 
factors in terms of the methods and ways to improve green technology and green productivity, 
and at the same time, accept the greatest extent and drive the neighboring areas to achieve 
common progress and coordinate sustainable development. It can also implement a regional 
compensation system to make governance investments or green R & D investments in heavily 
polluted areas, which not only improves the local input-output efficiency, but also improves the 
green technology efficiency of surrounding areas, and can also solve the externalities of 
environmental pollution. In one fell swoop, the impact on the speed and quality of China's 
economic growth will be more profound. 

(4) Optimizing foreign investment structure 

In the previous analysis, we found that foreign direct investment will exacerbate smog 
pollution. In order to avoid the phenomenon of "pollution shelter", the government needs to 
raise the threshold for foreign investment, raise the quality evaluation standards for foreign 
investment access, and optimize the structure of foreign investment. The government should 
actively guide foreign investment in the tilt towards environmental protection and low-carbon 
industries, and promote the organic combination of foreign investment funds, technology, 
economic benefits and environmental protection, so as to achieve the win-win goals of "haze 
management" and "investment" in China. 

(5) Give full play to the dividends brought by the effects of population concentration 

In the previous analysis, we learned that there is a positive "N" relationship between 
population concentration and smog pollution. It can be seen that small or large population 
concentration will adversely affect the environment. Smaller population concentration is not 
conducive to generating scale effects to improve the environment. Once the larger population 
concentration exceeds the carrying capacity of the city, it will cause greater environmental 
pollution. Only a moderate level of spatial concentration of the population can bring into play 
the dividends brought by the agglomeration effect and achieve the greatest environmental 
benefits. Therefore, the Chinese government must first apply the appropriate measures based 
on the degree of population concentration in different regions, start with resources and 
industries, and adopt appropriate control methods and intervention policies to ensure an 
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appropriate level of population spatial concentration, appropriately divert resource elements, 
and try to avoid excessive concentration of resources and maintain Moderate population 
concentration. 

(6) Optimization of energy consumption structure 

At present, China is a relatively extensive economic development model. Coal consumption is 
the main mode. While achieving economic growth, excessive coal consumption has caused great 
harm to the environment. Therefore, China should gradually reduce the proportion of coal 
consumption and increase the impact on clean energy. Use and optimize consumption structure. 
China can curb excessive coal consumption and alleviate the smog pollution caused by excessive 
coal consumption by increasing the coal resource tax rate policy; or it can introduce a renewable 
energy quota system in a timely manner, establish a national unified renewable energy trading 
mechanism, and bring the market into play The decisive role in resource allocation; China can 
also encourage the development of clean energy by giving certain preferential policies or tax 
subsidies to related clean energy industries. In addition, in the end, China should gradually 
advance the process of "coal to gas", strengthen the input and use of clean energy such as waste 
heat, shallow ground energy, and biomass energy, increase the comprehensive utilization of coal 
bed gas, accelerate the effective implementation of biogas projects, and expand sales. Channels, 
implementation of acquisition policies, and reduction of coal consumption. Efficiently develop 
the nuclear power industry, vigorously promote the natural gas supply and marketing system, 
speed up the construction of low-consumption power transmission channels, give priority to 
the use of low-carbon energy sources, and strengthen the quality management of commercial 
coal. While implementing the requirements of energy conservation and environmental 
protection in accordance with the law, ensure that the energy consumption of residents in 
production and life is clean and efficient. 
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