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In this paper, spatial domain verification of the haze of dependence and the dynamic evolution process of the spatial panel data
model was based on the estimation of different factors that influence on the horizon haze effect and spillover effect from the
perspective of spatial economics./e study found that the provincial space is dependent on Chinese haze; the influence of haze on
neighboring provinces of the spatial spillover effect factors is obvious during the period of 2000∼2015; the effect of elastic
coefficient of industrial structures on the haze near the space overflow area energy is high; thus the industrial structure has a
significant inhibitory effect on the haze; the role of regional industrial transfer haze governance has been very fruitful; population,
economic growth, financial development, and fiscal decentralization to reduce haze inhibiting the spillover effect of regional haze
were increasing. In the formulation of haze-related policies and development planning, the government departments must take
into account the spatial mechanism of regional haze and influencing factors and realize the overall reduction of haze amount in
time dimension and spatial dimension in China.

1. Introduction

Haze has become a problem of people’s livelihood. In the
nineteen major reports, it is pointed out that improving the
well-being of the people’s livelihood is the fundamental
purpose of development. /e people’s livelihood should be
treated with iron wrist, meet the new expectations of the
people, guarantee the improvement of the people’s liveli-
hood, do a good job in energy conservation, emission
reduction, and environmental governance, and integrate
the economic development and environmental protection
policies. President Xi Jinping promised to reform the
ecological civilization system, including not only the
construction of the ecological environment and the de-
velopment of the high-tech green industry but also the
responsibility of the government to respond to the

livelihood of the people. Haze is a combination of fog and
haze. Fog is the product of condensation of water sus-
pended in the air. It is the phenomenon of specific climatic
effects after the continuous accumulation of fine particu-
lates emitted from human activities beyond the carrying
capacity of atmospheric circulation. Haze is composed of
sulfuric acid, organic hydrocarbon, or dust in the air,
resulting in atmospheric turbidity. Fog and haze is a state of
air pollution. Fog and haze is a general expression of
suspended particles in the atmosphere. PM2.5 refers to
particles less than 2.5 microns in diameter and also the
culprit of fog and haze weather. In recent years, under the
five development concepts of innovation, coordination,
green, openness, and sharing, our governments at all levels
have made great efforts in harnessing the haze. At the same
time, we should also see that the formation of haze has a

Hindawi
Advances in Meteorology
Volume 2019, Article ID 7232481, 16 pages
https://doi.org/10.1155/2019/7232481

mailto:angel.tongtong@163.com
http://orcid.org/0000-0001-8343-3589
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2019/7232481


complex cause, so it is a long and arduous process to
harness the haze. To achieve the strategic goal of building
beautiful China and national sustainable development, we
must actively adopt scientific methods to promote energy
conservation and emission reduction, hard to orientate fog
and haze pollution propaganda.

2. Literature Review

At present, scholars at home and abroad have studied the
haze problem from different angles. Lancet points out that
foreign literature will lead to the main driving factors of
haze to generalize human factors and natural factors [1–4].
Natural factors include temperature, precipitation, wind
speed, relative humidity, sunshine temperature, and time.
Human factors include population agglomeration, such as
urbanization, regional trade, and industrial development.
Li et al. studied the regulatory costs related to the haze from
the market perspective and found that the initial market
expectation provides the corporate social responsibility
report and the company’s corporate pollution industry is
not subject to overregulatory costs, but with the govern-
ment’s attention to produce greater expected regulatory
costs [5]. Evanoski-Cole et al. studied the sources of re-
gional haze and found that ammonium nitrate was the
main contributor to haze events [6]. /e domestic and
foreign studies of haze control are mainly analyzed in
different perspectives, such as Nurhidayah from the legal
point of view that a good legal framework is very important
for haze control [7]; Lee et al. [8] have studied the problem
of cross-boundary haze regulation, and pollution and
climate change are often affected by the state. /e impact of
participation in the strategy, the cross-border haze act
passed by the government of Singapore, plays a leading role
in environmental protection and ecosystem protection.
Domestic scholars mainly study the haze problem from
different fields of view, and Liu and Zhang from the po-
litical point of view point out that strengthening the
construction of local government is an effective means to
solve the increasingly serious fog and haze pollution. From
the perspective of economic development [9], Zheng and
Yang analyzed the causes of the fog weather and proposed
the establishment of regional intergovernmental co-
operation mechanism [10]. Li et al. analyzed the causes of
the haze weather in Beijing, Tianjin, and Hebei Province
from the energy structure angle and put forward the
comprehensive control and haze treatment measures [11].
Ma and Zhang believe that China’s transformation of coal-
based energy consumption structure and optimization of
the industrial structure is the key to haze control [12]. Jutze
and Gruber believe that atmospheric pollution is cross-
regional and stated joint measures should be taken to
control and for monitoring pollution to find out the causes
of pollution and reduce pollution sources [13]. Lee et al. [8]
have studied cross-border smog and haze regulation.
Pollution and climate change are often affected by national
participatory strategies. /e government’s cross-border
smog and haze act has a leading role in protecting
the entire ecosystem. Maddison used spatial econometric

methods to study the correlation between environmental
pollution and prevention in Europe [14]. In 2014, general
secretary Xi Jinping pointed out that the fog and haze
pollution should be taken active measures from the aspects
of industrial adjustment, joint control, and management
according to law. /erefore, based on the dynamic evo-
lution, space accumulation, and spatial linkage, this paper
systematically studies the spatial pattern evolution, influ-
ence factors, and spatial spillover effects of haze in the
province of China.

3. The Spatial Effect Test of Regional
Haze in China

3.1. Space Effect and Space Test .eory. How to distinguish
objectively whether there is a spatial effect of regional haze is
the first problem to be solved in spatial econometric model
analysis. In real life, completely independent observations
are not universal. /e traditional econometric model is
based on the assumption that the observations are in-
dependent, and the observation samples are spatially in-
dependent. In the analysis of real economic behavior, spatial
econometrics take into account the difference in spatial
interaction between individuals, that is, the spatial effect, and
the traditional econometric model has the independence and
homogeneity in space [15]. Getis points out that there is a
closer spatial relationship between the observed variables
and the variable data far away from the observed data with
spatial attributes [16]. /e economic effects are mainly
manifested in two kinds of spatial interaction: spatial de-
pendence, also known as spatial correlation, and spatial
heterogeneity.

4. Space Effect

Spatial correlation is also known as spatial dependence,
which generally refers to the spatial autocorrelation be-
tween variables, and the spatial correlation is introduced
into the traditional econometric model through the spatial
lag factor of variables [17]. Spatial dependence also means
that, in the course of sample observation, observations on a
single space unit are related to observations in other space
units and will be affected by other observations. Spatial
dependence not only indicates that the observational
values in space are lack of independence but also imply that
the potential lies in the spatial correlation data structure,
which means that the spatial correlation intensity and
pattern pointed out by the first law of geography are de-
termined by the spatial pattern and the spatial distance
[18]. /e spatial dependence of the substantive space re-
flects the spatial interaction of each unit [19–21]. /e
spatial element of this hypothesis is often inconsistent with
the boundary of the research problem, which leads to the
measurement error.

Spatial heterogeneity, also known as the spatial differ-
ence, refers to the lack of uniformity in the geographic space
of the observation unit, the existence of not equilibrium, and
the spatial structure difference between the main behavior
[22–26]. Spatial heterogeneity reflects the instability of the
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spatial observation unit in economic practice, and the
heterogeneity of geographical location and development
stage in the economic and geographical structures will lead
to greater spatial differences in economic and social
development.

4.1. Space Effect Test. /e test methods of spatial auto-
correlation can be divided into two types: global spatial
autocorrelation test and test spatial autocorrelation test.
Moran’s I, Geary’s statistics, and joint count statistics are
used in all domain autocorrelation tests. /e global spatial
autocorrelation indexes of Moran’ I and Geary’s are
usually used to test the spatial effect of the whole domain,
and the local spatial autocorrelation indexes mainly in-
clude Moran’s index and local domain index and scatter
plot.

4.2. Autocorrelation Test of Whole Space. /e global spatial
autocorrelation tests the overall distribution of certain
phenomena to determine whether the phenomenon is
clustered in a specific area. Local spatial autocorrelation tests
local spatial clustering, which indicates the location of
convergence and can detect spatial anomalies.

4.2.1. Moran’s I Index. /e definition of the index is as
follows:

Moran’s I �
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represents the observational values of the I region (such as
fog and haze) and N is the total number of regions (pro-
vincial), representing a binary adjacent space weight matrix,
representing any of the elements in it, using the adjacent
matrix (contiguity matrix) and the distance matrix (distance
matrix), to define the mutual proximity of the space objects.
Among them, the weights are set according to the adjacent
distance:

Wij �
1, when regional i and regional j are adjacent,

0, when regional i and regional j are not adjacent,


(2)

where i � 1, 2, . . . , N; j � 1, 2, . . . , M; and m � n or m≠ n.

Z(d) �
Moran’s I−E(Moran’s I)
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According to the distribution of geospatial data, calcu-
late the expected value of normalized Moran’s I:

En(Moran’s I) � −
1

n− 1
. (4)

For normal distribution of spatial data, the variance
formula is
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0
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−E

2
0(Moran’s I).

(5)

/e Z value of the test statistic can be calculated based on
the above formula, and the significance of null hypothesis
can be judged according to the Z value of the test statistic. If
the significant level of 0.05 (or 0.1) is less than 0.05 (or 0.1),
the absolute value of the test statistics obeying the normal
distribution is greater than the critical value of 1.65 (or 1.96),
indicating that the regional haze has a significant spatial
dependence on the spatial distribution.

4.3. Autocorrelation Test of Local Space. Local spatial auto-
correlation test is an important part of exploratory data
analysis in spatial statistics, and it can judge spatial asso-
ciation patterns in different regions. /e spatial autocor-
relation of the whole domain describes the spatial
autocorrelation model of the haze in China, but because of
the difference between regions, the spatial structure of the
local area is ignored and the spatial dependence of each
region cannot be reflected. When the whole-domain spatial
effect test proves that there is a global spatial correlation
conclusion, we need to further use the local index and the
Moran scatter plot to prove the possible local significant
spatial correlation effect. According to Anselin’s view, the
local Moran’s I index of the I observation unit is a special
case of the local spatial association index LISA, which can be
defined as the following expression form:

Ii � z 
n

j

ωijzj. (6)

Among them, the deviation between the observed value
and the mean value is expressed. In order to explain the
spatial weight matrix in a standardized form, it is conven-
tionally assumed. /erefore, Ii represents the weighted av-
erage product of Zi and observed unit observations around
unit I. /e correlation of the local space can be analyzed by
the Moran exponent scatter graph. /e Moran scatter plot
can further distinguish the spatial connection form between
the regional unit and the adjacent unit and identify the
different units and the transition paths of the spatial
distribution.

5. Accounting for China’s Fog and Haze and the
Result of Space Effect Test

/e haze in 30 regions of China was calculated, and the
spatial autocorrelation and local spatial autocorrelation tests
were used to analyze the spatial effects of regional haze and
whether there was a significant spatial cluster effect.

5.1.Accounting forChina’sHaze. As a new key research topic
in the field of economic construction in China, the haze
problem is also the biggest problem involved in the co-
ordinated development of the world’s relations. /erefore,
how to accurately measure the haze is the key to the problem.
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/e primary task of haze treatment to improve air quality is
to control PM2.5. /erefore, this paper uses the research
data about haze at home and abroad, uses the international
geoscience information network center of Columbia Uni-
versity and the PM 2.5 year concentration of aerosol optical
thickness by satellite loading equipment, and refers to the
monitoring number of the environmental Protection Bureau
of China. According to the information, the reliability of
China’s haze is high.

5.2. Autocorrelation Test of Whole Space

5.2.1. Whole-Domain Moran’s Test. In this paper, Moran’s
index is used to test the regional haze in China, to define the
not normal distribution of the haze in a region. /e sta-
tistical significance of the spatial autocorrelation of Moran’s
index can be calculated under the hypothesis of randomness.
Table 1 describes the test results of the spatial autocorre-
lation test of haze in 30 provinces in China during
2000∼2015. /e results show that the statistical values of
Moran’s I in all provinces and haze in China have passed a
significant level test in the year of 2000∼2015, which pro-
vides strong spatial correlation evidence for regional haze in
China. Moran’s I index of each year has passed a significant
test of 5% of the significant level, and the range of Moran’s I
index is between 0.3678 and 0.5044. It is proved that the haze
level between the 30 provinces of China has a significant
spatial autocorrelation spatial dependence, that is, the spatial
correlation model, so the regional haze is not in the space
distribution. During the whole sample period, the spatial
distribution of haze in China showed a spatial cluster pattern
as follows: relatively high regional fog and haze tended to be
adjacent to other provinces with higher fog and haze levels,
and relatively low haze levels tended to be adjacent to other
provinces with lower fog and haze levels. /is indicates that
the level of provincial fog and haze is related in space, so it
cannot be assumed as an independent observation value.

It can be seen that the spatial autocorrelation of regional
haze is obviously changed with time. In 2001, the spatial
dependence of haze in China is obviously enhanced, but the
number of Moran’s I in 2006 began to decline, the spatial
correlation intensity of regional haze decreased and also the
space of 2011. /e relative intensity is relatively large, but it
decreases rapidly, which indicates that the spatial de-
pendence of the haze in the provinces of China has the
change trend of the inverted “U” type which is first enhanced
and then weakened. /e spatial autocorrelation of regional
haze shows that the haze level in a province is not only
affected by haze in the region but also affected by the
surrounding area. /erefore, it is necessary to consider the
mechanism of spatial haze to study regional haze more
accurately.

5.2.2. Analysis of Moran Scatter Plot. /e spatial correlation
between haze in different provinces is preliminarily calcu-
lated based on the global Moran’s I statistics and null hy-
pothesis test. /e average Moran haze I of 30 provinces in
China during 2000∼2015 was 0.467452 (it can be seen in

Figure 1), and it can be proved that there is a positive
correlation between fog and haze in the neighboring
provinces of China. But the whole-domain Moran’s I has
great limitations; for example, some provinces have positive
correlation (spillover effect), and other provinces have
negative correlation (reflux effect). After the two are
counterbalanced, the whole-domain Moran’s I may show
that there is no correlation between the provinces./erefore,
this paper analyzes the haze of China’s 30 provinces and
regions in 2000, 2015, and 2000∼2015 in three time periods
by Moran dispersion.

As can be seen in Figure 2, in the first quadrant of the
province in 2000, Beijing, Shandong, Anhui, Hebei, Jiangsu,
Henan, Tianjin, Shaanxi, Ningxia, Shanghai, and Hubei are
the cluster models of high fog and haze level and high spatial
lag. /e provinces of the second quadrant are Shanxi and
Inner Mongolia, which have low haze level and high alti-
tude—the negative autocorrelation cluster model of interlag.
/e provinces of the third quadrant are as follows: Jiangxi,
Sichuan, Liaoning, Hunan, Fujian, Guangxi, Guangzhou,
Guizhou, Jilin, Heilongjiang, and Yunnan, showing low fog
and haze level and low spatial lag negative autocorrelation
cluster mode. /e province of the fourth quadrant is Xin-
jiang, showing low haze level—the negative autocorrelation
model of low spatial lag. /e province across the quadrant of
the first and second quadrants is Zhejiang. /e provinces
across the second and third quadrants are Hainan, Qinghai,
and Chongqing. /e provinces across the first and fourth
quadrants are Gansu.

In Figure 3, the first quadrant of the province in 2015,
Beijing, Tianjin, Shanghai, Shandong, Liaoning, Hubei,
Jiangsu, Anhui, Hebei, and Henan showed a cluster model of
high haze level and high spatial lag, and the provinces of the
second quadrant are Zhejiang and Shanxi, showing low haze
level and high spatial lag—the negative autocorrelation
cluster model. /e provinces of the third quadrant are
Jiangxi, Heilongjiang, Shaanxi, Hunan, Ningxia, Gansu,

Table 1: Haze pollution statistics of 30 provinces in China between
2000 and 2015.

Year Moran’s I P

2000 0.3678 0.0020
2001 0.4286 0.0010
2002 0.4335 0.0010
2003 0.5115 0.0010
2004 0.4457 0.0010
2005 0.4614 0.0010
2006 0.5044 0.0010
2007 0.5015 0.0010
2008 0.4704 0.0010
2009 0.4423 0.0010
2010 0.4390 0.0010
2011 0.5021 0.0010
2012 0.4709 0.0010
2013 0.4942 0.0010
2014 0.4590 0.0010
2015 0.4767 0.0020
2000∼2015 mean value 0.4675 0.0010
Note: space weight matrix selects rook first-order spatial weight matrix.
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Guangxi, Guangzhou, Guizhou, Chongqing, Fujian, Qing-
hai, and Sichuan, etc.—the negative autocorrelation cluster
model of low fog and haze level and low spatial lag; they are
low negative fog and haze level and low spatial lag negative
autocorrelation mode. /e provinces across the first and
second quadrants are Inner Mongolia and Hainan.

In Figure 3, Beijing, Shandong, Tianjin, Jiangsu,
Shanghai, Henan, Anhui, Hebei, and Hubei are located in
the first quadrant of the province in 2000∼2015, showing a
cluster model of high fog and haze level and high spatial lag.
/e provincial region of the second quadrant is Zhejiang and
Shanxi, which are shown as low haze level and high spatial
lagging negative autocorrelation cluster model. /e prov-
inces of the third quadrant are Shaanxi, Jiangxi, Liaoning,
Chongqing, Gansu, Guangzhou, Guangxi, Guizhou, Jilin,
Qinghai, Fujian, Inner Mongolia, Sichuan, etc., are negative
autocorrelation cluster models with low fog and haze level

and low spatial lag. Xinjiang and Ningxia showed low
negative correlation between low haze level and low spatial
lag, and the provinces across the first and fourth quadrants
were Hainan. According to the spatial Moran’s scatter
distribution in the four quadrants in 30 provinces of China
in 2000 and 2015, the provincial distribution shows that the
common feature is the positive spatial autocorrelation in the
geographical space. /e scatter plot of Moran’s I in 2000
shows that 73.33% (22) provinces have similar spatial cor-
relation, of which 36.67% (11) provinces are in the first
quadrant (HH: high haze intensity and high spatial lag) and
36.67% (11) provinces are in the third quadrant (LL: low
haze intensity and low spatial lag), and Moran’s I in 2015. In
the scatter plot, 80% (24) provinces have similar spatial
correlation, of which 33.33% (10) provinces are in the first
quadrant (HH: high haze intensity and high spatial lag) and
46.67% (14) provinces are in the third quadrant (LL: low fog
haze intensity and low spatial lag). According to the results,
it is further proved that there is a significant spatial cor-
relation between provincial haze and even spatial de-
pendence and the spatial autocorrelation is increasing.

5.3. Spatiotemporal Dynamic Analysis. /e spatial and
temporal evolution of Moran’s I scatter diagram in China is
further analyzed based on Rey’s space-time transitions. /ere
are four types of spatiotemporal transition measures: type I,
type II, type III, and type 0. Type I transition represents only
the transition of the provincial unit itself. /e type II tran-
sitions represent only the transitions of provincial units ad-
jacent to the provincial regions, such as HH, HL, HL, HH,
belonging and type III. Type III is also divided into two types:
type III A and type III B, in which the type III A transitions
represent the same transition direction in the provincial unit
and its adjacent province. For example, in HH-HH, HL-HL,
LH-LH, and LL-LL, type III B transitions represent the same
inverse of the transition direction of the provincial unit itself
and its adjacent provinces, such as HH, LL, and HL, and there
are no transitions in the provincial and adjacent provinces. In
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Figure 1: Moran’s I scatter plot of China’s carbon emissions from
2000 to 2015.
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Figure 3: Moran’s I scatter plot of China’s haze in 2015.
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this paper, the results of provincial haze detection in China in
2000 and 2015 are shown in Table 2.

/e detection of high and low value haze in 30 provinces
of China in 2000 and 2015 showed obvious spatial imbalance
and spatial continuity characteristics. According to Table 2,
comparing the transition types of the Moran’ I scatter point
of haze levels in 30 provinces of China in 2000 and 2015, it
can be seen that, during the period of 2000∼2015, the main
transition mode is to maintain the same level of type III in
the province and its adjacent provinces, and the 21 provinces
belong to the transition type III A transition (the transition
path is HH to HH and HL to HL). /e 3 provinces Shaanxi,
Ningxia, and Liaoning are typical regions of type III B
transition. /e transition paths are HH to LL and LL to HH,
respectively. It shows that the fog and haze level in the 80%
of province shows the space stability relatively, and the haze
level spatiotemporal transition is relatively less than that of
the three types, belonging to type I. /e province has the
typical Jilin region (the transition path is LL to HL), and the
two quadrants of Zhejiang, Hainan, Qinghai, Chongqing,
Gansu, and Inner Mongolia belong to the atypical transition
region at the same time. According to the evidence, there is
no significant displacement in the spatial cluster structure
detected in the whole period, and it can be judged that the
regional fog haze level has a serious path dependence on the
spatial geographic distribution and has the characteristics of
significant agglomeration and low liquidity.

5.4. Local Spatial Autocorrelation Test. Local spatial corre-
lation test is needed in order to further study the spatial
dependence of regional haze specific areas. /e Moran
scatter plot does not obtain the specific level of the local
saliency level of the provincial haze. /e map and the sig-
nificance of the regional agglomeration can show the spatial
correlation and the significance of the local area more in-
tuitively and can also provide evidence for the convergence
of the haze. /erefore, it is necessary to calculate the local
statistical values of the local spatial autocorrelation and the
local statistical values of the local space. /e level of sig-
nificance, therefore, of Local Indicators of Spatial Associa-
tion (LISA) is needed to analyze the provincial haze. In order
to distinguish the pattern of haze cluster in local space in
2000∼2015 years, the study focused on the index of the local
spatial cluster with a high significant level and was analyzed
three periods in 2000, 2015, and 2000∼2015, respectively.

Figures 4–6 are local spatial autocorrelation of LISA
maps of China’s provincial haze level in 2000, 2015, and
2000∼2015, respectively. /e haze level of local spatial au-
tocorrelation of LISA province is identified with different
colors, corresponding to the provincial domain of theMoran
scatter plot, and the white region indicates no significant test
of the autocorrelation of the local space; the light green
region indicates the 5% local spatial autocorrelation explicit
test; and the dark green region indicates 1% of the local
passed through the spatial autocorrelation significance test.
Figures 5, 7, and 8 are the local spatial autocorrelation LISA
cluster maps of the fog and haze levels in China’s 30
provinces in 2000, 2015, and 2000∼2015, respectively. /e

red region indicates that the province of high fog and haze is
surrounded by other provinces with higher fog and haze
levels, which belong to the high haze cluster area; the blue
region represents the province of low fog and haze. /e
region is surrounded by a lower haze level in a lower haze
cluster province; the gray area indicates that the province of
low fog is surrounded by a province with high fog and haze
level, a haze of space outgoing provinces, and the pink area is
surrounded by a province of low fog and haze, which belongs
to the haze space. Outlying provinces are white areas rep-
resenting regions with little spatial effect.

According to Figures 4 and 7, we can see that the haze of
four provinces in Guizhou, Guangxi, Guangdong, and
Hunan of China in 2000 passed the significant level test of
1%. /e haze of 6 provinces Yunnan, Fujian, Zhejiang,
Jiangxi, Heilongjiang, and Jilin had passed the 5% significant
level test; the two provinces Heilongjiang and Jilin were
located in the H-H high type. /e 8 provinces of Yunnan,
Guizhou, Hunan, Jiangxi, Fujian, Guangxi, Guangdong, and
Zhejiang are located in the L-L low value agglomeration
region. /e H-H high type value agglomeration area and the
L-L low type concentration zone all represent the positive
correlation between the fog and haze concentration in the
neighboring provinces, and the other provinces are in no
special characteristics and regional spatial outliers.

According to Figures 5 and 9, we can see that the haze in
provinces Yunnan, Hunan, Guizhou, and Guangxi of China
in 2015 passed 1% significant level tests, and the haze of 5
provinces Heilongjiang, Jilin, Jiangxi, Fujian, and Guangz-
hou had passed 5% significant level tests; Heilongjiang and
Jilin were located in the H-H high value agglomeration area;
Yunnan, the expensive state, Hunan, Jiangxi, Fujian,
Guangxi, and Guangzhou provinces are located in the low
value agglomeration area of L-L, andHainan is located in the
regional spatial outlier area.

According to Figures 6 and 8, we can see that the haze in
provinces Yunnan, Hunan, Guangxi, and Guizhou of China
passed the 1% significant level test, and the haze in 5
provinces of Guangdong, Jiangxi, Fujian, Heilongjiang, and
Jilin had passed 5% significant level tests; Heilongjiang and
Jilin were located in the H-H high value concentration zone;
Yunnan, Guizhou, Hunan, Jiangxi, Fujian, Guangxi, and
Guangzhou provinces are located in the L-L low value
cluster area; the other provinces have no special charac-
teristics and regional spatial outliers. Based on the com-
prehensive analysis of the regional LISA cluster map and the
LISA saliency map (as shown in Figures 4–9), it can be seen
that the haze in China has formed two different spatial
agglomeration areas: first, Heilongjiang and Jilin, which is
the center of high fog and haze level of the spatial cluster area
composed of the surrounding provinces, and the second,
Hunan and Jiangxi, which is the center of the haze space
cluster area with its surrounding provinces.

6. Spatial Econometric Model of Regional
Haze in China

/ere are spatial autocorrelation in regional haze in China
according to the previous evidence. If we use traditional
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econometric methods to study the difference of regional fog
and haze, it is necessary to use the spatial econometric model
to consider the spatial effect of regional haze. First of all, the
specific form of the spatial econometric model and the
method of test estimation are introduced. In 1979, the
Holland economist Paelinck proposed the concept of the
spatial econometrics model, and the spatial econometrics
developed rapidly. Cliff and Ord [27] put forward the
corresponding parameter estimation and test technology for
the spatial autoregressive model, and the scholars of Anselin
and other scholars have combed the theory of spatial
econometrics. /rough the continuous efforts of experts and
scholars, spatial econometrics has gradually developed and
developed and has formed a systematic theoretical frame-
work of spatial econometrics, which has been widely rec-
ognized in the application of economic status. As a branch of
econometrics, spatial econometrics mainly takes into ac-
count the correlation among individuals and considers the

heterogeneity of an individual and has better estimation
properties and application prospects. At present, the spatial
econometrics model has been widely applied in the multi-
disciplinary field of society, and it is also one of the hotspots
in spatial econometrics.

/e spatial econometric model is used to study the
spatial effect of economic phenomena into the econometric
model. According to the different embodiments of “spatial
dependence,” the spatial econometric model is divided into
two types: spatial lag model (SLM) and spatial error model
(SEM) type./e spatial econometric model helps to improve
the oversimplified time-series model and provides a more
practical and flexible model for the spatial impact factors,
especially the inter-regional spatial impact factors in China.
As the existing research panel data model is dominated by a
fixed effect, the spatial lag model, spatial error model,
generalized space model, and geoweighted regression model
are mainly introduced.

Table 2: Moran scatter transition of China’s haze level between 2000 and 2015.

Quadrant
Year

2000 2015

/e first quadrant (HH) Beijing, Tianjin, Shanghai, Shandong, Hubei, Jiangsu,
Anhui, Hebei, Henan, Shanxi, Ningxia

Beijing, Tianjin, Shanghai, Shandong, Liaoning,
Hubei, Jiangsu, Anhui, Hebei, Henan

/e second quadrant (LH) Shanxi, Inner Mongolia Zhejiang, Shanxi

/ird quadrant (LL) Jiangxi, Sichuan, Liaoning, Hunan, Fujian, Guangxi,
Guangzhou, Guizhou, Jilin, Heilongjiang, Yunnan

Jiangxi, Heilongjiang, Shanxi, Hunan, Ningxia,
Gansu, Guangxi, Guangzhou, Guizhou, Chongqing,

Fujian, Qinghai, Sichuan, Yunnan
Fourth quadrant (HL) Xinjiang Xinjiang, Jilin
Cross-quadrant province Zhejiang, Hainan, Qinghai, Chongqing, Gansu Inner Mongolia, Hainan

LISA significance map: Y2000
Not significant (19)

P = 0.05 (6)

P = 0.01 (4)

P = 0.001 (0)

P = 0.0001 (0)

Neighborless (1)

Figure 4: LISA significance map based on the first-order matrix of
haze pollution in 2000.

LISA significance map: 2015
Not significant (20)

P = 0.05 (5)

P = 0.01 (4) Neighborless (1)

P = 0.001 (0)

P = 0.0001 (0)

Figure 5: LISA significance map based on the first-order matrix of
carbon emissions in 2015.
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6.1. .e Principle of Spatial Econometric Model. Anselin
presents the general form of the spatial linear model. /e
spatial linear model derives a specific model through the
difference of the parameters of the model, and the specific
expression is shown as follows:

Y � ρW
1
y + Xβ + ε,

ε � λW
2ε + u,

u ∼ N 0, σ2In ,

(7)

where Y represents the dependent variable, X represents the
exogenous explanatory variable matrix of N × k, ρ repre-
sents the spatial autoregressive coefficient, λ represents the
spatial error coefficient of the dependent variable of n∗ 1,
W1 andW2 represent the space weightedmatrix of n∗ n, and
u represents the random error vector of the normal dis-
tribution. When it is zero, the corresponding model is a
spatial lag model. When it is σ2In, the model is a spatial error
model.

/e spatial lag model (SLM) mainly studies the eco-
nomic behavior of an economic unit affected by the eco-
nomic behavior spillover of adjacent units and is a regression
model of the spatial lag factor in the model. /e expression
of the spatial lag model is as follows:

Y � ρWy + Xβ + u,

u ∼ N 0, σ2In ,
(8)

where Y represents the dependent variable; X represents the
exogenous variable of N × k; and Wy is a spatial lag factor,
which is a spatial regression coefficient, reflecting the spatial
dependence of the observation value of the sample, that is,
the direction and degree of the influence of the observed

value Wy on the observed value Y in the region, and can
show whether the dependent variable has diffusion in a
region. /at is the spillover effect; W is the spatial weight
matrix of n∗ n order, and u represents the random error
term vector.

/e influence of an independent variable X on the de-
pendent variable Y is reflected by an parameter. Spatial lag
variable Wy is an endogenous variable, which indicates the
effect of spatial distance on regional haze. Regional haze is
affected by economic environment and cost related to space
distance and has strong regional characteristics. Because the
spatial lag model is similar to the autoregressive model in
time series, the spatial lag model is also called spatial
autoregressive model (SAR).

/e spatial error model (SEM) disturbance shows the
spatial correlation. /e spatial error model is needed when
the inter-regional interaction is different because the relative
position is different. /e expression of the spatial error
model is as follows:

Y � Xβ + ε,

ε � λWε + μ,

u ∼ N 0, σ2In ,

(9)

where the random error term vector is expressed and the
random error vector of the normal distribution is expressed
by the spatial error coefficient of the cross section of the n∗ 1
order because of the variable vector.

/e parameter in the spatial error model indicates the
influence of an independent variable on the dependent
variable Y. Parameter L is used to measure the spatial de-
pendence of the observed values of the samples, that is, the

LISA significance map: Y00–15
Not significant (20)

P = 0.05 (5)

P = 0.01 (4)

P = 0.001 (0)

P = 0.0001 (0)

Neighborless (1)

Figure 6: LISA significant map based on the first-order matrix of
carbon emissions in 2000∼2015.

LISA cluster map: 2000
Not significant (19)

High-high (2)

Low-low (8)

High-low (0)

Neighborless (1)

Low-high (0)

Figure 7: LISA cluster map based on the first-order matrix of
carbon emissions in 2000.
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direction and extent of the observed value y of the observed
value Y in the adjacent area. /e spatial dependence of the
perturbation error term is used to measure the influence of
the adjacent region on the observation value of the region
caused by the error impact of the dependent variable.

Spatial autocorrelation (SAC) includes spatial lag con-
dition and spatial error structure:

Yt � ρW1y + Xβ + μ,

u � λW2u + ε,

ut ∼ N 0, σ2εIn ,

(10)

where t � 1, 2, 3, . . . , T; Yt is y1t, y2t, . . . , Ynt, which repre-
sents the dependent variable ofN section data at t time point;
Xt is x1t, x2t, . . . , Xnt, which represents the explanatory
variable of the N section data at t time point; u is
U1, U2, . . . , UN, which represents the individual effect of
regression equation; ut is u1t, u2t, . . . , Unt, indicating the
random error term obeying normal distribution; and W is a
spatial weight matrix, and the parameter beta represents the
regression coefficient of the explanatory variable Xt. As a
parameter that needs to be estimated, the dependent variable
Yt of a region is affected by the influence of the dependent
variable Yt on the adjacent region. /e geographical
weighted regression (GWR) considers the global regression
model’s formula:

Yt � β0 + 
k

βkxik + εi. (11)

/e geographically weighted regression model (GWR)
allows local parameter estimation. /e extended model is as
follows:

Yt � β0 ui, vi(  + 
k

βk ui, vi( xik + εi, (12)

where (ui, ui) is the spatial coordinates of the I sample points
and K (ui, vi) is the value of continuous K (u, u) at I point.
When K (uu, vi) remains unchanged in space, the model is a
global regression model.

6.2. Estimation and Selection of Spatial Econometric Models.
According to the endogenous characteristics of the variables
of the spatial econometric model, the spatial econometric
model is estimated by the traditional least square estimation.
/e estimated values of the coefficients are biased or invalid,
so the least squares estimate is no longer applicable: LM
(maximum likelihood estimation), GMM (generalized
moment estimation), IV (tool variable estimation), GLS
(generalized least squares estimator), and Bayesian method
(Bayes method). /e following is a brief introduction to the
maximum likelihood estimation method recommended by
Anselin to study the spatial econometric model.

/e principle and process of the maximum likelihood
estimation for spatial lag model is as follows: first of all, we
carry out ordinary least squares regression for the model,
calculate the residual of the least squares regression, re-
spectively, and get the parameter ρ value by maximizing the
centralized logarithmic likelihood function:

Lc � −
n

2
 ln

1
n

  e0 − ρeL( ′ e0 − ρeL(   + ln|I− ρW|.

(13)

/e remaining parameter estimates are calculated, and
the maximum likelihood function is

LISA cluster map: Y00–15
Not significant (20)

High-high (2)

Low-low (7)

High-low (0)

Neighborless (1)

Low-high (0)

Figure 8: LISA cluster map based on the first-order matrix of
carbon emissions in 2000∼2015.

LISA cluster map: 2015
Not significant (20)

High-high (2)

Low-low (7)

High-low (0)

Neighborless (1)

Low-high (0)

Figure 9: LISA cluster map based on the first-order matrix of
carbon emissions in 2015.
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logL � −
N

2
 ln(2π)−

N

2
 ln σ2ε

+ ln|I− ρW|−
1
2

σ2ε (y− ρWy− βX)′

· (y− ρWy− βX)′(y− ρWy− βX).

(14)

/e estimation process of the maximum likelihood es-
timation of the spatial error model is also an ordinary least
square estimate of the model, and the unbiased estimation
value of the beta is obtained. /e residual error of the or-
dinary least squares estimate is calculated, and the estima-
tion value of the parameter is obtained by the logarithmic
maximum likelihood function:

Lc � −
n

2
 ln

1
n

  e0 − λeL ′ e0 − λeL   + ln|I− λW|.

(15)

/e iterative iteration method proposed by Anselin is
used to deal with the maximization condition:

log Lc �−
N

2
 ln(2π)−

N

2
 ln λσ2ε

−
1
2

λσ2ε e′(I− λW)′(I− λW)e.

(16)

In general, a certain hypothesis condition is first set.
Finally, the maximum condition of the logarithmic likeli-
hood function is derived to determine the estimated value of
the model parameter.

/rough a series of spatial effect tests, such as Moran’s I
test, maximum likelihood LM-lag test, and maximum
likelihood LM-error test, the spatial lag model, and spatial
error model are tested, and the spatial correlation exists
between the regions. /ese statistical methods can also be
used to diagnose the estimated results of spatial econometric
models. In addition to the use of the goodness-of-fit R2 test,
other common criteria are natural logarithmic likelihood
(log L), Akaike information criterion (AIC), likelihood ratio
(LR), Schwartz criterion (Schwartz), etc. When the AIC and
SC values are smaller and the logarithmic likelihood value
increases, the fitting effect of the model is better. /ese
indexes can be used to compare the classical linear re-
gression model, spatial lag model, and spatial error model of
OLS estimation. When the natural logarithm of the likeli-
hood is maximum, the model is best.

/emain practice of the existing research is to use the fixed
effect panel data econometric model to estimate and then use
the likelihood ratio (LR) test. When the likelihood ratio test
statistic is more than 0.05, the fixed effect model is selected, or
the Hausman test is used to estimate the likelihood ratio, when
theHausman test is used.When the significance level of the test
statistic is less than 0.05, the random effect model is chosen as
the fixed effect model.

Without considering the spatial correlation constraints,
the general least squares regression method is used to carry
on the correlation test at the same time, according to the
selection of the LM-lag and LM-error significance judgment

model. If any one of LM-lag and LM-error is significant,
select the model with significant experience; if both LM-lag
and LM-error are not significant, the ordinary least squares
regression is used to analyze. If LM-lag and LM-error are
both significant, the Robust LM-lag and Robust LM-error
are judged, and the significance of the Robust LM-lag and
LM-error is compared. St LM-lag is more significant than
the Robust LM-error, then the spatial lag model is selected;
otherwise, the spatial error model is selected.

/e main test statistics are as follows: the commonly
used R2 judgment method of goodness-of-fit degree,
likelihood ratio, natural logarithmic likelihood function
value, red pool information criterion (AKaike information
criterion, AIC), and Schwartz criterion (SC). When the
logarithmic likelihood function log L is larger, the smaller
the Akaike information criterion and the Schwartz crite-
rion value, the better the model fitting effect is. Considering
the goodness-of-fit R2 and logarithmic likelihood function
log L of the model, the fitting degree of the model is higher
when the value of both is larger.

6.3. .e Construction of the Spatial Econometric Model of
Haze. In 1970s, Professor of Stanford and a commoner
Ehrlich of the United States established the IPAT formula for
assessing environmental pressure and studied the mechanism
of the effects of population, economic growth, and techno-
logical progress on haze. /e extended stochastic environ-
mental impact assessment model (Stochastic Impacts by
Regression on Population, Affluence, and Technology
(STIRPAT)), a revision and extension of the IPATmodel, can
overcome the shortage of the hypothesis of the IPATmodel.

In this paper, the STIRPATmodel is used to construct a
haze change model to estimate the influence factors on the
elastic coefficient of haze and to test the spillover effect in the
process of haze change./e IPATmodel is an important way
to analyze environmental factors:

I � P × A × T, (17)

where I represents the environmental load, P represents the
population, A represents GDP per capita, and T represents
the environmental load of unit GDP. In 1994, York and
other scholars proposed the STIRPATmodel on the basis of
the IPAT model, which is an extended stochastic model to
evaluate the environmental impact through the three in-
dependent variables of population, property, and technology
and the relationship between the dependent variables:

I � a × P
b

× A
c

× T
d

× e. (18)

When a, b, c, and d are all 1, the STIRPAT model is
reduced to the IPATmodel. a is the constant of the model,
and b, c, and d are all exponential terms. e is the error term.
/e STIRPATmodel is used to build a quantitative model for
the relationship between haze and influencing factors:

I � a × P
b

× A
c

× T
d

× S
e

× F
f

× E
g

× EXh
× U

k
× FDl

+ ε,
(19)

where I, P, A, T, S, F, E, EX, U, and FD, respectively, rep-
resent haze, population, economic growth, technological
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progress, industrial structure, financial development, energy
price, international trade, urbanization rate, and fiscal
decentralization.

Taking the logarithm of the haze function (formula (19))
on both sides, it becomes an empirical analysis model:

ln Ii � ln a + b lnPi + c lnAi + d lnTi

+ e ln Si + f lnFi + g lnEi + h ln EXi

+ k lnUi + l ln FDi + εi,

(20)

where a is a constant, b represents the elastic coefficient of
population growth to haze in the I region, c represents the
elastic coefficient of economic growth, d represents the elastic
coefficient of technological progress, e indicates the elastic
coefficient of the industrial structure, F indicates the elastic
coefficient of financial development, G represents the elastic
coefficient of energy price, H represents the bomb of in-
ternational trade, sex coefficient K indicates the elasticity
coefficient of urbanization rate, l represents the elastic co-
efficient of fiscal decentralization, and I indicates a random
term.

Based on the STIRPATmodel established in this paper,
we construct the provincial haze space panel data model in
China and estimate the elastic coefficient and the spatial
spillover effect of the haze influence factors in the province.
/e econometric model of haze standard panel data without
considering the spatial effects is

ln Iit � b lnPit + c lnAit + d lnTit + e ln Sit + f lnFit

+ g lnEit + h ln EXit + k lnUit + l ln FDit

+ μit + υit + εit,

(21)

where I represents the cross section of the province
(i � 1, 2, . . . , N); T represents the period (t � 1, 2, . . . , T); Iit
is an interpreted variable, representing a N × 1 vector
composed of I region and t period fog, explaining variables
Pit, Ait, Tit, Uit, Sit, Eit, EXit, population, economic growth,
technological progress, industrial structure, financial de-
velopment, energy prices, international trade, urbanization
rate, and fiscal decentralization observations. /e matrix
b, c, d, e, f, g, h, k, and l are the constant regression pa-
rameters of the constant. /e epsilon is an independent and
identically distributed random error term, and for I and t to
satisfy the zero mean and the same variance, the space effect
is expressed as the time effect [], so that the model 21 is a
spatial and time double effect panel model; when model 21 is
not mixed with it, it is represented as a mixed panel model;
when it is removed, the spatial effect panel model is rep-
resented; and when it is removed, the time effect panel model
is used.

/e standard panel econometric model ignores the
problem of bias in parameter estimation of spatial effects.
/erefore, the provincial fog haze function of the spatial
effect is included in this paper. /e spatial lag panel data
econometric model (SLPDM) are needed when the fog haze
in the region is determined by the fog and haze observations
in its neighboring regions and the observed group of local
characteristics:

ln Iit � ρ
N

j�1
ωij ln Ijt + b lnPit + c lnAit + d lnTit

+ e ln Sit + f lnFit + g lnEit + h ln EXit

+ k lnUit + l ln FDit + μit + υit + εit,

(22)

where ρ is the spatial lag (autoregression) coefficient and Wij

are the elements of the space weight matrix W. /e weight
matrix is processed by row standard, and the sum of the
elements of each row is 1. For the setting of W, we use an
adjacency matrix to set the weight matrix W.

If the region haze is interpreted by the explanatory
variable, it is determined by the observed group of local
features and the important variables that are neglected in
space (the error term), which is the spatial error panel data
econometric model (SEPDM):

ln Iit � +b lnPit + c lnAit

+ d lnTit + e ln Sit + f lnFit

+ g lnEit + h ln EXit

+ k lnUit + l ln FDit + ϕit,

ϕit � λ
N

j�1
ωijϕjtρ + εit,

(23)

where x is represents the error term of spatial autocorre-
lation and is the coefficient of the spatial error (autocor-
relation). In addition to the spatial spillover effect of haze in
adjacent areas, if the influence factors in the space adjacent
to the haze of the province are also affected, it is necessary to
use the spatial Dobbin panel data econometric model
(SDPDM):

ln Iit �ρ
N

j�1
ωij ln Ijt + b lnPit + c lnAit + d lnTit

+ e ln Sit + f lnFit + g lnEit + h ln EXit

+ k lnUit + l ln FDit + α

N

j�1
wij lnPji

+ β
N

j�1
wij lnAji + χ 

N

j�1
wij lnTji

+ δ 
N

j�1
wij ln Sji + ξ 

N

j�1
wij lnFji

+ ζ 
N

j�1
wij lnEji + η

N

j�1
wij ln EXji

+ ϖ
N

j�1
wij lnEji + ψ 

N

j�1
wij ln EXji + μit + υit + εit,

(24)

where W lnP, W lnA, W lnT, W ln S, W lnF, W lnE,

W ln EX, W lnU, and W ln FD are the spatial lag variables
in the neighboring provincial population, economic growth,
technological progress, industrial structure, financial
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development, energy prices, international trade, urbaniza-
tion rate, and fiscal decentralization./e constant regression
parameters are estimated.

7. Empirical Analysis of the Influence Factors of
Regional Haze in China

/e spatial econometric model of 30 provinces in China,
Tibet, Taiwan, Hong kong, and Macao is selected to es-
tablish the spatial econometric model. Because the haze
management is involved in the whole economic system, the
influence mechanism of the haze in the areas of economy,
technology, finance, and policy is studied. Taking the fog
and haze levels in each province as an explanatory variable
(I), the factors affect the nine different horizons: population
(P), economic development level (A), technological
progress level (T), industrial structure (S), financial de-
velopment (F), energy price policy (E), international trade
(EX), and urbanization rate (U). In order to make it easier
to compare and analyze the econometric model of the
explanatory variable (FD), the traditional panel econo-
metric model regression analysis and the spatial panel
econometric model regression analysis are carried out at
the same time.

8. Spatial Econometric Models and Results

First, the general panel model is used for regression.
Hausman test was used to decide whether to establish
random effect model or fixed effect model and then set up a
general panel data model. According to the results of the
study in Table 3, we can see that the Hausman test value of
the panel data model is 20.8925. /rough the significant test
of 0.05%, the original hypothesis of establishing the random
effect model is rejected. /erefore, the fixed effect model
should be used.

Secondly, the effect of space spillover is tested. /e least
squares regression was performed by MATLAB software,
and LM-lag, LM-error, Robust LM-lag, and Robust LM-
error were tested simultaneously. According to the results of
Table 4, we can see that the spatial lag panel model has
passed the 5% significant level test, but the spatial error panel
model does not pass the 5% significant level test, the LM and
Robust test values of the spatial lag panel model are 124.9192
and 42.9130, the LM and Robust test values of the spatial
error panel model are 7.4859 and 3.6542, and it is more
reasonable to adopt the spatial lag panel model. In order to
avoid the effect of heteroscedasticity in the sample, the
generalized least squares estimation method was used to
analyze the panel data model (Table 5).

According to the Wald and LR test, the spatial panel
model can be transformed into the spatial lag model and
spatial error model. /e test results show that Wald_spa-
tial_lag and LR_spatial_lag are 28.2250 and 22.5580, re-
spectively, and the adjoint probability values are
8.6461e− 004 and 0.0073; Wald_spatial_error and LR_spa-
tial_error are 46.0096 and 20.3784, respectively, and the
adjoint probability values are 5.9975e− 007 and 0.0157,
respectively. /e SDPDM is better than the SEPDM).

Finally, we compare and analyze the estimation results
of the three models of the common panel data model, the
spatial lag panel data model, and the spatial error panel
data model. According to the previous results, the three
models, such as the ordinary panel data model, the spatial
lag panel data model, and the spatial error panel data
model, should be estimated with the fixed effect model, and
the data used in this study are processed logarithmically,
which can avoid the existence of the estimation process to a
certain extent.

In this paper, the panel data model is selected to greatly
increase the sample size; at the same time, the sample’s
degree of freedom is improved, the multiple collinearity of
the explanatory variables is reduced, and the error is re-
duced. At the same time, the estimation results of the spatial
lag panel data model, the spatial error panel data model, the
fixed effect, the time fixed effect, and the individual time
double fixed effect are compared and analyzed.

According to Table 6, the spatial error model of haze in
provinces of China and the model of the space Durbin
model and the test results show that the logarithmic
likelihood values of the spatial fixed effect model SEPDM
model IV and the SDPDM model VIII are 559.2720 and
570.5510, respectively, and the corresponding goodness-of-
fit coefficients are 0.9728 and 0.9736, respectively. All of
them are relatively high. According to the actual situation
in China, the economic meaning of the model is obvious.
/erefore, this paper chooses SEPDM model IV and
SDPDM model VIII to empirically study the elastic co-
efficient and its spatial spillover effects of various haze
factors in China.

8.1. Estimation and Analysis of Coefficient of Spatial Lag
Panel Data Model Results. /e estimation results of
SEPDM model IV in Table 6 show that the technological
progress, industrial structure, and energy price elasticity
coefficient are positive, and the industrial structure has a
significant positive effect on the growth of haze, but the
technological progress and the energy price have not passed
the significant test. Under the conditions of other factors, the
increase of 1% of the industrial structure can lead to the
growth of haze in China by 0.1574%. It may be related to the
current industrial structure in China. Population, economic

Table 3: Hausman estimates of ordinary panel of the model.

Test summary Chi-square
statistic

Chi-square
d.f. Probablility

Cross section random 48.7724 9 0.0000

Table 4: Spatial correlation of the model test.

Test method Statistical
value

P

value

Spatial
correlation
test

LM test: no spatial lag 136.6296 0.000
Robust LM test: no spatial lag 51.0239 0.000

LM test: no spatial error 119.6694 0.000
Robust LM test: no spatial error 34.9637 0.000
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growth, financial development, international trade, and
urbanization rate have negative effects on haze, economic
growth, and urbanization. /e rate has passed a significant
level test. Economic growth per 1% increase will make
China’s haze growth decline by 0.2475%, which is consistent
with the characteristics of haze in China.

8.2. Estimation and Analysis of Coefficient of Spatial Data
Model of Durbin Panel Results. /e spatial fixed effect
SDPDM model VIII in Table 6 shows that population,
economic growth, technological progress, financial devel-
opment, international trade, and urbanization rate co-
efficient are negative; that is, the growth of haze has a
negative effect. Under the conditions of other factors, the
growth of economic growth is 1%, which can lead to the haze
drop in China as low as 0.2185%; the urbanization rate
increased by 1%, resulting in the haze reduction of 0.1014%
in China; the upgrading of the industrial structure in ad-
jacent areas could reduce the spatial spillover effect of
0.3511% of the fog and haze; and the effect of energy price on
the fog haze in adjacent areas was verified by a significant
test, resulting in 0.6211% space spillover effect, and the haze
had a significant spatial overflow effect. /erefore, com-
bining the influence of the haze to the elastic coefficient, we
can see that the haze problem caused by the industrial
structure in our country needs to be solved, and the spatial
mechanism of haze influence factors should be considered.

8.3. Spillover Effect and Analysis of Spatial Lag Panel Data
Model and Spatial Durbin Panel Data Model Results. /e
regression results of Table 6 also show that ρ (0.7386) of the
spatial lag effect SEPDM model IV and the value of ρ
(0.6670) of the fixed effect SDPDM model VIII have passed
the significant level test. It can be seen that the haze growth
of the provincial region will all lead to the neighboring
provinces in the case of considering and without considering
the adjacent lag effect of the explanatory variable space. Fog
and haze change. /erefore, it can be proved that when
analyzing regional haze growth, the traditional panel data
model without considering spatial effects is biased. At the

same time, the spatial lag factor of the industrial structure is
significantly negative, which indicates that there is a sig-
nificant spatial spillover effect in the industrial structure of
the province and the 0.5% significant test, which shows the
effect of the inter-regional industrial transfer on the haze.
Energy prices have significantly reduced the growth of haze
in neighboring provinces. It can be concluded that there are
obvious spatial spillovers in the haze-influencing factors and
haze growth in the neighboring provinces. It is proved that
there is an interaction between the explanatory variables in
the provincial haze model and interaction between the
explanatory variables. In the process of haze growth in the
provincial region of China, the different haze influence
factors in one province can lead to the rise or decline of fog
and haze growth in the neighboring provinces./e influence
factors in the province and the influence factors in the
neighboring provinces have little difference, which drives the
change of the haze in the province of China, and this space
spillover effect is in the low carbon region of China. Eco-
nomic transformation is of great significance, so we should
strengthen the regional linkage governance of haze in the
time and space.

China’s economic development is in the period of
rapid economic development. China’s economic growth
generally plays a higher role in haze control. /e pro-
motion of technological progress on haze control should
attract the attention of the government and relevant
departments. Energy price has no significant effect on
haze control. To improve the effect of energy price on haze
control, we need to consider the applicable environment
of policy. We can achieve the goal of haze management,
accelerate trade transformation, and combine other fac-
tors to achieve haze management combining the factors of
the industrial structure upgrade and low-carbon in-
ternational trade. At the same time, we should realize that
the effect of haze factors on haze is different. We should
formulate corresponding regional targets and measures to
reduce haze and achieve the haze control of the whole
national according to the actual development situation of
each province and the different relationship between haze
and different factors.

Table 5: Standard panel estimation results of provincial carbon emissions.

Variables No fixed effects Fixed effects Random effects Spatial fixed effects Time period fixed effects
C 1.2246 (0.4409) 8.1067 (0.0000) 4.0870 (0.0002) 5.1783 (0.0001) 5.2015 (0.0000)
ln P −0.2102 (0.0036) −0.2197 (0.0482) −0.0248 (0.1212) −0.2285 (0.0395) −0.0344 (0.6717)
lnA 0.1859 (0.0161) −0.2501 (0.0009) 0.1151 (0.0089) 0.1086 (0.0113) −0.0915 (0.1727)
lnT 0.0212 (0.6532) 0.0136 (0.4885) 0.0107 (0.5893) 0.0089 (0.6408) 0.0203 (0.2971)
ln S 0.3387 (0.0007) 0.0544 (0.4597) −0.0557 (0.4108) −0.079 (0.2494) 0.0319 (0.6472)
ln F 0.0137 (0.8834) −0.0120 (0.6070) 0.0092 (0.6923) 0.0124 (0.5841) −0.0059 (0.7996)
lnE 0.2807 (0.3411) −0.0474 (0.8133) 0.0276 (0.8743) 0.0150 (0.9286) −0.0604 (0.7630)
ln EX −0.1533 (0.2076) −0.1675 (0.0004) −0.1359 (0.0052) −0.1373 (0.0034) −0.1494 (0.0016)
lnU 0.0768 (0.0015) −0.0264 (0.1279) −0.0028 (0.8703) −0.0094 (0.5796) −0.0124 (0.4663)
ln FD 0.0432 (0.5408) −0.0184 (0.5232) −0.0277 (0.3475) −0.0343 (0.2313) −0.0126 (0.6611)
R2 0.2251 0.9527 0.0385 0.9429 0.5758
R2adj 0.2102 0.9468 0.0201 0.9380 0.5535
log L −212.0153 458.9933
DW 0.1296 1.3009 0.0957 0.9156 0.0535
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9. Discussion

It is highlighted that haze was influenced by different
influencing factors which need to be systematically moni-
tored and managed to control the provincial area. In this
research, the spatial agglomeration and path dependence of
haze are analyzed considering the spatial effect./e results of
the spatial panel data econometric model are of great sig-
nificance to future regional haze control planning policies.
/is paper introduces the basic theory of spatial dependence
and spatial heterogeneity of spatial effects in geoeconomics
and further introduces themethods of testing and estimating
spatial dependence and testing methods of global and local
spatial autocorrelation. Spatial correlation tests were con-
ducted on haze data from 30 provinces in China during
2000∼2015.

/e value Moran’s I of annual and 16-year average of
China between 2000 and 2015 are significantly positive. It
indicate that there is a significant positive autocorrelation
spatial correlation model in China’s regional haze, and this
degree of association is changing year by year, so the policy
of haze related should be considered. In order to control
haze, we should implement different strategic measures
according to the different characteristics of the region and, at
the same time, realize regional linkage mechanism to get out
of the haze prevention dilemma.

/e Moran’s I scatter plot further proves that there is a
significant spatial dependence in the haze level in the
province of China, which is positive correlation. Most
provinces have similar cluster characteristics with adjacent
regions, and the provinces with higher fog and haze level are
surrounded by high fog and haze levels. /e spatial and
temporal transition analysis of the Moran’s I scatter point
shows that the haze level in China has a serious path de-
pendence in spatial geographic distribution, which has
obvious characteristics of agglomeration and low mobility,
and it is quite difficult for each province to get rid of its own
cluster. By the LISA test, the local spatial autocorrelation test
results show that the haze in China has formed the spatial
agglomeration area of haze in the regional spatial distri-
bution: the high fog and haze area in Heilongjiang Province
and Jilin Province is in the center and the surrounding area
with Yunnan, Guizhou, Hunan, Jiangxi, Fujian, and the haze
area. Guangxi and Guangdong with Zhejiang as the center
together with the surrounding areas constitute low haze level
areas of the space cluster, according to China’s haze space-
time performance.

10. Conclusion

Until now, there is no systematic study on the spatial and
temporal evolution characteristics and path dependence of
haze combined with spatial effects./e problem of haze joint
prevention and control is analyzed considering different
regional influencing factors. Considering the spatial ag-
glomeration characteristics of haze, according to the spatial
and temporal evolution characteristics of haze, haze control
is achieved by combining the characteristics of regional
population, economic development, technological progress,

industrial structure, financial development, energy prices,
international trade, urbanization rate, and fiscal de-
centralization. Accelerating regional energy conservation
and emission reduction, organic integration of economic
development and technological progress, active regulation
and control of green financial policies, and the process of
urbanization must be taken into account in regional and
surrounding regional environmental governance as the
premise, and the fiscal policy is inclined to green sustainable
development.

According to the conclusion of spatial correlation and
spatial evolution of the spatial pattern of fog haze in China’s
provinces, considering the mechanism of the spatial effect,
the related theories such as spatial lag economic model,
spatial error economic model, and panel data spatial
econometric model are introduced, from population, eco-
nomic development, technological progress, industrial
structure, financial development, energy prices, in-
ternational trade, urbanization rate, and fiscal de-
centralization are selected as explanatory variables to analyze
the impact factors of haze. It can be seen that different factors
have different mechanisms of carbon emissions in different
provinces and regions, and there are great differences among
regions. According to the regional characteristics, different
regions actively carry out energy saving and haze reduction
and combine the spatial spillover effect of inter-regional haze
control to achieve the overall haze cosssntrol.
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