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Abstract 
Unbalanced development in term as industrial structure and the efficiency 
use of energy have aggravated environmental pollution to different degrees 
resulting in the increase of range, time and degree of fog-haze. This, in turn, 
forced the government to carry out supply-side reforms, to improve energy 
efficiency and optimize the industrial structure to weaken the environmental 
pollution. To tackle these problems, this work provides an index system for 
the issues related to fog-haze, uses a non-linear ST-SVAR model to reflect the 
effects of industrial structure and energy use efficiency on fog-haze. Results 
indicated that: First, current industrial structure and energy use efficiency 
have greater impact on the comprehensive equation of fog-haze risk than it-
self. With the passage of time, this influence is still gradually expanding. 
Second, the equations of industrial structure and energy use efficiency are 
strongly influenced by themselves, and other variables as the current period 
have less impact on them. Finally, the non-linear or asymmetric relationship 
is shown among industrial structure, energy use efficiency, and the fog-haze 
comprehensive risk equation.  
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1. Introduction 

Rapid economic growth has escorted economic development and has also caused 
serious environmental pollution. The most prominent performance is fog-haze 
pollution [1]. Fog-haze not only negatively affects human life, but also restricts 
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the overall development of society [2]. The fog-haze pollution is mainly com-
posed of inhalable particulate matters, sulfur dioxide, nitrogen oxides, etc., and 
its sources are diverse, such as industrial emissions, building dust, automobile 
exhaust, and even garbage incineration [3]. The fog-haze weather is usually 
formed by the mixing of various pollution sources [4].  

The unique climatic conditions of Shaanxi Province and the industrial struc-
ture dominated by heavy industry have caused long-term fog-haze weather in 
winter. While heavy industry brings economic benefits to social development, it 
also brings environmental pollution, causing fog-haze, which in turn threatens 
the sustainable growth of the economy [5]. The abundant energy resources in 
northern Shaanxi have contributed a lot to the development of the economy, but 
the inefficient use of energy has also brought serious environmental pollution 
[6] [7]. The industrial structure dominated by heavy industry and the current 
status of energy use efficiency have caused pollution to the environment and also 
brought challenges to the balanced development of society. 

What role does the government play in the face of environmental pollution 
and economic growth? The government must not only seek a way out for eco-
nomic growth, reduce environmental pollution, but also balance the relationship 
between them. From the perspective of industrial structure and energy structure, 
the government will provide solutions for supply-side reform, optimize industri-
al structure, effectively solve overcapacity [8], improve energy use efficiency, re-
duce environmental pollution and provide long-term momentum for economic 
growth. 

The current paper focuses on the linear relationship between industrial struc-
ture, energy use efficiency and fog-haze pollution, for example [9]-[18]. There 
are studies on supply-side structural reforms, for example [19] [20] [21] [22]. 
The impact of industrial structure and energy efficiency on the environment is 
complex and diverse, which has affected the life of the public, economic growth, 
and social stability to varying degrees. Therefore, it is very important to study 
the relationship between fog-haze pollution and industrial structure and energy 
use efficiency. It is helpful for analyzing industrial supply reform and energy 
supply reform, and provides a basis for supply-side structural reform. 

The difference between this study and other studies is that the main body of 
this study includes fog-haze pollution, industrial structure and energy use effi-
ciency. In addition, there is little research on the nonlinear relationship between 
smog pollution, industrial structure, and energy use efficiency. This paper uses 
the nonlinear ST-SVAR (Nonlinear Smooth Transition Structural Vector Auto-
regression) model, combining with the relevant data of Shaanxi Province in 
2006-2017, and constructs a comprehensive index of haze risk, discussing the 
impact of current industrial structure and energy use efficiency on fog-haze pol-
lution, thus providing data support for supply-side reforms. 

The rest of the paper is organized as follows: Section 2 is Literature Review, 
Section 3 is Theoretical background, Section 4 is Method and Model, Section 5 is 
Empirical Results, and Section 6 is Conclusion and Policy Implications. 
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2. Literature Review 

Many scholars have studied the impact of industrial structure on fog-haze pollu-
tion. From the perspective of source control, through the expansion of a new 
energy-environment-economic model, integrating dynamic input-output mod-
els and multi-objective models, studying the impact of industrial structure ad-
justment on China’s energy-saving and emission reduction targets, and screen-
ing three best solutions [23]. Liu analyzed the per capita industrial pollutant 
emissions of 285 prefecture level cities between the year 2003 and 2015, with the 
aim of revealing how industrial transfers affect the formation of convergence 
clubs [24]. The results shown that industrial restructuring and industrial transfer 
from eastern China to the west had led to significant differences in pollutant 
emissions in various cities. Ji conducted a quantitative analysis of the socioeco-
nomic drivers of PM2.5 through evaluation [25]. The results show that income, 
urbanization and service industries have a significant impact on PM2.5 pollution. 
Income has always had a positive effect on PM2.5, but with the increase of urba-
nization level or income level, the effect will gradually decrease; there is an in-
verted U-shaped relationship between urbanization and PM2.5. 

Some scholars have also studied the effects of energy structure on fog-haze 
pollution. Guan discussed Beijing’s regulation of energy structure adjustment 
measures from clean energy, coal pollution control for retailer, automobile ex-
haust and regional joint treatment, and then controls fog-haze [3]. Ma used the 
spatial Dubin model to analyze the relationship between energy structure, traffic 
patterns, and haze pollution. Measures to improve fog-haze pollution were pro-
posed in the short-term and long-term, respectively [26]. Li employs the mod-
ified dynamic SBM model to analyze the energy efficiency and AQI efficiency of 
31 cities in China from 2013 to 2016 [27]. The results show that for the perfor-
mance of overall efficiency indicators, there are still 22 cities that need to signif-
icantly improve their overall efficiency. In order to better solve the problem of 
justice in the distribution of energy resources, Raphael proposed a new method, 
that is, these countries establish a sovereign wealth fund [28]. He proposed en-
suring that justice is a key policy goal for energy taxation and aimed to contri-
bute to the emerging literature of sovereign wealth funds.  

Research on the supply-side structural reforms, Ram and Charles examined 
the impact of CO2 emission reductions in Indonesia during the period 
2003-2017 from a perspective of long-term integrated resource planning [29]. 
The results of the study indicate that both supply and demand have an impact 
on reducing carbon dioxide, sulfur dioxide and nitrogen oxide emissions. How-
ever, the impact of supply plays a leading role. Lin and Su examined the main 
issues of high energy consumption, high energy structure pollution and serious 
overcapacity of the industrial system in China’s supply system, and proposed the 
main content of supply-side reform [30]. In order to better deal with the rela-
tionship between steady growth, structural adjustment and risk prevention, Liu 
proposed that it is necessary to break through the dilemma of industrial struc-
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ture adjustment through supply-side structural reforms to improve economic ef-
ficiency and international competitiveness [31].  

Although the previous literature covers many aspects, it is still not compre-
hensive enough: 1) From the perspective of research methods, most studies have 
discussed the linear relationship between smog pollution and industrial struc-
ture and energy structure, while ignoring the possibility of nonlinear relation-
ships between them. 2) From the perspective of the research objective, environ-
mental issues are not only related to economic development, industrial structure 
and energy structure, but also to government policy decisions. 

Therefore, this article cites nonlinear thoughts to study the dynamic relation-
ship between environment, economy, and government. According to the re-
search results, the path selection of the government’s supply-side reform was fi-
nally provided. This biggest difference between this article and the above article 
is that it takes into account the contemporaneous effects between endogenous 
variables. 

Considering that the reacts about the risk of fog-haze quickly to changes in 
energy use efficiency and industrial structure, the current fog-haze risk compre-
hensive equation will include the current industrial structure and energy use ef-
ficiency, and measure the ventilator impact of both fog-haze risks. 

3. Theoretical Background 

Environmental pollution is not only related to economic development also has 
the role of government policies. The economy-environment-government is a 
subsystem that influences each other. Starting from the industrial structure and 
energy use efficiency, this section describes how the industrial structure and 
energy use efficiency, the environment, and the supply-side reform interact with 
each other. 

First, the industrial structure, energy use efficiency and the environmental 
pollution present a game relationship. The industrial structure dominated by 
heavy industry has made great contributions to economic development, but, it 
has brought about fog-haze pollution that cannot be ignored [32] [33]. Envi-
ronmental deterioration will in turn inhibit economic development. If things go 
on like this, this kind of game relationship will sink into dead circulation. This 
relationship between them has also prompted us to think about what kind of 
industrial structure can contribute to economic development and bring about 
the least fog-haze pollution. 

Second, the fog-haze pollution and the supply-side reform have shown an 
overwhelming situation. Fog-haze pollution not only causes traffic congestion 
[34], also poses a serious threat to the health of the public. While inhibiting 
economic development, it also wastes natural resources. Reducing fog-haze pol-
lution, supply-side reform has become an indispensable measure [35]. The gov-
ernment must take timely measures to start from the supply side, optimize 
supply, restrain the deterioration of fog-haze pollution, and minimize environ-
mental damage [36]. If, the government remains indifferent, fog-haze pollution 
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will become uncontrollable. 
Third, there is a new relationship among industrial structure, energy use effi-

ciency and supply-side reform. To solve the fog-haze pollution from the supply 
side, the government’s work must focus on the main cause of fog-haze pollution 
[30]. The industrial structure needs to be reformed, in order to reduce heavy 
industry, develop the tertiary industry, and stimulate the continuous develop-
ment of new industrial chains with high energy efficiency to promote balanced 
and comprehensive development of the industrial structure [37]. Starting from 
industrial supply and energy supply, search for the industrial model with healthy 
economic growth and less environmental pollution [32]. 

4. Method and Model 

To answer the above questions, in this section, we will introduce the indicator 
system and model. The connection between theory and empirical study can 
clearly explain the relationship between the economic-environmental-government 
subsystems, thus providing support for the path selection of structural reforms 
on the supply side. 

4.1. The Comprehensive Index of Fog-Haze Risk 

In order to comprehensively measure the level of fog-haze pollution in life, we 
selected three indicators of air pollutants, industrial pollutant emissions [38], 
and transportation pressure. 

The pollutants in the air can fully measure the concentration of inhalable par-
ticles and the emissions of SO2 and NO2. Industrial pollutants can fully measure 
the emissions of sulfur dioxide and nitrogen oxides in industrial activities. 
Transport pressure can measure the emissions of other sulfur dioxide and nitro-
gen oxides in life. Finally, we select the indicator system as shown in Table 1. 

Take Shaanxi province as an example, getting the metrics in the above table, 
based on the air quality bulletin published and Shaanxi Statistical Yearbook from  
 
Table 1. System of basic indicators of fog-haze risk. 

First grade indexes 
Second  

grade indexes 
Third grade indexes Symbol 

The Comprehensive 
Index of  

Fog-Haze Risk 

The pollutants  
in the air 

Particulate concentration 1f  

Average annual SO2 concentration 2f  

Average annual NO2 concentration 3f  

Industrial  
Pollutant  
emissions 

Total industrial emissions 4f  

Industrial sulfur dioxide emissions 5f  

Industrial smoke and dust emissions 6f  

Transportation  
pressure 

Private vehicle  
ownership/Road mileage 7f  
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2006 to 2017. Due to the limitation of obtaining PM2.5 which only appeared in 
recent years, this paper selects the average PM10 concentration to explain the ef-
fect of particulate concentration on the fog-haze index. 

4.2. The Industrial Structure and Energy Efficiency Index 

This study measures the impact of economic development on the environment 
from the perspective of industrial structure and energy use efficiency. It consid-
ers the heavy industry and energy industry with a large proportion of environ-
mental pollution, and selects corresponding measurement indicators.  

In order to study the imbalanced industrial structure and energy use efficiency 
in economic development, the work selected two indicators of the proportion of 
heavy industrial output in total industrial output value and conversion efficiency 
of energy processing as shown in Table 2.  

4.3. The Model 

Existing studies are based on linear assumptions to examine the econom-
ic-environment relationship. Is the relationship between them linear? To answer 
this question, it is necessary to measure the relationship between them with 
non-linear effects. 

The traditional VAR model is usually used to describe the dynamic changes 
between sequences, without considering the contemporaneous relationship be-
tween variables as [39]. For illustrate the contemporaneous effects of the indus-
trial structure and energy use efficiency on the comprehensive index of fog-haze 
risk, by resetting the VAR model as [40]: 

1 1 2 2t t t p t p tx c x x x ε− − −Β = +Φ +Φ + +Φ +              (1) 

where ( ), ,t t t tx zgy eoe F ′=  tzgy  denotes the proportion of heavy industrial 
output in total industrial output value to measures the importance of the indus-
trial structure; teoe  denotes the conversion efficiency of energy processing to 
measure the importance of energy structure; tF  indicates the comprehensive 
index of fog-haze risk. C is a 3 1×  dimensional cross-sectional vector,  

( )1,2, ,i i pΦ =   is a 3 3×  matrix of dimensional coefficient, disturbance 
term ( )~ . . . 0,t i i d Nε Ω , Ω  is the covariance matrix of tε .  

10 20

1 0 0
0 1 0

1δ δ

 
 Β =  
 
 

                     (2) 

B denotes that the comprehensive index of fog-haze risk is affected by the 
current value industrial structure and energy structure, while the industrial  
 
Table 2. Measure index of industrial structure and energy use efficiency. 

Industrial structure Heavy industry output value/Total industrial output value tzgy  

Energy use efficiency Conversion efficiency of energy processing teoe  
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structure and energy structure are not affected by the current value of other va-
riables. 10δ , 20δ  respectively indicate that the comprehensive index of fog-haze 
risk is affected by the current value of the industrial structure and energy effi-
ciency. 

In order to identify the nonlinear and asymmetric effects of industrial struc-
ture and energy use efficiency on the comprehensive index of fog-haze risk, 
based on the smooth migration vector autoregressive model, this work provides 
a nonlinear smooth migration structure vector autoregressive model to judge the 
dynamic adjustment mechanism between them. 

To better reflect the nonlinear relationship between the comprehensive index 
of fog-haze risk, industrial structure, and energy structure, the ST-SVAR model 
was established based on the above model: 

( )( )

( )

0 1 2 3 1 1 1
1 1 1

* * * *
0 1 2 3 1 1 1 1

1 2 1

1 ; ,

; ,

p p p

t j t j j t j j t j t d
j j j

p p p

j t j j t j j t j t d t
j j j

zgy zgy eoe F F z c

zgy eoe F F z c

α α α α γ

α α α α γ ε

− − − −
= = =

− − − −
= = =

 
= + + + − 
 
 

+ + + + + 
 

∑ ∑ ∑

∑ ∑ ∑
  (3) 

( )( )

( )

0 1 2 3 2 2 2
1 1 1

* * * *
0 1 2 3 2 2 2 2

1 2 1

1 ; ,

; ,

p p p

t j t j j t j j t j t d
j j j

p p p

j t j j t j j t j t d t
j j j

eoe zgy eoe F F z c

zgy eoe F F z c

β β β β γ

β β β β γ ε

− − − −
= = =

− − − −
= = =

 
= + + + − 
 
 

+ + + + + 
 

∑ ∑ ∑

∑ ∑ ∑
 (4) 

( )( )

( )

0 1 2 3 3 3 3
0 0 1

* * * *
0 1 2 3 3 3 3 3

0 0 1

1 ; ,

; ,

p p p

t j t j j t j j t j t d
j j j

p p p

j t j j t j j t j t d t
j j j

F zgy eoe F F z c

zgy eoe F F z c

δ δ δ δ γ

δ δ δ δ γ ε

− − − −
= = =

− − − −
= = =

 
= + + + − 
 
 

+ + + + + 
 

∑ ∑ ∑

∑ ∑ ∑
  (5) 

where ( ); ,t dF z cγ−  is a transfer function; t dz −  is a transfer variable; d is the 
lag parameter; γ  is the slope parameter; C is the position parameter which 
measures the threshold value of the transition variable in different districts. 

The transfer function can be set as a logic function and an exponential func-
tion.  

Logical transfer function can be expressed as: 

( ) ( ){ } 1
; , 1 exp , 0t dt d z cF z cγ γ γ−

−

−  − = + − >           (6) 

Index transfer function can be expressed as: 

( ) ( ) 2; , 1 exp , 0t dt d z cF z c γγ γ−−  − − = − >            (7) 

The value of the transfer function is between 0 and 1, which reflects the 
smooth transition between the parameters in the model. After determining the 
transfer variables of each variable and performing the setting test of the transfer 
function, the form of the transfer function is finally determined.  

5. Empirical Results 

Based on the above-mentioned theoretical analysis and research methods, we 
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obtain the data of Shaanxi Province from 2006 to 2017 to empirically analyze the 
impact of economic development on environmental pollution, and so as to pro-
vide path options for structural reforms on the supply side. 

5.1. Data Acquisition 

We use the data from 2006 to 2017 in Shaanxi Province to construct a compre-
hensive index of fog-haze risk and establish a comprehensive index model of 
fog-haze risk. 

First, we obtained the annual average concentration of PM10, SO2, NO2, total 
industrial emissions, industrial sulfur dioxide emissions, industrial smoke and 
dust emissions, and transportation pressure from 2006 to 2017. Second, we 
standardized this data. Third, we use principal component analysis to extract the 
main components that affect fog-haze.  

The above data comes from the statistical yearbook of Shaanxi province and 
the bulletin of the environmental status of Shaanxi province. 

Based on the principle that the percentage of accumulated contribution of va-
riance exceeds 85% [41], we extract the principal components of the three fac-
tors. By rotating the factors we obtain a relatively satisfactory common factor.  

As can be seen from Table 3, the proportion of traffic pressure in the first 
principal component is relatively large, which can be summarized as the impact 
of pollutants on fog-haze risk in the transportation process.  

The annual average concentration of PM10 and NO2 accounts for the larger 
load in the second principal component, which can be summarized as the effect 
of particulate concentration on fog-haze risk; the proportion of industrial SO2 
emissions and industrial dust emissions in the third principal component is rela-
tively large, which can be summarized as the impact of industrial pollutant emis-
sions on fog-haze risk. 

After determining the economic significance among the principal components 
as shown in Table 4, we can obtain the principal component model by combin-
ing the component score coefficient matrix as follows: 
 
Table 3. Rotational factor component.  

Index 
Composition 

1 2 3 

1f  −0.09 0.922 0.046 

2f  −0.965 −0.016 0.104 

3f  0.495 0.649 −0.166 

4f  0.913 −0.114 −0.321 

5f  −0.811 -0.254 0.273 

6f  −0.288 −0.03 0.953 

7f  0.953 0.162 −0.199 
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Table 4. Component score coefficient matrix. 

Index 
Composition 

1 2 3 

1f  −0.12 0.718 0.017 

2f  −0.358 0.093 −0.255 

3f  0.068 0.445 −0.013 

4f  0.263 −0.187 −0.038 

5f  −0.2 −0.107 0.02 

6f  0.265 0.005 1.082 

7f  0.298 0.02 0.13 

 

1 1 2 3 4 5 6 70.12 0.36 0.07 0.26 0.2 0.27 0.29F X X X X X X X= − − + + − + +   (8) 

2 1 2 3 4 5 6 70.72 0.09 0.45 0.19 0.11 0.01 0.02F X X X X X X X= + + − − + +   (9) 

3 1 2 3 4 5 6 70.02 0.26 0.01 0.04 0.02 1.08 0.13F X X X X X X X= − − − + + +  (10) 

The comprehensive index model of fog-haze risk is as follows: 

( )1 2 30.532 0.196 0.166 88.66F F F F= + +          (11) 

According to Formula (11), we can get the comprehensive index of fog-haze 
risk in Shaanxi province from 2006 to 2017. The resulting composite index is 
more convincing than simply representing fog-haze risk with a single indicator. 

Furthermore, we use the Shaanxi Statistical Yearbook from 2007 to 2018 to 
obtain data on the proportion of heavy industrial output in total industrial out-
put value and energy conversion efficiency from 2006 to 2017. 

5.2. Determination of Lag Order 

By comparing the AIC and SC information criteria, the model has a lag order of 
two, according to the following Table 5.  

When we compare AIC and SC in both cases, the results show that the 
second-order lag test results are more persuasive Therefore, we determine that 
the lag order is 2 orders. 

5.3. Linear Test 

Because there are unrecognized redundant parameters in the model, Taylor’s 
approximation was used to test the model linearly. 

5.3.1. Selection Principle 
Taking the fog-haze comprehensive index equation as an example, introduce the 
linear test of the ST-SVAR model and the selection principle of the transfer va-
riable. Terasvirta and Anderson for the above-mentioned ST-SVAR model [42], 
a third-order Taylor approximation is performed at 0λ =  as follows: 
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Table 5. The test of second order lag. 

Lag LogL AIC SC 

1 −75.75138 17.722 17.810 

2 −43.46242 12.615 12.685 

 
2 3

0 1 3 2 3 3 3t t d t d t d tF X Xz Xz Xz vω ω ω ω− − −= + + + +           (12) 

where, , 0,1, 2,3i iω =  is the corresponding regression coefficient vector. The 
Taylor equation can be used to perform linear tests on the equations. The null 
hypothesis is set to: 

0 1 2 3: 0H ω ω ω= = =                     (13) 

By setting different transition variables, the linear equations and the corres-
ponding constrained regression equations are estimated. The Lagrange multip-
lier test statistic constructed as follows performs a linear test on the above equa-
tion:  

( ) ( )( )0 1 2
3

0

~ 3 1
T SSR SSR

LM K
SSR

χ
−

= −            (14) 

If, the result rejects the null assumption that the model is linear, then the sig-
nificance probabilities of the statistics corresponding to different transitional va-
riables can be further compared. The variable corresponding to the minimum 
probabilistic probability is the transitional variable of the model. 

5.3.2. Linear Test Results 
Unit root test of the above three sequences using the ADF test method, and the 
test results show that these sequences are all stable. After determining the lag 
order, we perform linear tests for each equation. The included explanatory va-
riables were used as the transfer variables, and the test results are shown in Ta-
ble 6 below.  

For the fog-haze risk comprehensive index equation, when 1teoe −  is used as 
the transfer variable, the LM standard linear test rejects the model as a linear 
null hypothesis with a significance level of 10%; when 1tzgy −  is used as a trans-
fer variable, the LM standard linear test also rejects the model as a linear hypo-
thesis with a significance level of 10%. According to the principle of least proba-
bilistic probability, the transition variable of the Fog-haze risk comprehensive 
index equation is set to 1teoe − . For the industrial structure equation, when 

1tzgy −  is used as the transfer variable, the LM linear test rejects the original as-
sumption that the model is linear with a significance level of 10%. Therefore, the 
transfer variable of the industrial structural equation is set to 1tzgy − . For the 
energy use efficiency equation, when 1teoe −  is used as a transfer variable, the 
standard linear test rejects the linear assumption of the model with a significance 
level of 10%. Similarly, the transfer variable of the energy structure equation is 
set to 1teoe − . 
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Table 6. Selection of linear tests and transfer variables. 

Transfer variable 

Fog-haze risk comprehensive 
index equation 

Industrial  
structure equation 

Energy use  
efficiency equation 

3LM  

1tF −  9.99 (0.11) 9.54 (0.01) 9.76 (0.70) 

2tF −  9.97 (0.14) 9.75 (0.08) 9.82 (0.29) 

tzgy  9.52 (0.01) - - 

1tzgy −  9.88 (0.01) 9.83 (0.00) 9.98 (0.05) 

2tzgy −  9.33 (0.62) 9.99 (0.07) 9.98 (0.70) 

teoe  9.99 (0.02) - - 

1teoe −  8.58 (0.00) 6.59 (0.04) 8.82 (0.03) 

2teoe −  9.93 (0.09) 5.12 (0.06) 5.20 (0.14) 

5.4. Transfer Function 

After determining the final transfer variable, select the transfer function accord-
ing to the verification procedure given by Terasvitta and Anderson, and set the 
constraint test as follows: 

01 3: 0H θ =                       (15) 

02 2 3: 0 0H θ θ= =                    (16) 

03 1 2 3: 0 0H θ θ θ= = =                  (17) 

For the above constraint test, if the corresponding significance probability of 
the test 02H  is the smallest, the transfer function selects the form of the expo-
nential function. Conversely, the transfer function is set as the form of the logis-
tic function.  

According to the transition variables determined in the linear test, set the 
transfer function for each equation and test them. The test results are shown in 
the following Table 7.  

In the case of Hypothesis 1 and Hypothesis 2, the test value of the fog-haze 
risk comprehensive equation is greater than 0.04 (Hypothesis 3). That is, ac-
cording to the principle of minimum value, the fog-haze risk comprehensive in-
dex equation rejects 03H  at the significance level of 10%, so the transfer func-
tion of the fog-haze risk comprehensive index equation is set as the logic func-
tion form.  

According to the principle of taking the minimum value, the test value of the 
Hypothesis 3 is in accordance with the selection condition. It can determine the 
transfer function of the energy use efficiency equation also in the form of a logi-
cal function.  

However, for the industrial structural equation, the minimum value appears 
in the case of Hypothesis 2, it rejects 02H  at the significance level of 10%, so set  
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Table 7. Results of model transfer function setting test. 

Null hypothesis 
Fog-haze risk  

comprehensive  
index equation 

Industrial  
structure  
equation 

Energy use  
efficiency equation 

01 3: 0H θ =  10.71** 
(0.57) 

2.18** 
(0.05) 

5.88** 
(0.07) 

02 2 3: 0 0H θ θ= =  11.68* 
(0.52) 

1.16** 
(0.02) 

3.61** 
(0.01) 

03 1 2 3: 0 0H θ θ θ= = =  1.65** 
(0.04) 

0.36** 
(0.29) 

0.97** 
(0.00) 

 
the transfer function of the industrial structure equation to the form of an expo-
nential function. 

5.5. Results 

Aiming at the nonlinear ST-SVAR model, use a system estimation method that 
simultaneously estimates all parameters in the model equation. 

Before estimating the parameters, we need to scale the transfer function in 
order to avoid the influence of the dimension of the transfer variable on the 
slope parameter γ .  

The scaled logic transfer function is as follows: 

( ) ( )
1

; , 1 exp , 0
t

t d
t d

z

z c
F z cγ γ γ

σ

−

−
−

  − = + − >  
    

        (18) 

The scaled index transfer function is as follows: 

( ) ( )
2

; , 1 exp , 0
t

t d
t d

z

z c
F z cγ γ γ

σ
−

−

 −
= − − > 

  
         (19) 

were, 
tzσ  denotes the sample standard deviation of the corresponding transfer 

variable.  
Considering that there may be a correlation between the various equations in 

the ST-SVAR model, the full information maximum likelihood method is used 
to estimate the parameters of the model. The estimated results are shown in Ta-
ble 8.  

Aiming at the fog-haze risk comprehensive equation, the impact of fog-haze 
risk itself is relatively slight, but, the industrial structure and energy use efficien-
cy have a great impact on fog-haze risk. Reflecting the severe problems in the 
industrial structure at the current stage, it causes serious pollution to the envi-
ronment. The impact of industrial structure and energy use efficiency on the risk 
of fog-haze has continued to expand with the passage of time. 

Aiming at the industrial structural equations, fog-haze comprehensive risk 
and energy use efficiency has little impact on it. The industrial structure has a 
great influence on itself. This effect has not diminished with the passage of 
time. 
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Table 8. Estimation results of ST-SVAR model. 

Variables 

Fog-haze risk  
comprehensive index equation 

Industrial  
structure equation 

Energy use  
efficiency equation 

Estimated 
value 

Standard  
deviation 

Estimated 
value 

Standard 
deviation 

Estimated 
value 

Standard 
deviation 

int 12.873 6.013 28.145 0.39 35.513 1.73 

1tF −  0.99 3.399 0.037 0.061 0.035 0.269 

2tF −  0.98 0.75 −0.000 0.004 −0.009 0.016 

tzgy  −28.29 9.32 - - - - 

1tzgy −  26.515 5.296 0.99 1.63 0.93 7.15 

2tzgy −  52.803 9.196 0.99 0.81 -0.116 3.856 

teoe  −17.464 9.40 - - - - 

1teoe −  28.366 8.098 1.069 1.75 0.98 7.65 

2teoe −  11.247 8.276 0.41 0.53 0.99 2.33 

 
Aiming at the energy use efficiency equations, energy use efficiency has great-

er impact on it. Fog-haze comprehensive risk and industrial structure equation 
also has an impact on it, but its role gradually diminishes over time. 

Although some of the regression coefficients are not significant, that, do not 
affect the significant results of the overall regression coefficients. Therefore, the 
rationality of the establishment of non-linear ST-SVAR model was verified and 
three equations were obtained. According to Table 8, we can get the following 
result: 

10 20

1 0 0 1 0 0
0 1 0 0 1 0

1 28.29 17.464 1δ δ

   
   Β = → Β =   

   − −  

          (20) 

This explains that the comprehensive index of fog-haze risk is affected by the 
current industrial structure and energy structure. The coefficients of the indus-
trial structure and energy use efficiency equations are all relatively small, indi-
cating that they are affected little by the current value of other variables. 10δ , 

20δ  are respectively −28.29, −17.464, which shows that the industrial structure, 
energy use efficiency has great impact on the comprehensive index of fog-haze 
risk. 

6. Conclusions and Policy Implications 

This work cites a nonlinear ST-SVAR model that discusses the relationship be-
tween industrial structure, energy use efficiency, and haze risk. The results are 
shown below: 

1) Current industrial structure and energy use efficiency have greater impact 
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on the comprehensive equation of fog-haze risk than itself. With the passage of 
time, this influence is still gradually expanding. 

2) The non-linear or asymmetric relationship is shown among industrial 
structure, energy use efficiency, and the fog-haze comprehensive risk equation. 

3) To solve the fog-haze pollution, the supply-side reform is imperative. 
Based on the above discussion, the following are the suggestions for the path 

selection of the government’s supply side reform: 
First, Industrial Structure Adjustment: Industrial structure adjustment meas-

ures promote the development of the tertiary industry while reducing the expan-
sion of heavy industry, and improve the service of residents, water conservancy, 
environment and public facilities management. The government should guide 
the green development of modern enterprises and deepen the reform of indus-
trial supply. It needs to coordinate the relationships between the three industries 
and strengthen the environmental protection mechanism. 

Second, Energy Technological Innovation: The backward development of 
energy technology not only brings about environmental pollution, but also 
wastes a lot of natural resources. The government should vigorously support the 
use of clean energy technologies and provide local companies with access to 
technology, tax relief, and expert hiring, and deepen the reform of the existing 
processing model, and promote the deep processing of energy, and provide the 
public with more neatness and convenient services. 

Third, Institutional construction: To strengthen the construction of environ-
mental supervision teams and to optimize the personnel allocation. The gov-
ernment should strengthen the long-term authoritative supervision mechanism 
and combine the preventive supervision in advance, the procedural supervision 
in the event, and the post-acquisition and punishment supervision. It should al-
so improve the accountability mechanism for environmental protection. 

Fourth, Improve the Macro-control System: To deepen the reform of fiscal, 
taxation, financial, investment, and financing systems, the government will im-
prove the budget decision and management system, increase investment in en-
vironmental protection. Aiming at companies with low environmental pollution, 
and imposing penalties for additional taxation on companies with serious envi-
ronmental pollution, the government should provide support for tax deductions 
to stimulate healthy competition in different areas. 
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