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Abstract: The relationship between economic growth and environmental pollution has long been
a controversial topic. However, simply the detection of the existence of environmental Kuznets
curve (EKC) is not enough to understand how economic growth induced environmental pollution.
This study investigated the path and mechanism of the effect of economic growth on the emission
of two types of environmental pollutants, that is, industrial smoke and dust and sulfur dioxide,
by using a structural equation model and a sample of 283 prefecture-level cities in China in 2005 and
2015. The research results show that economic growth exerted both direct and indirect effects on the
emission of the two environmental pollutants. In addition to a direct impact through the economic
scale effect, economic growth also indirectly impacted the two environmental pollutants emissions
through three mediators, that is, industrial structure, technological innovations and environmental
regulations. For different pollutants, the effect paths of economic growth on their emission showed
both similarities and differences. First, with regards to industrial smoke and dust emissions and sulfur
dioxide emissions, the effects of economic growth on the amount of these two emissions through
environmental regulations and the industrial structure were negative inhibitory effects and positive
promoting effects, respectively. This means that in prefectural-level cities in China, environmental
regulation factors have produced some effects in reducing the emissions of these two pollutants while
the industrial structure (level of industrialization) can increase the emissions of these two pollutants.
However, the effect strength of these two paths shows a gradual weakening. Second, these two paths
differ in effect strength and its changes. The positive promoting effects of the industrial structure on
pollutant emission are significantly higher than the inhibitory effects of environmental regulation.
In addition, our study also found that the direct impact path of economic growth on environmental
pollution also passed significance testing, particularly in 2015. This shows that other reasons affect
pollutant emission, such as system factors, spatial migration of industries and so forth.
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1. Introduction

China has become the largest economic body in Asia and the second largest in the world after
40 years of rapid economic growth since the implementation of the reform and opening up policy.
The average annual growth rate of China’s gross domestic product reached 12% from 1978 to 2017.
China also has the highest fossil energy consumption and is one of the countries with the highest
pollution emissions [1]. The emissions of pollutants, such as sulfur dioxide, nitrogen oxides and
particulates, are present at a high level in China. China has become one of the most polluted regions in
the world [2] and the past 40 years of economic growth have incurred a high cost of environmental
pollution. As the two major engines of rapid economic growth, industrialization and urbanization are
considered the major reasons for environmental pollution. Urban development has benefited from the
rapid growth of industrialization and urbanization has also provided numerous production factors
for industrialization. The two engines interact and enhance each other. However, pollutant emissions
from industrialization have also made urban regions the most polluted geospatial units.

The Chinese government has implemented various policies and measures to reduce pollutant
emissions and to alleviate urban environmental pollution. A reduction of pollutant emissions has
been set as a goal in five-year economic growth plans since earlier this century. For instance, the 11th
Five-Year Plan proposed to reduce the emissions of sulfur dioxide by 9.96% by 2010 based on the
amount of 25.49 million tons in 2005 [3]. The 13th Five-Year Plan proposes to control total sulfur
dioxide emissions to within 15.80million tons by 2020, a 15% decline from those in 2015 [3]. To achieve
these goals, the Chinese government has released rigorous environmental policies, primarily in three
aspects: treatment at the end, management during the process and prevention at the source, such as
pollution taxes (charges), emission rights trade and policies, to promote the development and use of
clean production technologies. The emission reduction goals and the implementation of corresponding
policies have transformed the industrial structure and production modes. For instance, the growth of
the recycling economy has reduced the emission of traditional pollutants such as SO, and particulates
and has alleviated urban environmental pollution to some extent. However, from the perspective of
sustainable development, China still faces enormous environmental pressure. The pollution issue has
not been effectively eradiated. More strict pollution treatment goals are still needed. For instance,
the 13th Five-Year Plan proposed to reduce energy consumption by 15% per ten thousand yuan gross
domestic product by 2020, as compared with 2015, and to control the total energy consumption to
within 5 billion tons of standard coal. The total emissions of chemical oxygen demand, ammonia,
sulfur dioxide and nitrogen oxide are proposed to be controlled to within 20.01 million, 2.07 million,
15.80 million and 15.74 million tons, which are declines of 10%, 10%, 15% and 15%, respectively, from
2015. In addition, the total emissions of volatile organic compounds are expected to decline by 10%
from the 2015 value [3]. Therefore, an investigation of paths between urban economic growth and
pollutant emissions is imperative. This type of research will provide a reference for policy making to
ultimately achieve a win-win situation for economic growth and environmental protection.

The relationship between economic growth and environmental pollution has been always a
discussion topic in academia. One of the core themes is the environmental Kuznets curve (EKC)
hypothesis. Scholars such as Grossman first discovered an inverted U-shaped relationship between
economic growth and pollutant emissions—the EKC—that is, with economic growth, pollutant
emissions tend to first increase (corresponding to environmental deterioration) and then decrease
(corresponding to the improvement of environmental quality) [4]. Subsequently, a large number of
empirical studies have been conducted on the EKC and its shape. Two major environmental indicators
have been applied in empirical studies. One is the pollutant emission amount. With the expected
increase of environmental quality, the specific pollutants that empirical studies are concerned with have
gradually expanded from the traditional sulfur dioxide [5], nitrogen oxides [6] and waste water [7] to
greenhouse gases [8] and particulate matter 2.5 (PM2.5) [9]. The other is comprehensive environmental
pressure indicators, such as the ecological footprint [10,11] and ecological efficiency [12,13]. In addition,
with the increase in resource pressure, scholars have started to pay attention to the empirical
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relationship between resource utilization and economic growth, mainly to test whether economic
growth has an EKC empirical relationship to land utilization [14], energy consumption [15,16], or water
resource consumption [17]. Current research indicates that the EKC hypothesis is only applicable to
atmospheric pollutants, in particular, regional pollutants [18]. The current empirical study results
of global pollutants, greenhouse gases, comprehensive environmental pressure indicators, or energy
consumption do not always support the EKC hypothesis [19]. In fact, different research results have
been derived for different pollutants [20]. In addition, research results could be different when different
quantitative methods are used [21,22]. Substantial empirical studies have been conducted to investigate
the existence of EKC in China, such as those with provinces [23-26] or prefecture-level cities [27] as
spatial units, or those with particular regions as research subjects [28,29]. However, no consensus
has been reached [30]. Therefore, research on the relationship between economic growth and the
environment should take into consideration the properties of particular pollutants [19]. The “black
box” of traditional empirical studies also needs to be broken to investigate the path through which
economic growth affects environmental quality. Such research will help in the development of targeted
policies to achieve continuous economic growth while improving the environmental quality.

In general, current research at national scale focused on the verification of EKC hypothesis
in different regions and time periods. In terms of research methods, traditional methods such as
single polynomial equations are mostly applied to estimate data [31], which are not able to reveal
the mechanism of the impact of economic growth on environmental pollution. A question is how
economic growth directly or indirectly affects environmental pollution through industrial structure,
technological innovations and environmental regulations. Few studies have been conducted in this
regard. Therefore, using a structural equation model and 283 prefecture-level cities in China as a
sample, we quantitatively analyzed the path and mechanism through which the economic growth of
2005 and 2015 directly or indirectly affected environmental pollution and we explored the structural
causes of environmental pollution. We anticipate that our study will provide a reference for the
development of targeted policies to achieve coordinated economic and environmental development.

2. Materials and Methods

2.1. Research Methods

The study focused on direct and indirect path and mechanism of economic growth affecting
Pollutants emission. We used a structural equation model (SEM) to integrate the industrial structure,
environmental regulations and technological progress as mediators between economic growth and
environmental pollution. Based on the model, we investigated the direct effect of urban economic
growth on environmental pollution and the indirect effect through mediators. The SEM is a multivariate
statistic that integrates two statistical methods, factor analysis and path analysis. The model involves
relationships among dominant variables, latent variables and disturbance or error variables and the
direct, indirect, or overall effect of independent variables on dependent variables can be obtained [32].
The SEM can be used to analyze connections among multiple causes and results and relationships
among latent variables. It can also be used to simulate the internal logical relationships among
multiple factors. The model is a very important multivariate data analysis tool [33]. The SEM
includes two major components: (1) a measurement model to reflect the relationships between latent
variables and observation indicators; (2) a structural model to reflect the structural relationships among

latent variables.
Y = Ay +e¢

X=Ax{+9 @

where ¢ is not correlated with 7, ¢, or . ¢ is not correlated with #, ¢, or e. Ax and Ay represent
the respective factor loadings of the two indicator variables, X and Y. § and ¢ are the measurement
errors of extrinsic dominant variables. ¢ and 7 are the respective externally derived latent variables
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and internally derived latent variables. The SEM measurement model assumes that no covariant
relationship or causality path exist between latent variables (common factors) and measurement errors.

n=Byp+I¢+¢ @)

where B represents a structure coefficient matrix that reflects the mutual influences among constituent
elements of the endogenous potential variable 7 in the structural model. T represents a structure
coefficient matrix that reflects the effect of the exogenous variable ¢ on # in the structural model.
¢ represents the residual matrix in the structural model.

2.2. Parameter Estimation Methods

The most widely used estimation model is the ML method, followed by the GLS method. With
regards to the relationship between estimation methods and sample size, Hu (1992) found that when
sample data follow a normal distribution, the sample size when ML and scaled ML methods are used
should be greater than 500. If the sample size is less than 500, better results will be obtained if the
GLS method is employed for estimation [34]. The Chi-squared test can only be used reasonably when
the sample is large and the hypothesis observation data follow a multivariate normal distribution.
At this time, the ML estimation method is the most suitable. If the data have a large sample size but
the observation data do not follow a multivariate normal distribution, then it is best to employ the
GLS estimation method. The number of prefectural-level cities in this study was 283, which is lower
than 500 and the data do not strictly follow a normal distribution. In order to obtain good results,
we employed the GLS estimation method in this paper.

2.3. Indicator Selection and Model Construction

2.3.1. Indicator Selection and Data Sources

The study by Baldwin (1989) pointed out that the sample size should be greater than 200 if
researchers want to further execute a model specification search after SEM analysis [34]. In this paper,
relevant statistical data of Chinese prefectural-level cities in 2005 and 2015 were taken as sample
data. Missing values were removed. Finally, we obtained valid data from 283 prefectural-level cities.
Table 1 shows the variables and measurement markers involved in the model. The year 2005 is the
last year of the 10th Five-Year Plan of China and is also a transitional year when China entered the
11th Five-Year Plan. In the 11th Five-Year Plan, China first proposed constraint indicators to conserve
energy and reduce emissions. This means that China started to enter a phase of strict pollution control
and environmental protection from 2006 onwards. Therefore, this paper selected 2005 as the starting
point for this study and the year at the end of the 12th Five-Year Plan (2015) as the ending point to
analyze changes in environmental pollution impact paths due to economic growth.

(1) Air pollution emission indicators

Since the 1978 Chinese economic reform, the development of China’s economy has been mainly
driven by rapid industrialization. Although industrialization has occurred for nearly 40 years,
industries are still one of the most important growth engines of the Chinese economy. Air pollutants
produced by extensive industrialization remain a major source of pollution in China and mainly
include sulfur dioxide, nitrogen oxides and particulate matter. In 2015, industrial sulfur dioxide
emissions accounted for 83.70% of total sulfur dioxide emissions, industrial smoke and dust emissions
accounted for 80.10% of total smoke and dust emissions and industrial emissions of nitrogen oxides
accounted for 63.80% of total emissions of nitrogen oxides. Therefore, industrial pollutant emissions are
still currently the most important component of air pollutants in China. Therefore, this paper selected
industrial emissions as a marker for air pollutants. In addition, due to limitations in data availability,
we only selected industrial sulfur dioxide and smoke and dust emissions from 283 prefectural-level
cities as air pollutant indicators for analysis.
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(2) Industrial structure indicators

Existing studies show that China is still in the middle stage of industrialization and some parts of
China are still in the early stages of industrialization. As main carriers of industries, the development
of Chinese prefectural-level cities accompanies industrialization. Therefore, the ratio of industry value
added to GDP was used as an industrial structure indicator.

(3) Technical progress indicators

We used the ratio of scientific and technological expenditure to public expenditure as a measure
of technical progress.

(4) Environmental regulation indicators

Due to limitations of data availability, the “China City Statistical Yearbook” did not calculate the
environmental protection input. Therefore, we constructed an environmental regulation index in this
study. The environmental regulation index was calculated from the weighted average of the sulfur
dioxide emission reduction rate, industrial smoke and dust emission reduction rate, general industrial
solid waste utilization rate and wastewater centralized treatment rate. This index covers three areas of
environmental management, namely, air pollution management, industrial solid waste management
and wastewater management, which is more comprehensive than investments in environmental
pollution management.

The data required for the above indicators were derived from the “China City Statistical Yearbook”
(2006) and (2016). Z-score standardization was carried out on all data using SPSS software before
structural equation modeling.

Table 1. List of variables used in structural equation modeling.

Latent Variable Measurement Index
pollutants emission Industrial sulfur dioxide emission, Industrial smoke and dust emission
Economic growth Per capita GDP
Industrial structure Industrial added value as a proportion of GDP

The proportion of expenditure of science and technology accounts for public
financial expenditure
Environmental control index calculated by using sulfur dioxide emission
reduction rate, emission reduction rate of industrial smoke and dust,
comprehensive utilization ratio of general industrial solid waste and
centralized treatment rate of sewage

Technical progress

Environmental regulation

2.3.2. Theoretical Hypothesis

This paper proposes a hypothetical model as shown in Figure 1. Figure 1 shows the path
hypotheses that we constructed where economic development levels directly affect pollutants emission
and indirectly affect pollutants emission through technical progress, environmental regulation and
industrial structure and environmental regulation affects pollutants in reverse through industrial
structure and technical progress.

We proposed the following hypotheses according to current theories and the topic of this paper:

Hypothesis H1: Economic growth has direct effects on pollutants emission.

Hypothesis H2: The casual chain of economic growth—stechnical progress—reduced pollutants emission
is present.

Hypothesis H3: The causal chain of economic growth—industrial structure—increased pollutants emission
is present.
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Hypothesis H4: The causal chain of economic growth—environmental requlation—reduced pollutants
emission is present.

Hypothesis H5: The reverse causation effects of the environment are present.

Hypothesis H5.1: The causal chain of environmental requlation—technical progress—reduced pollutants
emission is present.

Hypothesis H5.2: The causal chain of environmental requlation—industrial structure—reduced pollutants
emission is present.

Pollutants
Emission

Economic growth

Technical
innovations

Industrial
structure

Environmental
regulation

Figure 1. Theoretical hypothetical model of how economic development levels affect pollutants emission.

3. Results

AMOS 17.0 software was used to validate the aforementioned hypotheses according to the
aforementioned hypothetical relationships.

3.1. Analysis of Model Goodness-of-Fit

Tables 2-5 are the test results of model goodness-of-fit. The follow model goodness-of-fit indicators
was within an acceptable range, showing that the goodness-of-fit for our 4 constructed path models
was good.

Table 2. Model goodness-of-fit of structural path analysis for industrial smoke and dust emission
in 2005.

Model absolute fit indices: X2 =0.694, GFI = 0.999 > 0.900, AGFI = 0.996 > 0.90, RMR = 0.006 < 0.050;
Model incremental fit measurement: NFI = 0.996 > 0.900, RFI = 0.964 > 0.900, IFI = 1.002 > 0.9, CFI = 1 > 0.900;
Model parsimonious fit measurement: NC value (x? degree of freedom ratio) = 0.694.

Table 3. Model goodness-of-fit of structural path analysis for industrial sulfur dioxide emission in 2005.

Model absolute fit indices: x? = 694, GFI = 0.999 > 0.900, AGFI = 0.996 > 0.900, RMR = 0.006 < 0.05;
Model incremental fit measurement: NFI = 0.999 > 0.900, RFI = 0.987 > 0.900, IFI = 0.998 > 0.900, CFI = 1 > 0.900;
Model parsimonious fit measurement: NC value (x> degree of freedom ratio) = 0.694.
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Table 4. Model goodness-of-fit of structural path analysis for industrial smoke and dust emission
in 2015.

Model absolute fit indices: X2 =0.316, GFI =1 > 0.900, AGFI = 0.993 > 0.900, RMR = 0.007 < 0.050;
Model incremental fit measurement: NFI = 0.999 > 0.900, RFI = 0.985 > 0.900, IFI = 0.976 > 0.900, CFI = 1 > 0.900;
Model parsimonious fit measurement: NC value e degree of freedom ratio) = 0.316.

Table 5. Model goodness-of-fit of structural path analysis for industrial sulfur dioxide emission in 2015.

Model absolute fit indices: x% = 0.316, GFI = 1 > 0.900, AGFI = 0.993 > 0.900, RMR = 0.007 < 0.050;
Model incremental fit measurement: NFI = 0.997 > 0.900, RFI = 0.968 > 0.900, IFI = 0.987 > 0.900, CFI = 1 > 0.900;
Model parsimonious fit measurement: NC value (x> degree of freedom ratio) = 0.316.

3.2. Path Analysis of the Effects of Economic Growth on Industrial Smoke and Dust Emissions

Figures 2 and 3 show the path diagrams of how economic development in prefectural-level
cities affected industrial smoke and dust emissions in 2005 and 2015, respectively. For the year 2005,
the standardized path coefficient (0.05) for the effects of economic growth on industrial smoke and
dust emissions did not pass the significance test and hypothesis H1 was rejected; the standardized
path coefficient (0.37) of the effects of economic growth on technical progress passed the significance
test (>99.9% confidence level). This shows that economic growth had positive promoting effects on
technical progress but the effects of technical progress on industrial smoke and dust emissions were
not significant (the standardized path coefficient did not pass the significance test) and hypothesis
H2 was rejected. This means that the path where economic growth in prefectural-level cities in China
in 2005 affected technical progress to decrease industrial smoke and dust emissions was not true.
Economic growth had positive promoting effects on environmental regulation (standardized path
coefficient of 0.29 and the significance test was passed). At the same time, environmental regulation
had negative inhibitory effects on industrial smoke and dust emissions (standardized path coefficient
of —0.15 and the significance test was passed at the 95% confidence level). The standardized path
coefficient of economic growth affecting industrial smoke and dust emissions through environmental
regulation was 0.29 x (—0.15) = —0.044. This shows that economic growth suppressed industrial smoke
and dust emissions through environmental regulation, that is, Hypothesis H4 was true. Economic
growth had positive effects on industrial structure (standardized path coefficient of 0.55 and the
significance test was passed). This means that regions with high economic growth had higher levels
of industrialization. At the same time, the industrial structure had positive promoting effects on
industrial smoke and dust emissions (standardized path coefficient of 0.22 and the significance test
was passed). The standardized path coefficient of economic growth affecting industrial smoke and
dust emissions through industrial structure was 0.55 x 0.22 = 0.121. This shows that economic growth
increased industrial smoke and dust emissions through the industrial structure and Hypothesis H3
was true. The effects of environmental regulation on industrial structure and technical progress
were not significant (standardized path coefficient did not pass the significance tests). This shows
that the hypothesis (H5) that environmental regulation affects industrial structure and technical
progress in reverse was not true. This means that the reverse causation mechanisms of environmental
regulation had not yet formed in Chinese prefectural-level cities in 2005. From the above analysis,
we can see that the impact pathway of economic growth in Chinese prefectural-level cities in
2005 with respect to industrial smoke and dust emissions occurred mainly through the two causal
chains of economic growth—industrial structure—increase smoke and dust emissions and economic
growth—environmental regulation—decreased smoke and dust emissions and positive effects were
significantly higher than negative effects (0.121 > 0.044). This shows that industrialization was the main
cause of smoke and dust emissions in prefectural-level cities in China in 2005. Although environmental
regulation can inhibit emissions to some extent, its effects cannot reduce the positive stimulatory effects
of industrialization.
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With regards to the paths on how economic development levels affect smoke and dust emissions
in 2005 (Figure 3), hypotheses H1 and H3 were found to be true while H2 and H4 were rejected.
Economic development levels showed a positive correlation with smoke and dust emissions at the 95%
confidence interval and the standardized path coefficient for economic development levels affecting
smoke and dust emissions was 0.06. On the other hand, environmental regulation has strong effects on
smoke and dust emissions, as environmental regulation showed a significant negative correlation with
smoke and dust emissions at the 99.9% confidence interval and its standardized effector coefficient was
—0.94. Evidently, the reduction in smoke and dust emissions was due to the effects of environmental
regulation. The effects of industrial structure and technical progress on smoke and dust emissions
did not pass significance testing, showing that these effects were not significant. The overall effects
of economic development levels on smoke and dust emissions were composed of direct effects of
economic growth on smoke and dust emissions and indirect effects of the causal chain of economic
growth—environmental regulation—reduced environmental pollution and the overall effect was
0.06 + 0.02 x (—0.94) = 0.041. From this we can see that due to the effects of environmental regulation,
the scale effects of economic development on smoke and dust emissions were inhibited, resulting in no
large increases in smoke and dust emissions when economic development levels increased. The effects
of environmental regulation on industrial structure and technical progress did not pass the significance
tests. This shows that the reverse causation mechanism acting on industrial structure and technical
progress to decrease smoke and dust emissions, that is, Hypothesis H5, was not true. The reduction
in smoke and dust emissions is mainly dependent on an investment in the use of end-treatment
equipment for smoke and dust. This does not require large technical support or transformation in
the industrial structure. However, from a long-term perspective, technical and structural effects are
still required to solve the problem of smoke and dust emissions from the root (source). This can
be achieved by strengthening technical progress, accelerating the transformation of the industrial
structure, achieving clean production and implementing management options at the source.

1 0.06

. Industrial smoke
Economic growth 0.05 and dust emission
1_}(.,(* —
0.37*** 0.1
0.55%%* -0.12

0.24
0.5

Industrial o Technical
@ structure ) innovations @
%,

Environmental
regulation

0.8

Figure 2. Path diagram of how economic growth in 2005 affected industrial smoke and dust emission.
(Note: *, **, *** indicate significance at the 0.05, 0.01 and 0.001 levels, respectively and the fitting result
is significant.)
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Figure 3. Path diagram of how economic growth in 2015 affected industrial smoke and dust emission.
(Note: *, **, *** indicate significance at the 0.05, 0.01 and 0.001 levels, respectively and the fitting result
is significant.)

3.3. Path Analysis of the Effects of Economic Growth on Industrial Sulfur Dioxide Emissions

Figures 4 and 5 show the path diagrams of how economic development in prefectural-level cities
affected industrial sulfur dioxide emissions in 2005 and 2015, respectively. From Figure 4, we can see
that in 2005, economic growth had positive promoting effects on industrial sulfur dioxide emissions
(standardized path coefficient of 0.18 and the significance test was passed at the 95% confidence level),
that is Hypothesis H1 was true. The hypothesis (H2) that economic growth inhibits sulfur dioxide
emissions through technical progress was found to be not true. Economic growth had inhibitory effects
on industrial sulfur dioxide emissions through environmental regulation (standardized indirect path
coefficient was 0.29 x —0.01 = —0.003) and hypothesis H4 was found to be true but its effects were
not large. Economic growth had positive promoting effects on sulfur dioxide emissions through the
industrial structure (standardized indirect path coefficient was 0.55 x 0.18 = 0.099) and hypothesis
H3 was found to be true. This means that economic growth increased industrial sulfur dioxide
emissions by promoting industrialization. The hypothesis (H5) of the reverse causation mechanisms
of environmental regulation was found to be not true.

The positive effects of economic growth on industrial sulfur dioxide emissions increased in 2015
(Figure 5) (standardized path coefficient of 0.35 and significant at the 0.01 level, that is, higher than the
standardized path coefficient in 2005). Economic growth had inhibitory effects on industrial sulfur
dioxide emissions through technical progress, with a standardized indirect effect path coefficient of
0.58 x —0.15 = —0.087. Economic growth had positive effects on sulfur dioxide emissions through
the industrial structure (Hypothesis H3 was true) and the standardized indirect effect path coefficient
was 0.25 x 0.11 = 0.028. Hypotheses H4 and H5 were not true in 2015. From the path diagram, we
can see that economic growth levels and industrial structure had some positive effects on industrial
sulfur dioxide emissions. Economic growth in Chinese cities that is driven by urbanization greatly
facilitates the investment of large amounts of resources and the emission of large amounts of pollutants.
Although the current industrial structure is still in a transformation phase, industrial sulfur dioxide
emissions have increased instead of decreased. This shows that in China, industry still dominates and
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inside the industrial structure, the production and supply of electricity and heat are still important
foundational support industries that determine the amount of industrial sulfur dioxide emissions.
Although technical progress has resulted in some reduction in industrial sulfur dioxide emissions, its
effect strength is not great. With regards to industrial sulfur dioxide emissions, emission reduction
and reverse causation mechanisms due to environmental regulations were not formed. Sulfur
dioxide emissions at the source and end can only be controlled by reducing sulfur dioxide emissions,
accelerating the transformation of the internal industrial structure, increasing expenditure in science
and technology research and strengthening environmental regulations and the formulation of sulfur
dioxide emission standards for relevant industries.

0.13
1

. . Industrial sulfur
E growth 0.18 dioxide emission
L
03, A% ]
0.55%* -0.01

0.24
0.5

Industrial Technical
14 . .
structure %, * innovations
%, é\
\ 3 N /
g
*9, O
4 N
Q

Environmental
regulation

0.8

Figure 4. Path diagram of how economic growth in 2005 affected industrial sulfur dioxide emission.

(Note: *, **, *** indicate significance at the 0.05, 0.01 and 0.001 levels, respectively and the fitting result
is significant.)

0.89
1

. o Industrial sulfur
Eeonomicgronth 03 /v dioxide emission
0.58;(.** Q_\\* [
0.25%%* 20.15%*

0.93 ]

Industrial " Technical )
@ structure ‘) innovations @
k &

Environmental
regulation

1

Figure 5. Path diagram of how economic growth in 2015 affected industrial sulfur dioxide emissions
(Note: *, **, *** indicate significance at the 0.05, 0.01 and 0.001 levels, respectively and the fitting result
is significant.)
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3.4. Evolution of Impact Paths

We designed 5 major paths in this study: the direct impact path of economic growth on
environmental pollutant emission, the indirect impact path of economic growth affecting emission
through the industrial structure, technical progress and environmental regulations and the reverse
causation path of environmental regulations affecting the amount of emission through industrial
structure and technical progress (Table 6). Since 2005 when China first included the goal of energy
conservation and emission reduction in its 5-year plans, the impact path strength of economic growth
in prefectural-level cities in China with respect to smoke and dust emissions and industrial sulfur
dioxide emission increased. This shows that negative environmental externalities due to economic
growth of prefectural-level cities still exist and are becoming more significant. The positive indirect
effects of economic growth on the amount of emission through the industrial structure have decreased.
In 2015, its effects on industrial smoke and dust emissions disappeared. This means that the industrial
structure is no longer the primary influential factor of industrial smoke and dust emissions. With
regards to sulfur dioxide, although its positive effects have decreased, the industrial structure is
the only path that affects the survival of this path. This shows that the industrial structure is still
a primary influential factor in Chinese prefectural-level cities. Summarizing the above two paths
(increased economic growth impact path and weakened industrial structure impact path), we can see
that besides the industrial structure, other factors can also affect the emission of industrial pollutants
in prefectural-level cities in China, such as system factors, spatial migration of industries and so forth.
This is because economic growth itself cannot result in the emission of pollutants and its impact path
should be a series of market behavior (scale expansion) and policy behavior (spatial migration of
industries caused by policies) that affect the increase or decrease in the emission of pollutants once a
certain economic growth level has been reached.

Economic growth only produces negative effects on industrial sulfur dioxide emissions through
technical progress and the effect strength is increased. This shows that technical progress was the
most important path for the reduction of sulfur dioxide emissions in prefectural-level cities in the
past decade. As for emissions reduction in China, cleaner technology development plays a crucial
role [35]. Cleaner technology solutions involve radical innovations that leapfrog standard routines
and knowledge and also requires the creation of new infrastructures for companies and new levels of
functionality to customers, especially for the capital and natural resource intensive industries which is
also the main source of pollution [36,37].

Table 6. Path evolution of effects of economic growth in Chinese cities on the emissions of air pollutants.

Industrial Smoke and Dust Industrial Sulfur Dioxide
Influence Path Emissions Emissions

2005 2015 2015-2005 2005 2015 2015-2005
Economic growth—Emissions None Forward  Strengthen Forward Forward  Strengthen
Economic grovx./th'—ﬂndustrlal Forward  None Disappear = Forward  Forward  Decreased
structure—Emissions
Economic grov.vt}.l%TeChrucal None None None None Negative  Strengthen
progress—Emissions
Econon.uc growth ﬁEnwronmental Negative Negative Decreased  Negative None Decreased
regulation—Emissions
EnV1ronmental‘ re.gulatlonﬁlndustrlal None None None None None None
structure—Emissions
Env1r0nmenta} rggulatlon —Technical None None None None None None
progress— Emissions

The negative and indirect effects of economic growth on the amount of emissions through
environmental regulations were found to be weakened. In 2015, the inhibitory effect of environmental
regulation on industrial sulfur dioxide emissions had disappeared. This means that the emission
reduction effects of environmental regulations on the emissions of the two types of pollutants had
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started to weaken. We can also interpret this as the environmental regulatory measures or policies on
the two types of pollutants exhibiting a weakening trend. In addition, our study results showed that
the reverse causation mechanisms of environmental regulations were not present in the two periods.

4. Discussion and Conclusions

The empirical relationship between economic growth and pollutants emission (such as the EKC
curve) has important significance for understanding pollutants emission during economic growth
and the variation patterns of its resulting environmental impact. However, empirical relationships
can only provide information on environmental characteristics at different development phases and
have limited use for the formulation of targeted environmental policies. In addition, numerous
existing study results also show that different types of pollutions exhibit different characteristics
in the empirical relationship between economic growth and pollutants emission. Although a large
number of empirical studies have been searching for general laws, no consensus has been achieved
thus far. An in-depth understanding of the impact paths of economic growth on the environment is
required in order to formulate effective emission reduction policies. This study used the theoretical
understanding of the relationship between economic growth and pollutants emission as a basis and
employed structural equation modeling using 283 prefectural-level cities in China in 2005 and 2015
as study samples to analyze the impact paths of economic growth on industrial smoke and dust and
sulfur dioxide emissions.

The results showed that for different pollutants, the impact paths of economic growth on their
emission showed both similarities and differences. First, with regards to industrial smoke and dust
emissions and sulfur dioxide emissions, the effects of economic growth on the amount of these two
emissions through environmental regulations and the industrial structure were negative inhibitory
effects and positive promoting effects, respectively. This means that in prefectural-level cities in China,
environment regulation factors have produced some effects in reducing the emissions of these two
pollutants while the industrial structure (level of industrialization) can increase the emissions of these
two pollutants. These impacts of industrial structure and environmental regulation on SO, are also
supported by other research [27]. However, the effect strength of these two paths shows a gradual
weakening. It should be noticed that the study only considered the factor of industrialization level
(shares of secondary industries to total GDP) which merely is one of the composition factors affect
pollution emission. As mentioned by Dina S. (2004), with economic development, the economic
structural changes from rural to urban or the agricultural to the industrial accompany another
structural change, from energy intensive industry to services and knowledge-based technology
intensive industry [18], which was not considered in this study.

Second, these two paths differ in effect strength and its changes. The positive promoting effects
of the industrial structure on pollutant emission are significantly higher than the inhibitory effects
of environmental regulation. With regards to the impact path of economic growth—environmental
regulations—amount of emissions, the strength of the inhibitory effects of economic growth on
industrial smoke and dust emissions in 2005-2015 weakened while the inhibitory effects of this path
on industrial sulfur dioxide emissions disappeared by 2015. This shows that the effects of current
environmental regulation measures or policies exhibit a weakening trend. Conversely, the impact
path of economic growth—industrial structure—amount of emissions was the reverse of the above
path. This means that the effects of the industrial structure on industrial sulfur dioxide emissions have
weakened and its effects on industrial smoke and dust emissions have disappeared.

Third, the economic growth only produces inhibitory effects on industrial SO, emission through
technical innovation but has no effects on industrial smoke and dust emissions. The above analysis also
showed that the impact paths of economic growth on pollutant emission vary for different pollutants.
The current studies suggest that the wealthy countries can afford to invest in incremental and radical
technological innovation [38]. Technological progress leads to greater efficiency in the use of energy
and materials. Thus, this progress can reduce the emission from the very beginning of production
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through reuse and recycling of by-products and materials. Such as, the recycling of SO, in nonferrous
metal processing. This finding can also explain why currently, a consistent conclusion on the empirical
relationship between economic growth and environmental pollution is difficult to obtain in academia.
Therefore, localized studies on specific pollutants and specific regions should be carried out in order to
formulate targeted environmental policies.

In addition, our study also found that the direct impact path of economic growth on environmental
pollution also passed significance testing, particularly in 2015. This shows that other reasons
affect pollutant emission, such as international trade [39], urbanization [40], consumption pattern
transformation [41] and so forth. Economic growth itself cannot result in the emission of pollutants
and its impact path should be a series of market behavior (scale expansion) and policy behavior
(spatial migration of industries caused by policies) that affect the increase or decrease in emission
of pollutants once a certain economic growth level has been reached. This is also a shortcoming
of this study and there is an urgent need to carry out corresponding empirical studies. In addition,
although we attempted to examine the impact paths of economic growth on environmental pollution in
prefectural-level cities in China, due to data availability and data quality limitations, we only included
283 prefectural-level cities as study samples. The coverage of spatial samples is not comprehensive
and the type of pollutants is also not complete. Therefore, the study results can only be limited to
the explanation of the impact paths of two time points and 283 prefectural-level cities and this is
the greatest limitation of this study. In the future, panel data should be used for the examination of
impact paths, the study period should be extended and the distribution of spatial samples should be
more comprehensive. This will require higher quality data as support. We believe that as China’s
statistical system improves, future corresponding research work will become more convenient and
more universal conclusions can be obtained, which can be used to guide policy implementation.
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