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Abstract: The provinces and cities located in the Yangtze River Delta Region have different industrial structures, consume energy in different ways and emit different pollutants. Hence, pollution control in these places should be focused on
different issues. Studies till date were focused primarily on time-sequence or panel association work on emissions of specific pollutants in a region, and their applications were relatively limited. This paper uses dynamic data of the Logistic
model to analyze the research approaches, validating both the rising tendency of the environmental Kuznets curve (EKC)
and the differences in industrial pollutants from different regions in Yangtze River Delta through the use of the polynomial model. The proposed counter-measures are helpful in alleviating the pollutant emissions in the Yangtze River Delta
Region and controlling the pollutant emissions in a structured manner across the region. Results show that there is a structural and spatial difference between industrial pollutant emissions and its economic growth in the Yangtze River Delta
Region, and that the curve fitting model yields different inflection points and convergence times. The fitting curves for the
three models demonstrate that the relation of industrial waste water, waste gas and "3W" (i.e. waste water, waste gas and
solid waste) index with the regional GDP per capita takes on an inverse N shape, while the solid waste is linearly related
to the regional GDP per capita.

Keywords: Industrial pollutant, spatial difference, structural difference, yangtze river delta region.
1. THEORETICAL SURVEY

2. MODEL SETTINGS AND CALCULATIONS

The relation between pollutant emissions and the economic growth of a region was assessed by Martínez-Zarzoso
I and Bengochea-Morancho [1] using the control samples
and they concluded that the EKC-based classical hypothesis
will be valid when the CO2 emissions have an elasticity balance between 0.4-2. With statistical data on population, incomes and technology in Canada and several other countries,
Pierre-André Jouvet and Gilles Rotillon et al. [2] demonstrated the existence of the Environmental Kuznets Curve
(EKC) for CO2 emissions in the context of technological
development. Jack E. Riggs, Jeffrey C and Hobbs, Gerald R.
Hobbs et al. [3] validated the inverse U-shaped relation between CO2 emissions and per capita income, and reported
that the CO2 emissions in OECD members showed steady
EKC characteristics. Martin Wagner [4] studied the relation
between the industrial pollutant emissions and economic
growth and proved that the different structures of industrial
pollutants resulted in different critical points. Hence, different curve fitting models may yield different results while
validating industrial pollutant emissions. Jill L, CavigliaHarris, Dustin Chambers, and James R. Kahn [5] recommended that the countries should devise policies to bring
about more effective environmental control, reduce industrial
pollutant emissions and achieve a green economy.

2.1. The Environmental Kuznets Model For The Relation
Between Industrial "3W" Emissions And Economic
Growth
EKC is used in this paper to analyze the relation between
industrial pollutant emissions and economic growth. Generally, it is verified by either a binomial or a polynomial. To
further reduce the impact of hetero-scedasticity on the results, cubic polynomial dual-log verification is carried out to
check the relation between environmental pollution and the
driving force of industrial economy by setting up the basic
model as follows:
ln yi =  i + 1i ln x +  2i (ln x) 2 +  3i (ln x) 3 +  i

(1)

where the parameter i (1,2,3,4,5) is used to establish the
EKC-based relation of waste gas, waste water, solid waste
with comprehensive control over "3W" (i.e. waste gas, waste
water, solid waste) pollution. EKC inflection points can be
classified into the N type, inverse-N type, inverse-U type, U
type, negative line and positive line. The critical conditions
and inflection points for each type of fitting curves are described in Table 1.
2.1.1. Emission and Economic Growth
To study the overall trend of EKC in the context of progress in environmental protection, 1997 is chosen as the
baseline. The path of inflection points for each sample in the
Yangtze River Delta Region is selected. The investment in
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Critical condition & inflexion of fitting curves for the correlations in industrial "3W".
Curve Shape

Critical Condition

Inflexion

N

 22i  3 3i 1i > 0;  3i > 0

3 3i (ln x) 2 + 2  2i (ln x) + 1i = 0

Inverted N

 22i  3 3i 1i > 0;  3i < 0

3 3i (ln x) 2 + 2  2i (ln x) + 1i = 0

U

1i < 0;  2i > 0

1
ln x  =  1i /  2i
2

Inverted U

1i > 0;  2i < 0

1
ln x  =  1i /  2i
2

Positive linear

1i > 0;  2i = 0

None

Negative linear

1i > 0;  2i = 0

None

the environmental sector needed to achieve the predetermined degree of environmental protection is obtained
by converting the magnitude of economy. The EKC mechanism for associating environment to economic growth is also
acquired in this way. Detailed description is given below.

dx

dt

= ex(1  kx )

(2)

where x, k , r denote the model prediction variable, widest
range of change and the parameter that needs to be estimated, respectively. Furthermore, x can be transformed into
a function of k , yielding

Y = ln
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k  x and Y =   rt
x

(3)

This can be simplified into

r
1
K
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)dx = rdt , yielding the general solution to
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K
Equation (3) as:
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Finally, the explanatory variable of the model is:
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2.2. Parameter And Data Selection

(4)

2.2.1. Selection of Industrial Pollution and Economic
Growth Metrics

x0
, the equation
r
r  x0
K
that satisfies the original conditions is obtained.,

To further analyze pollutant structures, pollution products
and "3W" pollutants are measured in 10,000 tons. To understand the impacts of "3W" pollutant landfilling and burning,
the quantity of pollutants discharged is replaced by the quantity of pollutants generated. The "3W" pollutants are computed in a weighted manner. A detailed account of this is
provided below.

ln x  ln r 
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K

Since C is a constant and C = ln
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y = W1M i1 + W2 M i 2 + W3 M i 3 , i =`1,2,3,...17

(9)
   
This is used to describe the quantity of 3E pollutants discharged from 1997 to 2013, where yij denotes the value of
the jth pollutant in the ith year,

y j denotes the average of the

corresponding discharge. Let

s j denote the standard devia-

tion of the discharge of j predicted during the period from
1997 to 2013. Its weighted formula is given by:
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Fig. (1). Change trend of industrial "3W".

M ij = 60 + 10  ( yij  yi ) / s j  V j = s j / y j

(10)
  
Therefore, the comprehensive "3W" index is given by:

Wj =

Vj
3

V
j =1

j

(11)

The per-capita GDP of Jiangsu, Zhejiang and Shanghai in
the Yangtze River Delta Region serves as an indicator for
growth of industrial economy. The year of 1996 is considered as the baseline. The deflator is derived by summarizing
GDP indexes of these provinces from 1997 to 3013, with the
data being collected from statistical annuals of these provinces. According to qualitative cognition and relevant theories that Gene M. Grossman et al. [6] (1995) devised on the
mechanism for generation of industrial pollution, the relation
between "3W" pollutants and industrial economic growth has
been decomposed into many elements, such as the industrial
structure, economic level, investment in environment protection, degree of urbanization and energy consumption.
(1) Industrial structure: as compared to light industry,
the processing of aluminum for the construction industry in
the Yangtze River Delta Region is a major contributor to
energy consumption and pollutant emissions. Let x0 denote
the selected indicator for industrial structure, which is measured by the proportion of the heavy industry (added value of
the heavy industry/added value of the entire industry. Let x1
denote the Hoffman coefficient, i.e. added value of the light
industry/added value of the heavy industry.
(2) Economic level: increase in the proportion of an industry will result in greater demand for energy and resources
as well as more pollutant emissions. Increase in the gross
economy results in greater pollutions. However, a stronger
economy generates a potential for reducing pollutant emissions per product and increasing investment for improving
the environment. Therefore, the concept of economic level is
used in this paper. Let x2 denote GDP, x3 denote the added
value of the industry. Then x4 denotes the proportion of the
added value of the industry, and is defined as the ratio of the
added value of the industry to GDP (x3/x2).
(3) Environmental investment: the industrial investment
in environmental protection is helpful in optimizing re-

sources devoted to the industry and alleviating environmental pollution and pollutant emissions. Thus, the variable
for the investment level of environmental protection is selected, which consists of investments on wastewater control,
waste gas control and solid waste control as well as the overall investment needed to complete the environmental control
task, these four dimensions being denoted by x5~x8, respectively.
(4) Urbanization degree: The urbanization process is going on at a fast pace, resulting in greater energy demands,
thereby generating more industrial pollutants and finally
putting more pressure on the environment. The urbanization
ratio is selected as the indicator, and is defined it as the ratio
of the urban population to the resident population. Let it be
denoted by x9.
(5) Energy consumption. It refers to the total energy consumed. Energy consumption is the most intuitive indicator
for increase in emissions of industrial pollutants. The total
consumption of primary energy leads to an increase in emissions of industrial pollutants. The total energy consumption
and total coal consumption are chosen as sub-indicators and
denoted as x10 and x11, respectively.
2.2.2. Data
This paper is focused on the relation between "3W" pollutants and economic growth in Yangtze River Delta Region
comprising Jiangsu, Zhejiang and Shanghai. This relation is
based on the industrial pollution data and on factors discussed above. The wastewater emission in the Yangtze River
Delta Region decreases annually, but the solid waste and
waste gas emissions increase dramatically as shown in Fig.
(1). GDP in the Yangtze River Delta Region increases steadily during the years selected for statistical analysis.
3. PROCESS FOR EMPIRICAL STUDY
3.1. EKC And Logistic Inflection Point Analysis On Economic Growth And Industrial Pollutant Emission
Based on above analysis, EKC, coupled with the logistic
model and multiple linear regression (MLR), is used to verify the relation between "3W" pollutants and economic
growth in the Yangtze River Delta Region [7].
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Table 2.

waste water

t

exhaust gas

t

waste solids

t

industrial
"3W" synthetical

t

C

lnx

(lnx)2

(lnx)3

126.111

-39.78

4.57

-0.18

(1.78)

(-1.67)

(1.77)

(-1.85)

509.71

-170.13

19.15

-0.71

(2.26)

(-2.24)

(2.28)

(-2.28)

1.44

0.94

(3.27)

(18.8)

82.29

-25.94

2.86

-0.11

(1.96)

(-1.83)

(1.83)

(-1.78)

R2

F

DW

Curve

0.967

78.23

1.978

Inverted N

Inflexion

Approaching status

3218.57



10146.68
0.968

130.01

1.957

Inverted N

3194.87



19878.55
0.959

356.11

1.981

monotone
increasing

0.975

114.85

2.21

Inverted N

none



3487.03



28639.21

Model curve’s NLS fitting per capita GDP.
Yangze River Delta

Shanghai

Zhejiang Province

Jiangsu Province

R2

0.97

0.998

0.994

0.97

k

216136.71

226228.21

192628.71

168047.71

a

4.39

4.25

4.21

4.71

r

0.18

0.18

0.18

0.18

model

Table 4.
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Industrial "3W" and its synthetical estimation results for Yangze river delta.

Pollutant

Table 3.
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x=

216136.71
1 + e 4.39-0.18r

x=

226228.21
1 + e 4.25-0.18r

x=

192628.71
1 + e 4.21-0.18r

x=

168047.71
1 + e 4.71-0.18r

Time estimation for the reachment of inflexion at "win-win" (industrial wastes &GDP).
Waste Water

Region

Exhaust Gas

Waste Solids

Number of Years

Year

Number of Years

Year

Number of Years

Year

Yangze river delta

reached

2006

0.67

2014

0.95

2014

Shanghai

reached

2007

reached

2013

1.97

2015

Jiangsu prov.

reached

2005

reached

2012

3.17

2016

Zhejiang prov.

reached

2006

4.85

2017

4.12

2017

Results of analysis performed on the Yangtze River Delta
Region, using above selected environmental pollution indicators, are shown in Table 2. The constant term and the parameter of t that needs to be estimated was derived from regression of various curve models, goodness-of-fit of their
corresponding equations being 0.967, 0.968 and 0.959, respectively. In terms of sequence correlation, since the DW
values of each curve model are 1.978, 1.957 and 1.981, respectively, autocorrelation of the corresponding sequences
was completely eliminated, thereby removing the need to
add the AR variable [8].
Based on above analysis, the model curves of per-capital
GDP in the Yangtze River Delta Region were fitted through
the use of the Logistic model. Results in Table 3 demonstrated that the industrial waste gas and solid wastes in the
Yangtze River Delta Region bear a significant and positive

relation to economic growth of the region, without EKC inflection points. But the industrial "3W" pollutants and
W j bear an inverse “N” relation to the economic growth
achieved in the Yangtze River Delta Region for the corresponding years [9, 10].
In above relations, the per-capital GDP that corresponded
to the inflection point from increased economic growth and
alleviated pollution is reported to be 10148.68 yuan,
19878.55 yuan and 28639.21 yuan, as showed respectively
in Table 4. Next, the per-capital GDP data issued to obtain
the time path that the Yangtze River Delta Region follows to
contact the EKC. Results demonstrate that in terms of industrial waste gas pollution, Shanghai and Jiangsu approach the
inflection point at the peak; but in terms of solid waste pollution, there is still room for pollution control.

2634

The Open Cybernetics & Systemics Journal, 2015, Volume 9

Shen Fei

Fig. (2). Fitting results in logarithm curve for industrial "3W" in yangtze river delta.

3.2. Model Verification On Yangtze River Delta Region’s
Influencing Factors of The Industrial "3W" Emission
Results from fitting the emissions of industrial waste water in the Yangtze River Delta Region fluctuated are showed
in the following Fig. (2).
Firstly, the emission of industrial pollutants was inversely related to the per-capita GDP before 1996, and positively related to it from 1996 onwards till 2007. For now, the
relation between the structure of the source of pollution in
the Yangtze River Delta Region and its economic growth
can be characterized by “high economic growth and low
level of pollution”. This benefits from the collaborative pollution control measures across the region, where the distribution of enterprises is adjusted, and some of the enterprises
that threaten serious pollutions are transferred elsewhere.
However, there are more resource-intensive enterprises that
entail high energy consumption per unit of production, resulting in an increase in the emission of industrial waste water again. It can be said that exercising pollution control is an
important means for enterprises of the Yangtze River Delta
Region to alleviate emissions of industrial "3W" pollutants
[11-13].
Secondly, in terms of the fitting curve of industrial waste
gas emissions, the industrial waste gas emissions decreased
before 1996, rose rapidly after 1996 and then increased
slowly. The inflection point in the industrial waste gas curve
in the Yangtze River Delta Region corresponded to the percapita GDP of 19887.57 yuan, compared to the per-capita
GDP of 18807.16 yuan for the region. It is predicted that the
above inflection point would be reached in 2015. Both
Shanghai and Zhenjiang, are inclined to show a characteristic
“high economic growth and low pollution level”, taking into
account the inflection points at the bottom of their fitting
curves on emissions, the curve tendency to increase since the
inflection points were formed gradually in 2001 and their
efforts to shut down or transfer serious-polluting enterprises.
Note that there are still some industries heavily dependent on
resources, thereby slowing down the pace of the region to
approach the “high economic growth and low pollution

level” inflection point. In regions where energy-intensive
enterprises are concentrated, it is advised to devise environmental protection regulations and prompt the industries to
exercise pollution control.
Thirdly, the solid waste emissions in the Yangtze River
Delta Region were positively related to the per-capita GDP.
The main reason for this is that while adjusting the industrial
structures, a large number of energy-intensive raw materials
were used across the region, and the byproducts contributed
to the solid waste pollution. Meanwhile, only small investments were made on pollution control. In this context, high
economic growth was achieved at the cost of serious pollution. In case of the Yangtze River Delta Region, sufficient
attention should be paid to pollution control before, during
and after the production processes.
Next, the fitting curve of the relation between the "3W"
comprehensive index and the economic growth across the
Yangtze River Delta Region first descended and then ascended. After 1996, the increase was steadily reduced. The
per-capita GDP inflection point of the "3W" comprehensive
index was kept at 28638.27 yuan, compared to 18807.13
yuan for the Yangtze River Delta Region. It is predicted that
the inflection point would be reached in 2017. Due to different conditions prevailing in cities, Shanghai and Jiangsu
would reach this point prior to Zhejiang.
3.3. Double-Log Regression Analysis of the Relation Between Industrial "3W" Emissions and Economic Growth
Based on above analysis, various models are used in this
paper to represent different properties of the relation between
the source of the industrial pollution and the per-capita GDP
across the region. Due to multi-dimensional samples, autoregression on the above two factors is performed quantitatively using the double logarithmic method in order to obtain
the relation between industrial "3W" emissions and economic growth.

ln yi =  +  0 ln x0 + 1 ln x1
+  2 ln x2 + ... n ln xn + μ

(12)
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where  denotes the coefficient of each explanatory variable, and μ denotes the random disturbance term. Industrial
structure, degree of urbanization, economic activity, investments in environmental protection, and energy consumption
are defined as the explanatory variables to construct their
relation with the dependent variable yi . Next, Eview software is run to analyze the relation between the industrial
“"3W"” emissions and the economic growth in the Yangtze
River Delta Region. Double logarithmic quantitative regression and principal component fixed-effect variable intercept
panel regression are carried out to avoid multiple contributions. In general least squares verification, let lnyw.w., lnyw.g,
lnyw.s. and lnyT.W denote the waste water index, waste gas
index, solid waste index and the "3W" comprehensive index,
respectively. The model is given as follows:
i.lnyw.w.=11.87-0.65F3-0.44F4+0.47AR(1)
(20.63) (-2.51) (-2.71) (7.98)
R2=0.97 F=309.81 DW=1.67
ii.lnyw.g.=-0.14+1.08F1-0.44F2-0.47F4+0.47AR(1)
(-0.18) (11.87) (-2.88) (6.71) (3.84)
R2=0.94 F=100.25 DW=2.14
iii.lnyw.s.=2.47+0.82F1-0.54F2-0.58F3+0.50AR(1)
(5.87) (14.67)(-5.35)(-9.23) (4.14)
R2=0.97 F=379.81 DW=1.87
iv.lny T.W.=3.61+0.06F1-0.04F2-0.03F3-0.05AR(1)
(40.46) (4.67) (-2.25) (-3.71) (5.14)
R2=0.90 F=63.25 DW=2.16
3.4. Results
Based on above analysis, the goodness-of-fit of each
model is 0.917, 0.978, 0.955 and 0.937, all being close to 1.
The DW statistics for residual errors reports 1.957, 1.938,
1.986 and 1.984, all being close to 2. This proves there is no
possibility for auto-correlation amongst the parameters. The
constant terms and the changes of each parameter in the four
models pass the t-value test at a high level, demonstrating
that the selected multi-variable double logarithmic quantitative regression model produces good fitting results. Thereafter, the principal component analysis is carried out to interpret the relation between each of the factors and the industrial "3W" pollutant emissions. Fitting of these data yields
the elastic coefficients for the industrial "3W" pollutants and
the comprehensive "3W" pollutants. Taking into account
multi-variable double logarithmic quantitative regression, it
proves that different factors have different relations with the
industrial "3W" pollutants in the Yangtze River Delta Region.
Firstly, the elements of the industrial structure in the
Yangtze River Delta Region bear the most significant relation to industrial waste gas emissions. Increase in industrialization and Hoffman proportion by 1% results in an increase
in the waste gas emissions by 1%. The increase in the waste
gas emissions will be even greater, in the context of growing
proportions of heavy industries across Yangtze River Delta

The Open Cybernetics & Systemics Journal, 2015, Volume 9

2635

Region, especially when these heavy industries involve aluminum materials, processing units, and petrochemicals.
Secondly, both the economic level and the proportion of
the industry across the region to the industry in the country
are positively related to the industrial "3W" and comprehensive indexes, but are negatively related to waste water. GDP
increase, industrial increment, and the proportion of the industrial increment to the national GDP by 1%, result in a
reduction of waste water emissions by 0.03%, 0.05% and
0.27%, an increase in waste gas emissions by 0.16%, 0.18%
and 0.38%, an increase in solid waste emissions by 0.07%,
0.09% and 0.09%, as well as an increase in the industrial
"3W" emissions by 0.01%. From Table 1, it is observed that
a greater economic output and industrial growth result in a
higher level of "3W" pollutions from the industry; but the
technology for reducing waste water emissions offsets "3W"
comprehensive emissions, further proving that there is room
for cities in the Yangtze River delta region to exercise
greater control over industrial "3W" pollutions.
Furthermore, elements of the urbanization process and
solid waste emissions bear a positive and significant relation
to an economic growth across the region. Fluctuations in
waste water and solid waste emissions are readily caused
during the urbanization process. Increase in urbanization
degree by 1% results in an increase in the industrial waste
water and solid waste emissions by 0.16% and 0.15%, respectively. This indirectly proves that the urbanization process prompts enterprises to boost production blindly, resulting
in higher level of pollution. But "3W" pollution control has a
slight and positive relation to the level of industrial pollution.
This is mainly due to the fact that the cost in pollution control is investment-type expenditure. But the industry usually
follows a mode that postpones environmental protection until the pollution has already occurred, highlighting the need
for a further control from the government, while investing
more in pollution abatement.
Finally, energy consumption, especially coal consumption, is significantly related to industrial waste gas and solid
waste emissions. Increase in energy consumption by 1%
implies that the industrial waste gas and solid waste emissions increase by 0.28% and 0.32%, respectively. Increase in
coal consumption by 1% implies that the industrial waste gas
and solid waste emissions increase by 0.37% and 0.18%,
respectively. This demonstrates the significant relation of
energy and coal consumption to the industrial waste gas and
solid waste emissions. This is due to the control over industrial waste water emissions throughout the Yangtze River
Delta Region.
CONCLUSION AND RECOMMENDATION
Environmental pollutions associated with industrial development bear many relations to economic growth. The
fitting curves of different models yield different verification
results on various industrial pollutants across provinces and
cities in the Yangtze River Delta Region. Jiangsu and
Shanghai approach the “high economic growth and low energy consumption” inclusion points faster than Zhejiang.
Structural study on the relation of industrial pollutants and
their emissions with economic growth in the Yangtze River
Delta Region has been carried out. Feasible ideas on water
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pollution control that can be implemented by the industry are
proposed. In terms of industrial waste water emissions, based
on validation of different injection points for emissions
across the region, this paper throws light on the introduction
of structural pollution control into industries in the Yangtze
River Delta Region as well as on the adjustment and selection of these industries. Due to different validation results
between Shanghai, Jiangsu and Zhejiang, in terms of protection of water environment, more efforts need to be taken to
abate solid waste and industrial waste gas pollutions. Finally,
taking into account its comparison with Shanghai and Jiangsu in terms of inflection point for industrial pollution
control, Zhejiang needs to extend the mode of industrial
waste water control into waste gas and solid waste pollution
abatement, enabling industrial "3W" pollution to be controlled by collaborative efforts across the Yangtze River
Delta Region.
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