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To explore the evolution mechanism of manufacturing green development efficiency is of
great significance to realize green transformation of manufacturing industry in the Yangtze
River Economic Belt. This paper fully considers the resource inputs and undesirable
outputs in the production process and applies WSR methodology to construct the index
system of influencing factors. Based on the panel data of 11 provinces and cities in the
Yangtze River Economic Belt from 1998 to 2017, the super-SBM model is used to
calculate the manufacturing green development efficiency. Then, the regional differences
of manufacturing green development efficiency in the Yangtze River Economic Belt are
deeply analyzed. Finally, Tobit model is applied to analyze the influencing factors of the
manufacturing green development efficiency. And it turns out, during the statistics period,
manufacturing green development efficiency in the Yangtze River Economic Belt is “U”
shaped distribution, the mean value of each province over the years is 0.812, which is at
the medium development level; the manufacturing green development efficiency in the
Yangtze River Economic Belt is on the rise, and the low scale efficiency is the main reason
that restricts the manufacturing green development efficiency in the Yangtze River
Economic Belt. All the influencing factors have different effects on the manufacturing
green development efficiency in different regions. Therefore, this paper puts forward
corresponding policy suggestions from the three dimensions of Wuli, Shili and Renli.

Keywords: manufacturing industry, green development efficiency, WSR methodology, super-SBM model, tobit
model

INTRODUCTION

Manufacturing industry is the main source of modern material wealth, but also an important
industry that causes damage to the ecological environment. The manufacturing enterprises in the
Yangtze River Economic Belt are dense, and there are many environmental risks. The unreasonable
industrial structure and layout result in prominent ecological and environmental problems of
accumulation, superposition and potential, which have become the main bottleneck restricting the
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green development of the Yangtze River Economic Belt. To this
end, China issued the guidance on strengthening the green
development of industry along the Yangtze River Economic
Belt in 2017. In april 2018, general secretary Xi Jinping
pointed out at a symposium on promoting the development of
the Yangtze River Economic Belt in Hubei province that
manufacturing industry was the main body and important
force in the ecological and environmental protection
construction along the Yangtze River Economic Belt, sticking
to the path of ecological priority and green development. In June
2018, the Chinese audit office announced that the total amount of
wastewater discharge in the Yangtze River Economic Belt
accounted for more than 40% of China’s total, and the
emission intensity of chemical oxygen demand, ammonia
nitrogen, nitrogen oxides, sulfur dioxide and volatile organic
compounds per unit region was about 1.5-2.0 times the
national  average level. Incremental  expansion  of
manufacturing development in the Yangtze River Economic
Belt, such as high water production mode is still dominant;
the ecological environment pressure is still large. Under the
background of calling for ecological priority and green
development, the Yangtze River Economic Belt should focus
on improving the green development level of manufacturing
industry and reducing the waste of resources and
environmental pollution as much as possible. As the regions
of the Yangtze River Economic Belt have great differences in
economic development level and other aspects, and the
development model of manufacturing industry is also
different, so it is urgent to consider the green balanced
development of manufacturing industry among regions.
Therefore, it is of great significance to explore the evolution
mechanism of manufacturing green development efficiency in the
Yangtze River Economic Belt and find out the causes of
unbalanced manufacturing green development efficiency in
different regions for realizing green transformation of
manufacturing industry in the Yangtze River Economic Belt.
At present, scholars have carried out a lot of researches on the
connotation, mechanism and realization path of green
development. In 1989, Pierce first put forward the concept of
“green economy”, and then the concept of green development
gradually took shape. Green development emphasizes saving
resources and protecting the ecological environment while
developing economy. Jiang and Qu, 2020 conducted an in-
depth discussion on core journals, core authors, core
countries, discipline distribution, key word co-occurrence and
literature co-citation by using Cite Space software, taking 6,591
papers from core journals of Science Net (1999-2019) as research
samples. It found that the influence of Chinese research
institutions and scholars was increasing, mainly in the fields of
engineering and environmental science. The sustainable
innovation ability of the manufacturing industry was generally
at a high level. There are relatively few researches on the green
development efficiency measurement of manufacturing industry
in the Yangtze River Economic Belt. The existing researches on
the green development efficiency measurement mainly focus on
the following aspects: 1) Object of the study. Most existing
scholars choose regions or industries as research objects and
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analyze the evolution characteristics of the green development
efficiency of regions or industries. Wang et al. (2014) calculated
the green technology efficiency of provincial units from 2001 to
2010 based on the SFA model, and then analyzed the factors from
the perspectives of technology, system and industry. Jing and
Zhang, 2014 constructed the global Luenberger index based on
SBM model to measure the green technology progress of Chinese
industry. Li and Zhang, 2016 used the entropy weight TOPSIS
model to evaluate the industrial green development level of
108 prefecture-level cities in the Yangtze River Economic Belt
from 2004 to 2013, and applied the Tin index to analyze the
difference characteristics and composition of industrial green
development level among and within the three major city clusters
in the Yangtze River Economic Belt. Duman and Kasman, 2018
adopted the parametric hyperbolic distance function to study the
environmental technology efficiency of EU member states and
candidate countries from 1990 to 2011. Singh C. et al. (2020)
identified and examined the various key performance parameters
(KPPs) of Green-Lean practices in manufacturing industries to
develop green manufacturing by utilizing resources and reducing
waste. Future research would focus on ranking these KPPs of
green lean manufacturing using appropriate Multi-Criteria
Decision Analysis (MCDA) technique. 2) Research indicator.
Since the index system method contains many indicators, it is
difficult to obtain statistical data. Many scholars adopt the input-
output method, which takes capital, labor and energy as input
variables, GDP or industrial added value as desirable output, and
industrial waste as undesirable output, to calculate the efficiency
of green development. Wu and Wen, 2013 calculated China’s
industrial green productivity and emission reduction cost from
1995 to 2009 respectively by SML index method and DEA
method based on the direction distance function. Then, based
on the panel data model estimation method, it discussed the
influencing factors of performance and cost in industrial emission
reduction. Chen (2010) re-estimated the total factor productivity
of Chinese industry since the reform based on the directional
distance function, and found that the actual total factor
productivity with correct consideration of environmental
constraints was much lower than the traditional estimate
without correct consideration of environmental factors, which
was also supported by the comparison with the results of the main
literature. Yi et al. (2018) used DEA-Malmquist index method
and exploratory spatial data analysis method to calculate and
study the spatial and temporal differences of green total factor
productivity (GTFP) in 11 provinces (cities) of the Yangtze River
Economic Belt from 2004 to 2015. (3)Research method. Based on
the regional or industrial input and output data, most scholars
apply SFA, DEA and comprehensive index evaluation to calculate
the regional or industrial green development efficiency.
Considering the undesirable output in the production process,
Li et al. (2019)constructed an SBM model to estimate the energy
ecological efficiency of 30 provinces and cities in China from 2000
to 2016. Then the regional differences in the energy ecological
efficiency of the manufacturing industry were analyzed in depth.
Finally, the Tobit model was used to empirically analyze the
factors affecting the energy ecological efficiency of the
manufacturing industry in China. Li and Lin, 2017 evaluated
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and compared the ecological total factor energy efficiency of
heavy and light industries and evaluated their technology gaps.
Wang et al. (2017) built the Epsilon-Based Measure (EBM)-Tobit
two-stage efficiency analysis model by taking regional industry as
the research object and integrating industrial water and water
pollution emissions into the analysis framework. Sun et al. (2017)
measured the green efficiency of water resource based on data
enveloped technology, comparing and analyzing the results with
the traditional measures of water resource economic efficiency
and environmental efficiency, and studying the spatial pattern by
using ESDA method. Nukman et al. (2017) established a green
manufacturing index (GMI) technology that would determine the
effectiveness of green manufacturing processes from an economic
and environmental perspective. Zhang J. et al. (2018) used the
DEA-Malmquist method to measure the green total factor
productivity of various types in China’s food industry from
2006 to 2014. The results showed that from 2006 to 2014, the
environmental pollution index of China’s food industry showed
an upward - downward - upward trend. From 2006 to 2014, green
total factor productivity in China’s food industry showed an
upward trend. The mean technical efficiency of China’s food
industry was low, but the technical efficiency was on the rise. The
above-mentioned scholars mainly focus on the macro research of
the whole country or province, and the micro research results of a
certain region or subdivided industry are relatively less. They
mostly use the traditional input-output indicators and adopt the
SBM model of undesirable output to measure the green
development efficiency. The scientificity of the results needs to
be improved.

There are relatively few studies on the factors affecting the
manufacturing green development efficiency in the Yangtze
River Economic Belt, and more scholars pay attention to the
effects of different factors on the green development efficiency
of the industry, which are mainly reflected in the following five
aspects: 1) Technical factor. Zhou and Wu, 2013; Wu and Du,
2018 found that technological progress was an important factor
to improve the efficiency of industrial green transformation.
Gandhi et al. (2018) determined the drivers of integrated lean
and green manufacturing industry by using the ideal solution
similarity sorting method (TOPSIS) and simple additive
weighting method (SAW). The results showed that top
management commitment, technology upgrading, current
legislation, green brand image and future legislation were the
five driving forces of lean and green manufacturing integration
for SMEs in India’s manufacturing sector. Singh M. et al. (2020)
obtained answers from 36 senior managers of SMEs in different
geographical locations in India through the Green
Manufacturing Questionnaire. According to the empirical
data, the adoption of new technology had become an
important factor affecting the business performance of
enterprises. Lu and Zhao, 2016 held different views. 2)
Economic factor. Huang and Shi, 2015; Ban and Yuan, 2016
believed that the relationship between green development
efficiency and per capita income was u-shaped, while Zhang
Y. H. et al. (2018) thought that the level of economic
development had a positive effect on green development
efficiency. 3) Structural factor. Zhang (2016) believed that
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industrial structure restricted the improvement of green
development efficiency, while Hu and Li, 2012 held the
opposite view. 4) Factor of opening to the outside world.
Yuan and Xie, 2015 had a negative impact on the overall
efficiency of industrial green development, while the impact
direction of FDI depended on the intensity of environmental
control. Han and Lan, 2012; Lin and Liu, 2015; Chen et al.
(2017) believed that the degree of opening to the outside world
had a significantly positive effect on the efficiency of green
industrial growth. 5) Regulatory factors. Zhang and Wang,
2013; Borghesi et al. (2015), Zhao et al. (2018) thought that
the support of environmental protection had a significantly
positive effect on the efficiency of green development, while
Wei and Zheng, 2017 supported that the greater the intensity of
environmental protection or market segmentation, the greater
the efficiency of green development would be inhibited. Based
on the methodology of systematic literature review through the
content analysis of literary resources. Vrchota et al. (2020)
found that the most often common sustainability outcomes
were energy saving, emission reduction, resource optimization,
cost reduction, higher economic performance, human
resources development, social welfare and workplace safety.
Wang et al. (2020) used a spatial-temporal geographical
weighted regression (GTWR) model to analyze the regional
influencing factors of the high-carbon manufacturing
industry. The industrial structure and economic scale were
the main reasons for the regional carbon lock-in of the high-
carbon manufacturing industry, and the strength of the lock-in
had continued to increase. On the premise of estimating the
green development efficiency, most scholars have explored the
effect of one or fewer factors on the green development
efficiency. There are significant differences in the
conclusions, and the system of influencing factors needs to
be improved.

On the whole, the existing literature has formed a good
research foundation, but there are relatively few studies on the
manufacturing green development efficiency in the Yangtze River
Economic Belt. The research of relevant scholars is divided into
the following aspects: 1) Research object. It mainly focuses on
macro studies such as national or provincial studies, but there are
relatively few micro studies on a certain region, so it is necessary
to strengthen the research on green development efficiency of
subregion. 2) Research indicator. More attention is paid to
capital, human and energy input, while less attention is paid
to water resource input. 3) Research method. The traditional
DEA model and the undesirable output SBM model are mostly
adopted, which fails to further distinguish the decision making
unit, resulting in the deviation of the obtained efficiency value, so
the research method needs to be improved. 4) Influencing factor.
Most scholars explore the effect of one or fewer factors on the
efficiency of green development, so it is necessary to construct a
systematic and scientific system of influencing factors. To this
end, this paper makes improvements from the following three
aspects: 1) Fully considering the resource input and undesirable
output in the production process, it selects the use of water
resource in the manufacturing industry as the input variable and
the emissions of waste gas, waste water and solid waste in the
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manufacturing industry as the output variables; 2) Based on the
panel data of 11 provinces and cities in the Yangtze River
Economic Belt from 1998 to 2017, super-SBM is used to
measure the manufacturing green development efficiency in
the Yangtze River Economic Belt, so as to fully solve the
problem that multiple decision-making units may be effective
at the same time; 3) It uses the WSR methodology to construct a
more scientific influencing factor system of manufacturing green
development efficiency and applies Tobit model to analyze the
causes of regional differences in the manufacturing green
development efficiency. In order to improve the overall
efficiency of manufacturing green development and narrow
the region differences, the corresponding suggestions are put
forward.

STUDY DESIGN

SBM Model and Green Development
Efficiency Measurement of Manufacturing
Industry

Data envelopment method (DEA) is mainly used in domestic and
foreign researches on green development efficiency
measurement. This method can evaluate the relative efficiency
between multiple input and output decision making units, which
has the advantages of not setting weights and specific forms of
production frontier functions in advance. Traditional DEA
models mainly include CCR model and BCC model (Han and
Lan, 2012). With the proposal of these two models, DEA method
has been continuously improved through the joint efforts of
domestic and foreign scholars. After Tone improved DEA
method twice, super efficiency SBM model has become an
important method to calculate the green development
efficiency. This method can not only measure the relaxation
variable, but also evaluate the unit with an efficiency value of
1. Therefore, this method is adopted in this paper to measure the
manufacturing green development efficiency. The model
construction process is as follows:

Suppose the number of decision making units is n. In each
decision making unit, there are three vectors, namely input,
desirable output and undesirable output. The three matrices
are x € R1,y" € R™, y* € R™, we can define the matrix X, Y",
Y®, As follows:

X =[x,...x,] € RT">0
YV=1[y...yr] e R >0
Yo =[] e R >0

You can then construct a set of production possibilities that
includes the undesirable output P,

P={(xy"y")x2 XAy <Y"Ay 2 Y'A, 12 0}

According to the processing method of SBM model, the time-
sharing planning form of SBM model (variable return to scale)
considering undesirable output is shown in formula:
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L-1/q¥L,si /%o

p = min DT ™
L+ 1/my +m;, (Zr:lsr [y + Zi:lslb/)’lbo)

s.t. Xo=XA+s
Yy =Y"A-s" (1)
P=Yr+s

n
Y Ai=1,520,5">0s">0.
i=1
In Eq. 1, x, ¥ and y” represent input variables, desirable
output variables and undesirable output variables of the decision
making unit. 57, 5", s” are the slack variables of inputs, desirable
and undesirable outputs, A is expressed as the weight. The
subscript “0” in the formula is the evaluated unit. The
objective function value p is the manufacturing green
development efficiency. p on S, S, 8 strictly monotone
decreasing, and its values range from 0 to 1. When p = 1. §,
§", 8" are 0, the decision-making unit is efficient; When p < 1, it
represents the efficiency loss of the decision-making unit, so it is
necessary to make corresponding improvements in input and
output. SBM model can set three types: input-oriented, output-
oriented and non-oriented. Input-oriented refers to finding the
minimum input when the output is guaranteed to be certain.
Output-orientation refers to finding the maximum output when
the input is guaranteed to certain. Non-guidance refers to the
calculation from the perspectives of input and output at the same
time, so it is also called input-output bidirectional. This paper will
choose the optimal guidance according to the empirical results.
Considering that the SBM model with undesirable output may
be effective for multiple decisions at the same time, which makes it
difficult to distinguish and arrange these decision making units,
this paper uses the super-SBM model with undesirable output to
solve problem. A finite set of possibilities excluding DMU (xq,y,) is:

P\(xo,30) = (% 7"7") 2 Y s

M:

s

Ayt 3= Z Ay, 7" 20,120
i=1

i=1

The fractional programming form of super-SBM model (variable
return to scale) considering undesirable output is shown in formula:

1/a%7 % /x,
p=min [amln
l/ml+m2(27:1yr/y70+Zi:1yl/y10)
S.t. X2 i )L,-xl-,
i=1,#0
=Y Ay,
7 i=§#0 )i 2)
72 3 b,
i=1,#0
= —w w b b
X2 x0. 7" <y, 7' 2y
> A=1,9">0,A>0
i=1,#0
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In Eq. 2, pe is the target efficiency value, and the meanings of
other variables are the same as Eq. 1.

TOBIT Model

When the dependent variable is the fragment value or the cut
value, the Tobit model should be adopted. This model belongs to
the restricted dependent variable model, and the maximum
likelihood method is adopted to estimate this model, which
can better avoid the problem of inconsistent and biased
estimation of parameters. Its mathematical expression is
shown in formula:

1
pi =B+ ) B+
=)

pi=p 0<p<l 3)
p;i=0 p;<0
pi=1 pi>1

In Eq. 3, p; is the latent variable, p; is the observed actual
dependent variable, x;; is the independent variable, B, is the
constant term, f3; is the correlation coefficient vector, ¢ is
independent and &; ~ N (0, 0?).

Variable Selection and Data Description
Input-Output Variables

Input Variables

@ Capital input variable. In the selection of input indicators,
most of the relevant literatures are based on the idea of Cobb-
Douglas production function and take labor and invested capital
as inputs. In the past research, capital investment index is mostly
represented by capital stock (Khairunnisa et al., 2015), this paper
selects fixed assets investment (unit: one hundred million yuan)
of the manufacturing industry to replace the capital stock (Zhang
and Zhang, 2003; Guo and Sun, 2013). In order to eliminate the
influence of the price factor, the paper sets the year of 1998 for the
base period and uses price index of fixed assets investment to
convert fixed assets investment into comparable price capital
stock. @ Labor input variable. In this paper, labor input is
expressed by the number of workers (unit: ten thousand) at
the end of the year. ® Energy input variable. In order to reflect
the manufacturing green development efficiency in each
province, energy input is also added to the input variable. The
energy consumption of manufacturing industry in each province
over the years (unit: 10,000 tons of standard coal) is selected to
represent the energy input variable. Due to the difficulty in
obtaining data, industrial data is used as a substitute. @
Water resource input variable. In order to highlight the green
development, this paper selects the water resource consumption
of manufacturing industry (unit: 100 million cubic meters) as the
variable of water resource input. As the data is difficult to obtain,
it is replaced by industrial data.

Output Variables

® Desirable output variable. In relevant studies on the green
development efficiency, GDP is generally chosen as output or the
index related to the research topic is constructed based on GDP.
The desirable output variable refers to the desired output that is
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beneficial to the overall goal. From the perspective of
development, the output value created each year is the most
desirable output of manufacturing industry.
Manufacturing added value (unit: 100 million yuan) is
adopted as the desirable output in this paper. Due to the
difficulty in obtaining data, it is replaced by industrial data. In
order to exclude the influence of price factors, the annual price
added value is converted into comparable price added value by
using the industrial GDP index (1998 = 100).

@ Undesirable output variables. An undesirable output is an
accompaniment to a beneficial output, which is produced with
the beneficial output. When the toxic gases and substances
contained in the “three wastes of manufacturing industry” are
discharged into the environment, they will not only cause
environmental pollution, but also cause air pollution, which
will have a serious effect on human health. The discharged
substances may have physical and chemical changes, and the
harmful substances can enter the human body through different
ways, thus harming human health. In order to consider the
problem of urban air and environmental pollution caused by
the development of manufacturing industry, the three wastes of
manufacturing industry are selected as the undesirable output
variable. Due to the difficulty in obtaining data, three industrial
wastes (the units of discharge of industrial waste gas, waste water
and solid waste are 100 million standard cubic meters, 100
million tons and 10 thousand tons respectively) are used to
replace the undesirable output variables.

intuitive

Influencing Factor Variables

This paper adopts the WSR method (Wuli-Shili-Renli theory
system method), and puts forward the factors affecting the
manufacturing green development efficiency from three
different perspectives: Wuli, Shili and Renli theory. In 1994,
Gu Jifa and Zhu Zhichang jointly proposed the WSR system
methodology at the university of Hull, United Kingdom (Meng
and Zou, 2018). The “principles” in “Wuli”, “Shili” and “Renli”
are not only the deepening of the understanding of “Wuli”, “Shili”
and Renli, but also the key to improve the universality of the
methodology (Gu et al.,, 2007). WSR system methodology is a
research method combining quantitative and qualitative. Its core
idea is to make use of Wuli, Shili and Renli intelligently and
rationally to solve problems. When dealing with complex
problems, it is necessary to consider the objectivity of the
research object (Wuli level), and how to deal with existing
problems (Shili level). Then, it is necessary to consider that
people, as objects or subjects, always exist in the practice of
dealing with problems (Renli level). The essence of WSR system
methodology is to coordinate the relationship of “Wuli”, “Shili”
and “Renli” in the system practice. Earlier before year 2000, WSR
methodology was listed as an integrated system methodology by
foreign scholars, which had its own uniqueness and traditional
Chinese philosophical thinking (Gu, 2011). At present, this
method has gradually matured and has been applied in
various fields (Gu and Gao, 1998). Specifically, Wuli factors
include economic and technological factors; Shili factors
include efficiency and structural factors; Renli factors include
human and regulatory factors. Economic development level,
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urbanization level, openness to the outside world, technology
marketization level, foreign investment level are economic and
technological factors; energy productivity, labor productivity, r&d
input rate, energy consumption structure, industrial structure and
property rights structure are efficiency and structural factors; labor
force quality, environmental protection strength and energy price
are human and regulatory factors. All the selected variables are
shown in Figure 1.

Economic Development Level

The level of economic development refers to the size, speed or
level of economic development. Generally speaking, regions with
a higher level of economic development have a developed
economy, a high level of technology, and a relatively high level
of development in various industries, making a great contribution
to the green development of manufacturing industry. In this
paper, per capita GDP is used to represent the level of economic
development of provinces and cities, and it is assumed that the
level of economic development has a promoting effect on the
manufacturing green development efficiency. In this variable,
GDP has been converted into comparable GDP by using the GDP
deflator (1998 = 100).

Urbanization Level

Urbanization is an important symbol of the level of
modernization. With the acceleration of technological progress
and industrialization, non-agricultural industries continue to
gather in wurban regions, creating many employment
opportunities, resulting in the continuous migration of rural
population to cities, the continuous expansion of the number
and scale of cities, and the continuous spread of urban civilization
to the countryside. In general, the population transformation,
industrial adjustment, industrial development and scientific and
technological progress brought by urbanization will have positive
effects on the manufacturing green development efficiency. This
paper adopts the proportion of urban population in the total
population in each region to represent the urbanization level.

Openness to the Outside World

The degree of openness mainly measures the degree to which
enterprises participate in the international market. The higher the
degree of openness to the outside world, the greater the
competitive pressure enterprises face, the more advanced
management technology and mode they can learn, and thus
they produce the significantly positive effect on the
manufacturing green development efficiency. In this paper, the
proportion of export delivery value in the main business income
of manufacturing industry in each region is adopted to represent
the degree of openness to the outside world.

Technology Marketization Level

The level of technology marketization reflects the importance that
a region attaches to scientific and technological research and
development. The higher the level of technology marketization,
the higher the level of manufacturing technology in the region,
and the higher the level of pollution control. In this paper, the
ratio of technology market turnover to manufacturing added

Regional Manufacturing Green Development Efficiency

value is used to represent the level of technology marketization,
and it is assumed that this variable has a positive effect on the
manufacturing green development efficiency.

Foreign Investment Level

Foreign investment has become an important force to promote
China’s economic and social development and greatly promote
the improvement of manufacturing technology. In order to further
promote high-quality development of foreign investment, the
second session of the 13th National People’s Congress (NPC)
passed the law of the People’s Republic of China on foreign
investment on March 15, 2019, the first comprehensive and
systematic legislation on foreign investment in China’s history.
In this paper, the proportion of foreign investment in GDP by
region is used to represent the level of foreign investment, and it is
assumed that this variable has a promoting effect on the
manufacturing green development efficiency.

Energy Productivity

Energy productivity can be expressed by the ratio of
manufacturing value added to energy use in different regions,
which is mainly used to compare the comprehensive utilization
efficiency of energy in different regions, reflecting the economic
benefits of energy utilization. In recent years, China has
introduced a series of energy conservation and emission
reduction policies to promote energy technology innovation,
which is conducive to improving China’s energy productivity.
In this variable, manufacturing added value has been converted
into comparable added value by using the industrial GDP index
(1998 = 100). This paper assumes that this variable has a positive
effect on the manufacturing green development efficiency.

Labor Productivity

Labor productivity is usually determined by the development
level of social productivity, and is also affected by various
economic and technological factors. In this paper, the ratio of
the value added of manufacturing industry to the number of
employed people in manufacturing industry in each region is
adopted to represent labor productivity, and it is assumed that
this variable has a significantly positive effect on the
manufacturing green development efficiency. In this variable,
manufacturing added value also has been converted into
comparable added value by using the industrial GDP index
(1998 = 100).

R&d Input Rate

R&d investment is usually positively correlated with
technological progress and has a positive effect on resource
efficiency. Advanced technology can promote the development
of high-end manufacturing industry. In this paper, the ratio of
the internal r&d expenditure of manufacturing industry to the
added value of manufacturing industry in each region is adopted
as the proxy variable of r&d input rate. Since it is difficult to
obtain data on r&d expenditure in manufacturing industry,
industrial data are used instead, and it is assumed that this
variable has a positive effect on the manufacturing green
development efficiency.
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Energy Consumption Structure

China is the world’s largest producer and consumer of coal. In
2018, China consumed 1.91 billion tons of standard coal,
accounting for 50.5% of global consumption. Excessive
consumption of coal will cause serious damage to the ecological
environment, so it is urgent to optimize the energy consumption
structure. In this paper, the ratio of coal consumption to total
energy consumption in manufacturing industry in each region is
used to represent the energy consumption structure, and it is
assumed that this variable has a significantly negative effect on the
manufacturing green development efficiency.

Industrial Structure

The proportion of different industries is the industrial structure,
which directly affects the manufacturing green development
efficiency. After the reform and opening up, China’s industrial
structure is developing toward a higher and reasonable direction,
but the proportion of the secondary industry in GDP is still high.
In this paper, the ratio of the total output value of heavy industry
to the total industrial output value in each region is used to
represent the industrial structure, and it is assumed that this
variable has a significantly negative effect on the manufacturing
green development efficiency.

Property Rights Structure

The rational operation and coordinated development of modern
enterprises mainly depend on the rationalization and scientific
property rights structure of enterprises. Some scholars have
shown that the operation efficiency of state-owned enterprises
is relatively low, which may hinder the green development of the
industry. In this paper, the proportion of manufacturing national
capital in total paid-in manufacturing capital in each region is
used as the proxy variable of property rights structure, and it is
assumed that this variable has a negative effect on the
manufacturing green development efficiency.

Labor Force Quality

With the continuous improvement of science and technology, the
productivity of enterprises depends more and more on the
intelligence level of laborers. The more talents with high
knowledge level in the manufacturing industry, the faster the
transformation and upgrading speed of enterprises will be. This
paper chooses the average education years to measure the labor
quality and the calculation method refers to Peng Guohua (Luo et al,,
2017). The calculation formula is: the average number of years of
education in the workforce = the proportion of working population
with illiteracy, semiliterate * 1.5 + the proportion of the working
population with primary education * 7.5 + the proportion of the
working population with secondary education * 10.5 + the proportion
of the working population with a high school education * 13.5 + the
proportion of the working population with tertiary education and
above * 17 and assumes that the variable has a significantly positive
effect on the manufacturing green development efficiency.

Regional Manufacturing Green Development Efficiency

Environmental Protection Strength

Environmental protection can promote enterprises to
strengthen the treatment of three wastes and reduce the
waste of production capacity, and thus promote the green
development of manufacturing industry. In this paper, the
ratio of total investment in environmental pollution control
to the added value of manufacturing industry in each region
is adopted to represent the environmental protection
strength, and it is assumed that this variable has a
positive effect on the manufacturing green development
efficiency.

Energy Price

Energy price mainly includes the price of coal, oil, natural gas,
new energy and other products. Energy price policy can
promote lean production of enterprises, encourage using
various energy resources reasonably and efficiently, and thus
improve the green development level of manufacturing
industry. In this paper, the purchasing price index of raw
materials, fuels and power is used to represent energy price,
and it is assumed that this variable has a significantly positive
effect on the manufacturing green development efficiency.
Description of influencing factor variables can be found in
Table 1.

In order to reduce multicollinearity and eliminate the
influence of dimension to some extent, the data of the above
influencing factors (excluding labor force quality, technology
marketization level, foreign investment level, environmental
protection strength and r&d input rate) are logarithmized in
this paper.

Based on the above analysis, the specific regression equation is
shown in formula:

p;; = B, + B.pcgdpic + B,urbanization;, + ,0penness;
+ B technolog y; + B.fdly + Bsenprod; + f3,laborp; @)

+ Byrdiry + Poenstry + 3,,82bic + By, prostri

+ B laborg;, + f3,;enprotect; + f3,,enprice; + &.

In Eq. 4, it represents the value corresponding to the ith
province in period t, p is the manufacturing green development
efficiency, f; is the regression coefficient, and ¢ is the random
interference term.

Data Description

Considering the availability and effectiveness of data, this article
selects 1998-2017 panel data of manufacturing industry of 11
provinces and cities in the Yangtze River Economic Belt as a
sample. Data are mainly from various provinces and cities
statistical ~yearbook, China statistical yearbook, China
industrial economic statistical yearbook, China environment
statistical yearbook, China population statistics yearbook and
China energy statistical yearbook.
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TABLE 1 | Description of influencing factor variables.

Regional Manufacturing Green Development Efficiency

Influencing factor variables Symbol Definition Desirable
effect
Economic development level pcgdp GDP/annual average resident population (yuan/person), 1998 as the base period (conversion basis by — +
GDP deflator)

Urbanization level urbanization  Urban population/total population (%) +
Openness to the outside world  openness The ratio of export delivery value/main business income of manufacturing industry (%) +
Technology marketization level  technology =~ Technology market turnover/added value of manufacturing industry (%) +

Foreign investment level fal Total foreign investment/gross regional product (%) +

Energy productivity enprod Manufacturing value added/energy use (million yuan/100 tons of standard coal) +

Labor productivity laborp Manufacturing value added/number of manufacturing employment (million yuan/100 people) +

r&d input rate rdir Internal expenditure of manufacturing r&d funds/added value of manufacturing industry (%) +

Energy consumption structure  enstr Coal consumption of manufacturing industry/total energy consumption of manufacturing industry (%) -

Industrial structure gzb Gross output value of heavy industry/gross industrial output value (%) -

Property rights structure prostr National capital of manufacturing industry/total paid-in capital of manufacturing industry (%) -

Labor force quality laborq The average number of years of education in the workforce +
Environmental protection enprotect Total investment in environmental pollution control/added value of manufacturing industry (%) +

strength

Energy price enprice Purchasing price index of raw materials, fuel and power +

EMPIRICAL RESULTS AND ANALYSIS

Analysis on Green Development Efficiency
and Its Regional Differences of

Manufacturing Industry

This paper uses MAXDEA 7.6 software to calculate the
manufacturing green development efficiency in 11 provinces
and cities of the Yangtze River Economic Belt from 1998 to
2017. The distributions of green development efficiency in 1998,
2004, 2011 and 2017 are made, and the distributions in 1998 and
2017 reflect the overall change of green development efficiency in
11 provinces and cities of the Yangtze River Economic Belt. In
2004 and 2011, the intermediate years are equally separated, and
they can reflect the steady growth of efficiency values in some
provinces and cities and the change of efficiency values in other
provinces and cities. The following is the distribution diagrams of
green development efficiency made by ARCGIS software in four
years. And the whole result can be gained in Supplementary
Appendix Table Al.

Figures 2, 3 and Supplementary Appendix Table Al show
that the mean green development efficiency of the regions along
the Yangtze River Economic Belt is not high, but the overall
development trend is rising. It indicates that the manufacturing
industry of the Yangtze River Economic Belt is still in a relatively
low development stage and the task of transformation and
upgrading is still arduous. Among them, the mean values of
Shanghai, Jiangsu, Zhejiang and Yunnan are all greater than 1,
indicating that the four provinces and cities have taken effective
environmental protection measures in the past 20 years. The
mean efficiencies of green development in Jiangxi, Anhui,
Hunan, Guizhou and other regions are relatively low, which
are close to 0.5, accounting for only 1/2 of that in Shanghai and
Jiangsu. On the whole, the efficiency of green development in
the downstream region is higher than that in the midstream and
upstream regions. By analyzing Figures 2, 3 and

A

Economic development Level
Wauli Factors L
Urbanization Level

Openness to the Outside World
Technology Marketization Level — Energy Productivity
Labor Productivity
R&D Input Rate

Energy Consumption Structure

Foreign Investment Level

Industrial Structure

Property Rights Structure

-

Shili Factors

Labor Force Quality
Environmental Protection Strength

Energy Price

Renli Factors

FIGURE 1 | 3D diagram of influencing factors of WSR methodology.

Supplementary Appendix Table Al, the following
conclusions can be drawn: 1) The efficiency of green
development in most regions is lower than one except for
some regions. But the overall trend of green development
efficiency is rising. In recent years, the government’s
environmental protection policy of the Yangtze River
Economic Belt region is effective and still needs to be carried
out; 2) The differences among different regions are obvious.
Green development efficiency in the downstream region is
higher, green development efficiencies in upstream and
downstream regions are low. The efficiencies of Shanghali,
Jiangsu and Zhejiang provinces remain above 1 year by year,
but efficiencies of Jiangxi, Anhui, Hunan and Guizhou are too
low, mainly due to the lower level of manufacturing technology;
3) The high efficiency of green development in the downstream
region is mainly due to its high level of economic development,
huge manufacturing capital and higher level of scientific and
technological research. Most studies show that technological
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FIGURE 3 | Variation trend of mean value of manufacturing green
development efficiency from (1998-2017).

level has a huge effect on the green development of
manufacturing industry. Therefore, the manufacturing green
development efficiency in developed regions is relatively higher.

From the perspective of inter-provincial differences, the mean
manufacturing green development efficiency in Jiangsu over the
years is 1.156, followed by 1.152 in Shanghai. Regions with higher
efficiency, such as Shanghai, Jiangsu and Zhejiang have
maintained a relatively stable growth trend. Although the
mean value of green development efficiency of Yunnan’s
manufacturing industry is 1.08, from the perspective of time,
it decreases slightly year by year, mainly because the scale of
Yunnan’s manufacturing industry is relatively small. In January
2015, during his visit to Yunnan, President Xi Jinping put forward
the strategic positioning of “building Yunnan into a radiating
center for South Asia and southeast Asia”. In the same year,
Yunnan province proposed to develop eight major industries,
including biomedicine, advanced equipment, food and consumer
goods processing and other manufacturing industries. As can be
seen from Figures 2, 3, the efficiency value of green development
of manufacturing industry in the midstream and upstream
regions is relatively low, and the rising rate is also relatively
low, which forms an obvious contrast with that in the
downstream region. The plan for ecological and environmental
protection of the Yangtze River Economic Belt also points out
that the regional development of the Yangtze River Economic
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FIGURE 4 | Variation trend of mean value of pure technical efficiency
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Belt is unbalanced, most regions still practice the traditional
extensive development mode, and the industrial isomorphism
in the upstream, midstream and downstream regions is
increasingly prominent. Some polluting enterprises are
gradually shifting to the midstream and upstream regions.
Although this has increased employment and output value in
the midstream and upstream regions, environmental pollution in
some provinces such as Jiangxi and Guizhou has increased, thus
slowing down the growth rate of manufacturing green
development efficiency in the midstream and upstream regions.

In this paper, green development efficiency is decomposed
into pure technical efficiency and scale efficiency. The results are
shown in Figures 4, 5. During the statistical period, the
comprehensive efficiency value of the downstream region is
significantly higher than that of the upstream region, mainly
because the scale efficiency value of the downstream region is
larger than that of the upstream region, that is, the
manufacturing scale advantage of the downstream region is
larger than that of the upstream region. However, it cannot be
ignored that the pure technical efficiency value of the
downstream region is slightly lower than that of the
upstream region, indicating that the upstream region puts
more emphasis on technology and management level rather
than scale when developing manufacturing industry. In
undertaking the transfer of industries from the downstream
region, the midstream region should focus on improving the
quality of manufacturing industry and make full use of the
benefits of economies of scale. While expanding the enterprise
scale, the upstream region should continue improving the
technology and management level.

TOBIT Regression Analysis

With the help of EViews9.0 software and panel Tobit model, this
paper conducts an empirical analysis on the factors influencing
the manufacturing green development efficiency in the upstream,
midstream and downstream regions of the Yangtze River
Economic Belt. The specific effect of each variable is shown in
Table 2. Table 2 shows that the coefficient of each factor variable
is different from 0, and most variables reject the assumption that

—— Yangtze River Economic Belt The downstream region

The midstream region The upstream region

FIGURE 5 | Variation trend of mean value of scale efficiency
(1998-2017).

the value is 0 at the corresponding significance level, and the data
fitting is good.

Wauli Factors Analysis

Per capita GDP has the largest effect on the manufacturing green
development efficiency in the Yangtze River Economic Belt, with
an influence coefficient of 0.474, which is consistent with the
expectation. But influence coefficients of per capita GDP in
upstream, midstream and downstream regions are —0.529,
-0.025 and -0.086 respectively, the causes of this
phenomenon lies in that the rapid economic development
usually destroys the resources and environment beyond the
capacity of the environment, thus reducing the efficiency of
green development of the manufacturing industry. Therefore,
although the overall economic development plays a positive role
in the manufacturing green development efficiency, different
regions also need to consider that the economic development
should match the environmental carrying capacity.

The influence coefficients of urbanization level on the green
development efficiencies of manufacturing industry in the
Yangtze River Economic Belt and the upstream, midstream
and downstream regions are negative, which are -0.073,
-0.293, —0.179 and —0.019 respectively. It is inconsistent with
the expectation. On the one hand, the development of
urbanization will indeed bring the positive effect of reducing
transaction costs and increasing economies of scale, but on the
other hand, the technical knowledge level of farmers still needs to
be improved, which will affect the quality of human capital. At the
same time, the development of urbanization will inevitably lead to
the expansion of city scale, thus consuming a large amount of
resources, which may be the main reason why the influence
coefficient of urbanization level is negative.

Openness to the outside world has a positive effect on the
green development efficiencies of manufacturing industry in
whole basin, upstream and downstream regions, which is in
line with the expectation. Although openness to the outside
world has a positive effect on the upstream and downstream
regions, the effect is not significant, indicating that manufacturing
exports of the Yangtze River Economic Belt are still relatively

Frontiers in Environmental Science | www.frontiersin.org

February 2021 | Volume 8 | Article 631911


https://www.frontiersin.org/journals/environment-science
www.frontiersin.org
https://www.frontiersin.org/journals/environment-science#articles

Lietal

Regional Manufacturing Green Development Efficiency

TABLE 2 | Regression results of influencing factors of Yangtze River Economic Belt and its sub-regions.

Variables Influence coefficient
Yangtze The upstream The midstream The downstream
river economic belt

pcgdp 0.474** (0.000) -0.529** (0.008) -0.025 (0.790) -0.086 (0.312)
urbanization -0.073 (0.465) -0.293** (0.025) -0.179 (0.529) -0.019 (0.813)
openness 0.186™** (0.000) 0.104 (0.133) -0.045 (0.395) 0.062** (0.038)
technology 0.059*** (0.000) 0.043* (0.074) 0.026™** (0.005) 0.014 (0.276)
fal -0.001 (0.9472) -0.003 (0.8146) -0.003 (0.7681) 0.023** (0.001)
enprod —-0.038 (0.604) 0.768** (0.000) 0.266™** (0.001) 0.740* (0.000)
laborp 0.114** (0.000) 0.329"** (0.000) 0.018 (0.660) -0.008 (0.6360)
ralir -0.040** (0.027) -0.071 (0.168) 0.092*** (0.000) -0.016** (0.044)
enstr -0.101** (0.014) 0.030 (0.768) 0.001 (0.982) -0.013 (0.635)
9zb -0.153 (0.132) 0.597*** (0.006) -0.150** (0.071) -0.003 (0.9498)
prostr 0.048 (0.216) 0.207*** (0.002) -0.026 (0.469) -0.031 (0.185)
laborg —-0.223** (0.000) 0.170" (0.035) -0.004 (0.919) 0.019 (0.495)
enprotect -0.016 (0.121) -0.071** (0.000) -0.004 (0.818) 0.024** (0.034)
enprice -0.455** (0.059) -0.079 (0.852) 0.007 (0.971) 0.015 (0.901)
Cons 1.261 (0.373) -0.762 (0.765) 1.092 (0.273) -1.303 (0.103)

Note:*** and ** mean that the influence coefficient is significant at the level of 1% and 5% respectively, and p value is in brackets.

small, which also confirms that the Yangtze River Economic Belt
should still increase the export volume of manufacturing industry
and reduce the proportion of energy-intensive products. For the
midstream region, the influence coefficient of openness to the
outside world is -0.045, which is not in line with the expectation.
This may be due to the high energy consumption products in the
exports of the midstream region, leading to the low green
development efficiency of the manufacturing industry.

Technology marketization level has a positive effect on the
green development efficiencies of the manufacturing industry in
the Yangtze River Economic Belt and the upstream, midstream
and downstream regions, which are 0.059, 0.043, 0.026 and 0.014
respectively. It is consistent with the expectation. Technology
marketization level will directly affect the level of technology.
According to existing studies, technology level can promote the
manufacturing green development efficiency, and the use of
technology innovation can solve the problem of resource
constraint in the green transformation of manufacturing
industry (Peng, 2005).

Foreign investment level has a negative effect on the green
development efficiencies of the manufacturing industry in the
Yangtze River Economic Belt and the midstream and upstream
regions, with the influence coefficients of —0.001, —0.003 and
—0.003, which are relatively small, while the influence coefficient
on the manufacturing green development efficiency in the
downstream regions is 0.023. The downstream region is
located in the coastal region, which is more closely connected
with the international market and more convenient for foreign
investment. Therefore, the foreign investment level in the
downstream region has a significant effect on the
manufacturing green development efficiency.

Shili Factors Analysis

Energy productivity has a positive effect on the green
development efficiencies of manufacturing industry in the
upstream, midstream and downstream regions, with influence

coefficients of 0.768, 0.266 and 0.740. This shows that the energy
productivity has a significantly positive effect on the green
development efficiencies of manufacturing industry in all
regions. The energy productivity has no significantly negative
effect on the green development efficiency of the overall
manufacturing industry in the Yangtze River Economic Belt,
which may be related to the rebound effect of energy
consumption. In general, the manufacturing industry should
improve energy productivity, thus promoting the green
development of the manufacturing industry (Zhang and Song,
2019).

Labor productivity has a positive effect on the green
development efficiencies of manufacturing industry in the
Yangtze River Economic Belt, the midstream and upstream
regions, with influence coefficients of 0.114, 0.329 and 0.018
respectively. Labor productivity directly affects the production
efficiency of enterprises. The improvement of labor productivity
will promote the improvement of industrial capacity utilization
rate and energy utilization rate, which plays a good role in
promoting the manufacturing green development efficiency.
Labor productivity has no significantly negative effect on the
manufacturing green development efficiency in the downstream
region of Yangtze River Economic Belt. Labor productivity is
mainly affected by the quality and technical level of laborers.
Although labor productivity is relatively high in the downstream
region, the high labor cost and large investment in technology
research and development affect the manufacturing green
development efficiency.

R&d input rate has a negative effect on the green development
efficiencies of the manufacturing industry in the Yangtze River
Economic Belt, the upstream and downstream regions, with
influence coefficients of —-0.040, —0.071 and -0.016. The
research and development investment rate has less negative
effect on the downstream region, but more negative effect on
the upstream region and the whole Yangtze River Economic Belt.
The reason is that the cost of r&d is huge and the technological
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innovation dividend brought by r&d investment is not enough to
cover the cost of r&d (Wang et al., 2013). The influence coefficient
of r&d input rate on the manufacturing green development
efficiency in the midstream regions is 0.092, which is related
to the relatively low r&d input rate in the midstream region,
highlighting the benefits brought by r&d input to some extent.

Energy consumption structure has a negative effect on the
green development efficiencies of the manufacturing industry in
the Yangtze River Economic Belt and the downstream region,
which is in line with the expectation. The influence coefficients
are —0.101 and —0.013. The energy consumption structure has a
positive effect on the midstream and upstream regions, with
influence coefficients of 0.03 and 0.001. For the midstream and
upstream regions, the cost of coal acquisition is low and the
economic benefits of coal are relatively obvious. However, for the
green development of manufacturing industry, midstream and
upstream regions should reduce the use of coal and increase the
use of clean energy.

Industrial structure has a negative effect on the green
development efficiencies of the manufacturing industry in the
Yangtze River Economic Belt, midstream and downstream
regions, with influence coefficients of -0.153, —0.150 and
—0.003, which are in line with the expectation. The industrial
structure has a positive effect on the manufacturing green
development efficiency in the upstream region, with an
influence coefficient of 0.597. The reason is that the
economic benefits of the development of heavy industry in
the upstream region outweigh the negative environmental
effects. The government should formulate strict emission
regulations for heavy industry to promote green and
sustainable development.

Property rights structure has a negative effect on the green
development efficiencies of the manufacturing industry in the
midstream and downstream regions, with influence coefficients
of —0.026 and —0.031, but they are not significant. The property
rights structure has a positive effect on the green development of
manufacturing industry in the Yangtze River Economic Belt and
the upstream region, with influence coefficients of 0.048 and
0.207. The effect in the upstream region is more significant. It can
be seen that the injection of state capital can promote the
expansion of upstream enterprises, thus generating economies
of scale. Therefore, the higher the proportion of state capital in
total paid-in capital, the more conducive to improving the
manufacturing green development efficiency.

Renli Factors Analysis

Labor force quality has a positive effect on the green development
efficiencies of manufacturing industry in upstream and
downstream regions, with influence coefficients of 0.170 and
0.019, which are consistent with the expectation. Generally
speaking, the improvement of labor quality can improve
employees’ awareness of environmental protection, thus
promoting the green development of manufacturing industry.
The influence of labor quality on the green development of
manufacturing industry in the Yangtze River Economic Belt
and the midstream region is negative, with influence
coefficients of —0.223 and —0.004, which are inconsistent with

Regional Manufacturing Green Development Efficiency

the expectation. On the whole, the role of labor quality in
promoting the manufacturing green development efficiency in
Yangtze River Economic Belt is still not significant, so it is
necessary to improve the quality and quantity of talent
introduction in manufacturing industry.

Environmental protection strength has a promoting effect on
the manufacturing green development efficiency in the
downstream region, with an influence coefficient of 0.024, but
it is not significant. Environmental protection has a negative
effect on the manufacturing green development efficiency in the
Yangtze River Economic Belt and the upstream and midstream
regions. This is mainly because the environmental damage of the
Yangtze River Economic Belt is serious and the initial treatment
cost is too large, which has exceeded the environmental benefits it
brings. This also shows that the government should continue
strengthening environmental protection efforts and improving
the environmental protection mechanism.

Energy price has a significantly negative effect on the
manufacturing green development efficiency in the Yangtze
River Economic Belt, with an influence coefficient of —0.455,
which is not in line with the expectation, while the effect on the
other three regions is not significant. This shows that energy price
has different effects on the manufacturing green development
efficiency in different regions. The increase in energy price will
not significantly reduce the use of energy consumption in the
short term, but will significantly increase the production costs of
manufacturing enterprises, thus reducing the economic benefits
of manufacturing enterprises. Therefore, when formulating
energy price policies, the government should pay more
attention to the long-term effect of energy price and give full
play to the promoting role of energy price in the green
development of manufacturing industry.

CONCLUSIONS AND POLICY
RECOMMENDATIONS

In this paper, based on super-SBM model, the fixed assets, labor,
energy and water resource of manufacturing industry are set as
input variables, the added value of manufacturing industry is
desirable output variable, and the emissions of “three wastes of
industry” are undesirable output variables. Manufacturing green
development efficiencies of 11 provinces and cities in the Yangtze
River Economic Belt from 1998 to 2017 are calculated. On the
basis of Wuli-Shili-Renli system methodology, the influencing
factors of economic development level, urbanization level, and
openness to the outside world and so on are selected. It applies a
limited dependent variable panel Tobit model to analyze the
factors affecting the manufacturing green development efficiency.
The results show that there are significant differences in the
manufacturing green development efficiency in different
provinces and cities. Specific conclusions are as follows:

(1) As a whole, during the statistical period, the mean
manufacturing green development efficiency in the
provinces and cities of the Yangtze River Economic Belt
over the years is 0.812, which is at the medium level of
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development. The whole Yangtze River Economic Belt has a
“U” shaped distribution, that is, the midstream low and the
two sides high. From the comprehensive efficiency, the
downstream region is higher than the upstream region,
and the upstream region is higher than the midstream
region. Therefore, from the overall perspective,
optimizing the enterprise management model, vigorously
developing energy-saving and emission reduction
technologies, and formulating appropriate environmental
protection policies by the government according to the
actual situation are effective measures to improve the
manufacturing green development efficiency. The
manufacturing industry in the midstream and upstream
regions should learn advanced technology and management
experience from the downstream region, introduce a large
number of high-tech talents, improve the infrastructure and
supporting facilities of the manufacturing industry,
implement the brand building strategy and enhance the
public service capacity. From the results of comprehensive
efficiency decomposition, the manufacturing green
development efficiency in the Yangtze economic belt
presents an overall rising trend. Low scale efficiency is
the main reason that restricts the manufacturing green
development efficiency. The scale efficiency of the
downstream region is significantly higher than that of
the upstream region, while the pure technical efficiency
of the downstream region is slightly lower than that of the
upstream region. Downstream region should continue
learning and innovating excellent management models to
ensure the quality of manufacturing green development;
while expanding the scale of enterprises, the midstream and
upstream regions should focus on the quality of
manufacturing development and achieve sustainable
development.

From the regression results of influencing factors, the effect
of economic development level on the manufacturing green
development efficiency in the Yangtze River Economic Belt
is the most significantly and positively correlated. The
urbanization level is negatively correlated with the
manufacturing green development efficiency in the
Yangtze River Economic Belt and various regions. The
openness to the outside world has a positive effect on the
manufacturing green development efficiency in the Yangtze
River Economic Belt and the upstream and downstream
regions, but a negative effect on the midstream regions. The
technology marketization level has a significant and positive
influence on the Yangtze River Economic Belt and all
regions. The foreign investment level has a significantly
positive effect on the downstream region, but a significantly
negative effect on other regions. The energy productivity
has a significantly positive effect on the upstream,
midstream and downstream regions. The labor
productivity has a significantly positive effect on the
Yangtze River Economic Belt and the upstream region.
The r&d input rate has a negative effect on the
manufacturing green development efficiency in the
Yangtze River Economic Belt and the upstream and

()
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downstream regions. The energy consumption structure
has a negative effect on the manufacturing green
development efficiency in the Yangtze River Economic
Belt and the downstream region. The industrial structure
has a negative effect on the manufacturing green
development efficiency in the Yangtze River Economic
Belt and the midstream and downstream regions. The
property rights structure has a negative effect on the
manufacturing green development efficiency in the
midstream and downstream regions, but a positive effect
on the Yangtze River Economic Belt and the upstream
region. The labor force quality has a positive effect on
the manufacturing green development efficiency in the
upstream and downstream regions, but a negative effect
on the manufacturing green development efficiency in the
Yangtze River Economic Belt and the midstream region.
The environmental protection strength has a significantly
positive effect on the manufacturing green development
efficiency in the downstream region, while it has a
significantly negative effect on the upstream region. The
energy price has a significantly negative effect on the
manufacturing green development efficiency in the
Yangtze River Economic Belt.

It can be seen that various influencing factors have different
effects on the manufacturing green development efficiency in
different regions. In order to improve the manufacturing green
development efficiency and narrow regional differences, Wuli
factors should promote high-quality economic development,
improve the quality of urbanization, reduce the proportion of
energy-intensive products in exports, improve the level of
technology marketization and attract high-quality foreign
investment; Shili factors should improve the level of energy
technology, heighten labor productivity, increase investment in
research and development, optimize the energy consumption
structure, adjust the structure of industry and property rights;
Renli factors should cultivate high-quality personnel,
strengthen emission management and rationalize the energy
price system. Each region should also formulate corresponding
policies based on the specific effects of various influencing
factors.
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