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Abstract: The paper industry is a traditional industry with extensive consumption of resources and 
energy and more pollutant discharge. This industry is closely related to production and life activi-
ties. Under the general requirement of “to step up conservation of the Yangtze River and stop its 
over development,” the paper industry in the Yangtze River Economic Belt should urgently un-
dergo green transformation and development. Based on the undesirable slack-based measure 
model, spatial gravity center, Kernel density function, Theil index, and panel model, this study ex-
amines the green development efficiency and its influencing factors of the paper industry in the 
Yangtze River Economic Belt from 2001 to 2016. Results showed the following: (1) from 2001 to 2016, 
the green development efficiency of the paper industry in the Yangtze River Economic Belt had 
been steadily improved, but the overall efficiency value is not high, which has a great potential for 
improvement. The green development efficiency of the paper industry in the Yangtze River Eco-
nomic Belt presents the regional differentiation law of gradient increasing in the upper, middle, and 
lower reaches. (2) According to the gravity center trajectory, the efficiency center of the green de-
velopment of the paper industry in the Yangtze River Economic Belt is located in the middle reaches 
of Hunan Province and Hubei Province and moves to the southwest. This case indicates that the 
green development efficiency of the paper industry in provinces and cities in the southwest has 
been improved. (3) The regional differences in the green development efficiency of the paper indus-
try in the Yangtze River Economic Belt show the characteristics of narrowing fluctuations. The re-
gional differences are the primary sources of the difference in the green development efficiency of 
the paper industry. (4) The enterprise scale, science and technology investment, and industrial 
structure have significant positive effects on the green development efficiency of the paper industry 
in the Yangtze River Economic Belt. On the contrary, environmental regulation and foreign invest-
ment intensity have significant negative effects. However, the above factors have different effects 
on the green development efficiency of the paper industry in the upper, middle, and lower reaches 
of the Yangtze River Economic Belt. 
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1. Introduction 
Under the general requirement of “the development strategy of the Yangtze River 

Economic Belt to strengthen environmental protection rather than seeking rapid growth 
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at the cost of the environment,” the industrial development in the Yangtze River Economic 
Belt should transform and upgrade green development. Paper and its products (hereinaf-
ter referred to as the paper industry) belong to a resource-based industry, which relies 
heavily on water, energy, and wood resources. Moreover, the paper industry is a tradi-
tional industry with large consumption of resources and more pollutant discharge [1]. 
Simultaneously, the paper industry is an important industry closely related to life and 
production activities. Under the current background of “Lucid waters and lush mountains 
are invaluable assets,” the environmental regulatory requirements and the inherent re-
quirements of its green transformation development are very urgent. In recent years, the 
Ministry of Environmental Protection has significantly strengthened the environmental 
inspection and control in the paper industry in the Yangtze River Economic Belt. In May 
2016, the Ministry of Environmental Protection took the lead in conducting the special 
action of environmental protection law enforcement of drinking water sources in the 
Yangtze River Economic Belt. A total of 490 drinking water sources were found in 126 
prefecture-level cities in 11 provinces and cities along the Yangtze River. In December 
2016, the Ministry of Environmental Protection issued the “notice on the implementation 
of the comprehensive emission plan of industrial pollution sources,” which pointed out 
the road map of the paper industry. In 2017, the Ministry of Environmental Protection 
formulated the emission standards of pollutants for the paper industry and further in-
creased the inspection on the law enforcement of its emission permits. The pulp, pa-
permaking, pulp, and paper joint enterprises in China generally encounter strict environ-
mental control. At the end of 2017, China began to ban the import of mixed waste paper. 
The decrease in waste paper import makes obtaining a stable raw material supply difficult 
for small-scale papermaking enterprises. In this context, the paper industry in the upper, 
middle, and lower reaches of the Yangtze River Economic Belt is faced with such devel-
opment difficulties. The reason is the closure of substandard enterprises, the evident 
shortage of raw material supply, and the sharp rise of paper cost. The paper industry in 
the Yangtze River Economic Belt is facing a serious situation of two-way extrusion. 

The Yangtze River Economic Belt is a gathering area of the paper industry in China. 
In 2016, the paper industry in 11 provinces and cities of the Yangtze River Economic Belt 
achieved a total industrial sales of 621.094 billion Yuan, accounting for 41.87% of the na-
tional production [2]. Moreover, the production of machine-made paper and paperboard 
was 151.545 million tons, accounting for 41.44% of the national production. Furthermore, 
the production of paper products was 33.5267 million tons, accounting for 46.63% of the 
national production [3]. For the dilemma between environmental protection and indus-
trial development of the paper industry in the Yangtze River Economic Belt under strict 
environmental regulation, the Ministry of Environmental Protection announced the 
“Technical policy of pollution control in Paper industry” in August 2017. The Ministry of 
Environmental Protection also proposed the overall requirements and policy vision of 
green development of the paper industry and the elimination of backward production 
capacity, thereby promoting the transformation of production mode and the optimization 
and adjustment of industrial structure. As an important raw material industry and essen-
tial industrial products supporting many sectors of the national economy [4], as men-
tioned above, the paper industry will inevitably affect the industrial development of the 
upstream and downstream industrial chains, which will also bring “opportunity” in the 
“danger” for the sustainable development. “Guiding opinions on strengthening the green 
development of industry in the Yangtze River Economic Belt,” “Ecological environment 
protection planning of Yangtze River Economic Belt,” and “Notice on the construction of 
the national transformation and upgrading demonstration development zone of the Yang-
tze River Economic Belt” all propose new requirements for the green transformation and 
development of the paper industry in the Yangtze River Economic Belt. Taking the road 
of green development and improving the efficiency of green development have become 
important ways for the paper industry in the Yangtze River Economic Belt to get rid of 
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the current development dilemma. Therefore, under the tightening of the national envi-
ronmental control, the total factor productivity and intensive utilization level of the paper 
industry in the Yangtze River Economic Belt should be urgently improved, including the 
contribution rate of green development and innovation drive to the quality and efficiency 
of the paper industry. 

Research results on the green development efficiency of the paper industry are 
scarce. Scholars mainly focused on the measurement methods and the influencing factors 
of green development efficiency of the paper industry. In terms of measuring the green 
development efficiency of the paper industry, the data envelopment analysis (DEA) can 
be used for cross-period analysis and dimensionalization of data because this process does 
not need to set a specific function form. The DEA has become the mainstream method of 
measuring the green development efficiency of the paper industry [5,6]. Hailu and 
Veeman [7] studied the productivity of the Canadian paper industry. Salman Haiders et 
al. [8] used the slacks-based method to study the energy efficiency of the Indian paper 
industry from the perspective of enterprises. Javed Ahmad Bhat et al. used the slack-based 
measure (SBM) model to calculate the energy efficiency of the Indian paper industry and 
found that the pure technical efficiency and scale efficiency of India’s paper industry are 
unbalanced [9]. Thant and Charmondusit used pollution as an indicator of environmental 
input to measure the ecological efficiency of Myanmar's paper industry [10]. Similarly, 
Boqian Lin et al. used the DEA model to measure the paper industry’s energy efficiency 
in 29 provinces in China. The research found significant differences in production tech-
nology and energy efficiency in different regions. They also noted that the eastern region 
was better than the central and western regions, but the gap was narrowing [11]. Xu 
Chang et al. calculated the total factor productivity of Chinese paper enterprises [12]. Tang 
Shuai et al. used the DEA–Malmquist index to study the total factor productivity of Chi-
nese paper industry from 2000 to 2011. Moreover, they found that the change of total fac-
tor productivity had regional differences, that is, Jiangsu and Shandong grew faster, 
whereas Henan, Zhejiang, and Guangdong grew slower [13]. Based on the matrix DEA 
network model, Chen Xiang et al. found that significant regional differences exist in the 
circular economy efficiency of China’s papermaking and paper products industry from 
2008 to 2012. Among which, the eastern region was the highest, followed by the central 
and western regions [14]. Chang Yu et al. used the slacks-based method and Malmquist 
Luenberger index to measure the ecological efficiency of the Chinese pulp and paper in-
dustry [15]. 

In terms of influencing factors, the impact of environmental regulation on the green 
development efficiency of the paper industry is a hot topic in domestic and foreign aca-
demic circles, but disputes in academic circles still exist. Yutao Wang found that strict 
environmental regulation can improve the ecological efficiency of the paper industry [16]. 
The impact of environmental regulation on the paper industry’s development efficiency 
is mainly realized through technological innovation. Most studies believe that environ-
mental regulation has a positive incentive effect on the technological innovation of the 
paper industry, which is conducive to improving the overall efficiency of the paper indus-
try [17,18]. However, in different periods and regulatory intensities, the impact of envi-
ronmental regulation on the technological innovation of the paper industry is different 
due to different dominant factors [19]. The enterprise scale, foreign investment, research, 
and development investment are also important driving factors affecting the green devel-
opment efficiency of the paper industry. Qingying Zheng et al. stated that the scale of 
enterprises is conducive to improving the energy efficiency of the paper industry in China. 
Moreover, the energy efficiency of state-owned enterprises is higher than that of non-
state-owned enterprises [11]. Li Yongping et al. found that the scale and technological 
innovation level of papermaking enterprises in China take the primary business income 
of 2 billion Yuan as the critical value. Before the critical value, a strong positive correlation 
exists between them, and after the critical value, a weak positive correlation is found be-
tween them [20]. 
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There are numerous researches about the industrial ecological efficiency, but the re-
search on the green development efficiency of the paper industry is relatively rare. Alt-
hough a few scholars used the DEA method to measure the total factor productivity of the 
paper industry, energy consumption and wastewater discharge, which are very important 
for paper production, were not considered in selecting indicators. Therefore, the literature 
cannot measure the green development efficiency of the paper industry, and it is difficult 
to analyze the pressure and impact of the paper industry on energy and water environ-
ment. Meanwhile, the existing research focused on analyzing the differences of the total 
factor productivity of paper industry among provinces, which only described the inter-
provincial differences, but did not reveal the regional differences of green development 
efficiency of the paper industry and whether the regional differences come from inter- or 
intra-regions. This paper, based on the basin perspective, is aimed to analyze both the 
regional differences of green development efficiency of paper industry in the Yangtze 
River Economic Belt among the upstream, midstream, and downstream regions, and the 
differences between provinces with the spatial decomposition method of Theil index. 
Moreover, the main innovation of this paper is the contribution rate differences and influ-
encing factors of the intra-regional and inter-regional differences of the green develop-
ment efficiency can be obtained. 

This study intends to carry out related research work from two aspects: (1) This study 
uses the SBM model based on undesired output to measure the green development effi-
ciency of the paper industry in the Yangtze River Economic Belt by constructing a meas-
urement system. The study then reveals the evolution law of its regional imbalance 
through the combination of a variety of methods. (2) From the perspective of spatial het-
erogeneity, this study uses a panel model to reveal the influencing factors of regional im-
balance of green development efficiency of the paper industry in the upper, middle, and 
lower reaches of the Yangtze River Economic Belt. Then, the study proposes countermeas-
ures and suggestions. 

2. Materials and Methods 
2.1. Materials 
2.1.1. Study Area 

The Yangtze River Economic Belt, covering 11 provinces and cities, including Shang-
hai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing, Sichuan, Guizhou, and 
Yunnan, covers an area of 205.23 × 104 km2, accounting for 21.4% of the total area of the 
country. The population and gross domestic product (GDP) exceed 40% of the national 
total. To further study the differences of green development efficiency in the paper indus-
try within and between regions of the Yangtze River Economic Belt, the regions are di-
vided into three: upstream, midstream, and downstream (Table 1). 

Table 1. Regional division of the upper, middle, and lower reaches of Yangtze River Economic 
Belt. 

Region Provinces 
Upstream area Chongqing, Sichuan, Guizhou, Yunnan 
Middle reaches Jiangxi, Hubei, Hunan 

Downstream area Shanghai, Jiangsu, Zhejiang, Anhui 

2.1.2. Analysis Framework of Green Development Efficiency 
Using human, material, and natural capital builds the basic elements of chemical in-

dustry growth. Environmental regulation, enterprise scale, science and technology invest-
ment, foreign investment intensity, and industrial structure will also directly or indirectly 
affect the basic elements of economic growth, such as human capital, material capital, and 
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natural capital. The papermaking enterprises rely on these elements, through environ-
mental costs, technological innovation, product structure, management level, and re-
source allocation, thus affecting the green development of paper industry development 
efficiency [21,22]. Strict environmental regulation helps papermaking enterprises increase 
investment in scientific and technological innovation; improve production technology 
and process; and reduce raw material, energy consumption, and pollution emissions, to 
improve green development efficiency. However, the tightening of environmental regu-
lations may also lead to the disappearance of “environmental dividend” of papermaking 
enterprises [23], the increase of environmental costs, and the narrowing of scientific and 
technological innovation investment [24]. On the contrary, this event leads to insufficient 
investment in enterprise innovation funds and inhibits enterprise technological innova-
tion, thereby restricting the improvement of green development efficiency of the paper 
industry. The result is that enterprises’ innovation capital is insufficient, and the techno-
logical innovation of enterprises is restrained, thereby restricting the improvement of 
green development efficiency of the paper industry. Large-scale papermaking enterprises 
have sufficient funds, rich reserves of scientific and technological talents, technological 
solid innovation ability, high management level, and resource allocation ability, which 
can cope with the negative impact of the environmental costs’ increase. The increase of 
regional science and technology investment will bring additional financial support for pa-
permaking enterprises’ innovation and enhance the research and development ability and 
scientific and technological output of enterprises. 

Foreign investment has different effects on the green development of papermaking 
enterprises in different regions. That is, foreign investment may have an enormous envi-
ronmental problem when entering the area with low intensity of environmental regula-
tion. However, for the areas with strict environmental regulations, foreign investment will 
help to improve the level of technology and management. The adjustment of industrial 
structure will promote papermaking enterprises to adjust product structure, make effi-
cient use of resources, eliminate backward production capacity, drive innovation, and im-
prove the green development efficiency of papermaking enterprises (Figure 1). 

 
Figure 1. Analysis framework of green development efficiency of the paper industry. 

2.1.3. Index and Data 
The production process of the paper industry has desirable outputs, such as paper 

products and economic welfare, and undesirable ones, such as pollutants. According to 
the characteristics of the DEA model, combined with the industrial characteristics of large 
energy consumption and pollutant emission of the paper industry, and based on the easy 
access of data, representativeness, and operability of indicators, this study attempts to 
construct a measurement index system of green development efficiency of the paper in-
dustry (Table 2). According to [25], in the paper industry, the annual average number of 
employees is selected as the labor input, the average annual balance of the net fixed assets 



Water 2021, 13, 1286 6 of 17 
 

 

instead of the capital stock as the capital input, the total energy consumption as the energy 
input, the industrial sales value as the desirable output factor, and the wastewater dis-
charge as the undesirable output factor. 

The data are from the “China Industrial Statistical Yearbook,” “China Environmental 
Statistical Yearbook,” “Almanac of China Paper Industry,” “China Statistical Yearbook,” 
and statistical yearbooks of some provinces and cities from 2002 to 2017. For the data of 
energy consumption and wastewater discharge of the paper industry that is not directly 
given in the statistical yearbooks, the method of [14] is used for estimation. The average 
annual balance of net fixed capital and the output value of industrial sales are reduced to 
the level of 2000a with the fixed asset investment price index of corresponding provinces 
and the factory price index of industrial producers, respectively. 

Table 2. Measurement index of green development efficiency of the paper industry. 

Index Variable Variable Description 

Input index 

Labor 
Average number of people at 
the end of the year (person) 

Capital 
Net value of fixed assets 

(10,000 Yuan) 

Energy 
Total energy consumption of 
paper industry (10,000 tons of 

standard coal) 

Output index 
desirable output Economic and social 

Industrial sales value (100 mil-
lion Yuan) 

undesirable out-
put 

Environmental pollu-
tants  

Wastewater discharge of Paper 
industry (10,000 t) 

2.2. Method 
2.2.1. Super Efficiency SBM Model of Undesirable Output 

According to the tone’s processing method, the SBM model for measuring the green 
development efficiency of the paper industry is constructed as follows [26,27]: 
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In Equations (1) and (2), n  represents the number of decision-making units; m  
represents the input of each decision-making unit; 1r  and 2r  represent the desirable 

and undesirable outputs, respectively; x , dy , and uy  represent the elements in the in-
put, desirable output, and undesirable output matrices, respectively; ρ  is the efficiency 
value of green development of the paper industry. 

2.2.2. GRAVITY Center Analysis Method 
The gravity center concept originated from physics and is widely used in the econ-

omy, industry, population, and other fields to describe the spatial distribution of these 
factors. In the gravity center’s actual calculation, the coordinates of a specific area are se-
lected as the point coordinates through which the resultant forces pass. The calculation 
formula is as follows [28]: 
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In Equation (3), and  are the barycentric coordinates of attribute i  of geograph-
ical unit, and iZ  is the number of attributes of the geographical unit. 

2.2.3. Kernel Density Estimation 
Kernel density estimation belongs to density mapping [29], which is more accurate 

and smooth than histogram estimation. The kernel density estimated quantity is as fol-
lows: 

( ) = 1ℎ ( −ℎ ) (4)

In Equation (4), )(xf  is the probability density function; n  is the number of study 
areas; h  is the bandwidth; ()K  is the random kernel function, and the Gaussian kernel 
function is selected. The estimation process is completed in Eview 10. 

2.2.4. Theil Index and Its Spatial Decomposition 
The calculation formula of the Theil index is as follows [30]: 

R
R

R
R

n
T i

n

i

i
theil log1

1


=

=
 

(5)

In Equation (5), n  is the number of provinces and cities, iR  is the green develop-

ment efficiency of the paper industry in i  province, and R  is the mean value of green 
development efficiency of the paper industry. The Theil index can be divided into two 
parts, namely, intra-regional and inter-regional differences. The Theil index can be di-
vided into two parts, that is, intra-regional and inter-regional differences. Therefore, the 
Theil index of green development efficiency of the paper industry can be decomposed as 
follows: 
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In Equations (6)–(8). ）（ erT int  is the difference within the upper, middle, and lower 

reaches; )(intraT  is the difference between the upper, middle, and lower reaches; d , z, 
and x  are the upper, middle, and lower reaches; n  is the number of provinces and cit-
ies; dn , zd , and xn  are the number of provinces and cities in the upper, middle, and 

lower reaches; iR  is the ratio of the green development efficiency of the paper industry 

of province i  to that of the Yangtze River Economic Belt; dR , zR , and zR  are the 
ratios of the green development efficiency of the paper industry of the upper, middle, and 
lower reaches to that of the Yangtze River Economic Belt. 

3. Results and Discussion 
3.1. Spatial and Temporal Characteristics of Green Development Efficiency of the Paper Industry 
in Yangtze River Economic Belt 
3.1.1. Time Series Evolution Characteristics 

From 2001 to 2016, the overall green development efficiency of the paper industry in 
the Yangtze River Economic Belt showed an upward trend in fluctuations (Figure 2). The 
green efficiency of the paper industry increased from 0.6895 in 2001 to 0.8648 in 2016, with 
an increase of 0.1753. The annual average geometric growth rate was 1.70%, and the effi-
ciency loss gap was 13.52%. The data show that although the green development effi-
ciency of the paper industry in the Yangtze River Economic Belt has been steadily im-
proved, the overall level is still not high, and the promotion potential is enormous. 

 
Figure 2. Evolution trend of green development efficiency of the paper industry in Yangtze River Economic Belt. 
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In terms of the green development efficiency of the paper industry in the Yangtze 
River Economic Belt from 2001 to 2016, the efficiency value shows a fluctuating upward 
trend with a relatively stable development trend in lower reaches area. The development 
trend initially decreases and then increases with a large fluctuation range in the middle 
reaches area, with a fluctuating upward trend with a large fluctuation range in the upper 
reaches area. Overall, the efficiency values of the upper, middle, and lower reaches are 
increasing in gradient. The average green development efficiency of the paper industry in 
the downstream region is much higher than that in the middle and upper reaches. The 
reason is that the downstream areas of Jiangsu, Zhejiang, Shanghai, and other provinces 
and cities have an excellent paper industry foundation, technological solid innovation 
ability, and a highly comprehensive management level. For example, although the pro-
duction capacity of the paper industry in Shanghai is relatively small, its existing paper 
enterprises mainly focus on high-end household paper and special paper with high added 
value, low resource and energy consumption, and limited environmental impact. 
Zhejiang Province has implemented several rounds of paper industry renovation. The pa-
permaking enterprises with small scale, prominent environmental pollution, and weak 
technological innovation ability are transformed or shut down to eliminate the backward 
production capacity, thereby promoting the improvement of the green development effi-
ciency of the paper industry. However, in provinces and cities in the middle and upper 
reaches, their paper industry is usually weak in foundation, small in scale, short of funds, 
backward in technology, lack of talents, low in research and development and manage-
ment level, and lack of support and development opportunities from the central govern-
ment. Therefore, they are far behind the downstream areas in an innovation environment, 
technology, and management level [31]. For example, the scale of papermaking enter-
prises in Yunnan and Guizhou is generally small, the technical equipment is backward, 
the comprehensive energy consumption and water consumption per ton of paper are 
higher than the national average level, and the CODcr of paper industry wastewater is 
also higher than the national average level [3]. The data in 2016 show the following: only 
one large-scale papermaking enterprise with an annual production capacity of more than 
100 × 104 tons and two medium-sized papermaking enterprises with an annual production 
capacity of 30–100 × 104 tons in Jiangxi Province, two medium-sized papermaking enter-
prises with 30–100 × 104 tons in Hubei Province, one papermaking enterprise with 30 × 104 
tons in Sichuan Province, and no papermaking enterprise with more than 30 × 104 tons in 
Yunnan Province [3]. To a certain extent, this case has affected the green development 
efficiency of the paper industry in the middle and upper reaches. To a certain extent, this 
case has affected the green development efficiency of the paper industry in the middle 
and upper reaches. 

3.1.2. Evolution Analysis of Spatial Gravity Center 
From 2001 to 2016, the green development efficiency center of the paper industry was 

distributed in Hunan Province and Hubei Province in the middle reaches of the Yangtze 
River, moving 184.17 km to the southwest, with an average annual migration distance of 
11.70 km. Thus, in the study period, the paper industry’s green development efficiency in 
the southwest of the Yangtze River Economic Belt has been improved (Figure 3). 
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Figure 3. Spatial evolution trend of green development efficiency center of the paper industry in 
Yangtze River Economic Belt. 

During the “Tenth Five Year Plan” and “Eleventh Five Year Plan,” the state requires 
the paper industry to eliminate backward production capacity and strengthen the con-
struction of energy conservation and emission reduction, resulting in the overall shift of 
the green development efficiency center of the paper industry to the southwest from 2001 
to 2008. The green development efficiency of the paper industry in Yunnan and Guizhou 
increased rapidly. The financial crisis in 2008 had a great impact on the paper industry in 
the upstream areas where small- and medium-sized enterprises exist, and the capital and 
technology are relatively weak. From 2008 to 2012, the gravity center moved to the north-
east of the Yangtze River’s lower reaches. However, since the 18th National Congress of 
the Communist Party of China, the ecological civilization construction has become the 
consensus of all provinces and cities in the Yangtze River Economic Belt. This event has 
promoted the green transformation and upgrading of the paper industry, implemented 
cleaner production, and improved the utilization rate of paper industry resources. As the 
efficiency of green development of the paper industry in the middle and upper reaches 
has been greatly improved, the gravity center of green development efficiency moved to 
the southwest as a whole from 2012 to 2016. 

3.1.3. Dynamic Analysis of Spatial Imbalance 
The average green development efficiency of the paper industry in the Yangtze River 

Economic Belt from 2001 to 2016 experienced the fluctuation of “up-down-up,” which 
showed a rising trend on the whole. In addition, the differences between provinces and 
cities were characterized by “expand-reduce” fluctuation, and the overall performance 
was the shrinking evolution (Figure 4a). To further reveal the dynamic characteristics of 
the spatial imbalance of the green development efficiency of the paper industry in the 
Yangtze River Economic Belt, 2001, 2006, 2011, and 2016 are selected as the observation 
time points to estimate the kernel density and explore the dynamic distribution of the 
spatial imbalance of the green development efficiency of the paper industry in the Yangtze 
River Economic Belt at different time points (Figure 4b). 
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Figure 4. Box diagram(a) and kernel density diagram(b) of green development efficiency of the paper industry. 

The distribution of the average green efficiency of the paper industry in the Yangtze 
River Economic Belt shows a right shift trend from the low- to high-value areas, which 
indicates that the green efficiency value has improved over time. In 2001 and 2006, the 
green efficiency value of the paper industry showed a “high-low” two-peak distribution, 
with a high peak in the low-value area and a low peak in the high-value area. Moreover, 
with the change over time, the distance between the two peaks becomes smaller, the peak 
becomes higher, and the width becomes narrower, which indicates that the spatial imbal-
ance becomes small and the degree of polarization is high. The spatial difference is evi-
dent. In 2011, the paper industry’s wave crest becomes lower, the width becomes wider, 
and the wave crest of high-value area becomes higher, which indicates that the spatial 
imbalance becomes large. However, in 2016, the green development efficiency value of 
the paper industry in the Yangtze River Economic Belt has changed from “two-peak” to 
“single-peak,” and the wave crest width has become narrower. Moreover, the wave crest 
has become sharp, showing the overall trend of promoting from low- to high-value areas. 
The efficiency value of green development has been improved as a whole, and the spatial 
imbalance of green development efficiency of the paper industry between provinces and 
cities has been reduced. 

3.1.4. Regional Difference Decomposition 
With the help of the Theil index, this study explores the regional differences of green 

development efficiency of the paper industry in the Yangtze River Economic Belt and its 
main influencing factors (Table 3). 
(1) The overall differences were analyzed. Based on the Theil index, the paper industry’s 

green development efficiency in the Yangtze River Economic Belt initially increased 
and then decreased from 2001 to 2016, indicating that the regional difference first 
expands and then narrows in the fluctuation. This result is consistent with the kernel 
density estimation. The Theil index’s maximum value was 0.1547 in 2003, and the 
minimum value was 0.0460 in 2016. Specifically, from 2001 to 2003, the Theil index of 
green efficiency of the paper industry increased slightly, and after 2003, the Theil 
index decreased. In 2006, 2008, and 2012, the Theil index increased slightly again, 
indicating that the regional differences of green efficiency of the paper industry in 
these years expanded. The Theil index of the lower reaches showed a downward 
trend, indicating that the regional gap was narrowing. Then, the Theil index of the 
middle reaches fluctuated greatly from 2001 to 2008 and rose slightly after 2009, in-
dicating that the regional difference was expanding. Finally, the Theil index of the 
upper reaches showed an upward trend from 2001 to 2006 but continued to decrease 
after 2007, indicating that the regional difference expanded first and then narrowed. 
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(2) By further dividing the Theil index into regional and intra-regional differences, the 
Theil index of the upper, middle, and lower reaches of the Yangtze River Economic 
Belt is greater than that of the inter-regional. Moreover, the contribution share of the 
difference in intra-region increases with the evolution of time. The contribution in-
creased from 52% in 2001 to 74% in 2016 and even reached 75% in 2008 and 2013, 
showing that intra-regional differences are the primary source of green efficiency dif-
ferences in the paper industry in the Yangtze River Economic Belt. 
With the development of the social economy, the spread and diffusion of green inno-

vation elements and management experience of the paper industry in the Yangtze River 
Economic Belt make the gap of the papermaking enterprises in the upper, middle, and 
lower reaches in management and technological innovation ability continue to narrow. 
Moreover, these elements also make the regional differences of green development effi-
ciency continue to narrow. However, the differences in green innovation ability, enter-
prise scale, and enterprise management level of the papermaking enterprises within the 
region still exist objectively due to the resource endowment, economic, and technological 
gradient. Furthermore, the intra-region differences are more significant than those be-
tween regions. Therefore, promoting the division and cooperation among regions and 
narrowing the difference of the paper industry’s green development efficiency within the 
region are still important tasks for the green transformation and development of the paper 
industry in the Yangtze River Economic Belt. 

Table 3. Source and contribution rate of the spatial difference of the paper industry in Yangtze River Economic Belt. 

 Overall Upstream Midstream Downstream 
Intra-Re-

gional 
Inter-Re-

gional 

Contribution Rate (%) 
Intra-Re-

gional 
Inter-Re-

gional 
2001 0.1464 0.0422 0.0292 0.0041 0.0756 0.0708 51.62 48.38 
2002 0.1453 0.0361 0.0339 0.0033 0.0733 0.0720 50.42 49.58 
2003 0.1547 0.0380 0.0406 0.0043 0.0828 0.0719 53.51 46.49 
2004 0.1451 0.0396 0.0006 0.0444 0.0846 0.0605 58.29 41.71 
2005 0.1158 0.0306 0.0026 0.0419 0.0751 0.0407 64.85 35.15 
2006 0.1215 0.0292 0.0008 0.0489 0.0789 0.0427 64.89 35.11 
2007 0.0968 0.0265 0.0003 0.0364 0.0631 0.0337 65.15 34.85 
2008 0.1002 0.0234 0.0170 0.0343 0.0747 0.0255 74.58 25.42 
2009 0.0870 0.0160 0.0005 0.0378 0.0543 0.0327 62.40 37.60 
2010 0.0810 0.0172 0.0046 0.0326 0.0545 0.0264 67.34 32.66 
2011 0.0792 0.0087 0.0068 0.0371 0.0526 0.0266 66.37 33.63 
2012 0.0869 0.0119 0.0111 0.0220 0.0451 0.0418 51.86 48.14 
2013 0.0730 0.0154 0.0062 0.0332 0.0548 0.0182 75.03 24.97 
2014 0.0722 0.0104 0.0066 0.0328 0.0498 0.0224 69.00 31.00 
2015 0.0631 0.0098 0.0084 0.0260 0.0443 0.0188 70.15 29.85 
2016 0.0460 0.0024 0.0106 0.0211 0.0341 0.0118 74.24 25.76 

Mean 0.1009 0.0223 0.0112 0.0288 0.0624 0.0385 63.73 36.27 

3.2. Analysis on Influencing Factors of Green Development Efficiency Evolution of the Paper 
Industry in Yangtze River Economic Belt 

Based on the relevant domestic research results, this study analyzes the influencing 
factors of the green development efficiency of the paper industry in the Yangtze River 
Economic Belt from the five aspects of enterprise scale, environmental regulation, science 
and technology investment, foreign investment intensity, and industrial structure [32–35]. 
The ratio of the sales volume to the number of enterprises in the above-scale paper indus-
try is selected as the representative of the enterprise scale. In addition, the proportion of 



Water 2021, 13, 1286 13 of 17 
 

 

total environmental governance in GDP represents environmental regulation, and the 
proportion of science and technology expenditure in fiscal expenditure represents science 
and technology investment. Then, the year-end investment of foreign-funded enterprises 
represents the intensity of foreign investment, and the proportion of secondary industry 
in GDP represents the industrial structure. In this study, the green development efficiency 
of the paper industry is used as the dependent variable, and the five influencing factors 
are used as the independent variables. Furthermore, the foreign capital intensity variables 
are logarithmically processed to eliminate the influence of heteroscedasticity to construct 
the basic panel regression model. 

1 2 3 3 4 4 5 5it i i it i it i it i it ity x x x xα β β β β δ= + + + + +  (9)

In Equation (9), the dependent variable y  is the green development efficiency value 
of the paper industry; the independent variable x  is industrial scale, environmental reg-
ulation, scientific and technological input, foreign capital intensity, and industrial struc-
ture, respectively; β  is coefficient; α  is constant; i  is the i  province; t  is the year; 
δ  is residual. Eview10.0 software is used to analyze the above panel data. The fixed effect 
model is adopted after the test. The results are as follows (Table 4): 
(1) Analysis of the Overall Empirical Estimation Results. 

Overall, the effect direction of each influencing factor on the green development ef-
ficiency of the paper industry in the Yangtze River Economic Belt is in line with the ex-
pectation. Environmental regulation and foreign investment intensity have significant 
negative effects on green development efficiency. The enterprise scale, science and tech-
nology investment, and industrial structure have significant positive effects on green de-
velopment efficiency. The specific indicators are as follows: The scale of the enterprise. 
The regression results show that the enterprise scale has a significant positive effect on the 
green development efficiency of the paper industry. Generally, large-scale enterprises 
have more capital, human resources, and equipment to invest in technological innovation 
and technological transformation, which is conducive to improving the green develop-
ment efficiency of enterprises [32].  Environmental regulation. Environmental regulation 
has a significant negative effect on the green development efficiency of the paper industry, 
which hinders the improvement of the efficiency. This conclusion is similar to that of Qiu 
Xiaolan et al., that is, after considering environmental regulation, China’s paper industry’s 
average total factor productivity decreases [4].  Science and technology input. Science 
and technology input has a significant positive effect on the green efficiency of the paper 
industry and is still an important way to promote efficiency.  Foreign capital intensity. 
The foreign capital intensity has a significant negative effect on the green efficiency of the 
paper industry in the Yangtze River Economic Belt. The reason may be that foreign capi-
tal’s entry threshold standards in various provinces and cities are different, which brings 
some environmental problems while introducing foreign investment, technology, talents, 
and management experience [31]. As a result, the green development efficiency of the pa-
per industry is affected.  Industrial structure. A close relationship exists between the pa-
per industry and many industrial sectors of the national economy. The optimization of 
the overall regional industrial structure and the technical level improvement are condu-
cive to improving green development efficiency. Therefore, the industrial structure has a 
significant positive effect on green efficiency. 
(2) Analysis of Empirical Estimation Results by Region. 

The factors that have significant positive effects on the green development efficiency 
of the upstream paper industry include enterprise scale, science and technology input, 
and industrial structure, whereas other factors have no significant effects. Although envi-
ronmental regulation and foreign capital intensity have negative effects on the green de-
velopment efficiency of the paper industry in the upstream region, they are not significant. 
The reason may be that more small- and medium-sized enterprises in the upstream area 
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and their innovation ability are weak. Strict environmental regulations will increase en-
terprises’ operating costs, thus hindering the improvement of the green development ef-
ficiency of the paper industry. Moreover, the entry of foreign investment in the upstream 
region has a low threshold of environmental protection due to the pressure of attracting 
investment, which will bring some environmental problems. The results affect the im-
provement of the green development efficiency of the paper industry. 

The factors that have significant positive effects on the green development efficiency 
of the paper industry in the middle reaches also include environmental regulation, foreign 
capital intensity, and industrial structure. On the contrary, other factors have no signifi-
cant effects. The technological innovation environment of the paper industry in the mid-
dle reaches is not good, and the technical management level is relatively backward. 
Hence, the technological input does not play a positive role in the efficiency of green de-
velopment [34]. Therefore, the science and technology input in the middle reaches of the 
paper industry does not significantly improve the efficiency of green development, and a 
negative effect exists between the paper enterprise scale and the efficiency of green devel-
opment. Moreover, although the middle reaches area has introduced relatively strict en-
vironmental regulations, some large- and medium-sized papermaking enterprises are 
even willing to be fined and do not comply with the regulations because of the low cost 
of illegal activities. They still adopt the extensive development mode in the production 
process, so that they consume considerable plant fiber, industrial water, and energy and 
emit more pollutants. Thus, the enterprise scale has no significant impact on improving 
green development efficiency. 

The factors that have significant positive effects on the green development efficiency 
of the paper industry in downstream areas include science and technology input and in-
dustrial structure, whereas other factors have no significant effect. The research finds that 
environmental regulation has a positive effect on the improvement of green development 
efficiency of the paper industry in the downstream region, which indicates that the envi-
ronmental regulation promotes the improvement of the green development efficiency. 
The result is not consistent with the direction of action of the upper and lower reaches of 
the Yangtze River Economic Belt. Moreover, the result shows that the effects of environ-
mental regulations of different regions and intensities on the green development effi-
ciency of the paper industry are not necessarily the same [19]. Therefore, in the actual 
management of the paper industry, differentiated environmental regulations should be 
formulated according to the time and place. 

Table 4. Regression results of influencing factors of green development efficiency of the paper industry in Yangtze River 
Economic Belt. 

 Overall Upstream Area Midstream Area Downstream Area 

Enterprise scale 0.0805 *** 
(10.0463) 

0.1008 ** 
(2.0152) 

−0.0358 
(−0.6062) 

0.0157 
(0.9105) 

Environmental regula-
tion 

−0.4252 *** 
(−8.0149) 

−0.3665 
(−1.3831) 

−1.1722 ** 
(−2.4928) 

0.0292 
(0.2037) 

Science and technology 
input 

2.5652 *** 
(11.0730) 

12.7396 ** 
(0.0233) 

0.1762 
(0.0274) 

3.0655 *** 
(4.9843) 

Foreign capital Inten-
sity 

−0.0235 *** 
(−3.2106) 

−0.0206 
(−0.6163) 

0.1103 * 
(1.8155) 

−0.0019 
(−0.1035) 

Industrial structure 1.2978 *** 
(23.0197) 

1.3543 ** 
(2.5035) 

1.6027 ** 
(2.4254) 

0.9918 *** 
(6.9583) 

Constant 0.2281 *** 
(4.3923) 

−0.1061 
(−0.3156) 

−0.5213 
(−1.2534) 

0.4188 ** 
(3.0502) 

Note: The values in brackets are Z statistics; ***, **, and * indicate the significance at 1%, 5%, and 10% levels, respectively. 
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4. Discussion 
Building the Yangtze River Economic Belt is a primary regional development strat-

egy in China. Ecological priority and green development are the primary development 
principles. In China, the paper industry is widely distributed along the Yangtze River, 
impacting on the Yangtze River ecology and water environment. Improving the green 
development efficiency of the paper industry in the Yangtze River Economic Belt is the 
core requirement of the transformation and upgrading of the paper industry and a vital 
path to promote the high-quality development of the Yangtze River Economic Belt. 

The green development efficiency improvement of the paper industry in the Yangtze 
River Economic Belt means that the transformation and upgrading of the paper industry 
have made some achivements. However, the Yangtze River Economic Belt is still faced 
with the dilemma of balance between the transformation and development of the paper 
industry and the protection of the ecological environment. On the one hand, the transfor-
mation and development of the paper industry can increase the local fiscal revenue, pro-
mote employment, and boost the social and economic development of the Yangtze River 
Economic Belt. However, it is likely to pose a threat to the safety of water, soil, and air in 
the Yangtze River Basin. Improving the energy efficiency and resource utilization effi-
ciency of the paper industry in the Yangtze River economic belt, reducing waste emis-
sions, accelerating resource conservation and environmental protection, and improving 
green efficiency are the key measures to realize the coordinated development of the paper 
industry and ecological environmental protection in the Yangtze River Economic Belt. 

The inter-provincial spatial difference of paper industry in the Yangtze River Eco-
nomic Belt should be paid attention to, and the gap among the three regions should not 
be enlarged. The paper industry green development efficiency of the Yangtze River Eco-
nomic Belt is the highest in the lower reaches, followed by the middle reaches, and the 
lowest in the upper reaches. The results are similar to the overall research results of the 
references [8,10], both are related to industry's spatial pattern of energy efficiency and 
total factor productivity. The Yangtze River Economic Belt is located in the east, middle, 
and west of China, with strong spatial heterogeneity. There are significant differences in 
social and economic development, industrial base, and innovation ability between the up-
per, middle, and lower reaches. It is not appropriate to think that the water environment 
problems caused by the paper industry will aggravate the green development efficiency 
of the paper industry in the lower reaches of the Yangtze River. Although the lower 
reaches of the Yangtze River are responsible for more pollutant emissions, the technolog-
ical innovation level of their paper industry is higher than the other two reaches. Coupled 
with the advanced enterprise management system and governance mode, their green de-
velopment efficiency is still high. In the future, the paper industry in the upper and middle 
reaches of the Yangtze River Economic Belt should focus on low-carbon green circular 
development through technological innovation, green transformation and upgrading, 
and spatial layout optimization. 

Another policy implication of this paper is that when formulating the paper indus-
try's green transformation and upgrading strategy, the effects of environmental regula-
tion, foreign investment intensity, industrial structure, enterprise-scale, science and tech-
nology investment, and regional heterogeneity should be taken into account. In view of 
the characteristics and differences of the upper, middle, and lower reaches of the paper 
industry, the targeted policy recommendations should be formulated. The upstream re-
gion should mainly expand the paper enterprises scale and increase the investments in 
science and technology and the technological research. The middle reaches of the region 
should indroduce strict environmental regulations, strengthen the collaborative govern-
ance of the paper industry chain and the management of foreign capital. The downstream 
region should further increase the brand advantage and the investment intensity in sci-
ence and technology of the paper industry, strive to adjust the industrial structure and 
product structure of the paper industry, and improve the development quality of the pa-
per industry. 
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5. Conclusions 
The green development efficiency of the paper industry in 11 provinces and cities of 

the Yangtze River Economic Belt from 2001 to 2016 is calculated with the undesirable 
slack-based measure model. The spatial characteristics of the paper industry is analyzed 
by using the spatial gravity center, kernel density function, and Theil index. The influenc-
ing factors of the green development efficiency of the paper industry are explored by us-
ing the panel model.The main conclusions are as follows: 

The results indicate that the green development efficiency of the paper industry in 
the Yangtze River Economic Zone from 2001 to 2016 shows an increasing trend, but the 
overall level is not high with obvious spatial divergence characteristics. 

Inter-provincial differences in green development efficiency within the three major 
regions of the Yangtze River Economic Belt are the main source of its spatial imbalance. 
Narrowing regional differences remains one of the key tasks in the green transformation 
development of the paper industry in the Yangtze River Economic Belt. 

Further research finds regional heterogeneity characteristics in the effects of environ-
mental regulations, foreign investment intensity, industrial structure, enterprise size, and 
technology investment on the industrial green efficiency of the paper industry in up-
stream, midstream, and downstream regions. For the upstream region, enterprise-scale, 
science and technology input, and industrial structure have a significant positive effect on 
the basin. For the middle region, environmental regulation, foreign capital intensity, and 
industrial structure have a remarkable driving effect. Finally, science and technology in-
put and industrial structure have a significant driving effect on the downstream region. 
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