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The Yellow River Basin (YRB) is an important ecological defense and economic zone in China and occupies a very important
position in the economy and society of China. Premise condition of ecological protection and development of high quality in YRB
is the greening of the industry. Based on the data of 35 cities in YRB in 2012, 2015, and 2018, this paper constructs an evaluation
index system for the industrial green development (IGD) and explores spatial diﬀerentiation characteristics of the IGD by the
exploratory spatial data analysis (ESDA) method. On this basis, this paper uses the geographical weighted regression (GWR)
model to analyze the inﬂuencing factors. The results indicate the following: (1) in general, IGD in YRB shows an upward trend. (2)
The Global Moran’s I index of IGD shows a small increase; the distribution of local spatial correlation is basically unchanged. (3)
There are obvious regional diﬀerences in the inﬂuencing factors of IGD. The degree of inﬂuence of each factor on IGD is
openness > industrial upgrading index > urbanization rate > science and technology expenditures > reduction rate of
energy consumption.

1. Introduction
China’s economy has been improving rapidly and plays an
important role in the world in recent years. However, insuﬃcient awareness of ecological protection in the course of
economic development has led to the emergence of many
environmental problems, seriously aﬀecting people’s lives,
health, and happiness, which has attracted great attention of
the state. In China, the concept of “green development” was
ﬁrst put forward at a meeting of the Political Bureau of the
CPC Central Committee in 2015. In the 18th CPC National
Congress, “lucid waters and lush mountains are invaluable
assets” was proposed. The 19th CPC National Congress set
the building of a beautiful China as the goal of socialist
modernization. This process reﬂects the state’s policy of
gradually attaching great importance to ecological and environmental protection.

Ecological protection and high-quality development of
YRB have become a national strategy in 2019. The development of YRB has been ushered in unprecedented opportunities, and great eﬀorts must be made to greatly
harness and protect YRB. In order to promote the highquality development and ecological protection [1] of YRB, it
is essential to build a modern industrial development system
and realize IGD. Therefore, scientiﬁc evaluation and accurately grasping the inﬂuencing factors that cause the difference of IGD in various regions can provide the decisionmaking basis for the industrial pattern of YRB and promote
the high-quality development of YRB.
Based on this, in this paper, we use YRB as the research
sample and construct IGD evaluation system. The entropy
method is used to assess it, while exploratory spatial data
analysis (ESDA) is used to analyze spatial characteristics.
Further, this paper uses GWR model to analyze the
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inﬂuencing factors of IGD in YRB, with expectation of
providing a reference basis.

2. Literature Review
In the new era, green development is a kind of sustainable
development pattern of harmonious coexistence between
human and nature. Green development originates from
“ecological economy” and “green economy,” with the increasingly prominent role of ecological environment, and
green economy, as a new development model, has been
widely concerned by international organizations (institutions) and scholars. In addition, industrial development is
the main source of material wealth and one of the main
reasons for the destruction of the ecological environment
[2]. Therefore, it is particularly important to explore IGD.
2.1. Connotation of IGD. IGD originated from “green
economy” [3]. Its purpose was to construct a sustainable
development mode with harmonious economy, ecology, and
society. Green development refers to the ecological environment under the control of capacity and resources bearing
capacity, by protecting the natural environment to realize
the sustainable development of the new development pattern
and the concept of ecological development [4]. Its core is to
establish and form a coordinated interaction mechanism of
economy, nature, and society [5]. Sustainable development
models, such as “green economy,” “low-carbon economy,”
“ecological economy,” and “circular economy,” all embody
the concept of green development from diﬀerent perspectives [6]. Although being with the same connotation of
sustainable development, green development emphasizes
the symbiosis of “green” and “development” without
compromising the ability to regenerate resources and environment, and without reducing the level of economic and
social welfare [7], it is more prominent in the “development”
on the basis of sustainability. IGD requires sustainable
development and ecological civilization construction from
the industrial level, aiming at building an industrial structure
and production model with high science and technology
content, low resource consumption, and less environmental
pollution, so as to realize the organic coordination between
economic development and resource environment.
2.2. Evaluation of IGD. IGD is requirement of green development from the industrial level. Measuring green development falls into two categories: eﬃciency of green
development and comprehensive index system [8]. The ﬁrst
is to assess green development by introducing the eﬃciency
[8–12]. Another approach is to establish an index system to
comprehensively measure IGD. According to the diﬀerent
regions and emphases of the research, the comprehensive
index system is mainly established from the following aspects: the ﬁrst green development indicators were set up by
the OECD [13]. Based on this index system, many scholars
have carried out a series of researches. Existing researches
mainly construct IGD index system from three dimensions
of industry, resource environment, and government policy
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[14–16]. There are also some studies evaluating the index
from diﬀerent industrial structures [17, 18].
2.3. Inﬂuencing Factors of IGD. There is still no complete
conclusion on the factors aﬀecting IGD, which mainly include the following aspects: environmental policy, government investment [19, 20], advances in technology, industrial
structure [21], economic opening [22, 23], and urban size
[24, 25]. Some studies showed that government regulation
[16] and environmental regulation [19] had a signiﬁcant
positive eﬀect on IGD, promoting industrial transformation
and upgrading through government regulation [18], to
promote the process of IGD. Besides, the government increasing investment in science, technology, energy conservation, and environmental protection through ﬁnancial
means was also beneﬁcial to IGD [26]. At the same time, we
cannot ignore the negative impact of the rapid urban expansion [27], low energy utilization [23], and blind utilization of foreign capital [22] on IGD.
2.4. Summary. Through combing the existing literatures, it
is found that the evaluation and inﬂuencing factors of IGD
are relatively mature, which provides a relatively perfect
research basis for this paper. However, the existing researches are deﬁcient in spatiotemporal diﬀerentiation.
Compared with the existing researches, the innovations of
this paper are as follows. (1) Research sample: ecological
protection and high-quality development of YRB have become a national strategy, and the study of this region has
great practical signiﬁcance. (2) Research conclusions: by
comparing the regression coeﬃcient, it is found that the
inﬂuence of openness is greater than that of industrial advanced index on the IGD in YRB, which is diﬀerent from the
previous conclusion [28]. The sample of this paper is YRB,
which is relatively targeted, so it has certain reference value
for the policy formulation of high-quality development of
YRB.

3. Research Area and Research Methods
3.1. Overview of Research Area. On the basis of YRB trunk
stream area demarcated by the Yellow River Commission of
the Ministry of Water Resources, comprehensively considering the natural conditions, administrative divisions,
and economic development of each city, as well as the
representativeness and availability of data, this paper determines 35 cities in 7 provinces of Shanxi, Inner Mongolia,
Shandong, Henan, Shaanxi, Gansu, and Ningxia (Figure 1).
3.2. Research Method
3.2.1. Entropy Method. The entropy method is an impersonal assignment. It determines the weight of each index
according to its own statistical attribute, avoiding subjective
incompleteness [29–31]. Therefore, entropy method is
adopted in this paper to measure IGD of 35 cities along YRB.
According to Chen et al. [32], the speciﬁc calculation steps
are as follows:
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(1) Data standardization: because the dimensions and
orders of magnitude of the original data for each
indicator are diﬀerent, standardized processing is
required to eliminate the impact on the evaluation.
Positive indicators:
Yij �

Xij − min Xij 
max Xij  − min Xij 

.

(1)

max Xij  − Xij
max Xij  − min Xij 

.

(2)

Among them, Yij is the standardized matrix, and
Xij is the original data matrix.
(2) Calculate the entropy value of index:
n

ej � −k  Pij ln Pij .

(3)

i�1

Among them, k � 1/ln(n), Pij � Yij / ni�1 Yij ; ej is
the entropy value, n � 35.
(3) Calculate index weight:
Wij �

1 − eij 
m
i�1 1

(2) Locally Spatial Autocorrelation. This paper adopts the
cold and hot spot analysis method and uses Getis-Ord G∗
index to evaluate the local regional spatial characteristics of
industrial development in YRB. The calculation formula is in
accordance with Hu et al. [34]:
G∗i (d) �

Negative indicators:
Yij �

similar IGD are clustered, while Moran’s I <0 means that
IGD is scattered.

.
− eij 

(4)

ni�1 Wij (d)Xi
.
ni�1 Xi

Among them, Xi is the IGD of region i. If G∗i (d) >0, IGD
around city i is relatively high, and it is a hot spot; while if
G∗i (d) <0, IGD around city i is relatively low, and it is a cold
spot area.
3.2.3. Geographical Weighted Regression Model. GWR
model was proposed by Fotheringham [35]. Based on local
regression analysis, the spatial position of data is embedded
into regression parameters to measure the spatial instability
of various geographical variables, which is conducive to the
exploration of spatial law. Therefore, the GWR model is
adopted in this paper to analyze the spatial heterogeneity of
the driving forces of IGD in YRB. According to Chen et al.
[36], the calculation formula is
n

yi � β0 ui , vi  +  βj ui , vi xij + εi .

(8)

j�1

Among them, Wij is the index weight, m � 18.
(4) Calculate the comprehensive score:
m

Si �  Wij Pij .

(7)

(5)

i�1

Among them, yi is the global dependent variable, xij is
the inﬂuencing factor, β0 (ui , vi ) is a constant term, (ui , vi )
are the spatial coordinates of the i-th region, βj (ui , vi ) is the
parameter of region xij , and εi is the random error term.

Among them, Si is the level of IGD.
3.2.2. Exploratory Spatial Data Analysis. ESDA is a datadriven method to study spatial distribution characteristics,
which mainly includes global spatial autocorrelation and
local spatial autocorrelation. We use ESDA to study spatial
distribution characteristics of IGD in YRB.
(1) Global Spatial Autocorrelation. Global spatial autocorrelation can measure the clustering degree of the study area.
In this paper, Global Moran’s I is selected to evaluate spatial
characteristics of the IGD level in YRB and ﬁnd out their
correlation and diﬀerences. According to Ren et al. [33], the
calculation formula is
Moran’ s I �

ni�1 nj�1 Wij Xi − XXj − X
S2 ni�1 nj�1 Wij

.

(6)

Among them, X � (1/n) ni�1 Xi ; S2 � (1/n) ni�1 (Xi −
X) ; n is the sample size; Xi and Xj are the IGD levels of
regions i and j; Wij is the spatial weight matrix. Usually, the
range of Moran’s I is (−1, 1). If Moran’s I >0, the areas with
2

3.3. Index System Establishment and Data Source. The
connotation of IGD requires that economic development of
high quality should be compatible with ecological protection. It emphasizes that economic development also takes
into account ecological protection. From the perspective of
IGD, it is required that urban economic development should
focus on quality improvement on premise of sustainable
development. The IGD in YRB needs green transformation
through three industries together to achieve green and highquality economic growth [37]. Industrial development
changes with the utilization of resources and ecological
environment. The essence of green development is sustainable development, by raising the utilization rate of resources, improving the environmental conditions to relieve
the contradiction between economic development and
ecological protection [38]. However, only depending on
market regulation is not enough while pursuing the dynamic
balance of economic development and ecological protection,
and support of the government is quite essential [16].
Therefore, based on the previous, we construct an evaluation
index system of IGD in 35 cities in YRB from three dimensions of green economic growth, resource, and
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environment carrying capacity and government support
(Table 1).
In terms of green economic growth, it mainly measures
economic level of the region and the green level of the three
industries [39]. The economic density and per capita GDP
are used to reﬂect the economic development status of the
region to measure the green growth potential. The green
development level of primary industry is measured by grain
yield and fertilizer use. The secondary industry is the main
reason for green development, which is measured by GDP of
industries above designated scale, number of enterprises
above designated scale, and comprehensive utilization rate
of solid waste. The proportion of the added value of the
tertiary industry in GDP and the number of employees in the
tertiary industry will be used to assess IGD of the tertiary
industry.
In terms of resource and environment carrying capacity,
the index system is mainly used to measure the abundance of
regional resources and the environmental governance status
of enterprises [40]. Cities around YRB are rich in resources.
Considering the availability of data, the abundance of resources is measured by the total amount of water resources.
The emission of waste water, the emission of sulfur dioxide,
and the emission of soot are used to measure the environmental governance status of enterprises.
In terms of government support, the role of government
in IGD is extremely important [41]. The established indicator system measures the government’s investment in
environmental protection from three aspects: (1) expenditure on energy conservation and environmental protection;
(2) green coverage rate and per capita park area in built-up
areas; (3) harmless treatment rate of domestic waste and
sewage treatment rate.
Considering the timeliness and availability of data, and
there must be at least three years to study the change of IGD,
the data in this paper are 2012, 2015, and 2018. The sources
are mainly China City Statistical Yearbook in 2013, 2016, and
2019, Statistical Yearbooks for all provinces of YRB, Statistical Yearbooks for all cities, and Bulletin of National
Economic and Social Development. Some of the missing
data were supplemented by interpolation method.

4. Spatial Differentiation of IGD in YRB
4.1. Comprehensive Analysis of IGD. The scores of IGD level
of 35 cities in YRB in 2012, 2015, and 2018 are calculated by
entropy method. We ﬁnd that the change of IGD in YRB has
certain rules (Figure 2). (1) From the perspective of spatial
weight, that of green economic growth (0.6652) in the
criterion layer is the largest, followed by government support
(0.2281), and the smallest is resource and environment
carrying capacity (0.1067). This shows that the indicators of
green economic growth have a greater impact on IGD in
YRB, while those of government support and resource and
environment carrying capacity are decreasing in order. (2)
From the perspective of spatial distribution, IGD in YRB
shows trend of “high in the east and low in the west.” The
scores of Zhengzhou, Dezhou, Zibo, and Heze are relatively
high, while those of Baiyin, Zhongwei, Wuzhong, and
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Shizuishan are low. This is because Zhengzhou is the national central city in YRB, taking the lead in transformation
and upgrading of industries, and is the main position of
high-tech industry transfer. In addition, the tertiary industry
accounts for a relatively high proportion. In urban areas,
most of them are high-value-added industries. Pollution and
low-value-added enterprises have been eliminated, transferred, and upgraded, which have little negative impact on
the ecological environment. Therefore, Zhengzhou’s IGD
level is higher. Baiyin and Zhongwei are located in the
western region. Due to backward economic development
and small proportion of the tertiary industry, they are
diﬃcult to develop high-value-added industries by relying
on their own strength. They have become the traditional
manufacturing industry’s undertaking site and are highly
dependent on energy and resources, so their green development level is relatively low. (3) From the perspective of
spatial evolution characteristics, the spatial pattern of IGD in
YRB in 2012, 2015, and 2018 is relatively stable, while the
polarization diﬀerence is relatively obvious. The average
score of IGD in each city rose from 0.2968 in 2015 to 0.3132
in 2018, and the range rose from 0.4371 in 2012 to 0.5448 in
2018, indicating that IGD in each region of YRB has been
improved, but the gap between cities is getting larger and
larger. This is because the Central Plains city group was
approved as a national city group relatively early and has a
large leading advantage, while the Lanxi city group was
approved as a national city group in 2018 and started late,
leading to a relatively signiﬁcant phenomenon of spatial
polarization.
4.2. Spatial Characteristics of IGD
4.2.1. Overall Spatial Characteristics of IGD. For quantitatively studying the spatial pattern evolution of IGD in YRB,
Queen’s adjacency matrix is adopted as the spatial weight,
and ArcGIS10.2 is used to calculate the Global Moran’s I at
the comprehensive level of IGD in YRB in 2012, 2015, and
2018. The results show that the Global Moran’s I in the three
years are all positive and passed the test at the signiﬁcance
level of 0.01 (Table 2). This indicates that IGD in YRB
presents a signiﬁcant positive spatial autocorrelation in 2012,
2015, and 2018. The rising trend of Global Moran’s I reﬂects
the increasing spatial concentration. This is because the
development of urban agglomerations and metropolitan
areas has achieved remarkable results, and national policies
are increasingly inclined to overall planning, which has
strengthened the links between cities.
4.2.2. Local Spatial Correlation Characteristics of IGD. In
order to make up for the inﬂuence of global autocorrelation
that cannot reﬂect local correlation characteristics and
further reveal the spatial correlation pattern of IGD in YRB,
the cold and hot spot analysis method is adopted, and
ArcGIS10.2 is used to draw the spatial cold and hot spot
distribution map of IGD in YRB in 2012, 2015, and 2018
(Figure 3). Figure 3 shows that, overall, there is no substantial change in the pattern of cold and hot spots for the
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Figure 1: Topographic map of YRB and sample of this paper.

Table 1: IGD evaluation index system of cities in YRB.
Target layer

Criterion layer

Variable

Index
Economic density
Green growth potential
Per capita GDP
Grain yield
Primary industry
Fertilizer use
The gross output value of industries above designated
Green economic growth
scale
Secondary industry
Number of enterprises above designated scale
Comprehensive utilization rate of solid waste
Proportion of added value in GDP
Industrial
Tertiary industry
Number of employees in the tertiary industry
green
Abundance of resources
Total amount of water resources
development
Resource and environment carrying
Emission of waste water per unit of GDP
level
Environmental
capacity
Emission of sulfur dioxide per unit of GDP
conditions
Emission of soot per unit of GDP
Expenditure on energy conservation and environmental
Government investment
protection
Green coverage rate
Government
Infrastructure
Per capita park area in built-up areas
support
Environmental
Harmless treatment rate of domestic waste
governance
Sewage treatment rate

IGD in YRB, which maintains the characteristic of “high in
the east and low in the west.” From the point of economic
development, Shandong and Henan are better than Inner
Mongolia, Shanxi, and Gansu. It can be said that economic
development can drive the local of IGD. In the three years,
the hot spots are concentrated in the east (Jinan, Binzhou,
Zibo, Tai’an, Liaocheng, and Dezhou), while the cold spots
are mainly in the west (Baiyin, Zhongwei, and Wuzhong),

with clear polarization between the east and the west. From
the perspective of the number of cold and hot spots, the hot
is increasing, from 9 in 2012 to 11 in 2018. The increasing
cities are Zhengzhou, Xinxiang, Liaocheng, and Jining. The
number and spatial distribution of cold spots remained
basically unchanged, increasing from 9 in 2012 to 11 in 2018.
This is because there are many hot spots in Shandong
province, among which Jinan and Dezhou have played a
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Figure 2: Continued.
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Figure 2: IGD of cities in YRB in 2012, 2015, and 2018.

Table 2: Moran’s I of IGD in YRB in 2012, 2015, and 2018.
Year
2012
2015
2018

Moran’s I
0.3258
0.3522
0.3680

E (I)
−0.2941
−0.2941
−0.2941

leading role in the surrounding cities. Zhengzhou’s relatively
rapid development has driven the development of Kaifeng,
Xinxiang, and other cities, while the western region lacks hot
cities to drive the green development of regional industries.
In addition, from 2012 to 2018, the number of hot spot areas
and secondary hot spot areas decreased, and the number of
cold spot areas and secondary cold spot areas increased,
indicating that the gap in industrial green development level
of IGD within the YRB is narrowing.

5. Analysis of Influencing Factors on
IGD in YRB
5.1. Inﬂuencing Factor Analysis Framework. The level of IGD
is aﬀected by many factors, and the formation mechanism is
relatively complex. Combing existing literatures, scholars
generally believe that industrial structure [21, 26], urban

Z (I)
3.0308
3.2763
3.4517

P (I)
0.0024
0.0010
0.0006

development potential [8, 42], energy eﬃciency [23, 42],
degree of openness [16, 22], and government support
[20, 42] have signiﬁcant eﬀects on IGD. Therefore, this paper
selects these ﬁve aspects as the inﬂuencing factors (Table 3).
In order to prevent the collinearity of the indicators from
causing deviations in the research results, SPSS is used to
conduct collinearity test for these ﬁve indicators (Table 4).
The results showed that the variance inﬂation factor (VIF)
was less than 10, and the conditional index (CI) was less than
30, indicating that there is no collinearity.
5.2. Spatial Heterogeneity of Inﬂuencing Factors. In this
paper, ArcGIS10.2 is used to conduct OLS regression
analysis for these 5 indicators, and the results are shown in
Table 5. In Table 5, R2 � 0.24, AICc � −35.52, indicating that
this model could only explain 24% of the variables, with poor
ﬁtting degree. Based on the geographical weighted
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Figure 3: Spatial distribution of cold and hot spots of IGD in YRB in 2012, 2015, and 2018.

regression (GWR) analysis, the core type ADAPTIVE is
selected, the bandwidth is AICc, and the result is R2 � 0.60,
AICc � −42.51. The R2 of the GWR model is much larger
than that of the OLS model, and the diﬀerence of AICc is
greater than 3. Relevant studies [43] show that if the difference of AICc is greater than 3, the GWR model is better.
Hence, GWR model is selected for analysis in this paper.
Table 6 shows the regression coeﬃcients of the calculation results. It can be seen from the results that the inﬂuence of each variable on IGD in each city is quite diﬀerent.
From the positive and negative aspects of the regression
coeﬃcients, industrial upgrading index, urbanization rate,
total import and export to GDP, and science and technology
expenditures show signiﬁcant positive eﬀects. The reduction
rate of energy consumption varies from city to city. From the
mean value of the regression coeﬃcient, the inﬂuences of the
ﬁve variables on IGD in YRB are ratio of total imports and
exports to GDP > industrial upgrading index > urbanization
rate > science and technology expenditures > reduction rate
of energy consumption.
Figure 4 shows that the industrial upgrading index has a
positive impact on IGD. To be speciﬁc, the regression coeﬃcient of the industrial upgrading index of all cities in YRB
is positive, which is distributed within the range of
0.0264–0.1742. It indicates that the higher the industrial

upgrading index, the higher the IGD. This is because the
tertiary industry, represented by high-tech industry, is the
gathering place of technical factors and talent factors. Its
products are mainly products and services with high added
value, which can promote IGD. At present, the secondary
industry is still dominated by the traditional manufacturing
industry, and the production factors are mainly raw materials and land. It is a pollution-intensive industry, which
has an impeding eﬀect on IGD. Therefore, theoretically
speaking, the tertiary industry accounts for a larger proportion, while the secondary industry accounts for a smaller
proportion, so the level of IGD in this region will be higher.
In space, it presents the distribution characteristic of decreasing from the central region to the east and the west. The
cities with high regression coeﬃcient include Yuncheng,
Sanmenxia, Luoyang, Jiyuan, Jiaozuo, Xinxiang, Kaifeng,
and Zhengzhou. IGD of these cities is most aﬀected by the
industrial upgrading index. Yuncheng, Sanmenxia, and
Jiaozuo are resource-based industrial cities with a large
proportion of the secondary industry. In recent years, with
the continuous upgrading of the industrial structure, the
traditional manufacturing industry has gradually shifted to
the service manufacturing industry. Both the proportion of
tertiary industry and the level of IGD increased. Zhengzhou
and Luoyang are big cities in economy, population, and
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Table 3: Inﬂuencing factors of IGD.

Inﬂuence factor
Industrial structure
Urban development
potential
Energy eﬃciency
Degree of openness
Government support

Variable
Industrial upgrading index

Deﬁnition
Added value of tertiary industry/secondary industry

Urbanization rate

Urban population/total population

Reduction rate of energy consumption
per unit of GDP
Total imports and exports to GDP ratio
Science and technology expenditures

1. Energy consumption per unit of GDP this year/energy
consumption per unit of GDP last year
Total imports and exports/GDP
—

Table 4: Collinearity test of inﬂuencing factors.
Variable
Industrial upgrading index
Urbanization rate
Reduction rate of energy consumption per unit of GDP
Total imports and exports to GDP ratio
Science and technology expenditures

Variance inﬂation factor (VIF)
1.054
1.109
1.143
1.046
1.083

Tolerance (T)
0.949
0.901
0.875
0.956
0.923

Conditional index (CI)
2.931
3.45
4.485
7.024
14.555

Table 5: Comparison of OLS regression and GWR regression results.
R2
AICc

OLS
0.24
−35.52

transportation with rich regional resources. The growth of
industrial upgrading index means that the proportion of
tertiary industry is rising, and the level of industrial greening
is improving. There are 12 cities with regression coeﬃcient
between 0.0246 and 0.0480, including Wuhai, Zhongwei,
and Baiyin, with the smallest regression coeﬃcient and the
lowest inﬂuence degree. This is because Wuhai and
Zhongwei are located in the west. They are still dominated by
the secondary industry, and their economic strength and
infrastructure are relatively weak. They can only undertake
the traditional manufacturing industry eliminated by the
east. It is diﬃcult to develop the high-tech industry by relying on their own strength. Besides, the tertiary industry
development is slow, and the industrial upgrading index of
these regions has little impact on IGD.
In Figure 5, the regression coeﬃcient of urbanization
rate is positive, ranging from 0.0254 to 0.1079, indicating
that urbanization rate has a positive impact on IGD. The
improvement of urbanization rate can drive IGD and is an
important thrust for IGD in YRB. This is because the
improvement of urbanization level is accompanied by the
population gathering, the improvement of urban functions,
and the optimization of spatial layout. These factors have
created good conditions for IGD. The urbanization rate has
a driving impact on IGD, while the inﬂuence degree of each
city in YRB is diﬀerent. The spatial distribution is low in the
middle and high in both sides. 9 cities, including Lanzhou,
Yinchuan, Ordos, Zhongwei, and Baiyin, are located in
high-value districts. And IGD of these cities is most aﬀected
by the urbanization rate. The urbanization rate of
Zhongwei, Wuzhong, and Baiyin is low, which is only

GWR
0.60
−42.51

30.45%, 50.18%, and 50.62% in 2018, far lower than other
cities. The improvement potential is large, and IGD is
strongly inﬂuenced by urbanization rate. The other highvalue areas are mainly concentrated in western cities such
as Lanzhou and Yinchuan. There are two reasons: on the
one hand, these cities are located to the west of the “Hu
Line.” China has implemented the western development
policy, which promotes the population agglomeration of
western cities. On the other hand, the urbanization rate of
Lanzhou and Yinchuan reached 81.03% and 77.58% in
2018. It has reached the later stage of urbanization, and
urban development is in urgent need of support from
talents. In 2017, many cities began the “war for talents.” In
order to retain talents, Lanzhou lowered the threshold of
becoming urban residents, which increased the urban
population and provided talent support for IGD. The lowvalue areas of regression coeﬃcient are mainly concentrated in 8 cities, including Xinzhou, Luliang, Linfen, and
Jiaozuo. This may be because most of these cities are close
to the provincial capitals, which have a greater radiation
eﬀect on them. Compared with provincial capitals, the
attraction to talents, especially high-end talents, is lower,
and the accumulation of human capital is slower. There is
no suﬃcient support of talents, transformation and
upgrading of industries are slow, and the promotion of IGD
is less.
Figure 6 shows that the change rate of energy consumption has positive and negative impact on IGD. In other
words, the faster the reduction rate of energy consumption
in some regions, the higher the IGD level. This can be caused
by two reasons: ﬁrst, more than 70% of China’s current
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Table 6: Results of the GWR model.

Industrial upgrading index
Urbanization rate
Reduction rate of energy consumption per unit of GDP
Ratio of total imports and exports to GDP
Science and technology expenditures

Minimum
0.0264
0.0254
−0.1506
0.0282
0.0148

Lower quartile
0.0445
0.0508
−0.1112
0.1467
0.0274

Mean
0.0858
0.0708
−0.0231
0.1997
0.0514

Industrial upgrading index

Upper quartile
0.1158
0.0964
0.0600
0.2551
0.0652

Maximum
0.1743
0.1079
0.0809
0.3002
0.0847

N

0
0.0264 – 0.0481

0.0823 – 0.1158

0.0481 – 0.0823

0.1158 – 0.1743

200 km

Figure 4: Spatial distribution of regression coeﬃcient of the industrial upgrading index on IGD.

energy use is nonclean. Energy consumption is accompanied
by the generation of pollutants and wastes, which has a
negative impact on environmental development. Improving
the utilization rate of energy, using clean energy, advocating
“green economy,” and opposing “black economy” can effectively protect the ecological environment, which is
conducive to IGD. Second, the total amount of fossil energy
is limited. Coal is a nonrenewable and highly polluting
energy source. For high-polluting enterprises, the eﬀective
way to reduce the use of polluting energy is to increase the
utilization rate of resources and create more value with less
resource. In this way, the reduction of energy consumption
promotes IGD. From the perspective of spatial distribution,
reduction rate of energy consumption in each city has
diﬀerent impacts on IGD, showing a spatial distribution
decreasing from west to east. The most inﬂuential cities are
Shizuishan, Yinchuan, Hohhot, etc., with the regression
coeﬃcient being between −0.1505 and −0.1082. There are
two main reasons: on the one hand, the rate of decline in
energy consumption is relatively high, which makes the level
of IGD improve rapidly. According to the original data, the
energy consumption of Shizuishan and Yinchuan decreased
by 9.5% and 12%, respectively, much faster than the national
average. On the other hand, clean energy consumption

reduces energy consumption. Statistics show that clean
energy consumption in these cities accounted for nearly 40%
in 2019, well above the national average. The use of clean
energy is bound to reduce the use of polluting energy, which
is conducive to driving down the rate of energy consumption. Based on the above two reasons, the reduction
rate of energy consumption in these cities has a great
negative impact on IGD. The reduction rate of energy
consumption in Henan and Shandong provinces has a small
and basically positive inﬂuence on IGD. This may be because
the development of the two provinces is in a dominant
position in YRB, and the development degree of dependence
on traditional energy is small. Reduction rate of energy
consumption is much lower than that of other regions, and
the rate of decline is not as fast as that of other regions.
Therefore, the reduction rate of energy consumption in these
two provinces promotes IGD.
In Figure 7, openness has a positive impact on IGD.
The regression coeﬃcient of the total imports and exports
to GDP is positive, between 0.0282 and 0.3001, indicating
that the more open the economy, the more conducive to
IGD. This shows that all regions in YRB have successfully
crossed the stages of “pollution refuge eﬀect” and “pollutant paradise hypothesis.” With the deepening of the
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Urbanization rate

N

0
0.0254 – 0.0469

0.0640 – 0.0806

0.0469 – 0.0640

0.0806 – 0.1079

200 km

Figure 5: Spatial distribution of the coeﬃcient of urbanization rate to IGD.

concept of sustainable development, the requirement of
the import and export goods is increasing. From the
perspective of spatial layout, the regression coeﬃcient
shows the spatial feature of decreasing from the center to
both sides. The coeﬃcient of Zhengzhou, Jiaozuo,
Luoyang, and Linfen is larger, and IGD of these cities is
greatly inﬂuenced by the open economy; conversely, the
inﬂuence of Bayannaoer and Baotou is smaller. The
reason mainly has the following two aspects: on the one
hand, Zhengzhou and other cities have relatively developed transportation facilities and are closely connected
with the world. Zhengzhou is an important transportation hub in China, and Zhengzhou Aviation Port
Area is the only national aviation port economic comprehensive experimental area in China, with relatively
perfect infrastructure and conditions for the transformation to an export-oriented city. However, Bayannaoer
and Baotou are located in the western region of China,
where all kinds of transportation modes are relatively
backward and have few economic connections with the
world. Although the ratio of total imports and exports to
GDP promotes local IGD, it is relatively small. On the
other hand, the added value of import and export goods is
diﬀerent. Zhengzhou is a new major city of China, and the
added value of import and export products is higher
compared to Bayannaoer.
Figure 8 shows that science and technology expenditures have a signiﬁcant positive inﬂuence on IGD, and
the degree of impact varies from city to city. Speciﬁcally,
the regression coeﬃcient of science and technology expenditures is between 0.0148 and 0.0847. The high-value

areas include Linfen, Luliang, and Hohhot, and the regression coeﬃcient is between 0.0651 and 0.0847. It may
be because the level of science and technology in these
cities is low, and the marginal eﬀect of investment in
science and technology is signiﬁcant. The 2019 government work report shows that, in 2018, Hohhot strategic
emerging industries output value accounts for 30% of
industrial output value above designated scale, and the
contribution rate of science and technology to economic
growth increased to 56%. It proves that the input of
science and technology in Hohhot is in direct proportion
to the output, and increasing the expenditure of science
and technology is conducive to IGD. The low-value areas
of regression coeﬃcient are Bayannaoer, Baiyin, Ordos,
Lanzhou, Shizuishan, Wuhai, Wuzhong, Zhongwei,
Yinchuan, and Baotou, whose scientiﬁc and technological
expenditure had little inﬂuence on IGD. There are two
reasons: on the one hand, there is time lag of science and
technology expenditures. Science and technology expenditures are mainly used for scientiﬁc research and
cultivating talents. These cities are not that attractive to
high-end talents. The implementation of western development policy has attracted some talent; however, it still
needs time to translate them into innovative results. On
the other hand, the innovation eﬃciency of these cities
needs to be improved. These cities cannot ignore the
insuﬃcient investment in science and education in green
development and low eﬃciency in research and development. Due to low eﬃciency, the innovation results are
not timely and accurately applied to the green industry,
which has little impact on IGD.
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Reduction rate of energy consumption per unit of GDP

N

0
–0.1505 to –0.1082

–0.0418 to 0.0288

–0.1082 to –0.0418

0.0288 to 0.0808

200 km

Figure 6: Spatial distribution of the regression coeﬃcient of the reduction rate of energy consumption on IGD.

N

Ratio of total imports and exports to GDP

0
0.0282 – 0.0521

0.1525 – 0.2431

0.0521 – 0.1525

0.2431 – 0.3002

200 km

Figure 7: Spatial distribution of regression coeﬃcient of total imports and exports to GDP on IGD.
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Science and technology expenditures
N

0
0.0148 – 0.0276

0.0443 – 0.0651

0.0276 – 0.0443

0.0651 – 0.0847

200 km

Figure 8: Spatial distribution of the regression coeﬃcient of science and technology expenditures on IGD.

6. Conclusion and Recommendation
6.1. Conclusion. This paper constructs an evaluation index
system for IGD in YRB through three dimensions: economic
green growth, resource and environmental carrying capacity, and government support. The spatial evolution
characteristics of 35 cities in YRB in 2012, 2015, and 2018 are
investigated by using ESDA. And we use the GWR model to
analyze the inﬂuencing factors of IGD in YRB. The main
conclusions and recommendations are as follows.
First, IGD in YRB is generally on the rise. From the
perspective of time, IGD in all cities in YRB in 2018 has
increased compared with that in 2012. From the perspective
of spatial dimension, IGD is still high in the east and low in
the west, and the gap is getting larger and larger. Zhengzhou
and Jinan are high-value areas, while Zhongwei and Wuzhong are low-value areas for IGD.
Second, there is a spatial positive correlation among IGD
in YRB. The Global Moran’s I in 2012, 2015, and 2018 are all
positive with a small change, indicating that the spatial
distribution of IGD in YRB is relatively stable. There is no
substantial change in the local analysis pattern of cold and
hot spots, which maintains the distribution characteristics of
“high in the east and low in the west.” Jinan, Dezhou, and
Zhengzhou are always hot spots, driving IGD of surrounding, while there are no hot spots in the western region.
Thirdly, there are obvious regional diﬀerences in the
factors inﬂuencing IGD in YRB. In general, the degree of
inﬂuence of each inﬂuencing factor on IGD is as follows:
openness > industrial upgrading index > urbanization rate> science and technology expenditures > reduction rate of
energy consumption. Among them, industrial upgrading

index, urbanization rate, openness, and science and technology expenditures show signiﬁcant positive eﬀects. The
reduction rate of energy consumption varies with cities.
6.2. Recommendation. First, the government should play its
full role and strengthen environmental control. The government
has a very important inﬂuence on IGD. It is found from the
previous research that the government plays a vital role in IGD
in the YRB. In terms of policy formulation, the government
needs to set targets to constrain enterprises. Although some
achievements have been made, the target system is not perfect
enough, and the discharge of waste water and waste gas from
industrial enterprises still needs to be solved. Therefore, the
government should formulate corresponding policies according
to local conditions to supervise enterprises and limit their
discharge of waste water, gas, and waste. From a ﬁnancial point
of view, the government will increase spending on energy
conservation and environmental protection to help enterprises
achieve green transformation. Application of new energy and
new technology is accompanied by the rising cost of enterprises.
It is far from enough to drive the application of new energy only
by the social responsibility of enterprises. At this time, the
government needs to subsidize new energy and new technologies and encourage their application in production to realize
green production and clean production.
Second, use urban agglomeration to increase the eﬃciency of rural areas. Rural areas in YRB are relatively weak
links in IGD. It is diﬃcult to improve IGD only by relying on
the rural strength. Therefore, on the one hand, it is necessary
to encourage the cultivation of industrial chain links between urban and rural enterprises. At the same time, the
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government can guide urban residents to increase localized
consumption of agricultural products, support the joint
development of public marketing platforms for agricultural
products or rural industries between regions and between
urban and rural areas, and enhance the radiation driving
eﬀect of urban industrial transformation and upgrading and
IGD in rural. On the other hand, the development of tourism
in YRB should make use of the metropolitan area. Relying on
the magniﬁcent and beautiful natural landscape and timehonored historical culture of YRB, combined with the
characteristics of each city, the metropolis circle is utilized to
develop tourism in YRB, drive the development of related
industries, as catering, trade and logistics, and tourism
commodity manufacturing, and enhance IGD.
Third, realize industrial transformation and upgrading
and support the high-tech industries. Traditional industries
are the main body of pollutant discharge, so transforming
and upgrading them and eliminating backward industries
are conducive to IGD. The cities in YRB have a large proportion of traditional industries. Due to relatively backward
economy, they are the receiving places for industrial transfer
of foreign-funded enterprises and the Yangtze River Delta
region. When undertaking industrial transfer, the standard
should be improved to avoid becoming a “pollution refuge.”
At the same time, existing industries should be transformed
and upgraded from the root and increase the added value of
products and reduce energy consumption. High-tech
products have high added value. Generally speaking, cities
with high-tech industries have a high level of green development. These require cities, on the one hand, to make full
use of technical factors, personnel factors, and capital factors
to develop local high-tech industries and, on the other hand,
to improve the infrastructure of the city and enhance the soft
power of the city, to encourage high-tech industries to
cluster together.
Fourth, building a mechanism for regional coordination and cooperation enhances interconnected regional
industrial development. Region industrial development is
one of the eﬀective ways to realize the coordinated development of regions. Diﬀerent cities in YRB have diﬀerent
levels of IGD. Generally speaking, the level of IGD in the
east of YRB is higher than that in the west. A cooperation
mechanism should be established within the region. On the
one hand, establish sharing mechanisms. The mechanism
of regional coordination and cooperation should be shared
ﬁrst, emphasizing information sharing, resource sharing,
and infrastructure sharing, which can eﬀectively reduce the
disordered industrial competition in cities along the route
and improve the systematization and coordination of industrial development in YRB. On the other hand, resources
in the upstream and downstream should be integrated to
promote the division of labor and cooperation. There is a
big gap between the upstream and downstream of YRB.
Cities in YRB should give play to their comparative advantages, build platforms for undertaking industrial
transfer in the upper, middle, and lower reaches, and
cultivate characteristic industrial parks to promote the
integrated development of upstream and downstream
industries.
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Fifth, cultivate scientiﬁc research and innovation teams
and facilitate the integrated industrial development, universities, and research institutes. Scientiﬁc and technological
innovation is the source of vitality for IGD, and cultivating
R&D teams is conducive to IGD. At present, the industry in
YRB lacks innovation vitality. In agriculture, the use of
chemical fertilizers and pesticides is relatively much, and the
cultivation of new varieties to promote the development of
agricultural mechanization requires the eﬀorts of scientiﬁc
research teams. In industry, the coverage rate of clean
production and green production is low, resulting in high
pollution level of enterprises and incomplete industrial
chain structure. This requires the extension of industrial
chain and the search for new growth points of the industry,
as well as scientiﬁc research support. In the tertiary industry,
it is necessary to keep innovative vitality to promote enterprises in an invincible position. However, there is a
disconnect between education, research, and business.
Universities, research centers, and enterprises lack cooperation. This requires cities in YRB to strengthen the integrated development of industry, education, and research.
For colleges and universities to train corresponding talents
for enterprises, the research center develops much-needed
technology for enterprises, and enterprises provide employment opportunities for colleges and universities, provide ﬁnancial support for scientiﬁc research centers, and
promote long-term win-win cooperation.
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