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Abstract: Achieving the coordinated development of the logistics industry, new urbanization and
the ecological environment is significant for improving the efficiency of the logistics industry, urban-
ization level and environmental quality, but there are few studies that consider all three together.
Based on the panel data of 11 provinces and municipalities in the Yangtze River Economic Belt
from 2009 to 2019, this paper constructs the evaluation index system of the logistics industry, new
urbanization and the ecological environment. The entropy method, coupled coordination degree
model and exploratory spatial data analysis method are used to empirically analyze the spatial and
temporal evolution patterns of the coupled coordination of the three systems in the Yangtze River
Economic Belt. The results show that: (1) during the study period, the comprehensive development
level of each subsystem and composite system in the Yangtze River Economic Belt has been improv-
ing, but there are some differences in the development among the systems in each region; (2) the
coupling coordination degree of the three shows a smooth upward trend and an overall transition
from near incoordination or basic coordination to the level of primary coordination or intermediate
coordination, showing a spatial distribution pattern of downstream > midstream > upstream; (3) the
spatial agglomeration characteristics show significant positive spatial correlation and agglomeration
and are dominated by high–high agglomeration and low–low agglomeration. These reflect the
enormous spatial and temporal differences in the coupling coordination of the three systems in
the Yangtze River Economic Belt. The study takes the perspective of the coupled and coordinated
development of the logistics industry, new urbanization and the ecological environment, which can
provide references for enterprises and governments to make sustainable industrial and urbanization
development strategies.

Keywords: Yangtze River Economic Belt; logistics industry; new urbanization; ecological environment;
coupling and coordination

1. Introduction

In the process of China’s high-quality economic development, the logistics industry
has become one of the pillar industries of the national economy. In recent years, China’s
logistics industry development has achieved significant results. The data show that the
volume of express business grew from 31.28 billion pieces in 2016 to 83.36 billion pieces
in 2020, and the revenue of express business reached 879.5 billion yuan. In addition, the
added value of China’s logistics industry reached 415.17 billion yuan in 2020. All these
fully illustrate that the logistics industry plays a pivotal role in improving people’s lives,
promoting employment, and driving national economic growth. New urbanization is
a kind of advanced stage in urbanization, with the basic characteristics of conservation
and intensification, industrial interaction, ecological livability, urban–rural integration
and harmonious development [1]. Nowadays, the development of urbanization is at
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high speed, and according to the relevant data from the National Bureau of Statistics, the
urbanization rate in China has increased from 17.6% in 1978 to 63.9% in 2020. There is a
forecast that China’s urbanization rate will reach 70.12% in 2030, which will far exceed
the level of other regions in the world in the same period [2]. The development of the
logistics industry and urbanization has given rise to several environmental problems,
such as greenhouse gas emissions, fossil and other energy consumption generated by the
logistics industry [3], the depletion of natural resources and pollutant emissions caused by
urbanization [4]. In fact, there is a dynamic correlation between the logistics industry, new
urbanization and the ecological environment that promotes and restricts each other. On the
one hand, the continuous development of urbanization has given rise to a large amount
of logistics demand in the region, which provides the impetus for the development of the
logistics industry in the region. On the other hand, the logistics industry has an important
impact on the city’s economy, culture and social life by ensuring the supply of social
production and life [5]. In addition, green development is the mainstream development
approach today, representing the new development concept of sustainable development.
Facing the ecological problems and economic development needs in the context of the
environment, the traditional rapid urbanization and industrial development can no longer
be met. Both the development of the logistics industry and the construction of new
urbanization should follow the concept of green and sustainable development. Thus, it
is significant to realize the coordinated development among the logistics industry, new
urbanization and ecological environment.

In this context, the harmony between human activities and sustainable development
has become a critical academic issue in the study of the “coupled” relationship between
humans and nature. The term coupling originates from physics, referring to the physical
relationship between two or more elements [6]. Similarly, in economics, coupled coordina-
tion refers to the relationship between two or more systems interacting with each other,
and this coupling evolves, showing a progression from uncoordinated to coordinated [7].
Systems theory assumes that an integrated system consists of several subsystems, which
are interconnected and interact with each other to optimize the system as a whole ulti-
mately [8]. The coordination of urban sustainable development systems has been a hot
research topic [9]. A review of the relevant literature reveals that coupled coordination
degree models have been widely used in the study of the relationship between urbanization
and the ecological environment, such as the coupling between urbanization, resource and
environmental systems [10], and the coupling between tourism, urbanization and ecolog-
ical environment systems [11]. However, the relationship between the logistics industry,
new urbanization and ecological environment is rarely studied from the perspective of
coupling and coordination. Therefore, the exploration of the relationship between these
three is the weak link of the current study. Under the premise of considering the ecological
environment, making full use of the factor gathering ability and industrial linkage effect
of the logistics industry to promote urbanization and realize the positive interaction and
coordinated development of the three systems is the key to the sustainable development of
the region.

As one of the three regional development strategies of China’s 13th Five-Year Plan,
the construction of the Yangtze River Economic Belt is a major construction task for China.
In recent years, the level of urbanization in the Yangtze River Economic Belt has increased,
and the logistics industry has also been developing rapidly. At the same time, a series of
problems have been created, such as environmental damage and waste of resources. In
this context, the state attaches great importance to the development of new urbanization,
logistics industry, the ecological environmental protection and their mutual promotion
relationship in the Yangtze River Economic Belt. It has successively issued documents
such as “Guidance on Promoting the Development of Yangtze River Economic Belt by
Relying on the Golden Waterway”, “Outline of the Development Plan of Yangtze River
Economic Belt” and “Ecological Environmental Protection Plan of Yangtze River Economic
Belt”, proposing to vigorously protect the ecological environment of the Yangtze River,
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innovate and drive industrial transformation and upgrading and actively promote the new
urbanization [12]. With the support of national policies and environmental regulations,
what is the degree of coordinated development of the logistics industry, new urbanization
and ecological environment in the Yangtze River Economic Belt? Has it been effective?
What are the differences between different provinces and municipalities? These are what
this study will explore.

This study has the following objectives: (1) To compare and evaluate the compre-
hensive development levels of the logistics industry, new urbanization and ecological
environment subsystems in the Yangtze River Economic Belt during the study period.
(2) To measure the degree of coordination among the logistics industry, new urbanization
and ecological environment in the Yangtze River Economic Belt and analyze their spatial
and temporal evolutionary characteristics. (3) To examine the spatial autocorrelation of the
coupling and coordination of logistics, new urbanization and ecological environment in
the Yangtze River Economic Belt and analyze their spatial clustering characteristics.

The contributions of this study are as follows. First, a comprehensive system evalua-
tion index system consisting of three subsystems: the logistics industry, new urbanization
and ecological environment is constructed, and its coupling coordination degree is analyzed
to fill the study gap in this area; second, the spatial and temporal evolution characteristics
of the coupling coordination among these three in the Yangtze River Economic Belt are
studied to provide important support for the coordinated and sustainable development of
the Yangtze River Economic Belt region and the construction of a beautiful China.

The rest of the paper is organized as follows. Section 2 is a literature review, which
focuses on the literature related to the relationship between the logistics industry, new
urbanization and ecological environment. Section 3 introduces the materials and methods
of the study, including data selection, construction of the evaluation index system and a
description of the research methodology. Section 4 presents the results based on the model
proposed in Section 3 regarding the integrated level of development of the subsystems,
the degree of coupling and coordination of the three systems and spatial autocorrelation.
Section 5 provides a discussion and puts forward relevant recommendations based on the
study results. Section 6 summarizes the main conclusions of the paper.

2. Literature Review
2.1. Relationship between Logistics Industry and New Urbanization

The research on the relationship between these two can be roughly divided into
two categories. One category explores the influence of one party on the other, while the
other is to evaluate the degree of coordinated development between the two. For the
former, scholars have found that the impact of the logistics industry on new urbanization
is manifested in promoting population urbanization and driving employment. Wang et al.
analyzed the impact of logistics on urbanization in special hardship areas, in which the
role of road mileage in the development of population urbanization was significant [13].
Chhetri et al. used principal component analysis and spatial autocorrelation models
to analyze relevant data from Australia and found that there were spatial clusters of
logistics employment in the west and south of Melbourne [14]. While the impact of new
urbanization on the development of the logistics industry is mainly reflected in efficiency
improvement and technological innovation. Zhang used a DEA model to investigate the
impact of new urbanization on logistics productivity and found that new urbanization
significantly improves logistics productivity by improving transportation networks and
unleashing the consumption potential of the population [15]. Wolpert and Reuter showed
that urbanization has led to a near saturation of road infrastructure, which can prompt
urban logistics to respond to the challenges through innovative approaches [16]. For
the latter, the research perspectives and conclusions are more diversified. For example,
the interaction between the logistics industry and urbanization is elaborated from the
perspective of supply chain urbanization [17]. Some studies have explored the degree
of coupling between the two and the hysteresis phenomenon from the perspective of
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coupling and coordination [18]. Among them, Pu et al. analyzed the spatio-temporal
coupling and evolution mechanism of urban logistics spreading and urbanization in China
and concluded that the degree of correlation between the two showed the change of
uncorrelated-negative–positive correlation, and the level of coupling and coordination was
continuously improved [19]. Before conducting the coupling and coordination analysis,
the construction of an evaluation index system was the key. Wu constructed a logistics
subsystem from three aspects: logistics capacity, development scale and demand situation,
and a new urbanization subsystem from four aspects: economic, demographic, social and
ecological to evaluate the coupling and coordination relationship between the two [20]. In
addition, there is also a study showing that the development of China’s logistics industry
and urbanization construction have a co-integration relationship and can achieve good
synergistic interaction [21].

2.2. Relationship between New Urbanization and Ecological Environment

The discussion on the relationship between the two can be divided into theoretical
and empirical aspects. In terms of theoretical research, since Howard (1898) first proposed
the concept of the “idyllic city” [22], many scholars have researched the mechanism of coor-
dinated development of urbanization and the ecological environment and put forward rele-
vant theories. For example, the “Northam curve” [23], “environmental Kuznets curve” [24]
and “pressure-state-response” model [25]. In China, there is, the “social-economic-natural
complex ecosystem” theory [26], “urban ecological library” [27], “sustainable urban devel-
opment” theory [28] and “coupling magic square” theory [29]. These have greatly enriched
the theoretical results between new urbanization and ecological environment and laid the
foundation for empirical research. In terms of empirical evidence and research themes, they
mainly include the following: first, urbanization has a negative impact on the ecological
environment, such as water pollution [30], atmospheric pollution [31] and the reduction of
regional diversity [32]; secondly, urbanization has a positive impact on the ecological envi-
ronment, which is manifested as the improvement of the ecological environment [33,34];
thirdly, the impact of urbanization on the ecological environment is characterized by stages;
that is, the direction and degree of impact on the environment change at different develop-
ment stages of urbanization [35,36]. The evaluation of the coordinated development of new
urbanization and the ecological environment is mostly measured by the degree of coupling
coordination. Ariken et al. established the Remote Sensing Ecological Index (RSEI) to study
the coupling of urbanization and eco-environmental systems in the urban areas of the Yanqi
basin, and the results showed that there is a moderate imbalance in the development of
the two systems in the study area [37]. In fact, one problem in a system can directly or
indirectly affect another system, eventually leading to the imbalance or even collapse of
the whole system’s development. For example, due to rapid urbanization and population
growth, the ecological environment deteriorates, the carrying capacity of ecological factors
decreases and scarce resources make the cost of production and living increase, which
eventually leads to a slowdown in the pace of urbanization [38]. For modern smart cities,
their main concerns include the maintenance of ecosystems through pollution reduction
and efficient use of resources, in which policies and broad citizen participation must be
considered [39].

2.3. Relationship between the Logistics Industry and Ecological Environment

Most scholars tend to disagree about the relationship between the two from environ-
mental regulation, low carbon and the relationship between environment and logistics
performance. In terms of environmental regulation, there is more research discussing
it as one of the factors influencing the development of the logistics industry. However,
the conclusions obtained are not the same due to the inconsistent selection of research
methods and measurement indicators. Some scholars believe there is a positive relationship
between environmental regulation and logistics industry development, which is reflected
in policy incentives and green technology innovation [40,41]. Zhang et al. used carbon
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emissions from the logistics industry and the value-added of the logistics industry as an
environmental regulation indicator and found that the degree of environmental regulation
has a significant contribution to logistics efficiency [42]. Another group of scholars holds
the opposing view that there is a negative impact of environmental regulation on the devel-
opment of the logistics industry, which is manifested in terms of additional costs, leading to
the rise of enterprise management and administration costs and the difficulty of balancing
technological innovation with the improvement of the production level [43,44]. As for
low-carbon logistics, it mainly includes research on the problems and coping strategies
of logistics industry development in the low-carbon context [45,46] and the research of
incorporating carbon emissions into the evaluation system of logistics efficiency [47,48].
In addition, some scholars have also used coupled coordination models to study the rela-
tionship between regional logistics and ecological environment coordinated development
from a low-carbon perspective. Zhou evaluated the coordinated development of regional
logistics and ecological environment complex systems from input and output and resource
and environment levels, respectively [49]. Bao and Li constructed a coupled index system
of carbon emissions, energy consumption and the ecological environment to analyze the
degree of coordinated development of carbon emissions in the logistics industry and eco-
logical environment in the Beijing–Tianjin–Hebei region [50]. Regarding the relationship
between environment and logistics performance, Lu et al. constructed the Environmental
Logistics Performance Indicator (ELPI) using data from a sample of 112 countries to assess
the overall performance of these sample regions in terms of green transport and logistics
practices [51]. Xu constructed a system of indicators for environmental policy and eco-
logistics performance to test the mechanisms of their effects [52]. The growing research on
the relationship between logistics development and the ecological environment is helpful
for future research.

2.4. Relationship between the Logistics Industry, New Urbanization and Ecological Environment

There are relatively few studies on the coordinated development of the composite sys-
tem constituted by these three, and some studies take carbon emissions as the entry point
to analyze the dynamic relationship between logistics industry growth, urbanization and
carbon emissions [53–55]. Gong and Zhu analyzed the impact of the logistics industry net-
work construction on urbanization development in a low-carbon economy. They concluded
that the interaction between the development of the low-carbon logistics industry and
urbanization construction forms a feedback system, and the development of a low-carbon
logistics industry can deploy urban functions and reduce its impact on the environment [56].
In addition, some scholars have also explored the relationship between the three from
other dimensions. Guo et al. researched the relationship between air pollutant emissions,
logistics services and urban population growth [57]. Shee et al. empirically investigated
the stratified impact of smart logistics on the sustainability dimensions (i.e., environmental,
social and economic) of smart cities. Their empirical results indicate that smart logistics
have an immediate positive impact on the smart city environment, which, in turn, has a
positive impact on social and economic performance [58]. Cao argues that the problems
of exhaust, noise and traffic congestion caused by logistics have a negative impact on the
urban environment, and, therefore, an effective mechanism for evaluating the sustainability
of the urban logistics industry is necessary [59].

By reviewing the related literature, we can find that scholars have provided fruitful
research results on the relationship between the logistics industry, new urbanization and
ecological environment. This is reflected in the continuous enrichment in the definition of
relevant concepts and the design of the evaluation index system, as well as the diversifi-
cation of research perspectives. However, a few points still need to be further expanded,
which are summarized as follows: First, from the perspective of research, for the two sys-
tems, scholars focus on the influence of one party on the other. In fact, as two independent
and interconnected systems, their relationship is not only one-way but also a two-way
interaction. Secondly, from the research content, relevant research focuses on analyzing
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the relationship between the two systems, while there is a lack of studies exploring the
coupled and coordinated development of the logistics industry, new urbanization and
ecological environment as a whole. In practice, urbanization requires large amounts of
human, material and financial resources, which the logistics industry can provide. At the
same time, this process will inevitably impact the environment. This shows that the logis-
tics industry, new urbanization and ecological environment are not isolated, and dealing
with the relationship between the three is an important issue facing China in achieving
sustainable development [60]. The Yangtze River Economic Belt is one of the most dynamic
and potential core areas in China’s economic development pattern. During the rapid devel-
opment of industry and urbanization, the ecological environment has been damaged to
varying degrees, and uncoordinated development has occurred among the three. Therefore,
studying the relationship between the logistics industry, new urbanization and ecological
environment in the Yangtze River Economic Belt is crucial. Given this, this paper con-
structs an evaluation index system for the logistics industry-new urbanization-ecological
environment system on the basis of relevant study results. It also uses comprehensive
evaluation models, coupling the coordination degree model and exploratory spatial data
analysis methods to research the comprehensive development level, dynamic coupling and
coordination of the three systems in the Yangtze River Economic Belt, as well as the spatial
variability and development trend of their coupling and coordination levels. This extends
and complements the existing related research and is expected to provide a theoretical
basis and decision-making reference for the coordinated and sustainable development of
the logistics industry, new urbanization and ecological environment in the Yangtze River
Economic Belt.

3. Materials and Methods
3.1. Indicators Selection and Data Sources
3.1.1. Indicators Selection

The logistics industry, new urbanization and ecological environment form a com-
plex system, and the study of the coupling relationship among them requires reliable
and in-depth scientific analysis. The selection of indicators in this paper includes the
following steps.

First, since there is no complete and comprehensive set of evaluation index systems for
the logistics industry, new urbanization and ecological environment, this study reviewed
the literature on the coupling of the logistics industry and new urbanization [18,61], new
urbanization and ecological environment [62,63] and the logistics industry and ecolog-
ical environment [49], and initially constructed the evaluation index dimensions of the
three systems.

Next, based on the literature results and consultation with experts, the first-level
indicators for each of the three systems were identified. Among them, the indicator system
of the logistics industry includes two aspects. On the one hand, it is the infrastructure of
the logistics industry that can play a role in guaranteeing the development of the logistics
industry; on the other hand, it is the scale of logistics industry development, which reflects
the effectiveness achieved by the development of the logistics industry. For China’s new
urbanization, many scholars have studied it from population urbanization, economic
urbanization, social urbanization and spatial urbanization. We follow this framework
and construct the main indicators from four perspectives. Population urbanization is a
manifestation of urban population concentration, economic urbanization is a manifestation
of urban economic development, social urbanization reflects the improvement of urban
infrastructure and spatial urbanization reflects the change of land use in urbanization. The
index system of the ecological environment includes three aspects. First, the ecological
environment’s status, which is a reflection of the ecological status and development level.
Second, ecological environment pressure, which is expressed as the emission of wastewater,
waste gas and waste residue. Third, ecological environment response, which reflects the
government’s attention to environmental pollution control and the measures taken.
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Then, according to the actual situation of the Yangtze River Economic Belt, based on
the principles of science and accessibility, the secondary indicators were screened using
the frequency statistics method. After being adjusted in consultation with experts, the
secondary indicators of each system were determined.

Finally, the final composite system evaluation indicator system was determined. The
logistics industry indicator system consists of 2 primary indicators and 9 secondary in-
dicators. The new urbanization indicator system consists of 4 primary indicators and
12 secondary indicators. The ecological environment indicator system consists of 3 primary
indicators and 9 secondary indicators. On this basis, the entropy method is applied to
determine the weight of each indicator, the detailed indicators and their respective weights
are shown in Table 1.

Table 1. Indicator system for coupling coordination evaluation of the three systems.

System Primary
Indicators Secondary Indicators Index

Type Weights

Logistics Industry

Logistics Infrastructure

Railroad mileage (km) + 0.045
Road mileage (km) + 0.046
Postal outlets (pcs) + 0.136

Ownership of civilian cargo
vehicles (million units) + 0.062

Logistics
development scale

Cargo volume (million tons) + 0.064
Cargo turnover (billion tons/km) + 0.156

Express delivery volume (million pieces) + 0.339
Value added of the logistics

industry (billion yuan) + 0.088

Employment in logistics
(persons) + 0.063

New
urbanization

Population urbanization
Urban population as a proportion of total population (%) + 0.068

Urban population density
(persons/km2) + 0.123

Economic urbanization

GDP per capita (yuan) + 0.118
Share of secondary sector in GDP (%) + 0.032

Share of tertiary sector in GDP (%) + 0.100
Disposable income per urban resident (yuan) + 0.115

Social urbanization

Public transport vehicles per 10,000 people
(standard units) + 0.065

Public toilets per 10,000 people (seats) + 0.084
Beds in health care facilities per 1000 population (pcs) + 0.069
Number of students enrolled in higher education per

100,000 people (persons) + 0.047

Spatial urbanization Urban road area per capita (m2) + 0.073
Proportion of urban built-up area to urban area (%) + 0.105

Ecological
environment

Ecological status

Forest cover (%) + 0.229
Greening coverage of built-up

areas (%) + 0.044

Green space per capita
(m2/person) + 0.139

Ecological pressure

Industrial wastewater discharge (million tons) − 0.095
Industrial sulfur dioxide
emissions (million tons) − 0.127

Industrial smoke emissions
(million tons) − 0.066

Ecological Protection

Integrated utilization rate of
general industrial solid waste (%) + 0.207

Urban sewage treatment rate (%) + 0.036
Harmless disposal rate of domestic waste (%) + 0.058

Note: ”+”means positive-type indicators, “−“ means inverse-type indicators.

3.1.2. Data Sources

This paper takes 11 provinces and municipalities in the Yangtze River Economic Belt
as the study object, with the study years from 2009 to 2019. Therefore, we used 11 years of
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provincial-level data from the relevant regions. To ensure the continuity and authenticity
of the data, the data of relevant indicators are mainly obtained from the China Statistical
Yearbook (2009–2019) and the China Environmental Statistical Yearbook (2009–2019), as
well as statistical yearbooks of provinces or municipalities of the Yangtze River Economic
Belt (2009–2019), and statistical bulletins of national economic and social development
(2009–2019).

3.2. Methods
3.2.1. The Entropy Method

The entropy method is an objective assignment method that determines the weights
based on the magnitude of the information loadings of each variable [64,65], and its main
calculation steps are as follows.

First, a sample standardization matrix is constructed.
Assume that the number of evaluation objects is n and the number of evaluation

indicators is m. For positive-type indicators:

Yij =
Xij − min

(
Xj

)
max

(
Xj

)
− min

(
Xj

) (1)

For inverse-type indicators:

Yij =
max

(
Xj

)
− Xij

max
(
Xj

)
− min

(
Xj

) (2)

where Xij is the original data of the indicator, max
(
Xj

)
is the maximum value of the j-th

indicator data, min
(
Xj

)
is the minimum value of the j-th indicator data and Yij is the

normalized data value.
Second, the information entropy value of each indicator is calculated.
Find the information entropy value:

Ej = − 1
ln(n)

n

∑
i=1

pijlnpij (3)

The pij value is calculated as follows:

pij =
Yij

∑n
i=1 Yij

(4)

where n is the number of evaluation objects and Ej is the information entropy value of
the index.

Third, find the weight of each indicator.
Find the coefficient of variability of each indicator based on the information en-

tropy value:
gj = 1 − Ej (5)

Then find the weights Wj:

Wj =
gj

∑m
j=1 gj

(6)

where m is the number of indicators and Wj is the j-th indicator weight.
Fourth, seek the comprehensive development index.
The CDA is the quantitative value of the level of comprehensive development and is

calculated as follows:

Ui =
m

∑
j=1

WjYij (7)
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where Ui denotes the comprehensive development index of the i-th evaluation object; Wj
denotes the weight of the j-th indicator; Yij is the standardized data value.

3.2.2. The Coupling Coordination Degree Model

The coupling coordination degree is used to measure the degree of harmony and
consistency between systems or between elements within the system in the development
process [66,67]. Let U1, U2, U3 represent the comprehensive indices of the development
level of the logistics industry, new urbanization and ecological environment, respectively,
and obtain the coupling degree model as follows:

C =
3 × (U1 × U2 × U3)

1/3

U1 + U2 + U3
(8)

In the above equation, the coupling degree C takes a range of [0, 1], the closer the
value of C is to 1, the higher the coupling degree and the stronger the correlation between
systems, the closer C is to 0, the lower the coupling degree, that is, the weaker the correlation
between systems.

Although the coupling degree can reflect the strength of inter-system interactions,
it cannot reflect the level of coordinated development between systems. Therefore, the
coupling coordination degree model needs to be introduced:

T = aU1 + bU2 + cU3 (9)

D = (C × T)1/2 (10)

where D denotes the coupling coordination degree, C denotes the coupling degree, T de-
notes the reconciliation coefficient of the three systems; a, b, c are the pending coefficients
of the three systems in turn, a + b + c = 1. In this paper, the three systems of the logistics
industry, new urbanization and ecological environment are considered to play the same
role in the overall coordinated development of the Yangtze River Economic Belt, so they
all take the value of 1/3. The criteria for dividing the coupling coordination degrees are
shown in Table 2 [68].

Table 2. Classification criteria of coupling coordination level.

No. Value (D) Degree

1 0 < D ≤ 0.1 Extreme incoordination
2 0.1 < D ≤ 0.2 Serious incoordination
3 0.2 < D ≤ 0.3 Intermediate incoordination
4 0.3 < D ≤ 0.4 Mild incoordination
5 0.4 < D ≤ 0.5 Near incoordination
6 0.5 < D ≤ 0.6 Basic coordination
7 0.6 < D ≤ 0.7 Primary coordination
8 0.7 < D ≤ 0.8 Intermediate coordination
9 0.8 < D ≤ 0.9 Good coordination
10 0.9 < D ≤ 1.0 Excellent coordination

3.2.3. The Exploratory Spatial Data Analysis

Exploratory spatial data analysis (ESDA) is a method for studying the spatial distri-
bution relationships of elements, including global spatial autocorrelation and local spatial
autocorrelation [69,70].

The global spatial autocorrelation mainly adopts the global Moran index to reflect the
factor clustering of spatial units. The calculation formula is as follows:

I =
n ∑n

i=1 ∑n
j=1 Wij(xi − x)

(
xj − x

)
∑n

i=1 ∑n
j=1 Wij ∑n

i=1(xi − x)2 (11)
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where I is the global Moran index; n is the number of spatial units; xi, xj are the spatial
unit observations; wij is the spatial weight matrix. The values of the Moran index range
in [−1, 1], and the closer the value is to 1, the higher the spatial agglomeration, the closer
it is to −1, the higher the spatial dispersion, and the closer it is to 0, the higher the
spatial randomness.

The local spatial autocorrelation mainly uses the local Moran index to examine the
variability of the local area spatial units from the neighboring spatial units. The calculation
formula is as follows:

Ii =
(xi − x)

S3 ∑n
j=1 Wij

(
xj − x

)
(12)

where Ii is the local Moran index, and the other variables have the same meaning as before.
If Ii is positive, it means that the spatial difference between the region and its neighboring
region I is not significant; if Ii is negative, it means that the spatial difference between the
region and its neighboring region I is significant.

4. Results
4.1. Analysis of the Level of Development of Subsystems and Comprehensive Systems

The respective comprehensive development indices of the logistics industry, new
urbanization and ecological environment in the Yangtze River Economic Belt are measured
according to the entropy method and Equation (7), the comprehensive evaluation value
common to the three systems is measured according to Equation (9) and the results obtained
are shown in Figures 1–4.

In terms of the logistics industry subsystem (Figure 1), the development level of logistics
in each region has been developed to different degrees between 2009 and 2019. Overall, it
shows a trend of a low starting point and gradually expanding horizontal differences. In 2009,
the evaluation value of the logistics industry in each region was around 0.1. As time goes by,
the gap between regions becomes more and more obvious. Among them, the downstream
region of the Yangtze River Economic Belt (Zhejiang, Jiangsu, etc.) has a rapid development in
the logistics industry due to its high level of economic development, excellent infrastructure,
such as highways and railroads, as well as its superior geographic location, and the greater
influence of opportunities, such as Internet shopping, especially Zhejiang Province, relying on
its good industrial foundation. While the middle and upper reaches of the region, especially
Yunnan and Guizhou, due to their remote location and more backward transportation facilities,
make the logistics industry development level low, only showing a slow upward trend and
increasing the gap with the downstream areas.
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In terms of the new urbanization subsystem (Figure 2), new urbanization development
in 11 provinces and municipalities in the Yangtze River Economic Belt is relatively slow,
and the gap between regions is gradually narrowing. Among them, the downstream region
represented by Shanghai is still at the forefront after 11 years of development, which is
due to the fact that the downstream region has maintained a higher level of urbanization
development. As shown in Figure 2, the gap between Shanghai, the highest-rated value,
and Chongqing, the lowest-rated value, was 0.291 in 2009. By 2019, the gap between the
urbanization development levels of each region has narrowed, and the difference between
the maximum and minimum values is 0.244. One possible reason for this is that with the
introduction of the Yangtze River Economic Belt concept, there are closer economic ties
between the relevant provinces and cities, and the trend of the urban division of labor has
come to the fore, which, in turn, has promoted the development of new urbanization in
each province and city within the scope. In addition, the development of new urbanization
has been highly valued, and the state has introduced a series of relevant policies to support
it; further, urban public service capacity, infrastructure construction and urbanization
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construction has achieved great results, and the gap between provinces and municipalities
has been decreasing.
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In terms of the ecological environment subsystem (Figure 3), the ecological environ-
ment level of each region starts from a high level and shows a fluctuating upward trend.
As can be seen from Figure 3, the ecological environment evaluation value of each region
in 2009 was concentrated between 0.3 and 0.5, which is higher compared to the evaluation
value of the logistics industry and new urbanization, which indicates that all provinces and
municipalities in the Yangtze River Economic Belt have a better ecological foundation. This
is due to the strong awareness of environmental protection, and the development of regions
in response to the national development concept of “green water and green mountains
are the silver mountain of gold” [71]. In terms of the upward trend, there are certain
fluctuations in all regions. Although Zhejiang Province, as a downstream region, is still at
the highest level, the middle and upper regions, represented by Jiangxi and Chongqing,
also maintain a high level, and regional differences are no longer particularly obvious.
In particular, the ecological environment level of Guizhou province has improved more
between 2009 and 2019, and its evaluation value has risen from 0.365 to 0.686, surpassing
the downstream regions, such as Shanghai and Jiangsu. This also indicates to some extent
that the ecological environment level in the downstream areas with a more developed
economy, better industrial base and higher urbanization level is not necessarily higher
than in the upstream areas, and attention should be paid to the protection of the ecological
environment while developing the economy.

In terms of the comprehensive evaluation values of the three systems of the logistics
industry, new urbanization and ecological environment (Figure 4), the upward trend of the
comprehensive development level of the three systems in each region of the Yangtze River
Economic Belt is steady, and the overall trend is getting better. Horizontally, the spatial
differences among provinces and municipalities gradually stabilize, showing an overall
regional difference of downstream > midstream > upstream. Zhejiang Province has the
highest comprehensive development level because it maintains a high level of development
in all subsystems. While Guizhou Province has a better development in the ecological
environment subsystem, its logistics industry and new urbanization system are relatively
poorly developed, so its comprehensive development level is still the lowest. From a
vertical perspective, the overall comprehensive development of the logistics industry, new
urbanization and ecological environment in the Yangtze River Economic Belt tend to be
optimized, thanks to the strong support of national policies and the attention of local
governments, which makes the comprehensive development quality steadily improve.
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Overall, the highest level of development was in the ecological system, followed by the
new urbanization system, and finally, the logistics industry system, indicating that the
government’s call for ecological protection is being practiced.

4.2. Analysis of the Spatial and Temporal Evolution of the Coupling and Coordination of the
Logistics Industry, New Urbanization and Ecological Environment

According to the coupling coordination degree model, as shown in Equation (10), the
results of coupling coordination degree measurement for each province and municipality
in the Yangtze River Economic Belt are obtained as shown in Table 3 (due to the limitation
of space, this part only lists the coupling coordination degree of each province and munici-
pality in the Yangtze River Economic Belt in 2009, 2014 and 2019). Overall, the coupling
coordination degree of the three major systems in the Yangtze River Economic Belt shows a
rising trend. In terms of time, in 2009, the coordination degree of each region was between
0.35 and 0.6, and the coordination level of most regions was basic coordination or near
incoordination. While in 2019, as the coordination degree rose to between 0.55 and 0.85, the
number of regions at the primary coordination level and above increased to 10, indicating
that the coupling coordination of the logistics industry, new urbanization and ecological
environment in the Yangtze River Economic Belt has been greatly improved. This is mainly
due to the fact that, on the one hand, the new urbanization process in the Yangtze River
Economic Belt is accelerating, and the logistics industry is also developing greatly as the
region strengthens cooperation under the relevant support of funds and policies. On the
other hand, under the leadership of the new development concept, the government has
increased its efforts on the ecological environmental protection and innovated a new model
of green development, which has led to the continuous improvement of environmental
quality. By provinces and municipalities, Shanghai, Jiangsu and Zhejiang, as developed
regions in the Yangtze River Economic Belt, have reached the basic coordination level of the
three systems in 2009, while only Hunan Province in the upper and middle regions reached
this level. By 2019, Shanghai, Jiangsu and Anhui entered the ranks of intermediate coordi-
nation provinces and municipalities. Zhejiang is the only province to reach a good level of
coordination by virtue of its higher level of urbanization, better ecological environment and
especially the rapid development of the logistics industry brought about by e-commerce.
The other provinces and municipalities, except Guizhou, have also reached the primary
coordination level. Due to the relatively backward development of the logistics industry
and new urbanization, Guizhou has only reached a barely coordinated level overall, despite
some progress in the ecological environment.

To further analyze the spatial differences and evolution of the coupled and coordinated
development levels of the logistics industry, new urbanization and ecological environment
in 11 provinces and municipalities in the Yangtze River Economic Belt, the coupled and
coordinated values obtained in Table 3 were visualized using ArcGIS software in 2009, 2014
and 2019, and the results are shown in Figure 5. As can be seen from the figure, the level
of coordination of the logistics industry, new urbanization and ecological environment
coupling in the Yangtze River Economic Belt has improved during the 11 years from 2009
to 2019. However, the overall spatial distribution pattern has not changed significantly,
showing the spatial distribution characteristics of downstream > midstream > upstream.
Specifically, downstream Zhejiang, Jiangsu, Shanghai and Anhui have all achieved medium
to high levels of coordination. As more developed provinces and municipalities in the
Yangtze River Economic Belt, they have greater advantages in terms of resources, technol-
ogy, information and talents. Other provinces and municipalities in the midstream and
upstream have a weaker foundation of their own, and although they have not reached
the coordination level of the downstream, the differences between them are smaller, and
judging from their coordination trends, they are also steadily moving toward the middle
and high levels.
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Table 3. Coupling coordination degree and level of the logistics industry, new urbanization and
ecological environment in the Yangtze River Economic Belt.

Province
2009 2014 2019

Value Degree Value Degree Value Degree

Shanghai 0.572 basic coordination 0.641 primary coordination 0.726 intermediate coordination
Jiangsu 0.547 basic coordination 0.664 primary coordination 0.757 intermediate coordination

Zhejiang 0.566 basic coordination 0.680 primary coordination 0.828 good coordination
Anhui 0.476 near incoordination 0.605 primary coordination 0.704 intermediate coordination
Jiangxi 0.497 near incoordination 0.589 basic coordination 0.659 primary coordination
Hubei 0.479 near incoordination 0.598 basic coordination 0.690 primary coordination
Hunan 0.513 basic coordination 0.595 basic coordination 0.680 primary coordination
Sichuan 0.409 near incoordination 0.538 basic coordination 0.614 primary coordination

Chongqing 0.489 near incoordination 0.586 basic coordination 0.678 primary coordination
Yunnan 0.461 near incoordination 0.531 basic coordination 0.638 primary coordination
Guizhou 0.370 mild incoordination 0.470 near incoordination 0.587 basic coordination

Overall, the coupling and coordination level of the logistics industry, new urbanization
and ecological environment in the Yangtze River Economic Belt is gradually improving,
but there are still some differences in the coordination level among provinces and mu-
nicipalities. In recent years, the country has vigorously advocated ecological civilization
construction. While vigorously developing the logistics industry, local governments also
attach great importance to the ecological environmental protection and strengthen the
benign interaction between the logistics industry and the ecological environment [65]. At
the same time, localities actively respond to the requirements of new urbanization, drive
urbanization development with the logistics industry, strengthen the integration of the
logistics industry with new urbanization and the ecological environment and improve the
coupling coordination.
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4.3. Analysis of the Spatial Agglomeration Characteristics of Coupling Coordination
4.3.1. Global Spatial Autocorrelation Analysis

To further explore the spatial correlation of the coupling and coordination degree of
the logistics industry, new urbanization and ecological environment in the Yangtze River
Economic Belt, according to Equation (11), the global Moran’s I index from 2009 to 2019
was calculated using the GeoDa software, and its dynamic change characteristics were
analyzed, and the results were obtained as shown in Table 4. As can be seen from Table 4,
the global Moran index ranges from 0.418 to 0.617 during the study period, all of which
are positive, which indicates that there is a significant positive spatial correlation between
the coordinated development of the logistics industry, new urbanization, and ecological
environment in the Yangtze River Economic Belt. That is, in provinces and municipalities
with higher coupling coordination, the coupling coordination in their neighboring regions
is also higher, and vice versa. In terms of the development trend, the Moran index of
the whole period shows a fluctuating upward trend. Among them, the rising trend is
more obvious between 2009 and 2015, and the Moran index value in the later years is still
greater than that in 2009, although it decreases compared with 2015. This indicates that
the spatial agglomeration intensity of the coupled and coordinated development level of
provinces and municipalities in the Yangtze River Economic Belt has weakened, but the
spatial agglomeration effect still exists. The above results reflect that the spatial distribution
of coupling and coordination differences in the Yangtze River Economic Belt is not random
and that there is a mutual influence between neighboring provinces and municipalities
in their development. Therefore, regional collaboration should be strengthened to further
improve the level of coupling and coordination among the three systems in the Yangtze
River Economic Belt.

Table 4. Global Moran index of coupling and coordination of the logistics industry, new urbanization
and ecological environment in the Yangtze River Economic Belt from 2009 to 2019.

Year Moran’s I Z-Value p-Value

2009 0.418 2.746 0.014
2010 0.505 3.192 0.006
2011 0.560 3.475 0.002
2012 0.533 3.352 0.003
2013 0.548 3.313 0.002
2014 0.543 3.361 0.002
2015 0.617 3.658 0.002
2016 0.467 2.975 0.005
2017 0.536 3.317 0.004
2018 0.421 2.832 0.008
2019 0.464 3.118 0.004

4.3.2. Local Spatial Autocorrelation Analysis

To reflect the local spatial characteristics of the coupling coordination degree, according
to Equation (12), GeoDa software was used to conduct a local spatial autocorrelation
analysis of the coupling coordination degree of each province and municipality in the
Yangtze River Economic Belt in 2009, 2014 and 2019, respectively, and local Moran’s I scatter
plots and LISA clustering plots were drawn, as shown in Figures 6 and 7, respectively.
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Figure 6. Local Moran scatterplot for the Yangtze River Economic Belt (2009, 2014, 2019).

Figure 6 shows that most provinces and municipalities are in the first and third quad-
rants, indicating that the level of coupling coordination among provinces and municipalities
is positively correlated. Specifically, the number of provinces and municipalities in the
first quadrant (high–high) and the third quadrant (low–low) did not change significantly
in 2009, 2014 and 2019. Only the positions of individual provinces and municipalities
changed, which indicates that those provinces and municipalities with a higher level of
coordinated development have maintained a high level of concentration for more than a
decade, but at the same time, those provinces and municipalities with a weaker foundation
and a lower level of coordination originally have not been able to get rid of the relatively
lagging situation. Furthermore, in terms of their distribution characteristics, the provinces
and municipalities falling into the first quadrant were relatively concentrated in 2009 and
2014, while those falling into the third quadrant were more dispersed, and the opposite
was true in 2019. This reflects that in 2009 and 2014, provinces and municipalities with
higher coupling coordination had less individual differences in agglomeration, and those
with lower coupling coordination had more individual differences in agglomeration, and
this situation was reversed in 2019 [72].

Figure 7 shows that both high and low agglomeration regions increase over time at
a significant level of 5%. Among them, provinces and municipalities with less spatial
variation and higher levels of coordination within and around the regions themselves are
primarily located in the downstream region of the Yangtze River Economic Belt. These
provinces and municipalities have been the center of economic development in the Yangtze
River Economic Belt and China, and the close economic and transportation links have led
to the mutual circulation of capital, talents and technology in the region and a high level
of regional integration. Provinces and municipalities with smaller spatial differences but
lower levels of coordination between the region itself and its neighbors are concentrated
in the midstream and upstream of the Yangtze River Economic Belt. These provinces and
municipalities have a relatively low level of economic development and closed transporta-
tion, making the development of the logistics industry and urbanization slower, while the
development of the surrounding areas is also lacking, thus forming a low-lying agglomera-
tion, and these to a certain extent hinder the improvement of the ecological environment.
In terms of significance, although there are still some areas where the agglomeration effect
is not significant, the number is gradually shrinking, reflecting an increase in the level of
significance in some areas, indicating the existence of some spatial correlation between
provinces and municipalities, leading to an increased trend of interconnection and mutual
influence with neighboring areas.
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5. Discussion

The coupled and coordinated relationship between the logistics industry, new urban-
ization and ecological environment is a large and complex whole, and it is important to
realize the coordinated development of the three systems, which has an important role in
promoting the high-quality economic development and the improvement of people’s living
standard and sense of well-being. However, the literature on the coupled and coordinated
development of the logistics industry, new urbanization and ecological environment is still
relatively scarce, and most of the literature focuses on the relationship between the two
and focuses on the influence of one party on the other, without analyzing the evolutionary
characteristics of their coupling and coordination. Therefore, based on the existing study
results, this paper selects the Yangtze River Economic Belt as a representative region and
analyzes the coupling and coordination relationship between the logistics industry, new
urbanization and ecological environment by constructing a comprehensive evaluation
index system, which provides a new study perspective on the relationship among the three.
At the same time, it provides theoretical support for the coordinated development among
the three systems of the Yangtze River Economic Belt and enriches the theoretical system of
existing studies to a certain extent.

As an important densely populated area and industrial bearing area in China, the
Yangtze River Economic Belt is an early demonstration belt for ecological civilization con-
struction, whose importance is self-evident. In recent years, with the implementation and
deepening of the development strategy of the Yangtze River Economic Belt, the region has
achieved remarkable construction results, which provides favorable conditions for the co-
ordinated development among the systems. From the study results, in general, the logistics
industry, new urbanization and ecological environment of each province and municipality
in the Yangtze River Economic Belt have developed to different degrees, the degree of
coupling and coordination among the three systems has been improving, and the degree of
spatial correlation of coupling and coordination has been gradually enhanced. Specifically,
there are still some differences in the development levels of logistics, urbanization and
environment among provinces and municipalities, which reflects the uneven development
status of each region. In terms of the coordination degree and its spatial distribution charac-
teristics, the regions with higher coordination degrees are concentrated in the downstream



Sustainability 2022, 14, 5298 20 of 24

regions represented by Zhejiang and Shanghai; the regions with lower coordination degrees
are concentrated in the upstream and midstream regions, such as Jiangxi and Guizhou.
This reflects that the spatial differentiation of the Yangtze River Economic Belt is small in
local areas, but the overall internal spatial differences are large, and polarization is serious.
This is mainly due to the unique location and resource advantages of the downstream areas
with well-developed transportation networks and close connections; while the upstream
and midstream regions are restricted in development due to factors such as remote location
and lack of resources. These results reflect that government policies play a crucial role
in promoting the logistics industry, new urbanization and sustainable development of
the ecological environment. The Yangtze River Economic Belt has 40% of the country’s
population and 44.1% of the economy [73], has seen a number of government policies to
support its development and an increase in the coordination of the coupling of the three
systems, which indicates that the policies implemented for the development of the region
have achieved great results. However, the disparities between different provinces and
municipalities indicate that the relevant policies need to be further improved and need to
be analyzed specifically according to the characteristics of each location.

Based on the above findings, this paper makes the following suggestions:

(1) Make up for the shortcomings and formulate development strategies according to
local conditions. The development level of all three systems in each region of the
Yangtze River Economic Belt is not the same. Therefore, each province and munici-
pality should identify their own short boards as soon as possible to achieve efficient
development. For provinces and municipalities lagging in the logistics industry, they
should increase the infrastructure construction of the logistics industry and focus on
building a new logistics system. Similarly, for provinces and municipalities lagging
in new urbanization, they should improve the level of urban public services and
plan urban space scientifically. For the provinces and municipalities lagging in the
ecological environment, they should change the development concept and increase
the financial and technical investment in local environmental pollution control.

(2) Maintain the advantages and promote system integration through integrated linkage.
For provinces and municipalities that have already reached the primary coordination
and above development level, it is important to maintain this good development
trend and ensure that the level of advantageous systems and the quality of coordi-
nated development among systems continue to improve steadily. In addition, it is
important to strengthen the integration and linkage in the process of development.
While accelerating the urbanization process, they should focus on the optimization of
industrial structures and the improvement of environmental quality. While promot-
ing the development of the logistics industry, they should also pay attention to the
protection of the ecological environment, increase the use of green technology and
develop low-carbon logistics.

(3) Strengthen cooperation and achieve coordinated development for mutual benefit.
Provinces and municipalities in the Yangtze River Economic Belt should strengthen
intra-regional ties and exchanges, build a platform for coordinated development and
realize the open sharing of resources. In addition, local governments should actively
guide and promote inter-regional interconnection and complementary advantages.
Thus, the provinces and municipalities with a high level of coordination can better
play the role of radiation and guidance for neighboring provinces and municipalities
and even the whole region and promote the integrated development of the Yangtze
River Economic Belt.

The findings and suggestions of this paper summarize the coupled development
patterns of logistics, urbanization and environment and their evolutionary trends in the
provinces and municipalities of the Yangtze River Economic Belt. This provides some
ideas for building a modern industrial system, achieving high-quality urbanization and
accelerating the construction of ecological civilization in the region. The scientific value of
this paper was to identify the spatial and temporal evolution characteristics of the level
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of coupled and coordinated development of the logistics industry, new urbanization and
ecological environment in the Yangtze River Economic Belt based on existing studies and
related theories, which will help the development of related studies and policy formulation,
and also provide a reference for the coordinated development of other regions.

However, our paper has the following limitations. On the one hand, due to the
limitation of data acquisition, this paper has to discard some valuable indicators in the
process of constructing the indicator system, which may not fully reflect the characteristics
of the logistics industry, urbanization and ecological environment in the Yangtze River
Economic Belt, and this may affect the integrity of the coupling coordination to some
extent. On the other hand, although the coupling coordination of the three systems in the
11 provinces and cities of the Yangtze River Economic Belt is identified in two dimensions,
spatial and temporal, the study still remains at the macro level of the provincial level and
future study can be further narrowed down to the municipal and even county-level study
units to make the study results more precise and thus provide more targeted suggestions
for the improvement of inter-system coordination.

6. Conclusions

The following conclusions are drawn from the empirical analysis of this paper:

(1) In terms of the comprehensive development level of each system and composite
system, the comprehensive evaluation value of each subsystem and composite system
of the Yangtze River Economic Belt from 2009 to 2019 shows an upward trend and
changes toward a better state. Among them, the logistics system shows a trend of a low
starting point and gradually expanding horizontal difference; the new urbanization
system shows a trend of relatively slow development and gradually narrowing the
gap between regions; the ecosystem shows a trend of a high starting point and
rising fluctuation.

(2) In terms of the level of coordinated development of the logistics industry, new urban-
ization and ecological environment, the degree of coupling and coordination of the
three major systems in the Yangtze River Economic Belt provinces and municipalities
showed a smooth upward trend from 2009 to 2019, and overall transitioned from near
incoordination or basic coordination to the level of primary coordination or intermedi-
ate coordination. In addition, although the level of coupling and coordination of these
three systems has improved during these 11 years, the overall spatial distribution
pattern has not changed significantly, showing the spatial distribution characteristics
of downstream > midstream > upstream.

(3) In terms of the spatial clustering characteristics of coupling coordination, the global
analysis results indicate that there is a significant positive spatial correlation among
the coordinated development of the three systems in the Yangtze River Economic Belt,
and this spatial correlation tends to fluctuate and increase. The local analysis results
show that there is heterogeneity and agglomeration in the coordinated development
of the three systems in 11 provinces and municipalities in the Yangtze River Economic
Belt. The heterogeneity is mainly manifested by the greater degree of coordination in
the downstream region than in the midstream and upstream region, and the agglom-
eration is mainly manifested by the spatial clustering of provinces and municipalities
with similar degrees of coupling coordination in local regions and is dominated by
high–high and low–low agglomeration.

Our findings may provide references for governmental departments to promote
regional logistics supply-side reform effectively, high-quality development of new ur-
banization and ecological civilization construction. Although this paper discusses the
spatio-temporal correlation between the logistics industry, new urbanization and ecological
environment from the perspective of coupling and coordination, due to the limitations in
the selection of indicators, the deeper quantitative relationship between the three still needs
to be studied. The emergence of more study results and improvement of methods in the
future will help to construct a more accurate evaluation index system so as to analyze the
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coupling and coordination relationship among these three systems more accurately and
promote the realization of people-oriented sustainable development.
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