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Abstract

:

The digital economy is booming worldwide, and industrial digitalization in particular has recently become very popular in China. This paper examines the coupled and coordinated development of the logistics industry, digitalization, and ecological civilization, as well as the barriers in China’s ecological civilization pilot provinces (Fujian, Jiangxi, Guizhou, and Hainan). The study shows that these four provinces have neglected ecological civilization in the coordinated development of the three. In terms of spatial and temporal distribution, the coupled coordination of the three in Fujian and Jiangxi provinces fluctuates at a high level. The three-coupling coordination of Guizhou and Hainan provinces, on the other hand, fluctuates at a low level. On this basis, the main reasons for the coordinated development of the logistics industry, digitalization, and ecological civilization in four Chinese provinces are analyzed and some specific suggestions are made.






Keywords:


logistics industry; digitalization; ecological civilization; coupling and coordination degree; barrier degree












1. Introduction


Digitalization refers to the process of digitally upgrading, transforming, and reconfiguring the supply chain of the logistics industry with the support of technology and data. In the process of digitally upgrading industry, the development of the logistics industry should pay extra attention to “greening”. Ecological civilization is a key strategy to solve a series of problems in China’s economic transformation in the future [1]. The logistics industry is an important basic, strategic, and pioneering service industry that supports the development of the national economy [2]. It is an important economic sector for energy consumption and CO2 emissions. Digitalization has a broad meaning and can be defined as “the use of digital data and technology to automate processing and optimization” [3]. At present, there are still more questions about the digitalization of the logistics industry in various countries. In the development mode, most of the traditional logistics industry is a rough-and-ready operation with a serious waste of resources. In terms of operation mode, the vehicle transportation arrangement is not reasonable and causes environmental pollution problems such as carbon emissions not meeting standards. With the development of e-commerce logistics, express waste is becoming a new major source of pollution. This is extremely harmful to the sustainable development of the logistics industry. How to help the logistics industry achieve green development with the help of digital transformation is an urgent issue now. It is known that most of the strong countries in logistics industry development are strong due to the active advocacy of the government. Therefore, this paper takes China’s national ecological civilization pilot provinces (Fujian Province, Jiangxi Province, Guizhou Province, and Hainan Province) as the research object to explore how to coordinate the relationship between resources, environment, and digital development in the process of ecological civilization construction. This research is for the reference of other countries or regions.



Current research by domestic and international scholars on the relationship between the logistics industry, digitalization, and ecological civilization has focused on one-way and multiple relationships [4,5]. For the relationship between them, Shpak N et al. suggested that the central theme of digitalization revolves around “the way many areas of social life are reorganized around digital communication and media infrastructure” [6]. He J et al. and Zhang H et al. suggested that green development should be implemented into all aspects of the logistics industry, integrating the concept of ecological civilization into all nodes [7,8]. Murphy P R et al. introduced green ecology into the research field of the logistics industry [9].



The logistics industry, digitalization, and ecological civilization have become hot spots for domestic and international research. Luo Yuyu et al. constructed a system model of natural scenic areas based on system dynamics [10]. Exploring the development trend of scenic spots under different strategies provides a basis for promoting the construction of ecological civilization in natural scenic spots. Chang I et al. studied the influencing factors of the ecological citizenship behavior of college students based on the Triad interpersonal behavior model [11]. R. Sarc et al. applied digital and robotic technologies to waste management to improve the efficiency of waste disposal [12]. Zhang L et al. introduced the Chinese Ecological Civilization Index to evaluate the ecological civilization of Chinese cities (337 cities) using different standardization methods (prescale, single-scale progressive standardization, and double-scale progressive standardization) [13]. Branca T A et al. applied digitalization to advanced tools for optimizing production chains and specific technologies for low-carbon sustainable production [14]. An increasing number of interdisciplinary projects combines social and ecological sciences to analyze the logistics industry and natural systems. These studies consider the relationship between ecological, economic, resource, and environmental aspects, ranging from “economy-logistics-ecology” [15], “logistics-environment” [16], “logistics-digitalization” [17,18], “society-digitalization” [19], “urbanization-ecology” [20], “logistics-regional economy” [21], “logistics-urban transport-tourism” [22], “port logistics -digital technology-energy” [23] and other perspectives.



Currently, studies addressing the logistics industry, digitalization, and ecological civilization have shifted from conceptual to empirical studies [24]. In terms of research space, it involves national [25], interprovincial [26], and economic zones [27,28]. In terms of research methods, the TOPSIS-entropy weight method [29], the Spatial Dubin Model [30], back propagation [31], data envelopment analysis [32], and principal component analysis [33] have been used to complete coordinated development evaluation. In recent studies, more attention has been paid to the study of the interrelationship between the logistics industry, digitalization, and ecological civilization [34,35]. For example, RFID has been used in different studies to digitally manage logistics contracts, orders, return orders, and other documents, which has greatly improved the efficiency of logistics operations [36].



In summary, there is a wealth of research on the logistics industry, digitalization, and ecological civilization. However, most of these studies are qualitative analyses of the connotations, influencing factors, and evaluation systems between them. Fewer studies have quantitatively evaluated the development level and role relationship among the three. There are even fewer studies analyzing the coupling and coordination mechanisms of the logistics industry, digitalization, and ecological civilization from the perspective of China’s national ecological civilization pilot provinces.




2. Materials and Methods


2.1. Interactions and Data Sources


Different countries have different understandings and definitions of the concept of digitalization. The UK has taken the lead in introducing digitalization-related policies and putting forward a series of digital transformation strategies, such as the Connected Strategy, Digital Skills and Inclusion Strategy, Digital Transformation Strategy, and Digital Government Strategy. Germany has taken “Industry 4.0” as the core and gradually improved its digital transformation plan to provide a favorable environment for the development of SMEs. “The basis of China’s digital development is from data to entity”, which promotes the digitalization and information transformation of industry through information technology (big data, artificial intelligence, etc.). A technology-centered and data-driven process is formed to enhance the value and efficiency of the industry. The specific relationship is shown in Figure 1.



This paper uses data from 2013 to 2020 from the pilot provinces of ecological civilization in China (Fujian Province, Jiangxi Province, Guizhou Province, and Hainan Province) for the study. The relevant data are obtained from the China Statistical Yearbook, China Transportation Statistical Yearbook, China Tertiary Industry Statistical Yearbook, and State of the Environment Bulletin. According to the China Tertiary Industry Statistical Yearbook (2007), the logistics industry refers to the transportation, storage and postal industry in the National Economic Classification. The total annual energy consumption of the logistics industry (transportation, storage, and postal industry) is selected as an indicator, and the data is obtained from the National Statistical Yearbook. In addition, the carbon emission level indicator is obtained from the China Carbon Emission Database.




2.2. Constructing Indicator System


The indicator system for the logistics industry was selected with reference to the study of Gan W et al. in four dimensions: logistics infrastructure, scale of logistics development, industry structure, and level of efficiency [37]. Due to the wide coverage of digital systems, the study by Gao Y et al. referred to five dimensions of digital scale—digital innovation, digital governance, digital industry, and efficiency level—to measure the level of digitalization [38]. Combined with the studies of scholars such as Li Wei et al. and Liao Mingli et al. [39,40], the relationship between ecological civilization and logistics industry is reflected in three dimensions: socioecological civilization, ecological environment, and ecological governance. (Table 1).




2.3. Coupling Coordinated Development


First, the extreme value method is used to eliminate the magnitudes between the indicators. Normalization is performed according to the indicator attributes (positive and negative). Let    Z  i j     be the standardized value of the  j  indicator in  i  year, which denotes the evaluation coefficient of the indicator with dimensionless treatment. Among them, this paper has three subsystems   S ( S = 1 , 2 , 3 )  .    X  i j     is the actual value of the  j  indicator in  i  year.   max (  X  i j   )   denotes the maximum value of similar indicators in the statistical year.   min (  X  i j   )   denotes the smallest value of the same indicator in the statistical year.



For the treatment of positive indicators:


   Z  i j   =   X  i j  − min (  X  i j   )   max (  X  i j   ) − min (  X  i j   )    



(1)







For the treatment of negative indicators:


   Z  i j   =   max (  X  i j   ) −  X  i j     max (  X  i j   ) − min (  X  i j   )    



(2)







The coupling relationship between the regional logistics industry, digitalization, and ecological civilization can be better explored by using the coupling degree model so as to better understand the level of digitalization of the regional logistics industry and point out a clear direction for future regional industrial development. However, the most important step in measuring the coupling of the regional logistics industry, digitalization, and ecological civilization is to determine the weights of each indicator. At present, there are two types of subjective weighting methods and objective weighting methods for measuring indicators. Subjective assignment methods, such as the composite index method, Delphi method, and AHP method, rely on human subjectivity and experts’ practical experience and often have bias. Objective assignment methods include principal component analysis, factor analysis, entropy method, coefficient of variation method, etc. Using them, weight can be assigned according to sample data and bias caused by human factors can be avoided. Among the objective assignment methods, the entropy method is the most widely used. The entropy method can deeply reflect the objective information of indicators and make the evaluation results more realistic.



For the positive indicator, the value of    Z  i j     is positively related to the orderliness of the subsystem. Negative indicators are in the opposite situation. In order to make the data arithmetic processing meaningful, the effect of negative values and zeros must be eliminated. Therefore, it is necessary to collate the dimensionless data. That is,    Z  i j   =  Z  i j   + α  . However, in order to maintain the intrinsic pattern of the original data, the value of  α  should be as small as possible, and this paper takes   α = 0.0001  .



We measure the integrated development level between the logistics industry, digitalization, and ecological civilization construction. Secondly, the weights of evaluation indices are then measured using the entropy weight method:


   I j  = −  1  I n ( n y )     ∑ i      Z  i j       ∑ i    Z  i j         I n    Z  i j       ∑ i    Z  i j        



(3)






   W j  =    H j      ∑ j    H j       



(4)






   U i  =   ∑ j    W j   Z  i j      



(5)




where    I i    denotes the information entropy. n denotes the number of ecological civilization pilot provinces and takes the value of 4. y indicates the number of years counted and takes the value of 8.    W j    denotes the weight of the j item.    H j    denotes the coefficient of variability, where    H j  = 1 −  I j   .    U i    is the composite index for  i  year.



Coupling is the behavior of several systems that interact with each other through a specific relationship between subsystems that have relevance. Coupling is the degree of dependence of information or parameters between two or more systems in a software metric program. The current formula for the traditional coupling degree model is:


  C =    {     U 1   U 2   U 3       [ (  U 1   U 2   U 3  ) / 3 ]  3     }    1 / 3    



(6)







Comprehensive evaluation model:


  T =  λ 1   U 1  +  λ 2   U 2  +  λ 3   U 3  ,  λ 1  +  λ 2  +  λ 3  = 1  



(7)




where C denotes the coupling degree, and its distribution interval is    [  0 , 1  ]   . The larger the value of C, the higher the coupling degree of the subsystem; conversely, the smaller the value of C, the lower the coupling degree.    U 1    indicates the level of digital development of industry;    U 2    indicates the level of development of the logistics industry;    U 3    indicates the level of ecological civilization construction.  T  denotes the composite evaluation index;    λ 1   ,    λ 2   ,    λ 3    denote the adjustment factor.



For the assignment of the moderation system, there is some variation in the choice of    λ 1   ,    λ 2   ,    λ 3    among scholars in the available literature studies. In studying the coupling relationship among the three, scholars such as Zhang Z et al. and Dong L et al. assumed that the three systems have the same importance [41,42]; take    λ 1  =  λ 2  =  λ 2  =  1 3   . When studying the relationship between three components of agriculture in the northwest arid zone, Zhang K et al. take    λ 1  = 0.4 ,  λ 2  =  λ 3  = 0.3   [43]. In the study of the relationship between three in the Yellow River Basin region, Ma H et al. take    λ 1  =  λ 2  = 0.4 ,  λ 3  = 0.2   [44]. Gao Y et al. take    λ 1  = 0.35 ,  λ 2  = 0.3 ,  λ 3  = 0.35   [45]. In studying the relationship between the three in the Silk Road Economic Belt, Han W et al. take    λ 1  = 0.2 ,  λ 2  = 0.355 ,  λ 3  = 0.445   [46]. Since the three systemic relationships studied in this paper are equally important,    λ 1  =  λ 2  =  λ 2  =  1 3    was taken by collating and comparing the coefficients of existing scholarly studies.



Coordination refers to the harmonious interactions between subsystems. The degree of coordination refers to the degree of benign coupling in the coupled interaction relationship of each subsystem, which reflects whether the coordination statuses promote each other at a high level or constrain each other at a low level. Since the coupling degree C cannot comprehensively reflect the degree of coordination of the interaction within the logistics industry–digitalization–ecological civilization complex system. Therefore, the coupling coordination degree model is introduced.


  D =   C × T    



(8)




where  D  denotes the coordinated coupling degree with the distribution interval    [  0 , 1  ]   . The larger  D  indicates better coupling and coordination of the logistics industry, digitalization, and ecological civilization construction. When each subsystem is more discrete, a lower coupling coordination degree indicates that the relationship between the three is at a dysfunctional level; conversely, a higher coupling coordination degree indicates that the relationship is at a coordinated level. In addition, this paper refers to the research results of scholar Liao C et al. [47] and divides the coupled phase coordination degree of the three subsystems into 10 levels, as shown in Table 2. The system classification system and discrimination criteria of the coupling coordination degree between the logistics industry, digitalization, and ecological civilization construction are shown in Table 3.




2.4. Obstacle Model


In order to better identify the influence degree of the main coordination factors on the coupling coordination degree D, The obstacle model is introduced to formulate measures to improve the digital transformation and development of the logistics industry.



Index deviation:


   N  i j   = 1 −  Z  i j    



(9)







Obstacle Model:


   Q  i j   =    N  i j    w  i j       ∑  j = 1  n   (  N  i j    w  i j   )      



(10)







Among them,    Q  i j     is the obstacle degree of the j index in the i year. The higher the obstacle degree, the greater the impact of the index on the system.





3. Results and Discussion


3.1. The Comprehensive Development Status of Three Systems


As can be seen from Figure 2, the development trajectory curve of the comprehensive evaluation index of logistics industry subsystems in the four provinces from 2013 to 2020 shows a fluctuating upward trend. Fujian Province improved significantly in 2015, mainly due to a series of measures released in 2015 to promote the development of the logistics industry to enter Fujian Province. As more policy measures to accelerate the development of the logistics industry were issued in Guizhou Province in 2017, the change of the logistics industry index showed a trend of first falling and then rising. Fujian Province and Jiangxi Province showed a fluctuating upward trend during the study period. Relying on the advantages of the Guangdong–Hong Kong–Macao Bay Area and the natural environment, Jiangxi Province rose rapidly in 2019. In addition, Jiangxi Province provides policy support for the standardization of the logistics industry, digitalization, and intelligence of the industry. The construction of logistics parks, logistics centers, etc. has led to the rapid development of the logistics industry in Jiangxi Province. Since 2019, the comprehensive evaluation index of the logistics industry subsystem in Hainan Province has increased rapidly. This is mainly due to the support of China’s logistics industry policy after Hainan Province was identified as a free trade zone in 2018, and the establishment of free trade ports and tax exemption policies have led to the rapid development of the logistics industry in Hainan Province.



From 2013 to 2020, the digitalization index of the four provinces shows an overall increasing trend year by year. Fujian Province increased from 0.2466 in 2013 to 0.8639 in 2020, a large span. Fujian Province put forward the concept of “Digital Fujian” in 2014 and established a public platform for e-government in the province. These measures have accelerated the promotion of intelligent application systems. from 2013 to 2020, the comprehensive evaluation index of industrial digitalization in Jiangxi Province steadily increased. With the geographical advantage of the Guangdong–Hong Kong–Macao Bay Area, Jiangxi Province achieved remarkable results in the development of the digital economy development pilot zone. Compared to other provinces, Guizhou Province and Fujian Province have steadily improved their development levels. Guizhou province is the first comprehensive pilot zone of big data in China and improved by 0.7868 from 0.0433 in 2013 to 0.8301 in 2020. Hainan province developed rapidly, rising from 0.0581 in 2013 to 0.8670 in 2020. Hainan province put forward the concept of “Digital Hainan” in 2020, relying on policy support, technical support, and system integration technology to promote the digital transformation of Hainan Province’s industry.



The spatial pattern of ecological environmental quality in the four Chinese provinces is relatively stable, as shown in Figure 1. In 2017, the comprehensive evaluation index of ecological civilization in all four provinces decreased to different degrees. Jiangxi province increased from 0.3945 in 2016 to 0.4689 in 2017 and has had an upward trend since 2015. The main reason is that Jiangxi Province has strengthened the construction of ecological civilization infrastructure after being included in the early demonstration zone of ecological civilization in 2014. The largest increase in the “comprehensive evaluation index of ecological civilization subsystem” is in Guizhou Province, from 0.3439 in 2013 to 0.7853 in 2020, an increase of 0.5558. The comprehensive evaluation index of Hainan’s ecological civilization subsystem is significantly lower than that of other provinces due to the loss of biodiversity, reduction of forest cover, pollution by “three wastes”, and illegal construction of projects in Hainan in recent years. The comprehensive evaluation index curve of ecological civilization in Fujian Province shows a fluctuating upward trend. Especially since 2019, a comprehensive pilot ecological compensation has been carried out to promote ecological governance.




3.2. Coupling Coordination Degree Analysis


As shown in Figure 3, the coupling degree values of the logistics industry, digitalization, and ecological civilization system in China’s experimental ecological civilization zones (Fujian, Jiangxi, Guizhou, and Hainan) fluctuate between 0.66 and 0.99. In terms of time, the coupling degree of the four provinces shows a fluctuating upward trend. The high coupling degree indicates that the degree of interaction between the logistics industry, digitalization, and ecological civilization in the four provinces is relatively high and the system is relatively related. However, the coupling degree can only reflect the intensity of interaction between the three subsystems and does not indicate whether the subsystems promote each other at a high level or constrain each other at a low level. Therefore, the introduction of coupling coordination degree model can reflect the degree of coordination of interaction effects. The coupling coordination degree values of the logistics industry, digitalization and ecological civilization complex systems in the four provinces varied widely between 0.3588 and 0.9114 during the study period. This indicates that the logistics industry, digitalization, and ecological civilization systems in the four provinces tend to be coordinated during this period, and the tendency of the three being unsynchronized and uncoordinated gradually decreases. The increase in the degree of coupling coordination shows the distribution characteristics of Hainan Province > Jiangxi Province > Guizhou Province > Fujian Province, with increases of 0.5478, 0.5404, 0.5297, and 0.4615, respectively.




3.3. Coupling Coordination Level


By comparing and analyzing the integrated development levels of the logistics industry, digitalization, and ecological civilization in the four provinces, the coupling and coordination levels of the four provinces are obtained. It can be seen from Table 4 and Figure 4 that the coupling coordination level of the four provinces is improving. Fujian Province has experienced the dysfunctional stage (on the verge of dysfunction), the coordination stage (barely coordinated, primary coordination, intermediate coordination, and good coordination), and gradually changed from the lagging type of industrial digitalization with priority to ecological civilization to the lagging type of ecological civilization with priority to industrial digitalization. This indicates that during the period from 2013–2020, the logistics industry developed faster, causing greater pressure on the ecological environment and making it impossible to achieve the synergistic development of the three, resulting in the coupled coordinated type being in the disorderly stage.



Jiangxi Province has gone through the stage of disharmony (mild disharmony, near disharmony), coordination (barely coordinated, primary coordination, intermediate coordination, good coordination, and high-quality coordination). This shows that the logistics industry in Jiangxi Province has developed greatly in recent years, and attention is paid to the empowering effect of digitalization on industry in the development. Guizhou Province has experienced the uncoordinated stage (mildly uncoordinated) and coordinated stage (bare coordination, primary coordination, intermediate coordination, and good coordination). This shows that Guizhou Province has made great progress in the development of industrial digitalization. In the future, more attention should be paid to the support and leading role of the logistics industry and ecological civilization. Hainan Province has experienced the disorder stage (mild disorder, near disorder) and the coordination stage (barely coordinated, primary coordination, intermediate coordination, and high- quality coordination). Compared with the other three provinces, Hainan Province has a high-quality coordination level in 2020, indicating that the coupling coordination level in Hainan Province will continue to improve. In general, although the logistics industry, digitalization, and ecological civilization are gradually approaching in each province, coordination has not yet been achieved in the development process and the level of coordinated development needs to be improved.




3.4. Obstacle Analysis


In order to fully determine the barrier factors and barrier degrees affecting the coupled and coordinated development of logistics industry, digitalization, and ecological civilization in the pilot provinces of China’s ecological civilization (Fujian Province, Jiangxi Province, Guizhou Province, and Hainan Province). Using the barrier degree model, the top five barrier factors and barrier degrees of the four provinces for each year from 2013 to 2020 were calculated, and the results are shown in Figure 5. For the analysis of the barrier degree of the criterion layer, the size and intensity of the barrier degree of each criterion layer on the coordinated development of the logistics industry, digitalization, and ecological civilization in each province showed different dynamics.



The change in the size of the role can be seen from the faster pace of development of the logistics industry; infrastructure construction being unable to keep up with the needs of the logistics industry constitutes the main factor in the Fujian Province and Jiangxi Province logistics industry, digitalization, and ecological civilization coordination barriers. In the future, to enhance the coordinated development of the three in Fujian Province and Jiangxi Province, extra attention needs to be paid to the construction of the logistics industry infrastructure and the development of the logistics industry. Additionally, the intensity of obstacles to the coordinated development of the three in Guizhou Province is mostly about the indicators of the digitalization system, indicating that the infrastructure of digitalization in construction is the focus of attention of the digital transformation of the logistics industry in Guizhou Province. In the observation of Hainan Province, the barrier intensity of digitalization shows a fluctuating decreasing trend, while the barrier intensity of logistics industry and ecological civilization shows a fluctuating increasing trend. It can be seen that Hainan Province should also pay attention to the construction of infrastructure and ecological civilization of the logistics industry while undergoing digital development.




3.5. Countermeasures


The coupling and coordination of the logistics industry, digitalization, and ecological civilization in Fujian Province have improved and have reached a high level of coupling. Obstacle factors are mainly focused on the level of digitalization benefits, social ecological civilization, and ecological environment indicators. In the future, Fujian Province can rely on digital infrastructure such as Fujian Digital Industrial Park and Fujian Cloud Computing Center to vigorously promote 5G network and big data technology. By expanding the penetration rate of cell phones and access ports, we will accelerate the common construction and sharing of 5G networks. Secondly, combining with the need of reforming the ecological civilization system of the logistics industry in Fujian Province, we will promote the transformation of logistics industry to low-carbon, green, digital, and service. Finally, we will accelerate the construction of logistics informatization and digitalization platforms, realize online intelligent and automated operations as soon as possible, and improve logistics parks and large-scale automated storage technology. In the areas related to the consumption and life of the residents, the development of cold chain logistics, e-commerce logistics, real-time logistics, and intracity express has become a hot spot for market growth.



The coupling and coordination degree of logistics, digitalization and ecological civilization in Jiangxi Province is at a relatively high level, and the obstacle factors are concentrated in the structure and benefit level of the logistics industry, social ecological civilization and other indicators. Jiangxi Province should build a digital operation system and realize the digital management of logistics contracts, orders, receipts, and other documents. Technological upgrades of intelligent logistics equipment such as unmanned warehouses, unmanned vehicles, drones, and logistics robots should be carried out, and the innovative concepts of smart logistics and green logistics should gradually penetrate into all aspects of logistics. Secondly, logistics companies must adjust their work centers to adapt to the development trend of social digital transformation. For example, they should pursue the establishment of digital standards for the logistics industry and the construction of a leading integrated and intelligent digital system for the logistics industry.



The degree of coupling and coordination between logistics, digitalization, and ecological civilization in Guizhou Province is on the rise. Obstacle factors focus on the structure and benefit level of the logistics industry, digital governance, and ecological governance. In the future, Guizhou Province will implement the “new digital infrastructure” and “5G application action plan”, strengthen the gathering of talents, and build a new ecology of innovation and entrepreneurship with “optimized configuration and efficient operation”. Secondly, it will construct and implement scientific-research-oriented enterprise cultivation projects and build a large-scale scientific research center and a high-level digital innovation platform to facilitate the digitalization process. Finally, it is necessary to strengthen the effective connection between logistics development planning and national land space planning. The development of multimodal transport, the introduction of carbon trading mechanisms, and the collection of carbon taxes will guide enterprises to reduce energy consumption and emissions.



The coupling and coordination of the logistics industry, digitalization, and ecological civilization in Hainan Province is mostly at a medium level. The obstacle factors are focused on indicators such as logistics industry institutions and efficiency levels, digital governance, and ecological environment. In the future, Hainan Province will rely on the modern logistics service system and commercial logistics service system of the free trade port. Second, it will speed up automation applications such as autonomous driving and vehicle–road collaboration with the “Internet of Things” technology. It will promote digital platform information collaboration and multidimensional detection, thereby realizing the overall digital transformation in the field of transportation and logistics.





4. Conclusions


This paper takes the connotation and impact of the logistics industry, digitalization, and ecological civilization in China’s pilot provinces of ecological civilization (Fujian, Jiangxi, Guizhou, and Hainan) as the research object. The logistics industry system is constructed from four aspects, including logistics infrastructure, logistics development scale, logistics structure ratio, and benefit level. The digitalization system is constructed from five aspects, such as the scale of foundation, the level of scientific research and innovation, digital investment, digital application, and the level of benefits. This paper constructs an ecological civilization system from the perspectives of social ecological civilization, ecological environment, and ecological governance. The comprehensive development level of the three systems is objectively evaluated, and the coupling coordination relationship and development trend of logistics industry–digitalization–ecological civilization in the four provinces from 2013 to 2020 are empirically analyzed through the coupling coordination degree-barrier degree model. The main influencing factors affecting the coupling coordination degree of the three are comprehensively analyzed.



First, the development of the logistics industry system is the most stable in terms of the comprehensive evaluation index. The development of the logistics industry in Fujian and Jiangxi provinces is generally better than that in Guizhou and Hainan. The development direction of logistics industry and digitalization is consistent, which indicates that the development of digitalization drives the improvement of the logistics industry. Conversely, the development of the logistics industry will also promote the optimization of digitalization.



Second, the time series changes of the coupling degree and coupling coordination degree show that the coupling degree and coupling coordination degree of the composite system of the four provinces in general show a gradually increasing trend with a large change from 2013 to 2020. The coupling degree fluctuates between 0.6662–0.9999, experiencing a change from mild imbalance to high-quality coordination. Therefore, improving the overall development level of each subsystem can promote the coordination of the composite system.



Third, in terms of spatial distribution, the average span of the coupled coordination of the logistics industry–digital–ecological civilization composite system in the four provinces is large. The types of stages of the composite system from imbalance to coordination range from “mildly dysfunctional (Jiangxi, Guizhou, Hainan), nearly dysfunctional (Fujian)” to “good coordinated (Fujian, Guizhou), and quality coordinated (Jiangxi, Hainan)”.



Fourth, in terms of spatial and temporal differentiation, the coupling coordination of the logistics industry, digitalization, and ecological civilization in Fujian Province and Jiangxi Province fluctuates at a high level, while those in Guizhou Province and Hainan Province are at a low level of coordinated development.



Fifth, the plundering of resources and the environment by the development and digitalization of the logistics industry is bound to cause negative constraints on ecological environment. For the sake of good coupling and highly coordinated development of the logistics industry, digitalization, and ecological civilization, strengthening ecological civilization will be the main task facing the national ecological civilization pilot provinces.



In this paper, we analyze the coupling coordination degree of logistics industry–digitalization–ecological civilization to clarify the comprehensive development level of cities with different development degrees. In the future, the coupled process mechanism will be explored through a combination as an analysis of the relationship between the systems, such as the combination of entropy weight method and AHP, so that the evaluation results can be more effective. The digital transformation of the logistics industry has become a highlight of global research. We must scale up the research to more cities and even more countries to generate more practical implications.
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Figure 1. Interactions between composite systems. 
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Figure 2. Four provinces’ logistics industry–digitalization–ecological civilization comprehensive evaluation index change track. 
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Figure 3. Development trend of coupling degree and coupling coordination degree of composite systems in China’s national ecological civilization pilot provinces. 
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Figure 4. Development trend of coupling and coordination degree levels of composite systems in China’s national ecological civilization pilot provinces. 
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Figure 5. Main obstacle factors and obstacle degree of digitalization of logistics industry in four provinces of China. 
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Table 1. The evaluation indicator system of the logistics industry–digitalization–ecological civilization.
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Level 1

	
Level 2

	
Level 3

	
Unit

	
Criterion Attribute






	
  Logistics   Industry   System   (  U 1   )

	
Logistics

Infrastructure

	
Number of postal outlets (Y1)

	
Number

	
+




	
Truck ownership (Y2)

	
Vehicles

	
+




	
Transportation route length (Y3)

	
10,000 km

	
+




	
Scale of

logistics

development

	
Transportation, storage, and post and telecommunications urban unit employment (Y4)

	
10,000 people

	
+




	
Transportation, storage and postal industry GDP (Y5)

	
Billions of dollars

	
+




	
Total fixed asset investment in transportation, storage, and postal industry (Y6)

	
Billions of dollars

	
+




	
Value added of tertiary industry (Y7)

	
Billions of dollars

	
+




	
Industry Structure

	
Tertiary industry share (Y8)

	
%

	
+




	
Post and telecommunications business volume (Y9)

	
Billions of dollars

	
+




	
Transportation, storage, and postal industry GDP share (Y10)

	
%

	
+




	
Transportation land area (Y11)

	
Thousands of hectares

	
+




	
Benefit

Levels

	
Express business revenue (Y12)

	
Billions of dollars

	
+




	
Express business volume (Y13)

	
10,000 pieces

	
+




	
Freight volume (Y14)

	
10,000 t

	
+




	
Freight turnover (Y15)

	
billion-ton kilometers

	
+




	
  Digitalization   System   (  U 2   )

	
Digital

Scale

	
Internet users (X1)

	
10,000 households

	
+




	
Computers per 100 people (X2)

	
Platform

	
+




	
Cell phone users (X3)

	
10,000 households

	
+




	
Cell phone base stations (X4)

	
Ten thousand

	
+




	
Digital

Innovations

	
Total Patent Applications (X5)

	
Pieces

	
+




	
Total Patent Applications (X6)

	
10,000 copies

	
+




	
Internal expenditure on R&D expenses (X7)

	
Billions of dollars

	
+




	
Digital

Governance

	
Number of computers in use at the end of the year (X8)

	
Platform

	
+




	
Number of corporate owned websites (X9)

	
Number

	
+




	
E-commerce purchases (X10)

	
Billions of dollars

	
+




	
Number of enterprises with e-commerce trading activities (X11)

	
Number

	
+




	
Digital

Industries

	
Websites per 100 companies (X12)

	
Number

	
+




	
A proportion of e-commerce transaction activities (X13)

	
%

	
+




	
Benefit

Levels

	
Regional GDP (X14)

	
Billions of dollars

	
+




	
E-commerce sales (X15)

	
Billions of dollars

	
+




	
  Ecological   civilization   system   (  U 3   )

	
Socio-Ecological Civilization

	
Urbanization rate (Q1)

	
%

	
+




	
Natural population growth rate (Q2)

	
‰

	
−




	
City Population Density (Q3)

	
People/km2

	
−




	
Ecological Environment

	
Forest cover (Q4)

	
%

	
+




	
Water Resources (Q5)

	
Billion cubic meters

	
+




	
Urban green space coverage (Q6)

	
hectares

	
+




	
Ecological Governance

	
Urban sewage rate (Q7)

	
%

	
+




	
Total energy consumption (Q8)

	
10,000 t of standard coal

	
−




	
Total energy production (Q9)

	
10,000 t of standard coal

	
+




	
CO2 emissions (Q10)

	
Tons of CO2

	
−




	
General industrial solid waste comprehensive utilization rate (Q11)

	
10,000 t

	
+




	
Harmless disposal rate of domestic waste (Q12)

	
%

	
+
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Table 2. Logistics industry-digitalization-ecological civilization coupling coordination level.
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	Coupling coordination
	0–0.09
	0.1–0.19
	0.2–0.29
	0.3–0.39
	0.4–0.49



	Coordination Levels
	Extreme Disorder
	Severe Disorder
	Moderate Disorder
	Mild Disorder
	Near Disorder



	Coupling coordination
	0.5–0.59
	0.6–0.69
	0.7–0.79
	0.8–0.89
	0.9–1.0



	Coordination Levels
	Barely coordinated
	Primary coordination
	Intermediate coordination
	Good coordination
	Quality coordination
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Table 3. Coupling coordination classification system and discriminatory criteria.
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Relationship between U1, U2, U3

	
Type of System Development

	
Symbols






	
    U 1  >  U 2  >  U 3    

	
Logistics Priority

	
Type of logistics industry priority and ecological civilization lagging

	
IA




	
    U 1  >  U 3  >  U 2    

	
Type of logistics industry priority and industry digital lagging

	
IB




	
    U 2  >  U 1  >  U 3    

	
Industry Digital Priority

	
Type of industry digital priority and ecological civilization lagging

	
IIA




	
    U 2  >  U 3  >  U 1    

	
Type of industry digital priority and logistics industry lagging

	
IIB




	
    U 3  >  U 2  >  U 1    

	
Ecological civilization priority type

	
Type of ecological civilization priority and logistics industry lagging

	
IIIA




	
    U 3  >  U 1  >  U 2    

	
Type of ecological civilization priority and industry digital lagging

	
IIIB
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Table 4. Coupling and coordination level characteristics of the logistics industry–digitalization–ecological civilization.
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Province

	
Year

	
U1

	
U2

	
U3

	
D

	
Contrast

	
Coordination Level

	
Coordination Characteristics






	
Fujian

	
2013

	
0.0662

	
0.2466

	
0.3439

	
0.4216

	
    U 3  >  U 2  >  U 1    

	
Near Disorder

	
IIIA




	
2014

	
0.1868

	
0.2484

	
0.2547

	
0.4772

	
    U 3  >  U 2  >  U 1    

	
Near Disorder

	
IIIB




	
2015

	
0.3418

	
0.3213

	
0.2988

	
0.5658

	
    U 1  >  U 2  >  U 3    

	
Barely coordinated

	
IA




	
2016

	
0.4205

	
0.3920

	
0.4145

	
0.6394

	
    U 1  >  U 3  >  U 2    

	
Primary coordination

	
IB




	
2017

	
0.5489

	
0.4695

	
0.3591

	
0.6726

	
    U 1  >  U 2  >  U 3    

	
Primary coordination

	
IA




	
2018

	
0.5846

	
0.5970

	
0.5999

	
0.7706

	
    U 3  >  U 2  >  U 1    

	
Intermediate coordination

	
IIIA




	
2019

	
0.6472

	
0.6666

	
0.6715

	
0.8134

	
    U 3  >  U 2  >  U 1    

	
Good coordination

	
IIIA




	
2020

	
0.8312

	
0.8639

	
0.6603

	
0.8830

	
    U 2  >  U 1  >  U 3    

	
Good coordination

	
IIA




	
Jiangxi

	
2013

	
0.1049

	
0.0604

	
0.4117

	
0.3710

	
    U 3  >  U 1  >  U 2    

	
Mild Disorder

	
IIIB




	
2014

	
0.1763

	
0.2013

	
0.4030

	
0.4927

	
    U 3  >  U 1  >  U 2    

	
Near Disorder

	
IIIB




	
2015

	
0.2251

	
0.3310

	
0.5570

	
0.5884

	
    U 3  >  U 2  >  U 1    

	
Barely coordinated

	
IIIA




	
2016

	
0.2981

	
0.4095

	
0.3945

	
0.6032

	
    U 2  >  U 3  >  U 1    

	
Primary coordination

	
IIB




	
2017

	
0.3994

	
0.4633

	
0.4689

	
0.6653

	
    U 3  >  U 2  >  U 1    

	
Primary coordination

	
IIIA




	
2018

	
0.4740

	
0.6542

	
0.4488

	
0.7199

	
    U 2  >  U 1  >  U 3    

	
Intermediate coordination

	
IIA




	
2019

	
0.6261

	
0.7835

	
0.5998

	
0.8155

	
    U 2  >  U 1  >  U 3    

	
Good coordination

	
IIA




	
2020

	
0.8545

	
0.9051

	
0.7412

	
0.9114

	
    U 2  >  U 1  >  U 3    

	
Quality coordination

	
IIA




	
Guizhou

	
2013

	
0.2151

	
0.0433

	
0.2294

	
0.3588

	
    U 1  >  U 3  >  U 2    

	
Mild Disorder

	
IB




	
2014

	
0.2691

	
0.2411

	
0.3962

	
0.5432

	
    U 3  >  U 1  >  U 2    

	
Barely coordinated

	
IIIB




	
2015

	
0.2922

	
0.2750

	
0.4929

	
0.5839

	
    U 3  >  U 1  >  U 2    

	
Barely coordinated

	
IIIB




	
2016

	
0.2548

	
0.3127

	
0.4405

	
0.5722

	
    U 3  >  U 2  >  U 1    

	
Barely coordinated

	
IIIA




	
2017

	
0.3762

	
0.6189

	
0.4318

	
0.6819

	
    U 2  >  U 3  >  U 1    

	
Primary coordination

	
IIB




	
2018

	
0.5346

	
0.6979

	
0.6016

	
0.7796

	
    U 2  >  U 3  >  U 1    

	
Intermediate coordination

	
IIB




	
2019

	
0.5998

	
0.7513

	
0.5981

	
0.8037

	
    U 2  >  U 1  >  U 3    

	
Good coordination

	
IIA




	
2020

	
0.7550

	
0.8301

	
0.7853

	
0.8885

	
    U 2  >  U 3  >  U 1    

	
Good coordination

	
IIB




	
Hainan

	
2013

	
0.0916

	
0.0581

	
0.4551

	
0.3665

	
    U 3  >  U 1  >  U 2    

	
Mild Disorder

	
IIIB




	
2014

	
0.1469

	
0.2017

	
0.4198

	
0.4814

	
    U 3  >  U 2  >  U 1    

	
Near Disorder

	
IIIA




	
2015

	
0.2155

	
0.2364

	
0.3634

	
0.5143

	
    U 3  >  U 2  >  U 1    

	
Barely coordinated

	
IIIA




	
2016

	
0.2635

	
0.2866

	
0.5109

	
0.5813

	
    U 3  >  U 1  >  U 2    

	
Barely coordinated

	
IIIA




	
2017

	
0.3734

	
0.3628

	
0.4672

	
0.6313

	
    U 3  >  U 1  >  U 2    

	
Primary coordination

	
IIIA




	
2018

	
0.4967

	
0.4284

	
0.4393

	
0.6737

	
    U 1  >  U 3  >  U 2    

	
Primary coordination

	
IB




	
2019

	
0.6118

	
0.4836

	
0.4098

	
0.7035

	
    U 1  >  U 2  >  U 3    

	
Intermediate coordination

	
IA




	
2020

	
0.9271

	
0.8670

	
0.7267

	
0.9143

	
    U 1  >  U 2  >  U 3    

	
Quality coordination

	
IA
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