

  processes-11-00913




processes-11-00913







Processes 2023, 11(3), 913; doi:10.3390/pr11030913




Article



Data-Driven Evaluation of the Synergistic Development of Economic-Social-Environmental Benefits for the Logistics Industry



Wei Mu 1, Jun Xie 1,*, Heping Ding 1,2,*[image: Orcid] and Wen Gao 1





1



Business School, Suzhou University, Suzhou 234000, China






2



Center for International Education, Philippine Christian University, Manila 1004, Philippines









*



Correspondence: junxiesz@ahszu.edu.cn (J.X.); dingheping@ahszu.edu.cn (H.D.); Tel.: +86-18205575160 (H.D.)







Academic Editors: Luis Puigjaner and Tsai-Chi Kuo



Received: 8 February 2023 / Revised: 10 March 2023 / Accepted: 15 March 2023 / Published: 17 March 2023



Abstract

:

The receding globalization has reshaped the logistics industry, while the additional pressure of the COVID-19 pandemic has posed new difficulties and challenges as has the pressure towards sustainable development. Achieving the synergistic development of economic, social, and environmental benefits in the logistics industry is essential to achieving its high-quality development. Therefore, we propose a data-driven calculation, evaluation, and enhancement method for the synergistic development of the composite system of economic, social, and environmental benefits (ESE-B) of the logistics industry. Based on relevant data, the logistics industry ESE-B composite system sequential parametric index system is then constructed. The Z-score is applied to standardize the original index data without dimension, and a collaborative degree model of logistics industry ESE-B composite system is constructed to estimate the coordinated development among the subsystems of the logistics industry’s ESE-B system. The method is then applied to the development of the logistics industry in Anhui Province, China from 2011 to 2020. The results provide policy recommendations for the coordinated development of the logistics industry. This study provides theoretical and methodological support for the sustainable development aspects of the logistics industry.
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1. Introduction


1.1. Background


Currently, the world is experiencing the largest changes in a century [1]. Further, the “second generation” open policy with regulatory convergence at its core has triggered a new round of global economic and trade rules games, and the global pattern is showing an evolutionary trend of accelerated multipolar development [2]. Given the reshaping of the global value chain, how can the logistics industry (LI) develop itself? In today’s international multilateral environment, sustainable development should take precedence and the LI should achieve the synergistic development of economic, social, and environmental benefits (ESE-B) for sustainable development. As a link between production and consumption, the LI plays an important role in supporting and guaranteeing the regional economic development process and has become a new driving force for economic growth and social development [3]. For example, the LI provides a large number of employment opportunities and creates tax revenue but, at present, while the LI is playing an increasing role in promoting regional economic development, its negative impact on the ecological environment and society is also becoming increasingly obvious, and the rapidly developing LI will inevitably produce a series of environmental problems such as increased waste emissions, aggravated air pollution and increased energy consumption, as well as increased traffic accidents and noise pollution. For example, the average energy consumption of China’s LI over 2009–2019 accounted for 8.44% of the total energy consumption [4].



Therefore, in the context of global sustainable development, it is the goal and motivation of this article to define the synergistic development of economic, social and environmental benefits of the logistics industry, evaluate the level of their synergistic development, realize the synergistic development of economic, social and environmental benefits of the logistics industry, propose suggestions for the government and practitioners to enhance the synergistic development of economic, social and environmental benefits of the logistics industry, and promote the sustainable development aspects of the logistics industry.




1.2. Research Overview


Achieving the synergistic development of economic, social, and environmental benefits of the logistics industry is essential to achieving its high-quality development [3,4]. Synergetics, founded by the German physicist Haken, is the study of the way in which subsystems within open systems work in concert and interact with each other to evolve the system from disorder to order [5,6]. The idea of sustainable development was first introduced in the World Conservation Strategy in 1980 and has since become a common worldwide effort [7]. Sustainable development chiefly alludes to ensuring that development of the population, economy, resources, society, and surrounding conditions, as well as the overall human development, does not deprive future generations of good living conditions [8,9,10]. Many studies on the synergistic development of the logistics industry are centered on the synergy with other industries; therefore, the literature mainly covers the following aspects [11,12,13].



	(1)

	
Research on synergistic development of logistics industry







Scholars have mostly studied the coordinated development of the logistics industry with other industries. For instance, Gordon et al. considered that the productive service industries, including logistics, play an important role in the development of manufacturing industry [14]. Hu and Shu [15] studied the coordinated development of the LI and agricultural ecosystem, and the path selection for the coordinated development of agricultural logistics so that the ecosystem can be optimized. Liang and Gu [16] studied the level of synergistic development between agriculture and LI in China from 2010 to 2019 and its temporal trends, and measured the correlation between the two industries using a gray correlation model to explore the key factors affecting the synergistic development of the two industries. Scholars likewise focused on the coordinated development of the LI and the regional economy, with Klaus [17] arguing that the logistics expenditure of a country is proportional to its national economic wealth, finding that, with the increasing global integration, logistics has become the basis of wealth. Chen et al. [18] studied the coordinated development paths of logistics and the economy in metropolitan cities based on the coordinated development theory. The academic research on the relationship between the LI and economic system and other industries has achieved fruitful results, thus confirming that the LI and other industries, as well as the regional economy, can promote each other and develop together. However, there are fewer studies on the synergistic development of the subsystems within the logistics industry.



With increased financial globalization, deepening environmental degradation, and overexploitation of assets and energy, all modern logistics activities can have positive or bad impacts on the ecological surrounding conditions [19], and the relationship between LI and the environment is gradually becoming a research hotspot. Liu et al. [20] used data from 42 Asian countries between 2007 and 2016 to demonstrate that logistics performance is significantly related to environmental degradation. Zhou [21] took the regional “logistics-ecological environment” composite system as research object, and based on the synergy theory, studied the coordinated development of regional logistics and ecological environment from the perspective of low carbon. Evangelista [22] studied the environmental performance of third-party logistics service companies and proved that these companies assume a critical part in reducing carbon emissions and improving the ecological execution of logistics. Overall, the studies on the relationship between the LI and environment have concluded that the LI and environment can develop in a mutually supportive manner. However, the studies treat the environment as an independent system, which cannot reflect the environmental impact of the logistics industry, and does not consider the social impact aspect of the logistics industry.



	(2)

	
ESE-B synergy evaluation study in the logistics industry







When scholars study system coordination relationships, they generally construct evaluation index systems, collect data, and then use models to evaluate these systems. In constructing an evaluation index system, the LI is generally considered from the input-output perspective, the logistics economy from the growth level and foreign trade, and the logistics environment from pollution and carbon emissions [23,24,25]. These indicators do not fully reflect the benefits generated by the logistics industry, or are not closely related to the development of the logistics industry, and do not take into account the environmental factors such as resource utilization and energy consumption directly generated by logistics activities, not to mention the social factors. In terms of research methods, most studies used coupled coordination degree and composite system synergy models to study the coordinated development of two or more systems. Yu and Yin [26] studied the ESE-B of urban public transportation infrastructure using a coupled coordination degree model and investigated the influence of three benefits on its coordinated development level using a panel regression model. Li et al. [27] studied the growth and environmental impacts of green logistics performance in One Belt, One Road Initiative countries during 2007–2019 using least squares and generalized method of moments. There are also several other representative methods, such as data envelopment analysis to measure the low-carbon efficiency of LI [28,29] and the energy value approach to study the sustainability of logistics systems [30]. These methods have been proven to be better methods for studying synergistic relationships through theoretical and practical validation; however, development of more scientific measures for evaluating synergistic relationships is the direction of future research.



Based on these studies, scholars have each put forward policy recommendations to help increase the coordinated development of the LI and the economy or the environment, such as carrying out logistics infrastructure development, strengthening technological innovation, and creating a favorable environment [31,32].




1.3. Limitations of Prior Studies


In general, the extant research on coordinated development issues related to the LI has achieved clear results and has established a decent starting point for the study of the LI complex system, but due to the different perspectives and depths of scholars’ understanding, the existing research needs further improvement as follows.



	(1)

	
Most extant studies focus on the coordinated relationship between two systems: LI and ecological environment/regional economy/other industries, ignoring the social system. Further, most of them treated the ESE-B as independent systems instead of a single complex system; therefore, the research on LI’s ESE-B composite system needs to be expanded.




	(2)

	
In the construction of the ESE-B index system, the selected indicators are not comprehensive or not closely related to the development of the LI, and environmental factors such as resource utilization and energy consumption directly generated by logistics activities are not considered, so that the constructed index system cannot reflect well the essence and characteristics of the ESE-B composite system of the LI. As such, there is a need to accurately construct the LI ESE-B composite index system.




	(3)

	
The CSSDM is generally utilized, which has laid a good foundation for this paper, but it is a challenge to measure and evaluate the synergy development level of LI’s ESE-B composite system scientifically and accurately. To this end, we construct a data-driven LI’s ESE-B composite system synergy degree model.







Therefore, our research objectives are: (1) to take the logistics industry as a total system and study the economic benefits, social benefits, environmental benefits and coordination of this total system; (2) to scientifically and objectively construct evaluation indicators for the ESE-B composite system of the logistics industry; (3) to scientifically and accurately measure and evaluate the level of synergistic development of the ESE-B composite system of the logistics industry using a data-driven approach, and on this basis, to propose targeted countermeasures and suggestions.




1.4. Manuscript Structure


This study adopts the composite system synergy model to study the ESE-B composite system of the LI and then considers Anhui Province as a case study. The evaluation index system of LI’s ESE-B composite system is constructed, and the orderliness of ESE-B subsystems and the composite system synergy of LI in Anhui Province are evaluated and improved by collecting and calculating basic data on Anhui Province from 2011 to 2020. The remainder of this paper is organized as follows. The subsequent segment presents the way(s) of doing things, which introduces the data-driven methodological processes of data collection, data handling, data modeling and application. The third segment presents the case study, which estimates the level of coordinated development of the LI’s ESE-B composite system in Anhui Province, China, and evaluates and seeks to enhance the coordinated development level. The final section offers the conclusions from the study.





2. Materials and Methods


To evaluate and improve the synergistic development level of LI’s ESE-B composite system more objectively, comprehensively, and accurately, this section introduces the methods.



2.1. Method Flow


We promote the synergy of the ESE-B of LI, to achieve more efficient and sustainable development. Evaluating the relationship between these three systems from the systems theory viewpoint and formulating relevant policies from the worldwide optimization perspective are pressing requirements for SDLI research. However, the LI’s ESE-B composite system includes multiple data types. As such, we need to determine how to apply effective models to quantify, assess, and recognize numerous pointers and whether the proposed strategy proposals can really uphold related government navigation. These conundrums present research challenges. To meet this difficulty and ameliorate the coordinated development of LI’s ESE-B composite system, this paper proposes a data-driven method for measuring, evaluating, and enhancing coordinated development level of LI’s ESE-B composite system. We collected economic, social, and environment-related data for LI, while data processing entailed turning the original data into measurement data in the evaluation index system [33]. The methodology is also depicted in Figure 1.



The first step, data collection, is mainly to collect economic, social and environmental related data on the LI, including LI’s cargo turnover, added value, energy consumption, carbon emissions, etc.



The second step, data processing, is to process the original data into the measurement data in the evaluation index system, including the elimination of price fluctuations, the conversion of standard coal, the use of z-score for standardization processing, etc.



The third step, data modeling, is to construct the composite system synergy model and correlation analysis model, including analyzing the sequential parameters, orderliness and synergy of the 3 subsystems of economic benefits, social benefits and environmental benefits of LI.



The fourth step, data application, is to put forward targeted policy recommendations to promote the coordinated development of an ESE-B composite system based on the research results.




2.2. Sequential Parametric Index System


In the related literature, the LI is characterized as three parts: transportation, warehousing, and postal industry. Since these three parts comprise over 85% of the gross value added of the LI [34], there is a certain reliability in adopting this definition. The review’s motivation is to analyze the coordination relationship of the LI’s ESE-B composite system according to the principle of covariance. The ordinal parameter is a parameter variable that influences the evolution direction of the system and characterizes the degree of ordering of the system; as long as the ordinal parameter is controlled, the development direction of the entire system can be grasped [35]. However, the selection of different indicators will produce different results of the ordinal parameter calculation. As such, the scientific and reasonable selection of indicators becomes key to the accuracy of the sequential parameter calculation results, which requires that the selected indicators should conform to the connotation and reflect the characteristics of sequential parameters. On the basis of the meaning of SDLI, referring to the existing research results on LI’s coordinated development and guided by the sustainable development and green logistics theories, the typical order parameter index that can represent the ESE-B composite system of the LI is selected. We also construct a coordinated development index system of LI’s ESE-B composite system consisting of a subsystem layer (ESE-B), element layer (input, output), and index layer. This evaluation index system considers the LI as a total system, and its system coordination degree and the orderliness of each subsystem reflect the SDLI level, being an accurate definition of the SDLI [13].



The assessment indexes of the LI’s economic subsystem mainly contain the amount of investment in fixed assets and the added value of LI [36]. Compared with previous research indicators, this study adds “Internet broadband access port” [37] to reflect the information input of LI, because the input of information technology is necessary.



The evaluation indexes of LI’s social subsystem mainly reflect the contribution and harm of the LI to the society, among which LI’s added value and vehicle tax revenue are significant parts of the public economy, while t the freight turnover is LI’s commitment to freight transportation. In this study, the indicator of “vehicle and vessel tax revenue” was added to reflect LI’s contribution to the society, and the number of traffic fatalities and property damage were added to reflect the LI’s harm to the society [38].



LI’s environmental subsystem mainly measures the effect of the LI’s development on the ecological environment from two aspects: pollution and governance. The unfriendly effect of LI through CO2 emissions on the environment is climate warming, as LI’s exhaust gas emissions will pollute the environment. The number of deaths and property loss in traffic accidents and road traffic noise reflect LI’s adverse impact on society, which is also a new indicator added here based on previous studies [9,21]. The details are shown in Table 1.




2.3. Data Sources and Processing


	(1)

	
The data in Table 1 were predominantly acquired from the China Energy Statistical Yearbook, China Statistical Yearbook, and Anhui Statistical Yearbook for 2012–2021 [39,40]. To eliminate the price ups and downs effect, price-related factors, for example, property damage and vehicle charge were switched over completely to real values, with 2011 as the base period.




	(2)

	
LI’s carbon emissions in Table 1 were calculated according to the carbon emission factors of 17 energy sources in the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, and then calculated by the amount of energy consumed by the LI [41]. LI’s exhaust gas emissions in Table 1 were determined by the emission factor method, drawing on EPA, AP-42, and Beijing emission factors [42] The emissions of NOX, PM10, PM2.5, SO2 of the LI in Anhui Province from 2011 to 2020 were measured by the emission factor method in the light of the primary energy consumption of the LI in the energy balance sheet. Finally, the exhaust gas emissions were obtained by summing up and the missing energy data in 2020 was filled in by interpolation.




	(3)

	
Standardized data processing.







The standardization of raw index data is intended to transform raw index data into dimensionless index measurement values. Data standardization methods include, for example, min-max standardization or the z-score method. The z-score can reflect the original data values more accurately, so this paper uses it for standardization [43], as follows:


   X  i j  *  =    X  i j   −   X ¯  j     S j     



(1)






    X ¯  j  =     ∑   i = 1  n   X  i j    n   



(2)






   S j  =       ∑   i = 1  n       X  i j   −   X ¯  j     2    n − 1      



(3)




where    X  i j  *    is the normalized data,    X  i j     the raw data,     X ¯  j    the mean of    X  i j    , and    S j    the standard deviation of     X  i j    .




2.4. Data Modeling


The complex system synergy model can scientifically calculate the level of complex system synergy and is now widely used to analyze the dynamic synergy evolution of a system [20,44]. We also use it to measure the dynamic synergy level of LI’s ESE-B complex system as follows.



	(1)

	
Orderliness of sequential parameters







LI’s ESE-B composite system can be expressed as    S j  =    S 1  ,  S 2  ,  S 3     , which represent the three subsystems of ESE-B, respectively. The order parameter of each subsystem is    e j  =    e  j 1   ,  e  j 2   ,  e  j 3   … …  e  j n      , where    j = 1 ,   2 ,   3  , and   n ≥ 1   denotes the number of sequential parameters of each subsystem.    α  j i   ≤  e  j i   ≤  β  j i    ,  i = 1 ,   2 ,   3 … … n  . To ensure the stability of the system,     α  j i     and    β  j i     are the upper and lower limits of ordinal parametric components    e  j i      [41]. Each ordinal parametric component’s orderliness is:


      μ j  (  e  j i   ) =    e  j i   −  α  j i      β  j i   −  e  j i        e  j i      i  s   a   positive   indicator        μ j  (  e  j i   ) =    β  j i   −  e  j i      β  j i   −  e  j i        e  j i      is   a   negative   indicator      



(4)







From Equation (4),    μ j  (  e  j i   ) ∈   0 , 1    ; the larger the value is, the greater is the contribution of indicator    e  j i     to the ordering of the subsystem.



	(2)

	
Subsystem orderliness







The degree of subsystem order reflects the sum of the contribution of all components of order parameter variables    e j    to subsystem    S j   . The orderliness of the environmental benefit subsystem    S 3    reflects the contribution of ordinal variables E31, E32,⋯,E36 to subsystem    S 3   . It can be obtained by integrating each    μ j  (  e  j i   )  . We use the more accurate geometric mean method to synthesize the orderliness of each subsystem,    μ j  (  e j  )   [45,46]:


       u   j     e j    =       ∏  i n       u   j     e  j i        n   



(5)




where     μ j     e j    ∈   0 , 1    ; the larger    μ j     e j      is, the greater is the contribution that    e j    makes to the orderliness of subsystem    S j    and the higher is the degree of the subsystem orderliness, and vice versa.



	(3)

	
Composite system synergy model







For a given initial moment    t 0   , let the degree of subsystem    S j    order be    μ j 0     e j    , j = 1 , 2 , … , k   when the overall development of the composite system evolves to the moment    t 1   ; at this point, the degree of subsystem     S j    order is    μ j 1     e j    , j = 1 , 2 … , k  . Then, the coordination degree of composite system   C  t    is [47]:


  C  t  = θ ·         ∏  j n     u j t     e j    −  u j 0     e j            1 / k    



(6)




where   θ =   m i n    u j t     e j    −  u j 0     e j    ≠ 0       m i n    u j t     e j    −  u j 0     e j    ≠ 0       , j = 1 , 2 , 3  .



In Equation (6),    u j t     e j    −  u j 0     e j      is the change in the magnitude of subsystem    S j    from    t 0    to    t 1   , and    u j t     e j    −  u j 0     e j      ∈   [−1, 1]. As   C  t  ∈   [−1, 1], the larger the value is, the higher the degree of composite system coordinated development is, and vice versa. The significance of the introduction of parameter  θ  is that only condition    u j t     e j    −  u j 0     e j    > 0 ,  ∀ j  ∈   [1, k], and the synergy degree of the composite system is positive. If in the      t 0  ,  t 1      time period, the increase in the orderliness of one subsystem is larger and the increase in the orderliness of some other subsystems is smaller or even decreases, the coordinated development state of the entire complex system is bad or not coordinated at all, as shown by   C  t  ∈  [−1, 0]. In this study, the LI ESE-B composite system has three subsystems. Thus,   k = 3   and Equation (6) can be written as [48,49]:


  C = θ ·      u 1 t     e 1    −  u 1 0     e 1      ·    u 2 t     e 2    −  u 2 0     e 2      ·    u 3 t     e 3    −  u 3 0     e 3       3   



(7)







From the literature, there are two algorithms for Equation (6): one takes the same moment as the base period and the other takes the neighboring moments as the base period. The two algorithms provide useful ideas for the comprehensive analysis of the composite system synergy; specifically, the first one can well reflect the long-term evolution trend of the composite system and the second one can better reflect whether the composite system is in a stable state of synergistic evolution. As such, we use two methods to measure the LI’s ESE-B composite system synergy. At present, most countries and international organizations generally use the same and adjacent base period synergy degree classification standard [50], as shown in Figure 2.



LI’s ESE-B composite system synergy model can explore the synergistic development of LI’s ESE-B and the classification of the coordination level can precisely define the level of coordination development, which is an important insight for the design of countermeasures to promote LI’s synergistic development and indicates the direction of the SDLI.




2.5. Data Optimization for Decision Making Applications


In the context of the increasingly prominent contradiction between the economic development, resource shortage, and social demand of LI, promoting the synergistic development of ESE systems of LI is of great practical importance to enhance the SDLI. Since the ESE-B of LI are considered comprehensively, an index system containing these three subsystems is proposed here. Due to the multiple sources of data for the LI composite system, this paper puts into use a data-driven approach. The study thus aims to apply a data-driven method to precisely measure, evaluate, and identify the synergistic development level of the LI’s ESE-B composite system, as well as to propose strategy proposals in view of the quantitative evaluation results and give a premise to decision making for LI specialists and chiefs. The specific applications are shown in Figure 3 below.



In the first step, the data related to the LI’s ESE-B composite system are collected and the database established. As indicated by the standards of data accessibility and scientificity, the ESE-B composite system index system is constructed from three aspects, covering the ESE-B of LI. This step represents the extraction and organization of data.



In the second step, the raw data are standardized using the Z-score method, so that the raw data are all converted to dimensionless values; that is, the indicators are all at the same quantitative level and can be used for comprehensive measurement. This step represents the conversion of the data to make them comparable.



In the third step, the ordinal covariates orderliness is calculated using the upper and lower bound method, and the geometric mean method is applied to calculate LI’s orderliness of ESE-B. This step represents the processing of standardized data to measure the contribution degree of ordinal covariates to the orderliness of subsystems.



In the fourth step, LI’s ESE-B composite system synergy model is constructed, LI’s ESE-B composite system synergy degree is calculated, and the coordination degree among LI’s subsystems is evaluated. This represents is the modeling of the data, being used to solve the realistic problem of the synergy of LI’s ESE-B.



In the fifth step, in view of the data-driven quantitative estimation and assessment results, the research conclusions are drawn and the shortcomings in LI’s development identified; based on these, strategy proposals are proposed to promote the synergistic development of LI’s ESE-B. This step represents the sublimation of the data and the presentation of the data modeling results to derive policy recommendations based on data.



Through the above data application, we can realize the measurement, evaluation. and optimization improvement of LI’s ESE-B composite system synergy and provide theoretical and methodological support for the SDLI.





3. Case Study


Using the above research method, the study is carried out using the example of LI’s ESE-B in Anhui Province, China. Section 3.1 presents the case background, Section 3.2 shows the data results calculated by using the above research method, and Section 3.3 provides suggestions to promote the synergy of LI’s ESE-B complex system in Anhui Province based on the results.



3.1. Background


Anhui Province, as shown in Figure 4, is located in East China, connecting Jiangsu Province and Zhejiang Province to the east, Hubei Province and Henan Province to the west, Jiangxi Province to the south, and Shandong Province to the north. It is not only a national comprehensive transportation hub, but also a deep hinterland of the Yangtze River Delta region. The LI of Anhui Province has been developing well. In 2020, the total revenue of LI in Anhui Province was 495 billion yuan, increasing by 2% compared with the previous year. The ratio of total social logistics cost to GDP was 14.7% [13], being lower by 0.2 percentage points compared with the previous year, which was the same as the national level. In 2021, the total social logistics in Anhui Province maintained a steady growth, reaching 8.08 trillion yuan, with a year-on-year increase of 15.1% and being 5.9 percentage points higher than the national value. LI’s added value was 98 billion yuan, with a year-on-year increase of 13.9%. The pace of transformation and upgrading is also accelerating. However, Anhui Province, as a latecomer in the Yangtze River Delta region, still requires improvements in terms of the ecological operation mode of LI and social impact. Therefore, through measuring, evaluating, and enhancing LI’s ESE-B composite system in Anhui Province, this paper proposes policy recommendations to promote the coordinated development of LI’s ESE-B composite system in this province in light of the appraisal results. This is of incredible importance to advance the SDLI of Anhui Province. However, this case study is restricted to Anhui Province only, and it can only be used as a reference by other provinces and cities. The condition underlying this case study is the uncoordinated development of ESE-B complex system of the logistics industry in Anhui Province.




3.2. Data Analysis Results


	(1)

	
Normalized values of sequential parameters







For the collected LI ESE-B composite system index data in Anhui Province, standardized values were calculated using Formulas (1)–(3) (i.e., the z-score method), as shown in Table A1. See Appendix A.



	(2)

	
Orderliness of sequential parametric indicators







In this study, when calculating the orderliness of subsystem sequential parametric indexes, we use our own comparison method to set the lower limit of the index threshold as the minimum value and the upper limit as the maximum value of the same index. It is expressed as 1.01 times of the minimum and 1.01 times of the maximum values, respectively. According to Equation (4) and the data in Table A1, the orderliness of the sequential parameter indicators of the LI’s ESE-B composite system in Anhui Province is calculated, as shown in Figure 4.



From Figure 5, the overall orderliness levels of the sequential covariates are low, but most of them show an upward trend from 2011 to 2020; the cargo turnover (E14), human resources input (E22), road traffic noise (E36) show an upward and then downward trend; the contribution rate of the LI (E16) and traffic accident property damage (E26) show a downward and then upward trend. In general, the degree of orderliness is improving. However, energy consumption (E31), electricity consumption (E32), carbon emissions (E34), and exhaust gas emissions (E35) show a decreasing trend, which means that these sequential parameters are areas that need to be improved (i.e., the orderliness of environmental benefits needs to be improved).



	(3)

	
Calculation results of the orderliness and synergy degree







According to Equation (5) and the data in Figure 5, the orderliness of the ESE-B subsystems of LI in Anhui Province during 2011–2020 are calculated, with 2011 as the base year. The coordination degree of the same and adjacent base periods of LI’s ESE-B composite system in Anhui Province from 2012 to 2020 is calculated according to Equations (6) and (7), as shown in Figure 5.



Based on a single system, in terms of the economic efficiency of a subsystem, orderliness was only 0.012 in 2011 and reached 0.755 in 2020, with an average annual increase of 6.19%. Except for the decline in 2017 compared with 2016, the rest of the years showed an uptrend. The justification for this is that the orderliness of the LI’s contribution (E16) decreased in 2017, because the country and provinces and cities began to promote the construction of ecological civilization and comprehensively deploy the green and low-carbon development of LI; as a result LI began to focus on environmental benefits, and relatively speaking, the economic development speed decreased. However, after two or three years of coordinated development, the economic benefits subsystem orderliness began to increase in 2018 [51]. The orderliness of social benefits was only 0.011 in 2011 and reached a peak of 0.877 in 2020, with an average annual growth of 8.66%, which shows that the LI of Anhui Province is relatively good in terms of social benefits. However, the orderliness of social benefits can be improved even further if human resource input is increased. The environmental benefit orderliness shows an opposite trend to those of economic and social benefits, being 0.575 in 2012, reaching the minimum of 0.051 in 2018, and increasing to 0.139 in 2020, which indicates that the LI in Anhui Province has begun to pay attention to environmental protection, actively adopt new technologies and equipment, change the previous rough development mode, and gradually move toward a new logistics mode of green and collaborative development.



Based on the overall trend, between 2012 and 2020, the synergy (using the same base period) of LI’s ESE-B composite system in Anhui Province showed a decreasing trend year by year, reaching a minimum value of −0.655 in 2020, indicating a serious non-synergistic state. At the same time, the synergy degree of LI’s ESE-B composite system in Anhui Province shows a jump forward with insignificant increase, except for 2013 when it reached a moderate synergistic evolution. The rest of the analyzed years are alternating between non-synergistic evolution and low synergistic evolution. This indicates that the synergy degree of LI’s ESE-B composite system in Anhui Province needs to be improved, as does the stability degree. According to the order degree of each subsystem, the main reason for the serious non-synergy of LI’s ESE-B composite system in Anhui Province is that the order degree of the environmental benefit subsystem has been decreasing in almost all years and the improvement of the environmental protection capability of the LI is the top priority in this province at present.



	(4)

	
Calculation results of two-synergy degree of each subsystem







From Figure 6, the synergy of LI’s ESE-B subsystems in Anhui is relatively stable in the same base period; basically, the synergy of two subsystems (economic and social benefits) increased year by year, but the synergy of two subsystems (environmental benefits and other subsystems) is not only negative, but also decreased year by year, which caused the synergy of the ESE-B composite system to decrease year by year. The synergy of LI’s ESE-B subsystems in Anhui shows a repeated trend of “rise–fall” in the adjacent base period, which also causes the synergy of the ESE-B composite system to show almost the same characteristics. This indicates that the development of the environmental efficiency subsystem and other subsystems of the LI in Anhui Province is non-synergistic, which hinders the improvement of synergy, and indicates that environmental problems need to be solved urgently.




3.3. Policy Recommendations


The synergistic development LI’s ESE-B is of extraordinary and useful importance for sustainable development. The measurements and evaluation in Anhui Province from 2011 to 2020 continue to decline and the synergy degree within each subsystem varies and is unstable. The following suggestions are proposed to promote the coordinated development of LI’s ESE-B complex system from three aspects: policy, intelligent systems, and energy, respectively. We thus propose the following countermeasures:




	(1)

	
Formulate corresponding LI policies to promote the coordinated development of ESE-B









LI’s ESE-B composite system relies upon the increase of each subsystem order degree and the order parameter. From the calculation results, problems arise due to the order degree decline of the environmental benefit subsystem. The synergy degree of the composite system is declining overall. Therefore, the government should give full play to its guiding role and formulate comprehensive policies for the development of the three aspects of the LI (ESE-B) to provide a solid policy platform for the synergistic development of LI’s ESE-B complex system.



	(2)

	
Promote the modernization of the LI and the development of intelligent logistics







The average orderliness of LI’s social benefit subsystem in Anhui Province from 2011 to 2020 is 0.48, which is greater than those of the economic and environmental benefit subsystems, but the property loss from traffic accidents in the social benefit subsystem first decreased and then increased during 2011–2020, reaching the lowest value of 0.0739 in 2012. This result is mainly attributed to the lack of in-depth application of logistics information technology. As such, the construction of intelligent logistics is imperative. Anhui Province should establish a data processing center based on big data and cloud computing [51] to integrate the resources of the logistics operation process from the three aspects of supply, demand, and supervision to achieve the optimal fit of each subsystem in LI’s ESE-B composite system.



	(3)

	
Optimize the energy structure of the LI and enhance environmental orderliness







The orderliness of LI’s environmental benefit subsystem in Anhui Province is much lower than that of the economic and social benefit subsystems, with an average value of only 0.29, and it plays a decisive role in the synergy with other subsystems and in the total system. Achieving carbon neutrality is a common development goal worldwide, meaning that environmental benefits are still something to which Anhui Province needs to continue to pay attention. The LI in Anhui Province should expand the application of new energy and clean energy such as electricity and natural gas; develop multimodal transportation and other ways to optimize transportation; support, cultivate, and introduce specialized and low-carbon logistics enterprises; promote the diversification and clean transformation of energy consumption in the LI; establish waste emission standards for the LI; force a low-carbon transformation; and promote the ecological development of the LI.




3.4. Discussion


Comparison with existing literature [21,22]: the present paper makes the following contributions. First, it constructs a more comprehensive evaluation index system of LI’s ESE-B composite system from the viewpoint of synergy theory, systems theory, and input-output. Further, considering the three benefits of LI provides a more systematic and scientific approach. Second, the data-driven approach and the CSSMD are used to systematically and comprehensively consider the development of LI and more objectively quantify and evaluate the level of LI’s ESE-B composite system synergy development. This approach provides a scientific decision-making framework for relevant subjects and practitioners. Finally, to achieve sustainable development, we propose targeted countermeasures and ideas to advance the synergistic development of LI’s ESE-B composite system, which is of practical significance. However, the proposed method may not yield the obtained results in other provinces, cities or at other times, and the results require further temporal and spatial scaling.



Combining the findings, we can draw three management insights as follows:



First, to promote LI’s ESE-B synergistic development according to the point of view of systems theory and overall optimization, we cannot depend on a single part of a larger system. Instead, it is necessary to bring into full play the back and forth support of the three parts of larger systems to effectively help increase the SDLI.



Second, with social, economic, and technological development, the foundation of a data-driven estimation and assessment method for the collaborative development of LI’s ESE-B composite system can bring into full play of the advantages of each subsystem to achieve complementary strengths and weaknesses and collaborative development. As such, we can more effectively serve local government decision-making and local related enterprise management.



Finally, the synergistic development of LI’s ESE-B composite system is crucial to promoting the sustainable development of the region and it is additionally important for the public authorities and significant divisions to mutually advance the joining and improvement of every subsystem and to understand the profoundly interacting and synergistic advancement of LI’s ESE-B composite system.





4. Conclusions


Improving the coordinated development level of LI’s complex system is important to ensure sustainable development and the SDLI is one of the important ways to protect the environment, save resources, and benefit society in today’s world. To deal with the above research difficulties, this paper presents a data-driven research method and optimization countermeasure suggestions based on the data-driven coordination of LI’s composite system, drawing on the exploratory thoughts of [52,53]. This approach has both theoretical and practical significance.



The theoretical significance of this study is as follows. (1) It enriches the connotation of the LI composite system index system and constructs a three dimensional index system of the ESE-B of the LI from the input-output perspective. When constructing the index system, social factors such as traffic property loss and road traffic noise and environmental factors such as carbon and waste emissions are considered. (2) Based on the data-driven theory, the composite system synergy model is used for analysis and the assessment results are accurate and objective, better reflecting the degree of interdependence and interaction among the ESE-B of the LI. (3) The internal mechanism of the economic, social, and environmental development of LI is explained from the synergy perspective, which improves the theoretical framework for the synergistic development of the LI’s ESE-B. The practical significance of the results can be summarized as follows. (1) This study provides a quantitative basis for measuring, evaluating, and identifying the coordination level of the LI’s ESE-B complex system. (2) It also provides reference for promoting the SDLI. (3) Finally, it offers new research ideas to researchers and policy makers in the LI field. This is also the innovation of this paper. The method may be used in the future to study the coordinated development of economic, environmental and social benefits of the LI and promote the future role of LI policies in supporting sustainable development.



The elements involved in LI’s ESE-B composite system are complex, and the study of the synergistic development of each subsystem is complex. Hence, this study is not without limitations. (1) With the development of economy and society, the LI’s composite system will include more elements. In future research, it is necessary to further make the index of the composite system more complete and accurate. (2) Further, the data capacity needs to be expanded to improve the representativeness of the sample by including more provinces and cities, as well as a longer sample period. (3) Finally, the mechanisms influencing the LI’s complex system coordination need to be further explored. More effective countermeasures and suggestions need to be proposed to improve the coordination level, in support of regional sustainable development.







Author Contributions


Conceptualization, W.M.; methodology, W.M. and J.X.; investigation, W.G.; resources, W.G.; data curation, W.M.; writing—original draft preparation, W.M. and H.D.; writing—review and editing, J.X. and H.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research is supported by key projects of Humanities and Social Sciences Research in Anhui Provincial Education Department (SK2016A1007 and SK2020A0539). Transportation rationalization consulting and transportation optimization services of Suzhou Chihan Transportation Co.(2022xhx150).




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.





Appendix A




[image: Table] 





Table A1. Sequence parameters standardized values of ESE-B composite system.
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	Year
	E11
	E12
	E13
	E14
	E15
	E16
	E21
	E22
	E23
	E24
	E25
	E26
	E31
	E32
	E33
	E34
	E35
	E36





	2011
	−1.676
	−1.127
	−1.407
	−1.827
	−0.901
	1.326
	−1.664
	−1.890
	−1.781
	−1.452
	1.056
	−0.913
	−1.989
	−1.207
	−1.314
	−2.486
	−2.318
	0.678



	2012
	−1.435
	−1.142
	−1.092
	−0.811
	−0.786
	1.100
	−1.051
	−1.807
	−1.530
	−1.199
	0.521
	2.688
	−1.347
	−1.047
	−1.864
	−0.963
	−0.977
	−0.059



	2013
	−0.944
	−0.842
	−1.034
	1.055
	−0.686
	0.871
	−0.706
	0.192
	−0.639
	−0.949
	0.345
	0.595
	−0.765
	−0.929
	−0.999
	−0.428
	−0.458
	−0.796



	2014
	−0.328
	−0.517
	−0.985
	1.918
	−0.530
	0.407
	−0.681
	0.090
	−0.052
	−0.588
	0.169
	0.229
	−0.039
	−0.808
	0.024
	0.189
	0.131
	−2.270



	2015
	0.085
	−0.443
	0.001
	−0.378
	−0.537
	−0.667
	−0.170
	0.283
	−0.097
	−0.252
	0.201
	−0.110
	0.101
	−0.432
	0.024
	0.240
	0.463
	−0.501



	2016
	0.601
	−0.217
	0.301
	−0.012
	−0.489
	−1.381
	0.247
	0.519
	0.177
	0.058
	0.201
	−0.037
	0.302
	0.051
	0.417
	0.340
	0.564
	1.120



	2017
	0.641
	0.198
	0.630
	0.384
	−0.402
	−1.912
	0.469
	0.968
	0.671
	0.717
	0.529
	−0.506
	0.805
	0.420
	0.810
	0.750
	1.088
	1.415



	2018
	0.651
	0.832
	1.108
	0.661
	0.681
	0.085
	0.686
	1.076
	1.001
	1.212
	0.002
	−0.610
	1.007
	0.855
	1.046
	0.998
	1.148
	0.383



	2019
	1.057
	1.337
	1.210
	−0.494
	1.884
	0.283
	1.074
	0.790
	1.294
	0.955
	−0.182
	−0.679
	1.070
	1.401
	1.204
	0.774
	0.598
	0.236



	2020
	1.347
	1.920
	1.269
	−0.497
	1.765
	−0.112
	1.797
	−0.221
	0.955
	1.498
	−2.841
	−0.657
	0.857
	1.694
	0.653
	0.586
	−0.240
	−0.206
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Figure 1. Research process. 
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Figure 2. Evaluation criteria for the synergy degree: same and adjacent base periods. 
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Figure 3. Data application diagram. 
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Figure 4. Orderliness of sequential parametric indicators of ESE-B composite system. 
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Figure 5. Orderliness of logistics industry ESE-B subsystems and synergy of composite systems. 
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Figure 6. Synergy degree of two-two subsystem of logistics industry ESE-B. 
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Table 1. The index system of LI’s ESE-B composite system.
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Subsystem

	
Sequential Parametric Indicator Layer

	
Properties

	
References






	
LI

Economic

Benefits

subsystem

S1

	
Investment in fixed assets (billion yuan) E11

	
Positive

	
[9]




	
Number of cargo vehicles (million units) E12

	
Positive

	
[9]




	
Internet broadband access ports (million) E13

	
Positive

	
[7]




	
Cargo turnover (billion ton kilometers) E14

	
Positive

	
[21]




	
Value added of logistics industry (billion yuan) E15

	
Positive

	
[21]




	
Logistics industry contribution rate (%) E16

	
Positive

	
[21]




	
LI

Social

Benefits

Subsystem

S2

	
Logistics network mileage (million km) E21

	
Positive

	
[13]




	
Human resource input (10,000 people) E22

	
Positive

	
[13]




	
Total wages of urban personnel (billion yuan) E23

	
Positive

	
[38]




	
Vehicle tax revenue (billion yuan) E24

	
Positive

	
[38]




	
Number of traffic fatalities (persons) E25

	
reverse

	
[38]




	
Traffic accident property damage (million yuan) E26

	
reverse

	
[38]




	
LI

Environmental Benefits

Subsystem

S3

	
Energy consumption (million tons of standard coal) E31

	
reverse

	
[7]




	
Electricity consumption (billion kWh) E32

	
reverse

	
[13]




	
Greening coverage rate of built-up area (%) E33

	
Positive

	
[21]




	
Carbon emissions (million tons) E34

	
reverse

	
[7]




	
Exhaust gas emission (million tons) E35

	
reverse

	
[7]




	
Road traffic noise (decibels) E36

	
reverse

	
[9]
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