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Abstract

:

In order to promote the sustainable and coordinated development of the logistics industry and the manufacturing industry in the Yangtze River Economic Belt of China and provide the policy makers with decision-making references, this paper explored the spatio-temporal evolution of the coupling coordination development level of the two industries. A three-stage super-efficiency SBM model, which eliminated the influence of environmental factors and random errors, was constructed to make it possible to conduct an in-depth comparative analysis on the effective decision-making units (DMUs), making the calculation results more accurate. This was the main contribution of this paper. Based on the new model considering undesirable output, this paper analyzed the panel data of 11 provinces and cities in the Yangtze River Economic Belt from 2007 to 2017 and investigated the coordination development level from the dimensions of time and space considering the energy input and carbon emissions of the two industries. Our main research findings were as follows. First, due to the relative lagging of the logistics industry in promoting the development of the manufacturing industry, the overall level of the coordination between the two industries was at a stage of limited coordination. Second, the regional differences were significant with a spatial evolution pattern of “high in the east and low in the west”. Third, environmental factors affected the input efficiency of the logistics industry and the manufacturing industry, especially the latter. Overall, this paper made theoretical and practical contributions to promoting the joint development of the two industries, improving the logistics industry and upgrading the manufacturing industry.
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1. Introduction


The Yangtze River Economic Belt (YREB) is important for China to integrate the east and the west, unlock the north and the south, and connect the land and the sea. With 40% of the country’s population and 44.1% of the total economic volume [1], it is one of the most important industrial corridors in China. Now, the manufacturing industry (MI) in YREB has entered an important development stage of transformation and upgrading. Advanced MI is the symbol of high-quality development in YREB, and is also the regional foundation for competitiveness and innovativeness. Furthermore, as a critical and strategic industry which supports the development of the national economy, the logistics industry (LI) plays a valuable role in improving and upgrading of the MI in YREB [2]. Hence, promoting the coordinated development of the logistics industry and the manufacturing industry (LIMI) is of great strategic value for transforming the mode of economic growth and optimizing the industrial structure [3,4].



There are a lot of studies on the coupling relationship between LIMI and their evaluations [5,6,7,8,9]. However, from the perspective of spatio-temporal evolution, eliminating environmental factors and random errors, little research has been conducted on the evaluation of the coupling coordination (CC) between the two industries, especially on the empirical research on YREB. Therefore, this paper takes YREB as the subject, adopts the three-stage super-efficiency SBM model and data envelopment analysis (DEA) CC Evaluation Model to evaluate and measure YREB’s CC development level between LIMI, and analyzes the CC development level’s spatio-temporal evolution from the regional and provincial levels. Compared with the methods proposed in the literature, our three-stage super-efficiency SBM model in this research eliminated the environmental factors and random errors. This made it possible to conduct an in-depth comparative analysis on the effectiveness of decision-making units (DMUs). Moreover, it means that results could more accurately and truly reflect YREB’s CC development level and its regional distribution differences.



In addition, China is a country with a huge amount of CO2 emission, facing the increasing pressure of energy conservation and emission reduction. Controlling carbon emissions and promoting sustainable development have become important policy objectives of the government [10,11]. Considering the green development in YREB, this paper took industrial energy consumption and carbon emissions into the indicator system and adopted a three-stage super-efficiency SBM model based on undesirable output [12]. This was done by eliminating the influence of environmental factors and random errors so that the results could better reflect the spatio-temporal differences of the CC development level between LIMI in different regions of YREB.



The natural resource endowment and development level of LIMI in YREB are different from those in other regions. Therefore, CC of the two industrial systems must have the specific characteristics of time and space.



This paper aimed at exploring the current situation and spatio-temporal evolution of CC development levels of LIMI in YREB in order to promote the sustainable and coordinated development of LIMI and the transformation and upgrading of MI, which could provide decision-making references for the government in developing the regional LIMI and offering suggestions on improving the coordination between LIMI.



The potential academic contributions of this paper are as follows. First, it constructed a three-stage super-efficiency SBM model to evaluate CC development levels between LIMI. This model eliminated the influence of environmental factors and random errors to make it possible to conduct an in-depth comparative analysis on the effectiveness of DMUs, making the calculation results more accurately and truly reflective of the CC development level. Second, taking YREB as the research object and quantitatively evaluating and measuring CC development levels between LIMI, this paper conducted an analysis on the spatio-temporal evolution characteristics of CC development from regional and provincial levels, and obtained corresponding policy implications.



This paper falls into six parts. The first part is the introduction, which mainly examines the research background and the main contributions of this paper. The second part is a literature review. The third part is the method which introduces the case background and the construction process of the evaluation model, including the selection of indicator variables, the source and processing of data, and the construction of the model. The fourth part is the empirical findings and analysis. The fifth part is the implications and the last part is the conclusions of this paper.




2. Literature Review


There is a close relationship between LIMI. When the coordination is good, the logistics outsourcing has a positive impact on the performance of MI [13]. For example, Sohail et al. [14] conducted a survey on Malaysian enterprises and found that the third-party logistics service had a positive influence on the cost, strategic performance, and customer satisfaction of the client enterprises. Rahman (2011) [15] conducted a questionnaire on the logistics operation managers of 210 large enterprises in Australia, and found that the use of the third-party logistics had a positive impact on the internal logistics system performance of Australian enterprises. Khan [16] took Pakistan as an example to illustrate that the high-quality fusion and linkage between LIMI produces enormous economic benefits.



Some researchers have analyzed the coupling relationship between LIMI mainly from the perspectives of the supply-leading theory, demand–compliance theory, and interaction–integration theory. The supply-leading theory [17] maintains that LI is separated from MI and is the result of the development of MI to a certain stage; MI creates market demands for LI, while LI needs to rely on MI’s development. According to the demand–compliance theory [5], the development of LI cultivates the core competitiveness for MI, and is the “third profit source” of MI. In recent years, the interaction–integration theory [6,7,8,9] has become the mainstream in the academic circles, which holds that a two-way interactive relationship of coordinated development and mutual promotion exists between LIMI. Namely, LI supports the development of MI and provides the driving force for its transformation and upgrading, while with higher requirements for the logistics service, MI facilitates the development of LI. Wang et al. [13] conducted a study on the interactive mechanism between LI efficiency and MI efficiency. Taking the three provinces in Northeast China and the Yangtze River Delta as the research area, they proved that the interaction between LI efficiency and MI efficiency was unequal in different economic development areas. Currently, most researchers in China take the provincial administrative region as the research object to explore the coupling coordination (CC) relationship between the two industries, but there is little literature from the perspective of regional coordination.



Other researchers have taken into consideration the influencing factors of evaluating CC development. Considering industrial input, output efficiency, development scale, and growth capability as the indicator system, Gong and Wang [18] conducted an empirical study on CC degree of LIMI from 2003 to 2013. Their results showed that the two industries have evolved gradually from imbalance to coordinated development. Shi [19] deems that the level of urbanization, technological progress, policy level, and human resource investment are the important factors affecting the coordinated development of the two industries. Shen [20] holds that important factors include the logistics service provider, system, and technological environment evolution. Chen et al. [21] divided the LIMI composite system into a manufacturing subsystem and logistics subsystem, and used 12 indicators such as manufacturing added value and freight volume to describe the coordinated linkage between the two industries. Tao [22] holds that industrial scale, industrial performance, social contributions, and development potentials are the four main factors affecting the coordinated development of the two industries.



Many models and methods can be used to research the CC between LIMI. In terms of the measures of the coordination degree between LIMI, researchers have adopted methods such as the coordination degree model of composite systems [23], gray correlation analysis [24,25], GRNN network model [26], hypernetwork analysis [27], spatio-temporal evolution method [21], and symbiotic matching configuration [28]. In terms of the measures of collaborative efficiency, the input–output method [29], DEA model, and improved super-efficiency DEA model [30] are the mainstream evaluation methods. The CC degree model judges the CC level based on the differences of the development of the system comprehensive level [31,32,33], which leaves a strong mark of subjective interference in the evaluation results. Tang [34] further points out that the combination of the CC degree model and the information entropy method is an effective way to evaluate the coupling relationship. DEA has the property of unit invariance, and its indicator weight is generated by linear programming data, which is not subject to subjective interference and can more directly reveal the coupling relationship and more scientifically evaluate the relative effectiveness of coupling effects between LIMI, thus reflecting the CC development level between them [35]. Based on the traditional DEA model, the super-efficiency SBM model proposed by Tone [36] can effectively deal with the undesirable output, and can conduct a further comparative analysis on the effective decision-making units (DMUs).



Different from the previous studies, this paper adopted a three-stage super-efficiency SBM model which eliminated the influence of environmental factors and random errors on the system, and took YREB as the research object, making it possible to more accurately measure the spatio-temporal evolution of the CC development level of LIMI so as to provide decision-making references for the government to formulate policies.




3. Method


3.1. Case Background


Comprehensively promoting the high-quality development of YREB is a major strategy for China to shape its new development advantages, among which the coordination development of LIMI is a key point. In order to clarify the current situation of CC between LIMI in YREB, this paper answered the following questions: What is the status quo of CC of LIMI in different regions of YREB? Which industry is playing a leading role? At the provincial level, what are the spatio-temporal change characteristics of CC levels of the two industries? The answers to these questions are of great practical value to the YREB and the coordinated development of regional economy. Hence, this paper evaluated CC development levels through the input–output efficiency between LIMI, with an aim to reveal the complex relationship and status quo of CC between the two industries more effectively and objectively. This in turn can provide managerial and policy insights for the government and industries.




3.2. Proposed Steps


3.2.1. Indicator Variables Selecting


Firstly, the input and output indicators should be selected. At present, China has not yet established an independent statistical system of LI. In this paper, the indicator data of the transportation industry, warehousing industry, and postal industry are used to replace the relevant indicators of LI. Based on the three dimensions of labor, capital, and energy, this paper constructed the input indicator system of LI [37,38]. Among them, the dimensions of capital input, labor input, and energy input took the fixed assets investment, the employees’ average salaries, and the total energy consumption (converted into standard coal and then added up) of LI, respectively, as the input indicators. In terms of the output indicators, the freight volume and total output value in LI were the desirable outputs, and the LI carbon emissions were the undesirable outputs [39,40].



The input indicators in MI also included three dimensions of capital, labor, and energy [41,42]. Among them, the dimensions of capital input, labor input, and energy input took the fixed assets investment, the employees’ average salaries, and the total energy consumption (converted into standard coal and then added up) in MI, respectively, as input indicators. In terms of the output indicators, the total output value and the carbon emissions in MI were taken as the desirable output and the undesirable output, respectively [37,43].



Then, the indicators of environment variables were selected. Environment variables are objective factors that affect input–output efficiency but are not within the controllable range of samples [44,45]. They do not change in the short periods but interfere with the evaluation effects of the DEA model, so their influence should be eliminated in the process of modeling. In this paper, the following environment variables were selected from influencing factors such as economy, policy, opening to the outside world, transportation, and urbanization [37,46,47]: ① The level of regional economic development was represented by the regional per capita GDP; ② government support by the proportion of total regional fiscal expenditure to regional GDP; ③ the degree of regional opening-up the proportion of total regional import and export to regional GDP; ④ the density of transportation network by the ratio of the total regional mileage of railways, highways, and waterways to the regional area; ⑤ the level of scientific and technological innovation by the proportion of regional research and development expenditure to regional GDP; and ⑥ the urbanization rate was represented by the proportion of the regional urban resident population to the regional resident population.




3.2.2. Data Processing


Taking the eleven years (from 2007 to 2017) as the research period, this paper collected the indicator data of eleven provinces and cities in YREB to analyze the spatio-temporal evolution of CC development level of LIMI. The data mainly came from the China Statistical Yearbook, China Science and Technology Statistical Yearbook, China Population and Employment Statistical Yearbook, China Labor Statistics Yearbook, China Energy Statistical Yearbook, China Fixed Assets Statistical Yearbook, China Industrial Statistics Yearbook, and China Logistics Statistical Yearbook, as well as statistical yearbooks of each province and city.



In order to make the indicator data over the years comparable, this paper converted all data into constant prices based on the year of 2007, thus excluding the impact of price on economic indicators [48,49,50]. Moreover, following Song et al. [51], this paper converted the undesirable output indicator into the input indicator. The descriptive statistics of relevant indicators are shown in Table 1.




3.2.3. Model Construction


Following Du and Mu [52] and He and Ma [53], this paper regarded the two industries as a composite industry system to construct the evaluation indicator system of CC and adopted the three-stage super-efficiency SBM model to establish the CC development’s evaluation model.



In the first stage, the super-efficiency SBM model was used to deal with the undesirable output effectively, and DMUs whose efficiency scores exceeded one were distinguished accurately. In the super-efficiency SBM model proposed by Tone [36], the slack variable was placed in the objective function for the first time.



The stochastic frontier regression analysis model (SFA) was used in stage 2. The SFA model mainly solves the problem that DMU was disturbed by environmental factors in the first stage. In this stage, the slack variables were decomposed as three functions of environmental factors, random factors, and management factors, and a new input value excluding environmental factors and random errors was obtained and each DMU was in the same external environment. The SFA model is described as follows.



The adjusted super-efficiency SBM model was used in stage 3. In this stage, the original input value of the first stage was replaced by the adjusted new input value, and the output value remained unchanged. Then, they were included in the super-efficiency SBM model for calculation, so as to obtain the more real and objective efficiency value of each DMU after eliminating the interference of environmental factors and random errors.



According to Cao and Deng [40], in the fractional planning of DEA model, if the numerator and denominator were input–output combinations of different industrial systems, the efficiency value calculated by the model represented the relative effectiveness of mutual promotion and reflected the state of the coordination and development among industries. In this paper, LIMI were regarded as input–output systems, and DEA was used to evaluate the CC development level’s effectiveness of the two industries, that is, to evaluate the relative effectiveness of the mutual promotion between LIMI.



If the denominator represents the input portfolio of industry A and the numerator represents the output portfolio of industry B, then    h e  (  A B  )   is used to represent the CC development level’s effectiveness of industry A to industry B, which is calculated as:


    min  h e  (  A / B  )       ∑  j = 1  n    x  A j   γ  A   B j      +  S −  =  x  A 0    h  e 0   (  A / B  )     s . t .       ∑  j = 1  n    y  B j      γ  A /  B j    −  S +  =  y  B 0               δ   ∑  j = 1  n   γ  A /   B j      = δ             γ  A /   B j    ≥ 0              S −  ≥ 0 ,  S +  ≥ 0 , δ = 0     or     1    



(1)







Similarly, CC degree    h e  ( A / B )   can be calculated with industrial system B as the input and industrial system A as the output. The basic model of the DEA CC evaluation method was replaced by the three-stage super-efficiency SBM model based on undesirable output, and the calculated efficiency value is the effectiveness    h e  ( A / B )   and    h e  ( B / A )   of CC development. In Equation (1),   0 ≤  h e  (  A B  ) ≤ 1  . The closer    h e  ( A / B )   was to 1, the more efficient the input of industrial system A was to the output of industrial system B; namely, the more suitable the input–output relationship between industrial system A and industrial system B was, and the better the CC effect of industrial system A on industrial system B was. Otherwise, the opposite held true.



The calculation formula of    h e  ( A , B )   of CC development level’s comprehensive effectiveness in LIMI is as follows [49]:


   h e  ( A , B ) =   min  {   h e  (  A / B  ) ,  h e  (  B / A  )  }    M a x  {   h e  (  A / B  ) ,  h e  (  B / A  )  }     



(2)







To sum up, the calculation process is described in Figure 1, where    h e  ( L / M )  ,    h e  ( M / L )   and    h e  ( M , L )  , respectively, represent the relative effectiveness of LI in promoting the development of MI, the relative effectiveness of MI in promoting the development of LI, and the CC development level’s comprehensive effectiveness in LIMI.




3.2.4. Classification and Evaluation Standards of CC Degrees


According to the classification standards by Hsiao et. al. [6], the CC degree is divided into three continuous ranges and ten subdivision types, which are used to represent the state and degree of CC development among industrial systems (see Table 2).






4. Results


4.1. Indicator Correlation Analysis


In the DEA model, the input–output indicator variables should satisfy the hypothesis of “isotropy”. The software SPSS was used to test the correlation of input–output indicator variables based on the Pearson correlation test method. The results are shown in Appendix Table A1. The correlation coefficients between the input and output variables have passed Pearson’s bilateral test at the significance level of 5%. This met the requirements of the model, indicating that the selection of indicators was reasonable.




4.2. Calculation Results of Three-Stage Super-Efficiency SBM Model


Taking eleven provinces and cities of YREB as DMUs, this paper adopted the software DEA-SOLVER PRO 5.0 to process the indicator data. The evaluation results in the first stage (see Appendix Table A2) showed that, without considering environmental factors, random errors and management factors, the CC level of LIMI in YRBL varied greatly from region to region. In order to improve the accuracy of the results, SFA regression model was further used in the second stage (see Appendix Table A3), and all DMUs were placed in the same external environment. With the output indicator unchanged, the adjusted input indicator data in the second stage were incorporated into SBM model for calculation and the relative effectiveness of LIMI promoting each other could be respectively obtained.



On the whole, the relationship of mutual promotion between LIMI in YREB is significant. In the past ten years, YREB has gradually developed into a new highland of China’s MI, and the increasing demand for logistics services has boosted the development of regional logistics industry. However, the role of LI in promoting MI is not significant, and a benign development mode of LI promoting MI has not yet been formed. Specifically, on the one hand, from 2007 to 2017, the average relative effectiveness of LI in promoting the development of MI in YREB was about 0.6, and only 20% of the provinces realize the effectiveness annually. There exist large development differences among regions, and the overall distribution pattern is high in the east and low in the west. On the other hand, during the period of study, the average relative effectiveness of MI in promoting the development of LI in YREB was about 1, and 40% of the provinces realize the effectiveness annually. This shows that MI plays a significant role in promoting the development of LI, but the overall distribution pattern is also high in the east and low in the west. Therefore, the improvement of logistics service in the middle and upper reaches of YREB is the key to turning YREB into a new support belt for China’s MI, restructuring and upgrading MI in the lower reaches, and undertaking the industrial transfer of MI in the eastern coastal areas. In order to obtain a more significant result, this paper selected the data of 2007, 2013, and 2017 to compare and analyze the changes in the effectiveness of mutual promotion between LIMI before and after the adjustment.



① The effectiveness of LI in promoting the development of MI



After eliminating the interference of environmental factors, the CC level of LI to MI in YREB still maintained the overall distribution pattern of “high in the east and low in the west”, and the spatial distribution was basically consistent, which indicated that MI was the main demander of the development of LI, and LI, as an input factor, was more directly transformed into the output of MI, and the influence of environmental factors and random errors on the relative effectiveness of LI in promoting the development of MI was small. As is shown in Figure 2, from the perspective of regional mean, after adjustment, the mean in the lower reaches was decreasing as a whole, which indicated that the relative effectiveness of LI in promoting MI in the lower reaches was overestimated in the first stage. The reason may be that the regions in the lower reaches of the Yangtze River were the most economically developed ones in China and their superior external environmental factors in economy, policy, science and technology, and transportation, and their advanced management had a positive impact on the input efficiency of regional LI, but after eliminating these favorable factors, the effectiveness of LI in promoting the development of MI had declined. However, the mean in the middle and upper reaches was increasing after adjustment, which indicated that the relative effectiveness of LI in promoting the development of MI in the middle and upper reaches was underestimated in the first stage. It implied that the external environmental factors in economy, policy, science and technology, and transportation, and their management level in the middle and upper reaches, restricted the improvement of the economic benefits of LI, but after eliminating the environmental factors and random interference, the effectiveness of LI in promoting the development of MI had improved.



② The effectiveness of MI in promoting the development of LI



It can be seen from Figure 3 that after adjustment, the relative effectiveness of MI in promoting the development of LI was basically consistent with the results in the first stage, with the overall distribution characteristics of “high in the east and low in the west”, but with the increasing regional differences. Comparing Figure 2 with Figure 3, we found that the effectiveness of MI in promoting the development of LI had a greater change compared with the relative effectiveness of LI in promoting the development of MI, which indicated that the economic efficiency of MI was more sensitive to environmental factors. From the perspective of regional mean, after adjustment, the mean in the lower reaches was rising, while the mean in the middle and upper reaches was falling, which was just the reverse change with LI. The relative effectiveness in the lower reaches was underestimated in the first stage, which indicated that the industrial efficiency of MI was affected by the adverse external environment. At present, the service industries have become the leading industries in the lower reaches of the Yangtze River, while MI is facing the outward transfer of capacity and structural upgrading. Meanwhile, the in-depth development of urbanization also brings greater pressure on the urban ecological environment. Therefore, the existing external environment in the lower reaches restricts the improvement of MI efficiency, which makes the effectiveness in the lower reaches underestimated. On the contrary, in order to undertake the transfer of capacity of MI, regions in the middle and upper reaches actively introduce preferential policies for foreign investment and build industrial parks and innovation incubation bases, which, to a certain extent, provides a good external environment for the improvement of MI efficiency, making the effectiveness in the middle and upper reaches regions overestimated.




4.3. Calculation Results of DEA CC Evaluation Model


4.3.1. Measurement and Classification of CC Level


With the help of the three-stage DEA model, the relative effectiveness of mutual promotion between LIMI could be measured respectively. Based on the CC evaluation model, the comprehensive effectiveness of the CC development in LIMI could be further obtained with the specific data and change trend shown in Figure 4. The value of comprehensive effectiveness reflected such comprehensive indicators in the two industrial systems as the internal structure, the allocation proportion of production factors, the input–output ratio, and the development scale. The higher the value was, the higher the CC levels in LIMI were, and the higher the degree of development synchronization was.



The results showed that, from 2007 to 2017, CC levels of LIMI in eleven provinces and cities of YREB remained stable as a whole. Except Jiangsu and Zhejiang in the stage of acceptable coordinated development and Anhui in the stage of disorder and recession, most provinces and cities were still in the transitional stage, which showed that the two industries were still in the running-in stage of limited coordination and had not yet reached the benign coupling.




4.3.2. Spatio-Temporal Evolution of CC Levels


Similarly, this paper selected three time nodes of the years 2007, 2013, and 2017 to analyze the spatio-temporal evolution characteristics of CC levels of LIMI in YREB from the regional and provincial levels.



① Spatio-temporal evolution of CC levels at the regional level



In order to further analyze the spatio-temporal evolution characteristics, the evolution trend of regional CC levels was first drawn (Figure 5) and then, with the help of the software Arc GIS, the CC level was divided into five main types to draw the spatial pattern evolution map (Figure 6). It can be seen from Figure 5 that the CC levels of the two industries, as a whole, presented the development pattern of “high in the east and low in the west”, showing the evolution characteristics of being first rising and then falling, and experiencing the development process of “running-in–coordination–running-in”. The possible reasons for the characteristics are as follows. Before and after 2009, the Chinese government successively issued a number of industrial revitalization policies, including Opinions on Promoting the Linkage Development of MI and LI (No. 32 in 2010 by National Development and Reform Commission), which have effectively promoted the coordinated development of the two industries. With the YREB Strategy proposed in 2013, transfer and diffusion of regional MI have been further accelerated. Especially in recent years, with the rapid development of the Internet economy, industrial transfer among cities has been more frequent. However, on the one hand, the cost of China’s LI remains high, which makes it difficult to improve the profit. On the other hand, the average investment in the research and development of China’s LI is far lower than that of MI, which leads to the underdevelopment of the logistics industry being the main factor restricting the coordination between the two industries. These conflicts have broken the coordination between LIMI in YREB, and the CC degree shows a fluctuating downward trend. Therefore, how to reduce the logistics cost and improve the service ability are extremely important to promote the CC development of the two industries.



It has been found that CC levels in the lower reaches are significantly higher than those in the middle and upper reaches and have been in the stage of primary coordination stage, with CC levels in Jiangsu and Zhejiang being obviously higher than those in other provinces and cities. The spatial distribution of CC levels among provinces is scattered with large differences between provinces. In 2007, as a whole, CC levels in the lower reaches belong to the coordinated development type in the acceptable range with relatively small differences in inter-provincial development. In 2013, the mean of regional CC levels declined to the limited coordination type in the transitional range, and the differences of CC development between provinces were further aggravated, gradually decreasing from Zhejiang to the surrounding areas. In 2017, the mean of CC levels in the lower reaches rebounded to the primary coordination stage in the acceptable range.



Overall, CC levels in the middle reaches are higher than those in the upper reaches, showing a rising trend of fluctuation and being maintained in the stage of limited coordination. The differences of CC levels among provinces are smaller, with the distribution characteristics of spatial agglomeration pattern. In 2007, CC levels in the middle reaches as a whole belonged to the limited coordination type in the transitional range, in which CC levels between LIMI in Hubei were the highest. By 2013, CC levels in the middle reaches were still in the transition range, but the whole CC level was improved. In 2017, CC levels of all the provinces were in the stage of limited coordination.



The mean of CC levels in the upper reaches is basically at the lowest value, but the overall evolution trend is basically consistent with that in the middle reaches, with the development characteristics of limited coordination–on the verge of imbalance–limited coordination, and meanwhile CC levels have certain characteristics of spatial agglomeration. Jiangsu and Zhejiang are major manufacturing provinces in China, and their oil refining, automobile, clothing, machinery, and other manufacturing industries have achieved a considerable scale. According to the latest data released by the All-China Federation of Industry and Commerce, 241 enterprises in the provinces and cities of YREB have been shortlisted in the top 500 of China’s manufacturing enterprises in 2020. Among them, the total number of enterprises in Jiangsu, Zhejiang, and Shanghai accounts for 62%, the number in the middle reaches 24%, and that in the upper reaches only accounts for 14%. As for LI, 207 enterprises in YREB have been shortlisted in the top 500 of China’s service enterprises in 2020. Among them, there are only 10 logistics and transportation service enterprises which are mainly distributed in Sichuan and Chongqing, and the other e-commerce logistics service enterprises such as Jingdong, Shunfeng, and Shentong have very low participation in the supply chain of MI. These data further confirm the conclusion of this paper that the development of LI in YREB is still very slow and improving the service ability of LI and deeply participating in the supply chain system of MI are important measures to promote the CC of the two industries.



② Spatio-temporal evolution of CC level at the provincial level



According to Table 3, from the provincial perspective, since 2007, CC levels in Jiangsu and Zhejiang have been above the intermediate, indicating that the systems between LIMI in the two provinces maintain a coupling resonance state of mutual promotion and common development. The comprehensive effectiveness in Shanghai, Jiangxi, Hunan, Chongqing, Sichuan, and Guizhou is relatively stable and basically in the running-in stage. Among them, CC levels in Shanghai and Jiangxi were in the stage of limited coordination in 2007, 2013, and 2017; CC levels in Hunan and Chongqing show the development characteristics of on the verge of imbalance–primary coordination–limited coordination; the comprehensive effectiveness of CC in Sichuan declined from limited coordination in 2007 to on the verge of imbalance in 2013, but it broke 0.6 during the year 2016 and 2017, maintaining a good momentum of development to a higher stage; the CC level in Guizhou shows the characteristics of on the verge of imbalance–primary coordination–on the verge of imbalance; the CC level in Hubei shows a falling trend of fluctuation with the development characteristics of primary coordination–on the verge of imbalance–limited coordination; and the CC level in Yunnan shows a rising trend of fluctuation with the characteristics of intermediate coordination–primary coordination–limited coordination. It is generally shown in these provinces and cities that the input–output benefit of LI to MI is insufficient, and the economic efficiency of LI is low, which leads to the fact that the relative effectiveness of LI in promoting the development of MI lags behind that of MI in promoting the development of LI. Anhui is the only province in which the CC level is in imbalance recession of the unacceptable range with a falling trend of fluctuation from mild imbalance to serious imbalance. The relative effectiveness of MI in promoting the development of LI in Anhui is far behind that of LI in promoting the development of MI. The reason is that in the past, input in Anhui has been relatively excessive. Taking the year 2017 as an example, in LI in Anhui, the projection values of total social fixed asset investment, the employees’ average salary, total energy consumption, and total industrial carbon emission were 14.232 billion yuan, 1972.531 billion yuan, 3.2657 million tons, and 11.6494 million tons, respectively, and the output of MI was insufficient. For instance, the projection values of total industrial output value in 2017 was 146.001 billion yuan. Therefore, the key is to improve the industrial economic efficiency of MI. In recent years, all provinces and cities in YREB have been facing the problem of transformation and upgrading of industrial structure. Therefore, the CC development of the two industries plays a significant role in creating new industrial economic growth points and avoiding industrial convergence.






5. Implications


Based on the above research results, the following implications were drawn in this paper.



First, the participation of LI in supply chain cooperation should be strengthened to enhance the relative effectiveness of LI in promoting the development of MI. Overall, the CC development level of LIMI in YREB is still at the level of basic coordination during the transition and the LIMI have not yet reached a benign coupling state. The reason is that the relative effectiveness of LI in promoting the development of MI is still low, far lagging behind the relative effectiveness of MI in promoting the development of LI, resulting in the non-coordinated development of the two industries. The conclusion of this paper tends to be “supply-oriented theory”, which recommends that on taking into account the leading and driving role of MI to LI, CC development of LIMI should be enhanced. LI also needs to deeply participate in supply chain cooperation to improve the latter’s overall efficiency; the government should cultivate high-quality logistics enterprises to promote LI to achieve service extension and provide personalized services for MI, comprehensively improving the service of LI.



Second, the logistics development in the middle and upper reaches should be strengthened in order to break CC status quo of “high in the east and low in the west”. On the whole, the CC development level of LIMI shows a spatio-temporal evolution trend of “high in the east and low in the west”, with the lower reaches of the Yangtze River being the highest, the middle reaches following, and the upper reaches being the lowest, and experiences the evolution characteristics of “running-in–coordination–running-in”. Meanwhile, the relatively backward development of LI has brought challenges for the middle and upper reaches to undertake the transfer of capacity of MI in the lower reaches. Therefore, the key points of government decision-making in the middle and upper reaches should focus on improving the level of environment and management factors in economy, policy, science, and technology, and enhancing the economic benefits of LI. The supply and demand planning of LI should be strengthened in the middle and upper reaches to promote the effective combination of LIMI. MI should be encouraged to implement logistics outsourcing and accelerate its own transformation and upgrading of its own MI, and improve the agglomeration quality of MI.



Third, the seamless transfer and undertaking of manufacturing industries in the upper and lower reaches should be promoted to improve the anti-interference ability of MI. The relative effectiveness of LI in promoting the development of MI is less affected by environmental factors and random factors. In comparison with the middle and upper reaches, more favorable environmental factors have been provided for the improvement of input efficiency of LI in the lower reaches. On the contrary, the relative effectiveness of MI in promoting the development of LI is more vulnerable to the interference of environmental factors and random factors. Compared with the middle and upper reaches, the environment in the lower reaches is more unfavorable to the development of MI. For a period of time to come, the policies in the lower reaches should focus on accelerating the outward transfer of excess capacity and structural upgrading of MI and promoting the rapid development of modern service industries such as logistics, and further promoting the integration of green manufacturing and green logistics. In the middle and upper reaches, policies should be formulated to actively undertake the transfer of capacity of MI, and meanwhile preferential policies for foreign investments should be introduced and industrial parks and innovation incubation bases should be created to provide a good external environment for the efficiency of MI.



Fourth, the formation of a new pattern of dual cycle development between China and the world should be promoted to boost CC development of the two industries since the improvement of regional economy and openness is conducive to the input efficiency of LIMI. Now, the increase of the government’s fiscal investment in industry has promoted the expansion of industry and led to the waste of the factors of production. The scientific and technological innovation exerts no significant impact on the input of LI which causes the waste of input factors of MI, and the promotion and application of innovative technology in the two industries are not high. Therefore, the following policy suggestions are provided. First, it is recommended to construct a regional industrial cluster in MI supported by high-quality logistics, build a whole industry chain system with both internal and external circulation, and further expand the opening up. Second, the precise state of input–output elements should be found out to reduce “redundant” input and expand effective output. Third, the popularization and application of the new generation of information technology should be promoted to accelerate the transformation of innovation achievements and technology diffusion and enhance the independent innovation ability of enterprises. Fourth, the emerging service trade which is highly matched with MI should be expanded.




6. Conclusions


In view of the reality that LIMI in YREB promote mutual development with high quality, this paper used the three-stage super-efficiency SBM model based on undesirable output to conduct an empirical study on the CC development level of LIMI in YREB from the input–output perspective. The model eliminated the influence of environmental factors and random errors, making the calculation results more accurately and truly reflective of the spatio-temporal differences of CC development level of LIMI in different regions of YREB, which is the major theoretical contribution of our investigation. The main conclusions are as follows.



First, on the whole, the CC development level of LIMI in YREB is still in the bare coordination level of the transitional range, and LIMI have not yet reached a benign coupling state. Second, the overall CC development level of LIMI has shown a spatio-temporal evolution trend of “high in the east and low in the west” with the lower reaches of the Yangtze River being the highest, the middle reaches following, and the upper reaches being the lowest, and has experienced the evolution characteristics of “running-in–coordination–running-in”. Third, the development of LI in YREB is still slow, and the service ability of LI needs to be improved and deeply involved in the supply chain system of MI. The relatively backward development of LI has brought challenges for the middle and upper reaches to undertake the transfer of capacity of MI in the lower reaches.



The limits of this paper lie in the validity of the indicator system. First, there is a lack of statistical indicator data of LI in China. Therefore, on constructing the indicators, this paper, based on the summary and references of the existing literature, selected some representative indicators of such industries as transportation industry and warehousing industry as alternatives, which may not cover all of the indicators. Second, because of the difficulty in data collection, some indicators of MI have been replaced by the relevant ones of the second industry, which, to a certain extent, affects the accuracy of the results of the data. In the future, a more comprehensive system in evaluating the indicators should be established to measure the research results more accurately and scientifically so as to make the research conclusions more convincing.
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Table A1. Pearson correlation test of input–output indicator variables.






Table A1. Pearson correlation test of input–output indicator variables.



















	
	Y1
	Y2
	Y3
	Y4
	Y5
	Y6
	Y7
	Y8
	Y9
	Y10
	Y11





	Y1
	1
	0.692 **
	0.854 **
	0.561 **
	0.196 *
	0.027
	0.164
	0.811 **
	−0.041
	0.768 **
	0.708 **



	Y2
	0.692 **
	1
	0.741 **
	0.243 **
	0.707 **
	−0.307 **
	0.137
	0.681 **
	−0.369 **
	0.612 **
	0.536 **



	Y3
	0.854 **
	0.741 **
	1
	0.437 **
	0.506 **
	0.057
	0.181 *
	0.984 **
	0.028
	0.774 **
	0.652 **



	Y4
	0.561 **
	0.243 **
	0.437 **
	1
	0.126
	0.469 **
	0.410 **
	0.387 **
	0.406 **
	0.833 **
	0.925 **



	Y5
	0.196 *
	0.707 **
	0.506 **
	0.126
	1
	−0.029
	0.389 **
	0.495 **
	−0.067
	0.480 **
	0.370 **



	Y6
	0.027
	−0.307 **
	0.057
	0.469 **
	−0.029
	1
	0.403 **
	0.133
	0.956 **
	0.297 **
	0.333 **



	Y7
	0.164
	0.137
	0.181 *
	0.410 **
	0.389 **
	0.403 **
	1
	0.164
	0.361 **
	0.510 **
	0.404 **



	Y8
	0.811 **
	0.681 **
	0.984 **
	0.387 **
	0.495 **
	0.133
	0.164
	1
	0.112
	0.727 **
	0.596 **



	Y9
	−0.041
	−0.369 *
	0.028
	0.406 **
	−0.067
	0.956 **
	0.361 **
	0.112
	1
	0.231 *
	0.264 **



	Y10
	0.768 **
	0.612 **
	0.774 **
	0.833 **
	0.480 **
	0.297 **
	0.510 **
	0.727 **
	0.231 *
	1
	0.942 **



	Y11
	0.708 **
	0.536 **
	0.652 **
	0.925 **
	0.370 **
	0.333 **
	0.404 **
	0.596 **
	0.264 **
	0.942 **
	1







Note: **. The correlation is significant at the 0.01 level (two-tailed test); *. The correlation is significant at the 0.01 level (two-tailed test).
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Table A2. Relative effectiveness of LI in promoting the development of MI in stage 1.
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No.

	
DMU

	
2007

	
2008

	
2009

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015

	
2016

	
2017






	
1

	
Shanghai

	
1.237

	
1.315

	
1.259

	
1.214

	
1.237

	
1.288

	
1.248

	
1.199

	
1.08

	
1.32

	
1.344




	
2

	
Jiangsu

	
1.476

	
1.461

	
1.457

	
1.442

	
1.45

	
1.44

	
1.431

	
1.425

	
1.425

	
1.416

	
1.415




	
3

	
Zhejiang

	
1.034

	
1.001

	
1.004

	
1.023

	
1.033

	
1.006

	
0.769

	
0.749

	
0.751

	
1.025

	
1.05




	
4

	
Anhui

	
0.386

	
0.429

	
0.423

	
0.405

	
0.393

	
0.347

	
0.345

	
0.34

	
0.344

	
0.346

	
0.338




	
5

	
Jiangxi

	
0.41

	
0.462

	
0.463

	
0.357

	
0.414

	
0.398

	
0.372

	
0.367

	
0.358

	
0.361

	
0.351




	
6

	
Hubei

	
0.301

	
0.33

	
0.324

	
0.323

	
0.309

	
0.305

	
0.342

	
0.339

	
0.345

	
0.327

	
0.321




	
7

	
Hunan

	
0.388

	
0.425

	
0.397

	
0.379

	
0.396

	
0.393

	
0.405

	
0.393

	
0.38

	
0.367

	
0.351




	
8

	
Chongqing

	
0.279

	
0.275

	
0.273

	
0.288

	
0.285

	
0.278

	
0.295

	
0.297

	
0.285

	
0.262

	
0.261




	
9

	
Sichuan

	
0.402

	
0.396

	
0.373

	
0.406

	
0.434

	
0.425

	
0.496

	
0.471

	
0.477

	
0.496

	
0.467




	
10

	
Guizhou

	
0.185

	
0.195

	
0.185

	
0.182

	
0.176

	
0.161

	
0.187

	
0.186

	
0.175

	
0.174

	
0.179




	
11

	
Yunnan

	
0.204

	
0.23

	
0.212

	
0.204

	
0.204

	
0.195

	
0.197

	
0.189

	
0.196

	
0.191

	
0.187




	
Mean of upper reaches

	
1.033

	
1.052

	
1.036

	
1.021

	
1.028

	
1.020

	
0.948

	
0.928

	
0.900

	
1.027

	
1.037




	
Mean of middle reaches

	
0.366

	
0.406

	
0.395

	
0.353

	
0.373

	
0.365

	
0.373

	
0.366

	
0.361

	
0.352

	
0.341




	
Mean of lower reaches

	
0.268

	
0.274

	
0.261

	
0.270

	
0.275

	
0.265

	
0.294

	
0.286

	
0.283

	
0.281

	
0.274
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Table A3. Relative effectiveness of MI in promoting the development of LI in stage 1.
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No.

	
DMU

	
2007

	
2008

	
2009

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015

	
2016

	
2017






	
1

	
Shanghai

	
1.789

	
2.051

	
1.99

	
1.943

	
1.958

	
2.042

	
1.984

	
1.939

	
1.603

	
1.949

	
2.128




	
2

	
Jiangsu

	
1.144

	
1.117

	
1.114

	
1.103

	
1.117

	
1.107

	
1.099

	
1.092

	
1.096

	
1.084

	
1.082




	
3

	
Zhejiang

	
1.244

	
1.007

	
1.009

	
1.043

	
1.031

	
1.014

	
1.006

	
1.014

	
1.044

	
1.062

	
1.106




	
4

	
Anhui

	
1.156

	
1.794

	
1.814

	
1.728

	
1.815

	
1.731

	
2.132

	
2.225

	
1.909

	
2.044

	
2.19




	
5

	
Jiangxi

	
1.069

	
1.026

	
1.043

	
0.842

	
0.886

	
1.025

	
0.766

	
0.784

	
0.768

	
0.792

	
0.775




	
6

	
Hubei

	
0.644

	
0.626

	
0.644

	
0.63

	
0.58

	
0.603

	
0.691

	
0.686

	
0.806

	
0.69

	
0.706




	
7

	
Hunan

	
1.051

	
1.051

	
1.022

	
0.903

	
1.008

	
1.03

	
0.802

	
0.784

	
1.017

	
0.777

	
0.738




	
8

	
Chongqing

	
0.675

	
0.67

	
0.685

	
0.712

	
0.699

	
0.672

	
0.656

	
0.685

	
0.774

	
0.657

	
0.666




	
9

	
Sichuan

	
0.968

	
0.823

	
0.773

	
0.875

	
1.006

	
1.032

	
1.167

	
1.058

	
1.115

	
0.945

	
1




	
10

	
Guizhou

	
1.074

	
1.05

	
1.056

	
1.063

	
1.049

	
1.031

	
1.019

	
1.062

	
1.062

	
1.057

	
1.085




	
11

	
Yunnan

	
1.591

	
1.049

	
1.041

	
1.036

	
1.042

	
1.04

	
1.067

	
1.05

	
1.073

	
1.074

	
1.08




	
Mean of upper reaches

	
1.077

	
0.898

	
0.889

	
0.922

	
0.949

	
0.944

	
0.977

	
0.964

	
1.006

	
0.933

	
0.958




	
Mean of middle reaches

	
0.921

	
0.901

	
0.903

	
0.792

	
0.825

	
0.886

	
0.753

	
0.751

	
0.864

	
0.753

	
0.740




	
Mean of lower reaches

	
1.333

	
1.492

	
1.482

	
1.454

	
1.480

	
1.474

	
1.555

	
1.568

	
1.413

	
1.535

	
1.627
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Figure 1. Calculation process of CC development level in LIMI. 
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Figure 2. Comparison of coordination degree of LI to MI before and after adjustment. 
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Figure 3. Comparison of coordination degree of MI to LI before and after adjustment. 
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Figure 4. Comprehensive effectiveness of CC levels between LIMI in provinces and cities of YREB from 2007 to 2017. 
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Figure 5. Evolution trend of the mean of CC levels in YREB. 
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Figure 6. Spatial pattern evolution of CC degree between LIMI in YREB. 






Figure 6. Spatial pattern evolution of CC degree between LIMI in YREB.



[image: Sustainability 13 05167 g006]







[image: Table] 





Table 1. Descriptive statistics of indicator variables of LIMI in YREB.






Table 1. Descriptive statistics of indicator variables of LIMI in YREB.





	Variable
	Observations
	Minimum
	Maximum
	Mean
	Standard Deviation





	Y1 (billion yuan)
	121
	19.40
	103.55
	53.72
	22.65



	Y2 (thousand yuan)
	121
	17.77
	102.19
	41.70
	15.91



	Y3 (thousand tons of SC)
	121
	226.07
	23,871.95
	9974.79
	4725.72



	Y4 (billion yuan)
	121
	25.26
	767.47
	194.03
	187.46



	Y5 (thousand yuan)
	121
	17.06
	52.63
	31.72
	8.63



	Y6 (thousand tons of SC)
	121
	4852.38
	61,207.88
	24,633.28
	10,708.03



	Y7 (thousand tons)
	121
	267,870
	4,342,975.77
	1,389,758.03
	766,094.40



	Y8 (thousand tons of carbon)
	121
	131.53
	14,091.23
	6041.72
	2854.06



	Y9 (thousand tons of carbon)
	121
	5876.50
	90,294.00
	35,358.46
	16,012.43



	Y10 (billion yuan)
	121
	16.44
	202.24
	69.72
	38.97



	Y11 (billion yuan)
	121
	97.89
	2975.30
	704.07
	610.71







Note: Y1 represents the fixed asset investment in LI; Y2 represents the employees’ average salary in LI; Y3 represents the total energy consumption in LI; Y4 represents the fixed asset investment in MI; Y5 represents the employees’ average salary in MI; Y6 represents the total energy consumption in MI; Y7 represents the freight volume; Y8 represents the total carbon emission in LI; Y9 represents the total industrial carbon emission; Y10 represents the total output value in LI; Y11 represents the total industrial output value.
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Table 2. Classification standards of CC level.






Table 2. Classification standards of CC level.





	
Range

	
CC Level

	
Type






	
Unacceptable

	
0–0.09

	
Recession with extreme dysfunction (A1)




	
0.10–0.19

	
Recession with severe disorders (A2)




	
0.2–0.29

	
Recession with moderate disorders (A3)




	
0.3–0.39

	
Recession with mild disorders (A4)




	
Transitional

	
0.4–0.49

	
Recession on the verge of disorders (B1)




	
0.5–0.59

	
Development with limited coordination (B2)




	
Acceptable

	
0.6–0.69

	
Development with primary coordination (C1)




	
0.7–0.79

	
Development with intermediate coordination (C2)




	
0.8–0.89

	
Development with good coordination (C3)




	
0.9–1

	
Development with higher coordination (C4)
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Table 3. CC level and type in provinces and cities in YREB in 2007, 2013, and 2017.
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Provinces and Cities

	
2007

	
2013

	
2017




	
CC Level

	
Type

	
CC Level

	
Type

	
CC Level

	
Type






	
Shanghai

	
0.52

	
B2

	
0.56

	
B2

	
0.56

	
B2




	
Jiangsu

	
0.84

	
B2

	
0.79

	
C2

	
0.77

	
C2




	
Zhejiang

	
0.81

	
C3

	
0.85

	
C3

	
0.99

	
C4




	
Anhui

	
0.34

	
A4

	
0.14

	
A2

	
0.14

	
A2




	
Jiangxi

	
0.50

	
B2

	
0.51

	
B2

	
0.50

	
B2




	
Hubei

	
0.66

	
C1

	
0.62

	
C1

	
0.57

	
B2




	
Hunan

	
0.40

	
B1

	
0.63

	
C1

	
0.59

	
B2




	
Chongqing

	
0.45

	
B1

	
0.60

	
C1

	
0.52

	
B2




	
Sichuan

	
0.53

	
B2

	
0.44

	
B1

	
0.63

	
C1




	
Guizhou

	
0.41

	
B1

	
0.60

	
C1

	
0.48

	
B1




	
Yunnan

	
0.20

	
A3

	
0.60

	
C1

	
0.54

	
B2
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