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Abstract

:

Considering the undesirable output, this paper adopted the data envelopment analysis (DEA) model with the slack variable and super efficiency improvement, to measure industrial water utilization efficiency in the Yangtze River Economic Belt. The paper also creatively introduces urbanization level and urban primacy into driver factors’ estimation by stochastic and fixed Tobit models, exploring how urbanization characteristics affected the water utilization in regional industrial production. The results showed that industrial water efficiency has maintained an upward trend during the whole period, while most central and western provinces have shown a U-shaped trend of decreasing first and then rising. However, the industrial water utilization efficiency of central regions is the lowest, and the eastern regions are the highest, catching up with western regions. Utilization efficiency shows an overall convergence during the research period from 2005 to 2017. Regarding the factors’ estimation, both population urbanization and land urbanization negatively affected industrial water utilization efficiency, particularly blind expansion and disorderly development. The urban primacy meant the unbalance of urbanization, which would lead to urban diseases and pollution transfer, while the effects of urban primacy depended on the urbanization level. However, the utilization efficiency of industrial water did not become better automatically along with urbanization development; therefore, the scale and speed of urbanization should be scientifically formulated. The effects of the level of economic development, the advanced industrial structure, and the level of foreign investment are significantly negative.
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1. Introduction


As the most important inland economic belt in China, the Yangtze River Economic Belt spans across 11 provinces and three economic regions as shown in Figure 1, supporting nearly 45% of the total economic output and over 40% of the population with less than a quarter of the country’s land area [1,2]. However, water consumption and water pollution, which have been standing behind the rapid economic growth and urbanization, are prominent. The industrial water consumption of the Yangtze River Economic Belt in 2018 is about 80.9 billion cubic meters, accounting for 64.12% of China’s total industrial water consumption, especially in Jiangsu, Shanghai and Chongqing. Industrial water consumption in these provinces has respectively accounted for 59.82%, 42.29%, and 39.27% of the total regional water consumption. As a densely populated urban belt in China, the population urbanization rate has increased from 14.08% in 1978 to 58.28% in 2017. The average rate of water quality qualification was only 73.2% in 2017, while the rate of water quality qualification lower than Class III was 16.1% [2]. The Class III water was mainly suitable for centralized drinking water, fishing and swimming, while the water of Class IV was mainly for industrial production and was not suitable for direct human contact. The built-up urban area was 22,182 square kilometers in 2017 and had been doubled from 12,122 square kilometers in 2005. Urbanization is always accompanied by industrialization and the transfer of rural populations, which also leads to the continuously optimization of the allocation of production factors. However, the industry cluster, the rapid growth of the urban population and the rapid expansion of construction land are also likely to cause irreversible water resources crises and water environment problems [3]. Moreover, water management and allocation, apart from the current competing demands, such as industrial water, urban water supply, agricultural irrigation, and ecosystems preservation, will be further affected, mainly by demographic and climatic changes drivers that increase the stress on water resources [4]. Against the background of ecological priority and green development in the Yangtze River Economic Belt, it is necessary to understand the internal mechanism of urbanization and industrial water utilization efficiency, to control the total industrial water consumption and industrial wastewater discharge, and promote the high-quality green development of the Yangtze River Economic Belt.



Water utilization efficiency generally refers to the economic value of the products produced by the unit consumption of water resources, but the utilization of water resources must be combined with labor and capital. From the research, the Data Envelopment Analysis (DEA) and Stochastic Frontier Approach (SFA) models, with multiple inputs and multiple outputs, are generally used to measure industrial water utilization efficiency [5,6]. The method of water efficiency evaluation based on data envelopment analysis does not need to clarify the functional relationship between variables or the dimension problem, because the advantages are widely used in the measurement of water utilization efficiency [7,8]. However, some of the initial studies did not consider the undesired output of water utilization, i.e., wastewater discharge, and only included regional GDP or other indicators as a desirable output. The later relevant research began to introduce this green development concept into water efficiency measurement [9,10]. In addition, the environmental Kuznets curve has also been applied to explore the relationship of industrial water utilization and economic development, while Logarithmic Mean Divisia Index (LMDI) decomposition methods, fuzzy comprehensive evaluation and grey correlation models have also been introduced into industrial water utilization efficiency analysis [11,12]. Some experts have also begun to pay attention to the spatial correlation and spillover effects of water utilization efficiency, and used the global Moran index, local Moran index and spatial models to test their spatial interactions [13,14]. With the help of the inter-regional, input–output table and the extended MRIO (Multi-Region Input–Output Analysis) model, the implied virtual water transfer of inter-regional trade can be measured. Thus, the trade implied virtual water transfer has two transfer paths, moving from north to south and from west to east, which also depend on the current unreasonable, inter-regional trade structure in China [15,16].



Due to the inter-regional differences between the natural environment and economic development, the driving factors of water utilization efficiency are also complicated. Domestic and foreign scholars have carried out a large number of theoretical and empirical studies around this topic. According to the existing researches, in some specific regions, resource endowment, industrial structure, technological innovation, foreign investment, opening up, and industry cluster will all affect regional water use efficiency. Of course, the factors of climate change also affect the water utilization efficiency, such as precipitation and evaporation, etc. [17]. In particular, there is still a certain threshold effect between the economic development level and water utilization efficiency in some research areas [18,19,20,21]. Some experts also confirmed that, by means of the environmental Kuznets curve, pollutant emissions will also experience an inverted U-shaped path that rises first and then falls with the urbanization process [22]. Some experts stated that this nonlinear influence relationship depended on the threshold regression model verification. Of course, the heterogeneity of natural environment or economic development in various regions would also lead to different types of nonlinear relationships [23,24]. A few scholars have also considered the spatial effect of water utilization efficiency with the urbanization process, and have verified that the spatial spillover of urbanization level was the primary influencing factor for improving water utilization efficiency [25]. As it is the main body of China’s new urbanization development and the future high-density urbanization cluster, the limited water resources and fragile water ecological environment will become a serious obstacle to the urbanization process of the Yangtze River Economic Belt [26,27]. Controlling the total amount of industrial water and industrial wastewater discharge has therefore become an unavoidable issue.



Thus, this paper has innovatively estimated the water utilization efficiency in the industrial production of Yangtze River Economic Belt, considering the undesirable output and slack variable improvement. In order to effectively grasp the temporal and spatial variation of industrial water utilization efficiency, this paper also distinguished the effective decision units with the superefficiency model [28]. Few previous researches considered the water utilization efficiency in the urbanization process, however, industrialization and urbanization were not separated, which affected water utilization efficiency [29]. Besides, urbanization is also a comprehensive concept, not only in population urbanization but also in land urbanization. The balance of urbanization development would affect the spatial distribution of industry and population in one province, which would further affect the utilization of water resources. Regarding the level and balance of urbanization development in various provinces in the economic belt, it is of great practical significance to examine the dynamic impact of urbanization characteristics on industrial water use efficiency. This research proposed that the mechanism of how urban primacy affects water utilization may also depend on urbanization level, providing a new research perspective for other scholars. A more scientific and reasonable path of urbanization is suggested, to help the local government promote water-saving and wastewater discharge reduction in the Yangtze River Economic Belt. More targeted policy measures are proposed to promote the double control of water resources and high-quality, green, coordinated development.




2. Model Construction


2.1. Undesirable SE–SBM Model


Data Envelopment Analysis (DEA) model is a non-parametric technical efficiency analysis method based on the relative comparison between the evaluated objects, which is different from the previous model. Compared with Stochastic Frontier Analysis, it could ignore the specific function forms and the data standardization, and didn’t need to make a correct prior assumption about the distribution of efficiency terms [30]. However, Stochastic Frontier Approach (SFA) defined the functional form of cost, profit or production function, while both inefficiency and randomness could be captured in this method [31]. By contrast, DEA method was more widely used than SFA method, while the DEA method relaxed a lot of settings. DEA model was firstly proposed by Charnes et al. (1978), and Tone Kaoru (2001) further proposed a Slack Based Measure (SBM) model considering relaxation variables. The SE–SBM model considering unsatisfactory output would solve the problem of the radial model not containing relaxation variables in its efficiency measurement, and would solve the problem of distinguishing the efficiency of the effective DMU. Besides, the "bad" output was included in the measurement system, which could more truly and comprehensively reflect the regional water utilization efficiency [32]. In Formula (1), it is assumed that the production system has n decision-making units, m inputs (x),    s 1    expected outputs (   y g   ) and    s 2    non-expected outputs (   y b   ) and the matrices X,    Y g   ,    Y b    are defined as   X =  [   x 1  ,  x 2  , ⋯  x n   ]   ,    Y g  =  [   y 1 g  ,  y 2 g  , ⋯  y n g   ]   ,    Y b  =  [   y 1 b  ,  y 2 b  , ⋯  y n b   ]   .  s  is the relaxation of input and output, λ is the weight vector,  ρ  is the objective function of    s −   ,    s b   ,    s g    and its value is between 0 and 1.    x  i j     is the input of item i of the    j  th     DMU and    y  r j     is the output of item r of the    j  th     DMU. When, and only if its value is 1, that is, when    s −   ,    s b    and    s g    are equal, the decision-making unit is effective, otherwise it is ineffective or inefficient.


  min   ρ =   1 +  1 m    ∑  i = 1  m      s i −     x  i k         1 −  1   q 1  +  q 2    (   ∑  r = 1    q 1        s r  g +      y  r k  g      +   ∑  r = 1    q 2        s t  b −      y  r k  b      )    



(1)






   s . t .   ∑  j = 1 , j ≠ k  n    x  i j   λ j −  s i −  ≤ x i k   ,   ∑  j = 1 , j ≠ k  n    y  r j   λ j +  s r  g +   ≥  y  r k  g    ,   ∑  j = 1 , j ≠ k  n    y  t j  b    −  s t  b −   ≤  y  t k  b     1 −  1   q 1  +  q 2    (   ∑  r = 1    q 1        s r g     y  r k  g      +   ∑  r = 1    q 2        s r b     y  r k  b      ) > 0 ,    s −  > 0 ,  s b  > 0 ,  s g  > 0 , λ > 0   












2.2. Tobit Model


The industrial water utilization efficiency with unsatisfactory output has the lowest limit value and also should be a discrete distribution variable, which belongs to truncated data. If the least squares regression is carried out directly with a super-efficiency value as the dependent variable, the linear regression estimation in the case of deletion would include the additional computational complexity. The parameter estimation would be biased and inconsistent, so Tobit model using maximum likelihood method would be selected to effectively solve this problem [33]. Tobit model should be selected to test the driving factors of water use efficiency, and was proposed by Tobin in 1958. The measurement model can solve the problem of model construction with restricted or truncated dependent variables. It consists of two kinds of equations; one is the selection equation expressing the constraints, and the other is the continuous variable selection equation satisfying the constraints [34]. Tobit model has been gradually applied to the estimation of driving factors such as innovation efficiency, carbon emission efficiency and water utilization efficiency. The specific form of Tobit model can be found in Formula (2). In the formula,    y i *    is the efficiency of industrial water utilization,    x i    is the factors that include the core explanatory variables and control variables, and    u i    is the individual effect in panel model estimation. In addition, the panel Tobit model can further distinguish the stochastic effect model from the fixed effect model, depending on whether    u i    is related to the explanatory variable    x i    [35]. But the sufficient statistics of individual heterogeneity    u i    cannot be found in Tobit model with fixed effects, so conditional maximum likelihood estimation cannot be carried out as Logit model or Count model with fixed effects. If the virtual variable of the research unit is added into mixed Tobit regression, the estimated fixed effects are also inconsistent. So the Tobit models with mixed effects and random effects are adopted.


   y  i t  *  =  x  i t  ′  β +  u i  +  ε  i t   ,   St .    y  i t   =  {     y  i t  *  ,  y  i t  *  > 0     0 ,  y  i t  *  ≤ 0      



(2)









3. Empirical Estimation


3.1. Efficiency Estimation of Industrial Water Utilization


For the input–output relationship of water resources in industrial economic growth, water resource needs to utilize other production factors to achieve the economic benefits. The utilization efficiency of industrial water should a technical efficiency and should be expressed as the ratio of the actual input to the optimal input in water, when industrial output, undesirable output and other inputs are fixed. So input factors include labor, fixed assets investment and industrial water consumption, while output factors include industrial added value and wastewater discharge [7,13]. Firstly, the paper used the fixed assets investment of secondary industry to represent capital investment. This research only selected its current value, instead of considering the fixed capital stock. Secondly, the number of employees in the secondary industry was selected to represent labor input. The quality of the labor force has been improved in the manufacturing industry, so labor quality wasn’t considered in the research. Thirdly, the total amount of industrial water consumption could be separated into agricultural water consumption, domestic water consumption, industrial water consumption and ecological water compensation, etc. This paper would select the industrial water consumption as water resource input, which was more than half of the total water consumption in some provinces. Fourthly, the industrial added value had deleted the added value of the construction industry, while the capital and labor data adopted the data of the secondary industry, considering these data missing in the manufacturing industry. Finally, the total amount of wastewater discharge was selected, which includes lead, mercury, cadmium, arsenic, nitrogen, phosphorus and other pollutants.



The relevant data were derived from the China Statistical Yearbook of 2006–2018, the statistical yearbooks of various provinces, and relevant statistical bulletin. The DEA model, considering the undesired output, which was the industrial wastewater discharge, was adopted. The water utilization efficiency was estimated by the software of MAXDEA Pro 6.6; the results also could be estimated by the software of Matlab. The problem of slack variables and super efficiency were further improved. The weight of desired output and undesired output was set to 1:1, while the control of pollution discharge was regarded as important as economic output. The panel window period was set as 13 years, so the dynamic development of utilization efficiency could be seen clearly from 2005 to 2017. The results can be seen in Table 1.




3.2. Estimation Results of Tobit Model


In the selection of the driving factors of industrial water utilization efficiency in the Yangtze River Economic Belt, we mainly considered the population urbanization and land urbanization as the index of urbanization level. This paper also selected the city priority or urban primary ratio to represent the equilibrium degree of urbanization development within each province. The industrial structure, development level, technology innovation, environmental regulation, and foreign investment are used as control variables. Firstly, the proportion of non-agricultural population in each province was used to represent the standard of population urbanization, while the urban permanent population represents the degree of population concentration in urban areas. Secondly, the proportion of the city’s built-up area was represented as land urbanization, which meant the expansion of existing cities and the transformation from agricultural land to construction land [36]. Thirdly, the ratio of the first city to the second city in terms of urban population represented the urban primary ratio, which is helpful to grasp the balance of urbanization development in the province [37]. Fourthly, the cross-term of urbanization and urban primacy ratio was also selected, as the balance of urbanization development may have different effects on industrial water utilization efficiency in different urbanization stages. Fifthly, compared with the secondary industry, the proportion of the tertiary industry was more representative of the evolution of industrial structure and more suitable for the actual development of industrial upgrading [38]. Sixthly, the per capita GDP was selected as the regional economic development, as many experts have confirmed that water utilization efficiency will change with economic development [39]. Seventhly, the number of three kinds of patent granted per 10,000 people was adopted to represent the level of technological innovation. Eighthly, the ratio of the completed investment of industrial pollution governance to regional industrial added value represented the environmental regulation level, because higher environmental regulation forced companies to make efforts to save water and reduce emissions. Finally, the ratio of the total registered investment of foreign-invested enterprises to GDP was used as the foreign investment stock, which may bring the pollution shelter or pollution halo effect. The relevant data came from the statistical yearbooks of China and that of provinces in the period 2006–2018. The driving factors were estimated by the software of STATA, and the results can be seen in Table 2. The stochastic panel regression model was more significant than the mixed panel regression model, while the value of LR was 87.22, which meant rejecting the hypothesis that “   H 0  :  σ u  = 0  ”, and there were individual effects.





4. Results Discussion


4.1. Law of Industrial Water Utilization Efficiency


From the perspective of development trends, the industrial water utilization efficiency has increased from 0.39 to 0.93 in the Yangtze River Economic Belt, especially in the period from 2010 to 2017. The industrial water utilization efficiency was relatively stable and had declined slightly in individual years. The efficiency experienced a U-shaped trend of decline first and then rise in some central provinces and most western provinces, such as Anhui, Chongqing, Guizhou, Jiangxi, and Yunnan. The industrial water utilization efficiency of all eastern provinces maintained an upward trend, which was also consistent with the environmental Kuznets curve, so economic development should be a fundamental way to solve the problems of water pollution and water consumption [40,41]. Of course, there provinces also had a significant decline in their history, while the government relaxed environmental regulations in order to pursue economic growth and industrial agglomeration. The government formulated the strictest management system of water resources, so utilization efficiency started to be improved greatly.



From the perspective of spatial differentiation, the whole research period could be divided into two periods. In particular, the industrial water utilization efficiency of western provinces was the highest, and the utilization efficiency of central provinces was the lowest in the period from 2005 to 2010. But the utilization efficiency of eastern provinces was the highest and the utilization efficiency of central provinces was the lowest in the period from 2011 to 2017. During the whole period, the utilization efficiency of Guizhou was excellent. For example, the green economy of Guizhou accounted for more than 40% of GDP in 2017, and industrial wastewater discharge remained at a low level during this period. However, the industrial water utilization efficiency of Anhui and Jiangxi provinces was significantly lower in the years from 2012 to 2017. These provinces have become the valley floor and landslide area of Yangtze River Economic Belt, because of the idling of pollution treatment plants and direct discharge of industrial sewage [42]. The industrial water utilization efficiency of Jiangsu, Zhejiang, Shanghai and Chongqing were higher, while these governments proposed stricter environmental regulations and a stronger technical innovation level, with a higher economic development level.



From the perspective of interregional convergence, the inter-regional efficiency of industrial water utilization has converged during the research period. The variation coefficient of utilization efficiency showed an overall downwards trend, from 0.69 in 2005 to 0.26 in 2017. The spatial spillover effect of industrial water utilization has been verified by some experts, as mentioned in Table 2. The industrial water utilization would spread across the economic belt by industrial transfer and technology exchange, and the high-quality coordinated development of Yangtze River Economic Belt would strengthen this convergence. Regionally, the western provinces showed a convergence trend, the eastern provinces also showed a convergence trend after a slight diffusion, and the central provinces showed a diffusion trend after a slight convergence. The industrial water utilization efficiency varied in different economic regions [43]. Compared with the surrounding provinces, the provinces of Anhui and Jiangxi had a different water utilization efficiency, though these regions were adjacent to the eastern provinces, such as Jiangsu, Zhejiang and Shanghai. Because these regions undertook excessive industrial transfer with high water consumption and discharge, efficiency was not improved consistently.




4.2. Driving Factors of Industrial Water Utilization Efficiency


As been seen in Table 2, population urbanization had a significant negative effect on industrial water utilization efficiency. Though the significance level was 0.11, the paper still thought that the estimated result reluctantly passed the 0.10 significance test. This result was contrary with the theoretical or empirical conclusions of many experts. Xiong Y. (2018) proposed that urbanization had promoted water resource utilization potential in the Changsha–Zhuzhou–Xiangtan city group [44]. In this period, the urban population increased from 229.81 billion to 346.86 billion, and the urbanization rate has increased more than 15 percentage points. Urbanization always started from large-scale industrialization and agricultural population industrialization, but the population transfer from rural to urban areas would increase the discharge of waste water and lead to a decline in industrial water utilization efficiency [45]. In the government-led model, low-skilled farmers transferred to the city and were employed in low-end manufacturing, which was conducive for the improvement of industrial water utilization [46]. The urbanization rate of the population was generally calculated by the permanent population, and it was very difficult for peasant-workers to integrate into civil society. The management system of household registration also made the peasant-workers promote themselves at a technical and cultural level, so HouY.C. (2011) already proposed the citizenization of migrant workers [47].



As can be seen in Table 2, land urbanization also had a significant negative effect on industrial water utilization efficiency, and the negative effect was greater than that of population urbanization. Compared with the gradual urbanization in western developed countries, China’s urbanization process was more accelerated and uncontrolled in terms of space expansion, and the excessive urbanization also became a heavy burden on regional resources and environment [48,49,50]. So, Guo X.F. (2019) became aware of the problems of “land quick access to city” and proposed green urbanization to achieve a sustainable development of urbanization [51]. In the research period, the built-up area of cities increased from 12,122.01 square kilometers to 22,181.89 square kilometers, which was far ahead of the population urbanization. Qin T. (2017) proved that the effect of urbanization had the obvious stage characteristic, while government-led and extensive expanding urbanization didn’t promote the transfer of water resources from inefficient agriculture to efficient manufacturing [52]. However, some industrial estates occupied a lot of land, and the industrial restructuring of these areas was far from high-quality development, with high water consumption and wastewater emissions [53,54]. Zhang H.Q. (2019) also proposed that land urbanization and population urbanization would increase the industrial wastewater discharge, while economic urbanization would restrain the wastewater discharge in the Yangtze River Economic Belt [55].



As can be seen in Table 2, urban primacy had a significant negative effect on industrial water utilization efficiency, so the unbalanced development of urbanization wasn’t conducive to the improvement in industrial water utilization efficiency. In this period, the average urban primacy of the Yangtze River Economic Belt dropped slightly from 1.63 to 1.59, while the indexes of Hubei, Sichuan, Yunnan and Anhui all exceeded 1.7. However, Wei H.K. (2014) proposed that the polarization of urbanization in China was obvious; big cities over-expanded and small cities relatively shrank [56]. The urbanization structure layout of “one city alone”, with industry and population agglomeration, has brought urban diseases such as water consumption and pollution discharge [57]. Besides, the super-large central cities partly occupied the resources of technological innovation and environmental governance in other cities [58,59]. The high-tech and green industries needed more professional talents and innovation funds, rather than the simple growing size and population of central cities [60]. Zhu X.G. (2017) also proved that the imbalance of population between cities had been weakened, while the imbalance of land urbanization had been strengthened [61], so the urban primacy of the Yangtze River Economic Belt should be taken seriously.



As seen in Table 2, the cross-term of urban primacy and urbanization had a significant positive effect on industrial water utilization efficiency, in other words, whether urban primacy was positive depended on the stage of urbanization development. Zhou Z.P. (2014) also proposed that the urbanization pattern of leading strategy had a different role in the short term and in the long run [62]. In this period, the urbanization level of Jiangsu and Zhejiang increased from about 50% to more than 65% and the urbanization development was more balanced. However, in the central regions, the urban primacy was more than 1.6 where urbanization level was relatively low, while urbanization was seriously unbalanced in Yunan–Guizhou–Sichuan, where the urbanization level was lowest. Chen W.Z. (2017) proved that urban primacy ratio should have reasonable upper and lower limits [63], and urban primacy should be consistent with the level of regional economic development and urbanization level. The "trickle-drop effect" and "siphon effect" of the central city to the surrounding cities are also limited by the urban primacy [64,65]. Ding X.H. (2019) has already verified that environmental regulation had a threshold effect with the economic development level on water utilization efficiency [43]. At a certain stage of urbanization, the agglomeration of industries and population in the central city would have a positive effect, while the balanced urbanization would promote industrial water utilization efficiency after certain levels.



As seen in Table 2, the control variables of industrial water utilization efficiency presented different effects. Specifically, industrial structural upgrading had a significant positive effect, while eliminating the industrial enterprises of high water consumption and wastewater discharge. Then, the high-tech and green industries would gradually occupy a dominant position in this process [66,67]. The economic development level also had a significant positive effect, which was consistent with the theory of environmental Kuznets curve. When GDP per capita reaches a certain level, the problems of resource consumption and environmental pollution would be gradually improved [68,69]. Foreign investment also had a significant positive effect, and would have a spillover effect on regional enterprises through the correlation effect, demonstration effect, competition effect and talent flow effect, which would improve the utilization efficiency [70,71]. Environmental regulation didn’t have a significant effect, while stricter environmental regulation would lead to the transfer of virtual water and water pollution [72]. Hou W.L. (2013) had explored the relationship between environmental regulation and industrial inter-regional transfer, and had proved the “Pollution Havens” in China [73]. However, stricter environmental regulations may lead industrial enterprises to pay higher compliance costs, thus squeezing their investment in technological innovation, which may be bad for industrial water efficiency [74,75].





5. Conclusions


Considering the undesirable output of industrial wastewater, the research adopted the Super-efficiency Slack-based-Model DEA to measure the utilization efficiency of industrial water in Yangtze River Economic Belt. Firstly, the overall utilization efficiency of industrial water was improved significant in the research period, while the utilization efficiency of central and western provinces showed a U-shaped trend. However, the eastern provinces maintained an upward trend during the research period, which was consistent with the environmental Kuznets curve, so the government should solve these problems in economic development. Secondly, the industrial water utilization efficiency of central provinces was the lowest, which had become the major disaster areas of water utilization. Besides, the industrial water utilization efficiency of the central provinces was highest, catching up the western provinces from 2010 to 2017. Thirdly, the whole utilization efficiency of industrial water showed the convergence trend from 2005 to 2017 in the Yangtze River Economic Belt. Regionally, the eastern provinces showed a convergence trend after a slight risie, while central provinces showed a diffusion trend after a slight decline.



Thie research also adopted the mixed and stochastic Tobit panel models to estimate how the urbanization level and urban primacy affected the industrial water utilization efficiency, and verified that the random Tobit model was more suitable. Firstly, both population urbanization and land urbanization had a significant negative effect on industrial water utilization efficiency, while the negative effect of land urbanization was relatively larger. Secondly, the imbalanced development of urbanization had a significant negative effect, as the hypercentral city would crowd out the resources of technological innovation and environmental governance in surrounding cities. The hypercentral city would also transfer the high water-consuming and high wastewater-discharge industries to surrounding cities. Thirdly, the relationship between urban primacy and utilization efficiency may depend on the urbanization stage, so the urban primacy should be consistent with the level of economic development. Finally, industrial structure, foreign investment and technological innovation had a significantly positive effect on industrial water utilization efficiency, while environmental regulation didn’t have a significant effect.



In view of these conclusions, firstly, the local government should comprehensively promote the new type of urbanization, gradually improve the population quality of urbanization, and enhance the education and vocational training of the population. Secondly, the expansion preferences of local government in land urbanization should be strictly regulated, and the scale and speed of urbanization should be scientifically formulated. Thirdly, the government should persist in exerting the role of the central city, promoting the balanced development of urban agglomerations, and guiding the orderly transfer of industries. Fourthly, the government should accelerate the upgrading and adjustment of industrial structure, actively develop the high-tech industries, and strengthen the technological innovation of water-saving and emission-reduction efforts. Finally, the government should formulate reasonable environmental regulation policies, limit the entry of foreign-invested enterprises with a high wastewater discharge, and promote the green coordinated development of the Yangtze river economic belt.



However, this research didn’t consider the threshold effect of urbanization on industrial water utilization efficiency, and the bounds of population urbanization and land urbanization should be further explored. Economic urbanization and social urbanization should be very important in the urbanization process, so the urbanization quality should be included in the evaluation process of water utilization. The different industries’ departments should be distinguished in the water utilization, because they may have significant effects on water utilization and wastewater discharge in the Yangtze river economic belt. Due to the availability of data, the study region was set at the province level, but this was better for exploring the results at the city level. These problems will be answered in the future research.
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Figure 1. Diagram of the Yangtze river economic belt with geographical zones. 
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Table 1. Measurements of Interprovincial Industrial Water Utilization Efficiency in the Yangtze River Economic Belt, Considering Undesirable Output from 2005 to 2017.
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	Province
	2005
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017





	Anhui
	0.25
	0.21
	0.20
	0.21
	0.20
	0.23
	0.28
	0.30
	0.33
	0.36
	0.34
	0.43
	0.55



	Chongqing
	0.38
	0.36
	0.36
	0.35
	0.39
	0.44
	0.52
	0.60
	0.58
	0.60
	0.69
	0.83
	1.13



	Guizhou
	1.16
	1.03
	1.04
	1.09
	0.87
	0.75
	1.01
	0.90
	1.03
	0.85
	0.83
	1.04
	1.03



	Hubei
	0.26
	0.26
	0.24
	0.26
	0.26
	0.28
	0.33
	0.40
	0.49
	0.52
	0.54
	0.80
	1.02



	Hunan
	0.27
	0.27
	0.26
	0.27
	0.26
	0.29
	0.33
	0.36
	0.41
	0.48
	0.49
	0.64
	1.06



	Jiangsu
	0.23
	0.30
	0.35
	0.41
	0.42
	0.50
	0.60
	0.64
	0.67
	0.70
	0.71
	0.81
	1.12



	Jiangxi
	0.30
	0.29
	0.26
	0.24
	0.26
	0.28
	0.34
	0.34
	0.35
	0.37
	0.36
	0.36
	0.45



	Sichuan
	0.26
	0.26
	0.26
	0.29
	0.29
	0.35
	0.47
	0.61
	0.67
	0.81
	0.61
	0.75
	0.80



	Shanghai
	0.49
	0.52
	0.53
	0.53
	0.51
	0.60
	0.63
	0.65
	0.65
	0.71
	0.74
	0.84
	1.13



	Yunnan
	0.34
	0.36
	0.34
	0.36
	0.34
	0.35
	0.33
	0.34
	0.45
	0.50
	0.54
	0.60
	0.88



	Zhejiang
	0.33
	0.35
	0.41
	0.49
	0.51
	0.59
	1.02
	0.75
	0.72
	0.74
	0.77
	0.91
	1.05



	mean value
	0.39
	0.38
	0.39
	0.41
	0.39
	0.42
	0.53
	0.54
	0.58
	0.60
	0.60
	0.73
	0.93



	CV
	0.69
	0.60
	0.61
	0.61
	0.48
	0.39
	0.50
	0.37
	0.35
	0.28
	0.27
	0.28
	0.26
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Table 2. Tobit Model Estimation of Industrial Water Utilization Efficiency in the Yangtze River Economic Belt.
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Variable

	
Regression Coefficient

	
Standard Deviation

	
T Statistic

	
P Value

	
Regression Coefficient

	
Standard Deviation

	
Z Statistic

	
P Value






	
type

	
Tobit Regression of Mixed Panel

	
Tobit regression of Random Panel




	
Constant

	
−0.0487

	
0.2996

	
−0.16

	
0.871

	
0.3211

	
0.2851

	
1.13

	
0.260




	
Population Urbanization

	
−1.8904

	
0.6072

	
−3.11

	
0.002

	
−0.9267

	
0.5799

	
−1.60

	
0.110




	
Land Urbanization

	
−1.5912

	
1.1725

	
−1.36

	
0.177

	
−4.4141

	
1.6832

	
−2.62

	
0.009




	
Urban Primacy

	
−0.3210

	
0.1092

	
−2.94

	
0.004

	
−0.3174

	
0.1012

	
−3.14

	
0.002




	
Crossing Terms

	
0.7143

	
0.2515

	
2.84

	
0.005

	
0.7447

	
0.1999

	
3.72

	
0.000




	
Industrial Structure

	
2.7282

	
0.3749

	
7.28

	
0.000

	
0.7715

	
0.3466

	
2.23

	
0.026




	
Development Level

	
0.00006

	
0.00001

	
5.32

	
0.000

	
0.00005

	
0.00001

	
3.58

	
0.000




	
Technological Innovation

	
−0.0744

	
0.0227

	
−3.28

	
0.001

	
−0.0044

	
0.0242

	
−0.18

	
0.854




	
Environmental Regulation

	
19.0467

	
13.1952

	
1.44

	
0.151

	
6.2209

	
7.6012

	
0.82

	
0.413




	
Foreign Investment

	
0.0528

	
0.0519

	
1.02

	
0.311

	
0.1857

	
0.1099

	
1.69

	
0.091




	
/sigma

	
0.1634

	
0.0112

	

	

	

	

	

	




	
/sigma_u

	

	

	

	

	
0.1775

	
0.0413

	
4.30

	
0.000




	
/sigma_e

	

	

	

	

	
0.1047

	
0.0064

	
16.16

	
0.000




	
LR

	

	

	

	

	
87.22

	
0.000
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