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Under the comprehensive reform of its household registration system, China has experienced the largest and fastest urbanization process in the world since its establishment 70 years ago, but with the deepening of urbanization, cities are facing greater environmental challenges. As the total amount of urban wastewater discharge increases, the condition of water pollution nationwide has become more severe. Thus, through the use of dynamic exogenous variable data envelopment analysis (DEA) this research selects the employment population and input cost of wastewater treatment in 31 provinces of China from 2013 to 2017 as input indicators, gross domestic product (GDP), wastewater production, and chemical oxygen demand (COD) in wastewater as output indicators, fixed assets as a carry-over variable, and urbanization level as an important influencing factor to evaluate and compare wastewater treatment efficiency in the northeast, central, western, and eastern regions with and without the influence of the level of urbanization. Findings show that the total efficiency score under the influence of the level of urbanization is generally higher than that without such an influence. The level of urbanization has a significantly positive effect on wastewater output efficiency in various regions, whereas wastewater output efficiency presents a downward trend from 2013 to 2017. The overall level of chemical oxygen demand efficiency is weak. When affected by the level of urbanization, the scores of COD efficiency in the eastern, northeast, and central regions have increased significantly. Finally, there is a large inter-provincial gap in the level of urbanization in the western region, while the level of urbanization has no significant impact on COD efficiency.
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INTRODUCTION
Following the comprehensive reform of China’s household registration system, more than 90 million people from its agricultural regions have settled in cities and towns across the nation. Since the founding of modern-day China 70 years ago, China has experienced the largest and fastest urbanization process in the history of the world. Its urbanization rate increased from 10.64% at the end of 1949 to 59.58% at the end of 2018, with an average annual increase of 0.69%. In 2019, China’s urban permanent population stood at 840 million, and the number of cities above county level is now 672. During the 38 years from 1981 to 2019, China’s built up its urban areas by 7.1 times, from 7,438 square kilometers to 60,312 square kilometers.1
With the acceleration of urbanization, the country’s urban economy has also risen rapidly. In 1988, the total GDP of all urban areas was only 702.5 billion RMB, or about half of national GDP, but nearly 30 years later in 2017, the total GDP of cities above the prefecture level alone hit 52.1 trillion RMB, accounting for 63.0% of national GDP. In fact, the aggregate GDP of four cities alone, Shanghai, Beijing, Shenzhen, and Guangzhou, exceeded two trillion RMB.2
With this expansion of urbanization, cities are now facing great environmental challenges, as the total amount of urban wastewater discharge increases and the condition of water pollution in China becomes more severe. From the perspective of wastewater discharge, in 2007–2019 alone, wastewater discharge nationwide increased 39.6% from 55.68 billion tons to 77.74 billion tons.3 The discharge of urban domestic sewage is also rising year by year, as evidenced by domestic sewage accounting for 76.48% of total wastewater in 2017.4 The greater amount of domestic sewage discharge has an increasingly significant impact on surface water and groundwater quality.
From the perspective of China’s urbanization process and relevant policies, the 18th National Congress of the Communist Party of China in 2012 proposed “a new road of intensive, intelligent, green and low-carbon urbanization,” marking that the nation’s urbanization has entered a new stage of development. In 2015, the China government issued “the water pollution prevention plan of action.” In the 13th Five-Year Plan in 2016, higher requirements were put forward for China’s water management system and water management capacity. In the 13th Five-Year Plan for Water Conservancy Reform and Development, the main goal is to comprehensively improve water security, build a water-conserving society, reform and innovate water conservancy development systems and mechanisms, and strengthen water ecological governance and protection. Therefore, the research period of 2013–2017 selected in this paper has a strong correlation with the acceleration of China’s urbanization process and the strengthening of its water pollution control. Will wastewater treatment efficiency be affected by urbanization under the policy of implementing a new urbanization path in China? This research period should represent urbanization as an external variable and allow us to compare the wastewater treatment efficiency before and after urbanization became the norm.
The existing literature presents current related research directions in three categories: 1) the impacts and problems of the urbanization process; 2) research on wastewater treatment efficiency; and 3) applying DEA to evaluate urbanization efficiency. We note that studies generally focus on problems during the process of urbanization and efficiency analysis, with few taking urbanization as an exogenous variable. Therefore, the contributions of this paper are as follows: 1) Focus on wastewater discharge during the process of urbanization and take the level of urbanization as an exogenous variable to measure the change of wastewater discharge and treatment efficiency after adding the urbanization level index. 2) Use the dynamic DEA model to analyze the time series changes of wastewater discharge and treatment efficiency during the process of urbanization. 3) Add unexpected output in model construction to present the adverse effects of wastewater pollution more clearly.
The remainder of this paper is organized as follows. Following the introduction, we have 2. Literature Review; 3. Research Method; 4. Empirical Results and Discussion; and 5. Conclusion.
LITERATURE REVIEW
Urbanization in China involves a unique process due to its household registration (hukou) system Wang et al. (2015), and many scholars have studied the problems that arise from this process. Urbanization brings problems such as waste and exhaustion of resources, a decline of quality of life and environmental capacity, and an imbalance between urban and rural development Zhang (2011). Based on the status quo of urbanization in Guangxi Province, Zhang et al. (2015) analyzed environmental pollution during the development of urbanization, the lagging construction of environmental protection facilities, and the lack of an evaluation system. Zhao et al. (2018) studied the growth pattern of household pollution emissions for the urbanization process of the Taihu Lake area5 in china, and the results showed that household pollution emissions are affected by urbanization factors. Lishan et al. (2018) analyzed the rapid growth of sludge production based on the life cycle method under the condition of a continuous increase in the urbanization level and evaluated the environmental and economic performances of a new emerging technology (hydraulic hydrology technology, HPT). The literature has shown that the development of urbanization brings about environmental pollution and a wastage of resources.
Some scholars also conducted empirical studies on the relationship between urbanization and environmental pollution and found that urbanization is indeed one of the factors that aggravate environmental pollution. Yuanhong et al. (2018) noted that the urbanization rate has a significant impact on the efficiency of agricultural water use, whether it is high or not, and the effect is most significant when the urbanization rate is high or the society pays more attention to urban environmental remediation. China’s urbanization rate is decreasing from east to west, highlighting the huge differences between the provinces in the upper, middle, and lower reaches of the Yangtze River (Jin et al., 2018). Liu et al. (2019b) constructed an urbanization coordination evaluation index system based on the actual development of Tianjin, showing results that the urbanization level of Tianjin is relatively satisfactory. Liang et al. (2019) used the analytic hierarchy process, entropy method, and minimum information entropy principle to establish urbanization and environmental pollution indicators. The conclusion is that urbanization will aggravate environmental pollution, and that the impact of the urbanization rate on environmental pollution is cyclical. The current research on urbanization mainly has focused on the problems that have emerged during the process of urbanization, the spatial distribution law of urbanization, and the causal relationship between urbanization and environment pollution.
The DEA method is widely used among research on wastewater treatment efficiency and urbanization efficiency. For example, Deng et al. (2016) employed the SBM (slack based measure) DEA model to measure water use efficiency of 31 provinces in China in 2004–2013 and discussed the factors affecting water use efficiency through a panel data model. Guerrini et al. (2017) evaluated the efficiency of 139 wastewater treatment plants in Tuscan (a region in Italy) and concluded that larger-scale and higher capacity utilization can improve cost efficiency. Zhan et al. (2017) used 5 input and 3 output data variables as well as BCC (Banker, Charnes and Cooper) and CCR (Charnes, Cooper and Rhodes) models to conclude that the urbanization efficiency of 11 out of 17 districts and counties in Shanghai is in a downward trend. In addition, many researches also utilized different DEA models to study wastewater treatment and urbanization efficiency in related areas (Jia and Liu, 2012; Guo, 2017; An et al., 2018; Feng et al., 2019; Wu et al., 2019). However, these research findings are separate studies of wastewater treatment and urbanization efficiencies without considering the correlation between the two efficiencies.
The Stage DEA model and Network DEA model considering the input-output intermediate process are also used in wastewater and urbanization. Li et al. (2018) took provincial panel data of 2006–2015 in China as an example and used the two-stage SBM-DEA model to test the efficiency of water and sewage treatment systems. Zhang et al. (2019) applied the dynamic SBM model to evaluate the wastewater resources of 30 regions in China and concluded that many regions with low/medium/high industrial production have not achieved a balance between industrial output and industrial wastewater treatment. Liu et al. (2019a) selected panel data of 30 provinces in China from 2011 to 2015, established the two-stage DEA model and regression model based on the Simar-Wilson method, and revealed the impact of urbanization on industrial water efficiency. Their results showed that industrial water use efficiency in China fluctuated slightly from 2011 to 2015, and efficiency has not improved significantly. Some research has adopted DEA combined with other empirical methods, such as (D'Inverno et al., 2018; Hu et al., 2018; Ren et al., 2018; Wang et al., 2018; Zhou et al., 2018), but an external index such as urbanization is rarely selected to compare the changes of its influence on efficiency after it is added into the evaluation system.
To sum up, most scholars have studied urbanization and the efficiency of wastewater pollution treatment from multiple perspectives. Moreover, most studies on the efficiency of wastewater pollution treatment consider the influence of economic development, population, industrialization, and other factors on the efficiency of wastewater treatment, yet there is no relevant research on an exogenous variable DEA model to compare wastewater treatment with and without urbanization efficiency. The research methods and ideas in this paper offer great innovative significance for current issues related to urbanization level and wastewater treatment.
EMPIRICAL STUDY
The Dynamic DEA (D-DEA) method was initiated by Klopp (1985), who proposed a window analysis of the D-DEA approach. Färe et al. (1994) followed up and proposed the Malmquist index (MPI), but did not analyze the interaction effect for two carry-over periods. In order to deal with the issue of efficiency for multiple carry-over periods, Färe and Grosskopf (1996) inputted the effect of internal linkages into D-DEA. Studies that ensued include Bogetoft et al. (2008), (Nemoto and Goto, 1999; Nemoto and Goto, 2003), Sueyoshi and Sekitani (2005), etc.
Tone and Tsutsui (2010) extended the topic to the Slack-Based Measures (SBM) D-DEA model and then proposed the weighted SBM D-DEA model. They used carry-over as the dynamic period link and classified inputs and outputs as desirable (good), undesirable (bad), discretionary (free), non-discretionary (fixed). The D-DEA model is divided into input-oriented, output-oriented, and non-oriented types.
Our study assesses overall efficiency (OE) and term efficiency (TE) via the non-oriented SBM D-DEA approach. Each period has independent input and output in every decision-making unit (DMU), and there is a carry-over link from periods t to t+1 so as to find the change across two periods. This study also considers undesirable output in the dynamic SBM model. The Tone and Tsutsui (2010) dynamic SBM model can be modified to include undesirable output in the Dynamic SBM model. Figure 1 shows the D-DEA structure in this study.
[image: Figure 1]FIGURE 1 | Dynamic DEA model.
Suppose the observations make up a (=1 … n)-dimension DMU set in which the DMU under evaluation is represented by and is subject to. The input and output used to compute the efficiency are labeled as m inputs (i = 1 … m) and s outputs, respectively. Let output Y be divided into (Yg, Yb), where Yg is a desirable output, Yb is an undesirable output, and is carried over from period t to period t+1. Here, is an exogenous variable that is outside of a given economic model and often has an impact on the outcome of the model. The following is the non-oriented model:
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Equation 2 is the connection equation between periods t and t + 1.
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The most efficient solution is [image: image]:
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EMPIRICAL RESULTS
Data and Variables
This paper uses panel data from 30 provinces and cities in China in 2013–2017, which cover the eastern, central, western, and northeast regions. The eastern region includes Beijing, Tianjin, Hebei, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. The central region includes Shanxi, Anhui, Jiangxi, Henan, Hubei, and Hunan. The western region includes Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang. The northeast region includes Liaoning, Jilin, and Heilongjiang. Data from the years 2013–2017 are collected from the Statistical Yearbook of China and China Environmental and Protection Bureau reports. Table 1 shows all the input and output variables. There are two inputs, three outputs, one external variable, and one carry-over variable.
TABLE 1 | Input and output variables.
[image: Table 1]Input variables:
Population: This study takes the total population in each region at the end of each year. Unit: 10,000 persons.
Wastewater treatment expense: Annual investment amount of each district’s wastewater treatment project. Unit: 10,000 RMB.
Output variables:
Desirable output (GDP): Refers to the final result of production activities of all resident units in a region calculated by market price in a year. Unit: 100 million RMB.
Undesirable output (Wastewater): It is the sum of industrial wastewater discharge and domestic sewage discharge. Unit: 10,000 tons.
Undesirable output (COD): The sum of chemical oxygen demand (COD) emissions from industrial wastewater and domestic wastewater. It refers to the amount of oxygen required to oxidize organic pollutants in water with chemical oxidants. In general, oxidizers are used to decompose oxidizable substances (organic matter, nitrite, ferrous salt, sulfide, etc.) in wastewater, and then the consumption of oxygen is calculated according to the number of residual oxidants so as to indicate the content of organic matter in wastewater and to reflect the degree of organic matter pollution in water.
External variable:
Urbanization rate: It is a measure of urbanization and is generally based on demographic indicators, like the proportion of urban population to total population (both agricultural and non-agricultural).
Carry-over:
Fixed assets: The total amount of work done by the whole society in building and purchasing fixed assets and related expenses. Unit: 100 million RMB.
Statistical Analysis of Input-Output Indicators
Figure 2 illustrates the changes in various input-output indicators. From 2013 to 2017, the maximum value of population has been growing. The average value is in an overall growth state, but a short decline occurred in 2015–2016. The average value of wastewater treatment cost is in a stable growth state, but the maximum value fluctuates significantly, with 2016 as the node showing a trend of first rising and then falling.
[image: Figure 2]FIGURE 2 | Statistical analysis of input-output indicators in 2013–2017.
COD, as one of the important standards to reflect the quality of wastewater, declined significantly after 2015. This means that “The New Environmental Protection Law” and “The Action Plan for Water Pollution Prevention and Control” issued and implemented by the China government in 2015 have made remarkable achievements. However, it is worth noting that the maximum value of COD in 2017 shows a rebound and upward trend compared to 2016, which means that water pollution in some provinces and cities has been aggravated again.
Fixed assets are in a growth state as a whole, with the minimum value only falling in 2016–2017. It denotes that fixed capital investment in wastewater treatment has increased steadily in each region, and each region has paid more attention to the relationship between economic development and environmental protection. The average and maximum values of wastewater discharge clearly fluctuate. The average value and the maximum value peaked in 2015–2016, respectively. The standard deviation also shows a trend of rising first and then falling, indicating that regional differences are narrowing.
Analysis of the Total Efficiency of the Provinces From 2013 to 2017
According to Figure 3, except for Gansu and Guizhou in the western region, most provinces and autonomous regions’ total efficiency scores under the influence of urbanization level are higher than those without the influence of urbanization level. The most obvious cities affected by urbanization are Liaoning in the northeast, Inner Mongolia in the west, Henan in the central, and Jiangsu, Shandong, and Zhejiang in the east. It is worth noting that the efficiency values in eastern China vary a lot. The scores of Jiangsu, Guangdong, and Shandong under the influence of urbanization level are 1, but the scores without the influence of urbanization level are all below 0.4. The total efficiency score of the western region is generally lower than 0.5, and Qinghai is the lowest with a total efficiency score of 0.1683. We see that the urbanization process is an important factor in the overall efficiency evaluation of wastewater treatment in China.
[image: Figure 3]FIGURE 3 | Total efficiency score of each region.
According to Table 2, the total efficiency score of provinces without the influence of urbanization level has remained at one for five consecutive years, and all of them are in the eastern region: Beijing, Shanghai, and Tianjin. In 2017, Liaoning and Inner Mongolia also reached the optimal value of 1. Those with a significant decline in total efficiency scores in the five years are Hainan, Jilin, Qinghai, Sichuan, Shaanxi, and Zhejiang. The biggest drop is for Sichuan, which fell 11 places. The efficiency scores of most other regions are rising, and the most significant one is Liaoning, moving up nine places in total. In general, the overall efficiency score of most cities increased without the influence of urbanization level, but the overall score is low. The scores of non-DEA effective areas are below 0.5, and those in the eastern region have a slight advantage, while the northeast region shows the greatest progress.
TABLE 2 | 2013–2017 total efficiency level of provinces and autonomous regions.
[image: Table 2]After adding the exogenous variables of urbanization, the total efficiency score of cities at the level of total efficiency in 2017 has reached 8, including Guangdong, Jiangsu, Liaoning, Inner Mongolia, and Shandong compared to 2013, showing that the total efficiency score of northeast China has made great progress. Guangxi (up six places) and Guizhou (up five places) are the regions with a large increase in ranking. The regions with a relatively large decline in ranking are Hainan, Shaanxi, Sichuan, Yunnan, and Shaanxi, which dropped nine places as the largest decline.
Comparative Analysis of Investment Efficiency of Fixed Assets, Population, and Expenses Under the Influence of Urbanization Level
Table 3 reflects the input efficiency level of wastewater treatment in each region. It can be seen that the level of urbanization has a positive impact on cost input efficiency in the eastern, central, and western regions. The most obvious positive effect is in the central region, in which the average score without urbanization is 0.1651, and the average score after urbanization increased to 0.4379. In northeast China, the urbanization level has no significant impact on the region, because of the large differences and complex situations among provinces and cities. When there is no impact of urbanization level in five years, the average score of cost input efficiency of the four regions is rising, while the scores are declining after the impact of urbanization level is added through vertical comparison. Therefore, we conclude that the positive impact of urbanization level on the cost input efficiency of each region is weakening year by year.
TABLE 3 | Input efficiency level of wastewater treatment in various regions of China from 2013 to 2017.
[image: Table 3]In terms of specific provinces and cities, Inner Mongolia, Liaoning, Beijing, Shanghai, and Tianjin have achieved DEA efficiency without the influence of urbanization level. Under the influence of urbanization level, Guangdong, Guangxi, and Shandong have also achieved DEA effectiveness, and the time for Inner Mongolia to achieve DEA effectiveness is the year of 2013. The scores of cost input efficiency in most provinces increased significantly under the influence of urbanization level. Among them, the largest increase is from 0.2854 to 1 in Guangxi, followed by 0.4664–0.9118 in Henan. In addition, affected by the level of urbanization, the decline in scores also increased - for example, Zhejiang dropped from 1 to 0.4119, down 58.81%; while Shaanxi dropped from 0.5875 to 0.2238, down 61.9%.
Table 4 shows the change of mean efficiency value of fixed assets and population in the four regions. In terms of the efficiency of fixed assets, the average score of the western region without the influence of urbanization level shows an upward trend in five years and a downward trend after considering the urbanization level, but the urbanization level from 2015 to 2017 has no positive impact on the investment efficiency of fixed assets in the western region. Therefore, we find that the level of urbanization has a significantly positive impact on the investment efficiency of fixed assets in the eastern and central regions. The positive impact on the western region has changed in the opposite direction. The internal differences in the northeast region are large, and so the positive impact of urbanization on the region is not significant.
TABLE 4 | Efficiency of capital and population under the influence of regional urbanization.
[image: Table 4]Urbanization level has a significantly positive effect on the scores of population input efficiency in the northeast, central, and western regions. The scores of these three regions without considering urbanization level are 0.5460, 0.2894, and 0.4015, respectively. After the impact of urbanization level is added, the scores rise to 0.6234, 0.4894, and 0.4996. However, under the influence of urbanization level, the average score of population input efficiency in the eastern region decreases from 0.7250 to 0.3994. Therefore, urbanization level has no positive effect on population input efficiency in the eastern region.
To sum up, we find without the influence of urbanization level that the eastern region has significant advantages in the input efficiency scores of fixed assets, population, and expenses. Considering the urbanization level, the input efficiency of fixed assets and expenses in the eastern region is still the best among the four regions, while the input efficiency of the population of the eastern region is the worst among the four regions.
Comparative Analysis of Output Factor Wastewater and COD Output Efficiency Score Under Urbanization Level
Table 5 shows that the provinces with DEA efficiency but without the influence of urbanization level are Inner Mongolia, Liaoning, Beijing, Shanghai, Tianjin, and Jiangsu. After considering the level of urbanization, 10 provinces are DEA-efficient, including Hubei, Hunan, Fujian, Guangdong, Hebei, and Shandong in the central region and Fujian, Guangdong, Hebei, and Shandong in the eastern region. Without the influence of urbanization level, the largest increase is in Liaoning, from 0.6766 to 1, up 47.8%. The largest decline is in Chongqing, down 36.85% from 0.9165 to 0.6697.
TABLE 5 | Efficiency of wastewater and COD under the influence of regional urbanization.
[image: Table 5]After considering the impact of urbanization level, the output efficiency scores of most provinces are decreasing, with the largest decline from 0.8338 to 0.6137 in Yunnan. On the whole, the wastewater output efficiency of each province and autonomous region is relatively high. However, most provinces and cities show a downward trend, which requires the governments of each region to be vigilant.
The average scores of the four regions affected by the level of urbanization in the past five years are on the whole declining. However, comparing before and after considering the level of urbanization, we find that the scores of the eastern, central, and western regions are significantly higher than those without the impact of the level of urbanization. However, the scores of most provinces in the western region from 2013 to 2017 show a downward trend. The influence of the level of urbanization does not change the declining trend, but further expands the declining range of these provinces. It shows that the positive effect of urbanization level on wastewater output efficiency is not sustainable and is only reflected in the improvement of the scores of provinces and cities compared with those without urbanization level.
Influenced by the level of urbanization, the scores of COD output efficiency of most provinces in the eastern, northeast, and central regions are significantly higher than those before considering the level of urbanization. There are seven provinces running under DEA output efficiency: Inner Mongolia, Liaoning, Beijing, Shanghai, Tianjin, Guangdong, and Shandong. They total two more than those without the influence of urbanization level, and the effective time of DEA in Inner Mongolia and Liaoning is ahead of schedule. Affected by the level of urbanization, the efficiency scores of most provinces in the non-DEA effective region are rising, and Heilongjiang has the largest increase rate of 0.1125, rising to 0.2966. In addition, under the influence of urbanization level, the largest decline of COD is in Fujian, from 0.6246 to 0.5161. Other declining provinces are all from the central and western regions. The basic score is low, and the urbanization level has a limited impact on the western region.
Comparing the COD efficiency scores of provinces and autonomous regions with and without urbanization level, we see that the positive impact of urbanization level on the eastern region and the central region is more significant, and the eastern region is always the best of the four regions. There are great internal differences in northeast China, among which the COD efficiency score of Jilin has declined significantly after being affected by the urbanization level. Overall, the COD efficiency score from 2013 to 2017 has also decreased compared to that without the urbanization level, and the eastern region has the most significant increase under the influence of the urbanization level. Moreover, there is a large gap in the urbanization level between the provinces and cities in the western region. The overall score of the western region has increased after the impact of urbanization level. The most significant increase is in Sichuan, while the other provinces have a small increase. Without the impact of urbanization level, the COD efficiency score of Sichuan is 0.2536, and its score rises to 0.5091 under the impact of urbanization level.
Figure 4 shows the average change of waste and COD efficiencies in the four regions. We see that the wastewater output efficiency is significantly higher than COD efficiency, indicating that China has some control over the total amount of wastewater, but the improvement of wastewater pollution is not optimistic. COD shows greater regional differences. Influenced by urbanization factors, the 5-years average value of COD efficiency in the eastern region is as high as 0.8174, while it is only 0.3576 in the western region. The difference in wastewater production efficiency among regions is small. Influenced by urbanization, the lowest value of 0.8540 in the western region is only 0.1 lower than the highest value of 0.9602 in the eastern region. In addition, the COD efficiency value of the four regions presents a greater increase after adding the urbanization level, which shows that the impact of urbanization level on COD efficiency is greater than that of wastewater output, which is closely related to the more complete wastewater treatment and pollution control system of urbanization.
[image: Figure 4]FIGURE 4 | Five-year mean value of waste and COD efficiencies in each region.
Analysis of Urbanization Efficiency Results
Figure 5 shows the urbanization level efficiency of provinces and cities from 2013 to 2017. Findings show that the overall urbanization level efficiency of China is very high. The level of urbanization in the eastern region is the greatest. Except for Hainan, all other provinces have achieved DEA efficiency, but the level of urbanization in the western region is the most unbalanced, which is consistent with the economic differences among regions in China.
[image: Figure 5]FIGURE 5 | 2013–2017 urbanization level efficiency of provinces and cities.
We are able to conclude that the improvement of urbanization level has a positive effect on the input efficiency of most provinces, but on the whole this positive effect is only reflected in the improvement of scores in the same year compared with no urbanization level, and this positive effect is not sustainable. Compared with other years, a high urbanization level changes the declining trend of wastewater output efficiency in the four regions, while its positive effect on COD production efficiency is not significant.
Analysis of Correlation Between Population and Urbanization
Since there may be a known or unknown correlation between population and urbanization, in order to ensure that the correlation does not interfere with the results, a regression of population to urbanization to eliminate the part of the urbanization rate that is irrelevant to population is carried out. The concrete idea runs as follows.
One of the basic assumptions of multiple regression analysis is that there is no correlation between independent variables and random disturbance terms. Therefore, the correlation between the residual terms obtained from multiple regression analysis and independent variables is 0. According to this characteristic of multiple regression, the urbanization rate is regressed to the population, and the residual is extracted after regression. At this time, the correlation between the residual and the population is 0. This residual is the part of the urbanization rate that is independent of population.
The efficiency value is measured again. Figure 6 shows the change of the total efficiency value before and after elimination. The score 1) represents the total value of wastewater treatment efficiency before a treatment of the interaction between population and urbanization, and the score 2) represents the total value after treatment interaction. Except that the total score of efficiency is 1 for Beijing, Guangzhou, Jiangsu, Inner Mongolia, Shandong, Shanghai, and Tianjin, the total score of efficiency does not change before and after processing correlation, and the total score of efficiency in the other regions has improved to different degrees. In particular, the total efficiency score of Liaoning, Ningxia, and Qinghai rose to 1 after dealing with the correlation between population and urbanization, achieving the Frontier of efficiency. Overall, although the correlation between population and urbanization has a certain positive influence on the total efficiency value, the overall trend and score difference of the efficiency value in various regions remain basically the same before and after the exclusion of the correlation.
 | 
[image: ][image: Figure 6]FIGURE 6 | Total efficiency score before and after processing correlation.
CONCLUSION AND RECOMMENDATIONS
Discussion
1) By using the DEA model and taking the urbanization level as an exogenous variable to compare wastewater treatment with and without urbanization efficiency, we find that the average level of the overall efficiency score of wastewater treatment is generally higher under the urbanization level than under the non-urbanization level. This is similar to the result of Wang et al. (2018), whose study showed that city size generates a positive impact on efficiency improvement.
2) In previous studies on wastewater treatment efficiency, the influence of economic, population, and industrialization factors on wastewater treatment efficiency is typically considered, such as the studies of Feng et al. (2019) and Zhang et al. (2019). This present paper uses the urbanization level as an exogenous variable to compare wastewater treatment efficiency with or without urbanization, filling the gap in the related literature. The process of urbanization is bound to have a certain effect on the environment, but also like in (Carlino et al., 2007), we argue that urbanization brings about more advanced technology. Therefore, it is very important to study the impact of urbanization on China’s wastewater pollution and treatment efficiency, which will provide strong support for the formulation of policies in economic development and environmental protection during China’s urbanization.
3) This paper does not consider the impact of environmental factors such as water resource endowment, economic development level, and industrial structure on wastewater treatment efficiency when the DEA method is used to evaluate wastewater treatment efficiency. Further studies on wastewater treatment efficiency can take external environmental factors into more comprehensive consideration to reduce the impact of environmental factors and random interference.
Conclusion
This research has investigated wastewater pollution and wastewater treatment efficiency in the process of China’s urbanization. We present the following findings.
1) The level of urbanization is the key factor affecting the level of total efficiency. The average level of the total efficiency score under the level of urbanization is generally higher than that without the level of urbanization. The overall efficiency of most provinces in China is clearly on the rise. In terms of total efficiency and input efficiency, the eastern region is the best, the northeast region is next, the central region is third, and the western region lags as the worst.
2) The level of urbanization has a significant positive impact on the efficiency of cost input in the eastern and central regions, a negative impact on the western region, and no significant impact on the northeast region. In terms of population input efficiency, urbanization level has a significantly positive impact on the score of population input efficiency in northeast, central, and western regions, while it has no positive impact on the population input efficiency in the eastern region. From the perspective of urbanization level, the investment efficiency of fixed assets and costs in the eastern region is still the best among the four regions, while the investment efficiency of population is the worst among the four regions.
3) Wastewater output efficiency is generally higher than COD output efficiency, but the level of urbanization has no continuous positive effect on wastewater output efficiency. Moreover, wastewater output efficiency in the four regions is declining. The output efficiency of COD distinctly fluctuates and the efficiency value is low on average.
In conclusion, we note that there are significant differences in wastewater pollution and treatment efficiency among regions and provinces in China, and that the level of urbanization impacts each region differently. Therefore, treatment measures should be taken according to the characteristics of each region and local conditions.
Recommendations for the Future
Eastern Region
The eastern region has the highest level of urbanization and also has an absolute advantage in the number of DEA-efficient provinces in terms of factor input efficiency and output efficiency, but there is also a gap in the development among regional provinces. For provinces with a relatively low urbanization level and insufficient investment in fixed capital and governance, urbanization and ecological environment construction should be developed together. Governments can actively increase the construction of wastewater treatment enterprises and facilities and improve the capacity of wastewater treatment. According to the statistical data, over 50% of domestic sewage in China is directly discharged into natural water bodies without professional treatment, causing a huge burden on urban sewage treatment, and thus provinces that have reached DEA efficiency still need to be vigilant. Due to the complexity of wastewater treatment, more research still needs to be carried out to find innovative technology with high efficiency and low cost.
Those provinces and autonomous regions with rapid development of urbanization need to pursue stability and strengthen the concept of sustainable development during the process of urbanization. Urban sewage monitoring and the construction of basic urban sanitation systems are the key points to improve urban wastewater treatment. An urban sewage monitoring system can help promote the process of urbanization. It can also detect urban sewage in an all-round way by using detection instruments, data transmission network, data result analysis, application equipment, business information, and other related systems.
Northeast Region
The whole northeast region has been making progress. Liaoning has been in the leading position in the country, but Heilongjiang and Jilin at low urbanization levels exhibit an obvious weakness in cost input efficiency and COD output efficiency, which may be related to a single technology type or high maintenance cost. Therefore, the focus of wastewater treatment in these areas is to improve COD output efficiency and the investment efficiency of fixed assets, population, and expenses. Attention should be paid to the rationality of wastewater treatment planning and to gradually achieve the centralized treatment of urban wastewater, so as to combine urban wastewater treatment with industrial wastewater treatment, improve wastewater treatment efficiency, and reduce resource waste.
CENTRAL AND WESTERN REGIONS
Promoting the process of urbanization in the western region needs to be steady and fast. Improvement in the level of urbanization can quickly improve the efficiency of investment in assets and expenses. However, during the process of promoting urbanization in the western region, attention should also be paid to the problem that the sewage treatment system is difficult to advance along with rapid urbanization, and so it is important to make the construction of sewage treatment system infrastructure match the urbanization level. Although the overall level of urbanization in the central region is very high, there are still many problems to be solved in wastewater treatment there. In general, the efficiency of each index in the central and western regions is low and fluctuates greatly. The most important problem is the cost and investment efficiency of fixed assets. It is thus necessary for governments to develop preferential or subsidy policies to encourage early water treatment projects in the central and western regions. In terms of capital, they need to enact policies to attract investment from enterprises and improve the efficiency of wastewater treatment through applicable and precise investment in wastewater treatment. In terms of technology, governments must strengthen learning and cooperation in advanced areas, learn from successful experience, and introduce new technology and equipment. Governments can adopt the method of first pilot testing and then promoting the successful cases in order to reduce the relevant risks.
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