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Abstract 

 

    With the increasing awareness of water environmental protection, China has 

paid more and more attention to water environmental governance. The 

performance of wastewater governance should be measured not only in terms of 

total amount, but also in terms of efficiency. This paper used the SBM model to 

evaluate the efficiency of the urban wastewater governance in 130 cities in 2015, 

and used the Tobit model to analysis its influencing factors. The results show that 

the efficiencies of urban wastewater governance in 130 cities are quite different, 

and the average level is very low. The urban precipitation and the population 

density have a significant negative impact on the efficiency. On the contrary, the 

load rate of sewage treatment facilities and the proportion of rural wastewater 

governance have a significant positive impact on the efficiency. In order to 

improve the efficiency, we should strengthen the management of illegal sewage 

discharge, perfect the sewage pipeline network, improve the adaptability between 

the sewage pipeline network and sewage treatment facilities, and pay more 

attention to rural wastewater governance. 
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1 Introduction 
 

     With the rapid development of economy, water pollution in China is becoming 

more and more serious, due to lack of environmental protection awareness and 

investment funds. Water pollution has seriously threatened people's health, 

especially in cities. Urban wastewater governance is urgent and important. China 

has gradually implemented market-oriented reform in sewage treatment industry 

since 2002. Practice has proved that the reform has greatly promoted the 

development of sewage treatment industry. The number of sewage treatment 

plants increased from 537 in 2002 to 4063 in 2017, and the daily sewage 

treatment capacity increased from 35.78 million cubic meters in 2002 to 178 

million cubic meters in 2017. Does the increasing output of sewage treatment 

industry mean the high efficiency of urban wastewater governance? What are the 

main factors influencing the efficiency? To answer these questions, this paper 

used SBM model and Tobit model to analysis the urban wastewater governance in 

130 Chinese cities in 2015. 

      Urban wastewater governance is a massive and complex public affairs, which 

includes three closely related parts: sewage discharge management, sewage 

pipeline network and sewage treatment. It involves many stakeholders, including 

governments, enterprises and consumers. Since 2002, China has gradually 

implemented market-oriented reforms in the parts of sewage pipeline network and 

sewage treatment. Government authorized enterprises through franchising system 

to provide related services. In order to reduce the market entrance threshold for 

enterprises, the whole system of sewage pipeline network and sewage treatment in 

a city is separated into many parts for bidding. Will it increase the total cost of 

urban wastewater governance? With the increasing awareness of water 

environmental protection, More and more scholars point out that the performance 

of wastewater governance should be measured not only in terms of total amount, 

but also in terms of efficiency.  

     Many scholars used data envelopment analysis (DEA) and stochastic frontier 

analysis (SFA) to evaluate the efficiency. F. Erberra et al. (2007) used DEA and 

SFA to evaluate the impact of the tightening in price cap. F. H. Sancho et al. 

(2009) used DEA to calculate the efficiency of 338 wastewater treatment plants in 

Spain as a basic requisite to improve the potential of the water reuse. W. Hu et 

al.(2014) used DEA to evaluate the efficiency of wastewater treatment enterprises 

in industrial parks in Taihu basin, China. Y. Mai et al.(2015) used DEA evaluate 

the operating efficiency of 74 wastewater treatment plants in China. Guerrini et al. 

(2017) used double-bootstrap DEA to measure the energy costs of wastewater 

treatment plants and identify how they can be reduced. Previous empirical 

literatures focused on the enterprise efficiency from the micro-perspective. We 

found that few studies, taking a city as a decision making unit, measured the 

efficiency of urban wastewater governance from the macro-perspective. 
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2 Methodology 

 
     In this paper, we took  a city as a decision-making unit. we chose 130 Chinese 

cities as samples, with annual amount of sewage discharge more than 50 million 

tons, and the resident population more than 1 million. Firstly, we used SBM 

model to evaluate the efficiencies of urban wastewater governance in 130 cities. 

Secondly, we used Tobit model to find out its Influencing factors. 

 

A. SBM model 
 

      CCR model (Charnes, Cooper and Rhodes,1978) and BCC model( Banker, 

Charnes and Cooper,1984) are typical DEA models，which were widely used in 

efficiency evaluation. However, these two models can only judge whether each 

decision-making unit is efficient or not, and they can't find out the source of 

inefficiency. To solve this problem, Kaoru Tone proposed a Slack Based Model in 

1997, introducing the slack variables to the objective function. However, SBM 

model is based on the expected output only. In reality, some production activities 

may produce unexpected output at the same time. For example, the production 

process of thermal power plants may emit sulfur dioxide, which will make the air 

pollution. These unexpected output is ignored by the SBM model. To solve this 

problem, W.W. Cooper et al. proposed another SBM model based on expected 

and unexpected output in 2007. The SBM model is as follows:  

       X Y and B are the input, expected output and unexpected output matrices of a 

decision making unit, X=(xij)∈Rmхn
, Y=(yij)∈Rmхn and B=(bij)∈Rmхn

. We assume 

that every decision making unit has m inputs (X), q1 expected outputs (Y) and q2 

unexpected outputs (B), with X>0  Y>0 and B>0. The value λ is a nonnegative 

vector in Rn. The production possibility set P is defined as 

 

                 P = {(𝑥, 𝑦, 𝑏)|𝑥 ≥ 𝑋𝜆, 𝑦 ≤ 𝑌𝜆, 𝑏 ≥ 𝐵𝜆, 𝜆 ≥ 0} 
     We consider an expression for describing a certain DMU(x0,y0,b0) as follows: 
 
                                         𝑥0 = 𝑋𝜆 + 𝑠− 
                                         𝑦0 = 𝑌𝜆 − 𝑠+    

                                         𝑏0 = 𝐵𝜆 + 𝑠𝑏− 
     The values s- s+ and sb- indicate the input surplus, expected output shortage 

and unexpected output surplus, respectively, which are called slacks, withλ≥0, 

s-≥0 and s+≥0. The SBM model can be formulated as follows: 

            𝑚𝑖𝑛 𝜌 =
1−

1

𝑚
∑

𝑠𝑖
−

𝑥𝑖𝑘
⁄𝑚

𝑖=1

1+
1

𝑞1+𝑞2
(∑

𝑠𝑟
+

𝑦𝑟𝑘
⁄𝑞1

𝑟=1 +∑
𝑠𝑡

𝑏−

𝑏𝑡𝑘
⁄𝑞2

𝑡=1 )

         （1） 

                 subject to       𝑋𝜆+𝑠− = 𝑥𝑘 
                              𝑌𝜆−𝑠+ = 𝑦𝑘 
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                              𝐵𝜆+𝑠𝑏− = 𝑏𝑘 

                             λ，𝑠−，𝑠+ ≥ 0 

     The index ρ indicates the efficiency of a certain DMU, which holds 0<ρ≤1. 

 

B. Indicators and Data Source 
 

    In this paper, we choose the length of drainage network and the daily capacity 

of sewage treatment facilities as input indicators, choose COD reduction of 

sewage treatment as expected output indicator, and choose the score of urban 

surface water quality as the unexpected output indicator. 

     The length of drainage network represents the input in the part of sewage 

collection, and the daily capacity of sewage treatment facilities represents the 

input in the part of sewage treatment. The data is from the Statistical Yearbook 

2016 of Urban Construction. COD reduction is often used to evaluate the 

pollutant removal effect of sewage treatment. In this paper, we choose COD 

reduction as expected output of urban wastewater governance. It comes from the 

Statistical Yearbook 2016 of Urban Drainage. 

     Due to the lax management of sewage discharge, some sewage without 

treatment is discharged directly to the natural environment, which will cause 

pollution. We consider the untreated sewage is the unexpected output of urban 

wastewater governance. Unfortunately, it is difficult to obtain the exact amount of 

these untreated sewage. In this paper, we used the water quality score as an 

alternative variable. The data is from the surface water quality database of the 

Public Environmental Research Center, China. The surface water quality is 

divided into seven levels, from class 1 to 7. Class 1 is the lowest level of water 

pollution. Class 7 is the highest level of water pollution. The data comes from 

observation points of rivers and lakes. The calculating method of water quality 

score is as follows: Firstly, 100 points is assigned for class 1 of surface water, 200 

points for class 2, 300 points for class 3, and so on. Secondly, the proportion of 

each class is calculated in each city. Thirdly, the proportion of each class is 

multiplied by the assignment score of each class. Finally, the water quality score 

is obtained by summing up 7 classes. The score ranges from 100 to 700 points. 

The higher the score is, the more sewage without treatment is. 

 

score = ∑
Number of class k observation points 

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑝𝑜𝑖𝑛𝑡𝑠 

7

k=1

× assignment points of  class k 

C. Tobit model 
 

     The Tobit model (Tobin,1958) is useful to learn about the conditional 

distribution of a variable y* ， which is observed only if it is above or below some 

known threshold. In this paper, the efficiency y* is evaluated between 0 and 1.The 

observed dependent variable y follows from the latent variable y* as 
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                  𝑦𝑖 = {

0,    𝑖𝑓  𝑦𝑖
∗ < 0 

𝑦𝑖
∗, 𝑖𝑓  0 ≤ 𝑦𝑖

∗

1,   𝑖𝑓  𝑦𝑖
∗ > 1

≤ 1    

   The relationship between the latent variable y* and regressor X is assumed linear: 

 

               𝑦𝑖
∗ = 𝛼0 + ∑ 𝛽𝑖𝑋𝑖 + 휀𝑖 ,  휀𝑖~𝑁(0, 𝛿2) 

Where y*  is dependent variable, X is independent variables, β  is a parameter of 

X., α is constant, and ε is  residual which reflects the "unaccounted for" part.   
                     

D. Indicators and Data Source 

      

      In this paper, we assumed that the main factors influencing the efficiency are 

urban precipitation, urban population density, load rate of sewage treatment 

facilities, and the government's attention to rural wastewater governance 

     At present, rainwater-sewage diversion and rainwater-sewage confluence are 

the main sewage collection methods in city. Rainwater can be discharged directly 

to natural environment, but sewage can't. rainwater-sewage diversion system can 

reduce the total amount of sewage treatment, and increase the efficiency. 

Rainwater-sewage confluence system will transport the rainwater to the sewage 

treatment plant for treatment, which will increase the total cost and decrease the 

efficiency. Therefore, we assumed that urban precipitation will affect the 

efficiency of urban wastewater governance. The more urban precipitation is, the 

lower the efficiency of urban wastewater governance is. The data of urban 

precipitation comes from the statistical yearbook 2016 of each province. 

     Sewage are collected and carried to the sewage treatment plants to be purified, 

named the method of centralized sewage treatment. The greater the density of 

urban population is, the more obvious economic scale effect of centralized sewage 

treatment is. We assumed that the greater the density of urban population is, the 

stricter the management of urban sewage discharge is, and the higher the 

efficiency of urban wastewater governance is. The data of urban population 

density is from the Statistical Yearbook 2016 of Urban Construction in China. 

     In China, the government is responsible for sewage discharge management. 

The different enterprises are responsible for the parts of sewage pipeline network 

and sewage treatment. Different parts are responsible by different individuals, 

which will separates the integrity of urban wastewater governance into fragments. 

The degree of integrity can be reflected in the load rate of sewage treatment 

facilities. We assumed that the higher the load rate of sewage treatment facilities 

is, the higher the efficiency of urban wastewater governance is. The data of the 

load rate of sewage treatment facilities is from the Statistical Yearbook 2016 of 

Urban Drainage in China. 

      Due to the lack of funds and the awareness of environmental protection, 

wastewater governance has not been fully implemented nationwide in China, 

beginning from big cities, small cities to villages, and from downtown, suburb to 

rural area. As a result, some sewage from suburb or rural area without treatment is  
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discharged directly to the natural environment. Therefore, the proportion of rural 

wastewater governance will affect the efficiency of urban wastewater governance. 

We assumed that the higher the proportion of rural wastewater governance is, the 

higher the efficiency of urban wastewater governance is. Data, the proportion of 

villages which implemented sewage treatment, comes from the Statistical 

Yearbook 2016 of Urban and Rural Construction in China. 

 

3 Empirical Results 
      

    With the help of MaxDEA Ultra 7 software, we used the SBM model, with 

variable returns to scale, non-radial distance and non-oriented angle, to evaluate 

the efficiency of urban wastewater governance in 130 cities. The efficiency value 

equal to 1 indicates the highest efficiency, and 0 indicates the lowest efficiency. 

 

A. The efficiencies of urban wastewater governance in 130 cities 

     

    According to the results, the efficiencies of urban wastewater governance in 

130 cities are quite different. According to the efficiency value, we divided 130 

cities into four categories: excellent (0.9-1), good (0.6-0.9), medium (0.4-0.6) and 

poor (0-0.4). There are 10 cities belonging to excellent category, with the rate of 

7.69%. 13 cities belong to good category, with the rate of  10%. 49 cities belong 

to the medium level, accounting for 37.69%. 58 cities belong to the poor level, 

accounting for 44.62% . The average efficiency of 130 cities is 0.4637. 

 

Table 1: The efficiency values of urban wastewater governance in 130 cities based 

on SBM model 

 

NO. Name of City The efficiency values 

1 Beijing 1 

2 Yinchuan 1 

3 Zigong 1 

4 Dazhou 1 

5 Qingdao 1 

6 Shijiazhuang 1 

7 Mudanjiang 1 

8 Zunyi 1 

9 Quzhou 1 

10 Panzhihua 1 

11 Huangzhou 0.7936 

12 ...... ...... 

129 Taizhou 0.1977 

130 Nanjing 0.1885 

average 130 cities 0.4637 
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      According to the economic region, we classify 130 cities into four categories, 

the western region, the northeastern region, the eastern region and the central 

region. The average efficiency of urban wastewater governance in western region 

is the highest, and the average efficiency in central region is the lowest. 

According to the size of population, we classify 130 cities into three categories, 

the megacities (population size more than 10 million), large cities (population size 

5-10 million) and middle cities (population size 1-5 million). The average 

efficiency of urban wastewater governance in megacities is the highest, and the 

average efficiency in large cities is the lowest.  
 

Table 2: The average efficiency in different categories  
standard categories Number of cities The average efficiency 

the 

economic 

region 

the eastern region 64 0.4443 

the central region 30 0.4302 

the western region 22 0.5740 

the northeastern region 14 0.4515 

the 

population 

size  

megacities 14 0.5477 

large cities 55 0.4309 

middle cities 61 0.4741 

All city samples 130 0.4637 

 

B. The influencing factors of urban wastewater governance  
 

     With the help of stata software, we used the Tobit model to analysis the 

influencing factors on efficiency. In order to avoid the non-stationarity of 

parameter estimation caused by different data units，we used logarithm of urban 

precipitation and logarithm of urban population density. Furthermore, we 

multiplied the proportion of rural wastewater governance and the load rate of 

sewage treatment facilities by 100 times. Firstly, we used the maximum likelihood 

estimate method (MLE) to estimate parameters. However, the MLE method is 

highly dependent on data distribution. The test showed that the disturbance term 

did not obey the normal distribution. It may cause some errors in the estimating 

results. To avoid this problem, secondly, we used the censored least absolute 

deviations method (CLAD) to estimate parameters, which makes the results more 

reliable. Table 3 is the parameter results by MLE method and CLAD method. 

      The results show that the urban precipitation has a significant negative impact 

on the efficiency of urban wastewater governance, which passed the statistical 

significance test of 0.1% level. The distribution of annual rainfall in China is 

extremely uneven, and rainfall is gradually increasing from the northwest inland 

area to the southeast coast area. In rainwater season, with the existence of 

rainwater-sewage confluence pipeline network, a large amount of rainwater will 

be transported to sewage treatment plants for purification treatment, which will 

increase the total cost and reduce the efficiency. The cities with heavy rainfall are 

mainly located in Guangdong, Guangxi Pr, Hunan and Hubei Province. The 

annual rainfall of these cities is more than 1600 mm. In these cities, the proportion 

of rainwater-sewage diversion in sewage pipeline network should be increased. 
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Table 3: the results of regression analysis by MLE method and CLAD method 

 

Explanatory variables 
MLE method CLAD method 

Coef. t Std. Err. Coef. t Std. Err. 

logarithm of urban 

precipitation 

-0.158 

*** 

-5.18 0.0305 -0.176 

*** 

-6.05 0.0256 

logarithm of urban 

population density 

-0.00777 -0.30 0.0258 -0.0786 

** 

3.07 0.0320 

load rate of sewage 

treatment facilities (100 

times) 

0.00628 

*** 

4.90 0.0013 0.0024 

** 

2.71 0.0016 

proportion of rural sewage 

treatment (100 times) 

0.00379 

** 

3.12 0.0013 0.00498 

*** 

4.99 0.0016 

_cons 1.047 

*** 

3.66 0.2859 0.733 

* 

2.51 0.2220 

N 130   130   

Note: Estimates marked with (***) are statistically significant at 0.1% level; 

Estimates marked with (**) are statistically significant at 1% level; Estimates 

marked with (*) are statistically significant at 5% level. 

 
     The results show that urban population density has a significant negative 

impact on the efficiency of urban wastewater governance, which passed the 

statistical significance test of 1% level. On the previous analysis, we assume that 

the greater the density of urban population is, the stricter the management of 

urban sewage discharge is, and the higher the efficiency of urban wastewater 

governance is . However, the results prove that it is not the case.  It reflects that 

the municipal government is not very strict in the management of sewage 

discharge. Some untreated sewage is discharged directly into the natural water 

body, which reduced the efficiency of urban wastewater governance. 

     The results show that the load rate of sewage treatment facilities has a 

significant positive impact on the efficiency, which passed the statistical 

significance test of 1% level. High load rate of sewage treatment facilities 

indicates high adaptability and utilization between sewage pipeline network and 

treatment facilities, which will increase the efficiency of wastewater governance. 

     The results show that the proportion of rural wastewater governance has a 

significant positive impact on the efficiency, which passed the statistical 

significance test of 0.1% level. Urban wastewater governance and rural 

wastewater governance are closely linked and interacted. The higher the 

proportion of rural wastewater governance is, the less untreated sewage 

discharged in rural areas is, the less negative impact on urban water environment 

is, which will increase the efficient level of urban wastewater governance. 

 

4 Discussion 
      

    We should strengthen the management of sewage discharge. For example, we 

should strengthen the punishment of illegal sewage discharge behavior; mobilize  
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people to supervise and report illegal sewage discharge behavior, and install real-

time monitoring system in key rivers and lakes, etc. 

     We should further perfect the sewage collection system. Sewage collection 

system should be designed scientifically according to different annual rainfall. In 

those cities located in southeastern region, the proportion of rainwater-sewage 

diversion pipeline network should be increased appropriately. The facilities for 

preventing lake water and rainwater from backfilling during flood season should 

be installed.  

     We should improve the adaptability between the sewage pipeline network and 

sewage treatment facilities, and raise the load rate of sewage treatment facilities. 

Many city governments pay more attention to the construction of sewage 

treatment facilities than to the construction of pipeline networks, which results in 

the low load rate of sewage treatment facilities. 

     We should pay more attention to rural wastewater governance. There are about 

2.645 million villages in China, According to the Statistical Yearbook 2016 of 

Urban and Rural Construction, the average proportion of villages with wastewater 

governance is 11.4%. Zhejiang Province had the highest proportion (62.4%) and 

Heilongjiang Province had the lowest proportion (0.4%). A large amount of rural 

sewage is discharged directly without purification treatment, which will greatly 

reduce the efficiency of urban wastewater governance. 

     

5 Conclusion 
     

    In this paper, we used SBM model and Tobit Model to analysis the efficiencies 

and its influencing factors of urban wastewater governance in 130 Chinese cities. 

The results show that the efficiencies in 130 cities are quite different, and the 

average efficiency level is very low. The urban precipitation and the urban 

population density have a significant negative impact on the efficiency. On the 

contrary , the load rate of municipal sewage treatment facilities and the proportion 

of rural wastewater governance have a significant positive impact on the 

efficiency. In order to improve the efficiency of urban wastewater governance, we 

should strengthen the management of illegal sewage discharge, perfect the urban 

sewage collection system, improve the adaptability between the pipeline network 

and sewage treatment facilities, and pay more attention to rural wastewater 

governance. 
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