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Abstract: This article regards the provincial districts’ municipal water industry in China as the research 
object, uses stochastic frontier production function model and analyzes its total factor productivity 
growth and decomposition during 2001-2009. It is found that technology progress plays a dominant role 
in the rise of TFP, scale efficiency is a complementary one, and technology efficiency change plays a 
negative role. The research shows: the municipal water industry in China should be changed from the 
idea which thinks capital investment is very important and neglects labor investment; it needs more labor 
investment, especially technological and managerial talents in order to improve productivity. 
Copyright © 2012 IFSA. 
 
Keywords: Municipal water industry, privatization, Technical efficiency, Stochastic frontier analysis, 
International Review on Computers and Software. 
 
 
 
1. Introduction 
 
The water industry in China has been manipulated by the government for a long time, which is beneficial 
to promote the development of natural monopoly businesses of the urban water industry. However, it 
consolidates the market monopolization, causing the water industry lack of competitive viability, lower 
productivity, higher operating costs, and deficit management. As the pace of urbanization is advancing, 
the industrialization index is increasing; the original management pattern can’t meet the demands of 
urban water supply and polluted water processing. In order to improve such situation, the government 
carries out the privatization reforms in urban water industry. The businesses of water industry mainly in 
water producing and polluted water processing was no longer under the surveillance of the government 
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in 1990 and so was the pipe business in 2002. In addition, the ratio of money return on investment was 
assigned as the price control regulation of city water industry in the regulation, price management of 
urban water supply published by the government in 1998. The deregulation of regulatory policies and 
price-fixing policies in investment returns have boosted their interests in investing city water industry 
and increase the whole level of the urban water industry. In 2009, the water supply capacity reached  
27 trillion and 468million cubic meters which increased by 90.2 % than that in 1990. How the regulation 
policy affects the productivity of urban water industry is concerned both by theory field and empirical 
field. 
 
There are many empirical cases concerning about the urban water industry productivity in foreign 
countries. For instance, Morgan (1977) [1], Crain & Zradkoohi (1978) [2] find that the private 
enterprises can increase the cost efficiency by means of cost function. Bruggink (1982) [3] concludes 
that the cost is lower in the state-owned enterprises than in the private enterprises. Bhattacharyya and his 
cooperators(1994) [4] hold on that the total efficiency between state-owned enterprises and private 
enterprises has no significant difference, however, the technical efficiency of the private enterprises is 
lower. Saal & Parker (2001) [5] hold that privatization has increased the profits but there is no evidence 
could prove that privatization helps to raise the productivity. 
 
There are few papers which directly study the production efficiency of urban water industry in China. At 
present, those papers mainly discuss the productivity of industrial corporation and the service industry. 
Some examples are here of: Yao Yang (1998) [6] assesses the technical efficiency of Chinese industrial 
corporation by means of stochastic frontier analysis and analyses the effects of non stated-owned 
economic factors on internal and external of corporations technical efficiency, concluding that the 
technical efficiency of non stated-owned corporations is much higher. Yang Qingqing and her 
cooperators (2009) [7] study the production efficiency of service industry by means of stochastic frontier 
analysis, and discuss how the factors such as human capital, marketization, social capital affect the 
technical efficiency of service industry. Additionally, there are some papers which specially study total 
factor productivity in natural monopoly industry. Choosing the electricity industry as the target object, 
Ma Tian (2010) [8] calculates the total factor productivity of China Electricity Industry by Solow 
Residual Value. 
 
The paper aims to study the total factor productivity in urban water industry by the application of 
stochastic frontier analysis and data collection of provincial water industry in China and divides it into 
technical progress, the variation of technical efficiency and economics of scale, meanwhile, it analyses 
the effect of privatization level on technical efficiency and the final part is the conclusion and relevant 
inspiration. 
 
 
2. Stochastic Frontier Production Model 
 
The total factor productivity can be estimated by coefficient and non-coefficient methods. At present, 
these methods are commonly applied. The coefficient method and non-coefficient method each cut both 
ways. Considering the object of the paper is to study the influence of privatization on technical 
efficiency, henceforth, the article chooses the stochastic frontier analysis method in the paper. 
 
There are many function forms in stochastic frontier analysis methods; therefore, it is very important to 
choose suitable forms. The paper tries to adopt stochastic frontier production function model of 
time-varying technical efficiency in logarithmic form, reduces the variations basing on the form and 
finally the function form is like formula (1) which fits the data. 
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In equation (1), ity , itL , itK  represents the output level, labor input, and capital input of i  province 
respectively in the t  year;  represents the value of solved-for parameters of explaining the variations; 

2
(0, )v Nit v  represents stochastic volatility caused by uncontrollable factors in the production process of 

urban water industry of each province in different years and isolated from itu , while itu  is a negative and 
independent stochastic volatility, explains the inefficiency in the production process and obeys truncated 

normal distribution
2

(0, )v Nit v , technical inefficiency function is corresponded to m, the form of the 
assumed technical inefficiency is like equitation (2):  
 

 0 1 2 3m myh pgdpit t       (2) 

 
In formula (2), in order to reflect the time property of technical efficiency variation, so bring in t-the time 
tendency of technical efficiency. δ1 represents the time tendency of technical efficiency variation, if the 
notation of δ1 is positive, it indicates that as time goes by, the technical inefficiency is ascending and vice 
versa. myh represents the index of privatization level, δ2 represents the influential coefficient of the 
privatization level on technical efficiency, if the notation of δ2 r is negative, it indicates that privatization 
has positive effect on technical inefficiency, if the notation of δ2 is positive it indicates that privatization 
has negative effect on technical inefficiency. pgdp represents regional per capita GDP and the per capita 
GDP reflects the economic developing level of different regions in China. The reality in China is that, 
the higher the economic level in the region is, the higher of the marketization, competition, and 
enterprises management level and technical efficiency are. Per captia GDP should have positive effect 
on technical efficiency and the influential coefficient δ3 should be negative. 
 
The growth of total factor productivity and its dividing process are as follows: 
 
Technical progress (FTP): According to the selected function model and the definition of technical 
progress, technical progress is defined 
 
 ln it

it
y

FTP
t




  
(3) 

 
Technical efficiency: According to the selected function model and the definition of technical 
efficiency, technical efficiency is defined 
 

 TE
du

dt
 

 
(4) 

 
The variation value of technical efficiency is 
 
 / 1it isi TE TETEC    (5) 
 
The division of the growth of total factor productivity: according to the model proposed by Battese and 
Coelli (1995), the growth of total factor productivity could be divided 
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In the formula (6), n L K    . L  , K  represents the output elasticity of labor factors and capital factors 
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respectively, Ls , Ks represents capital factors and the proportion of capital factors in total factors cost. 

itL  and itK  represents the growth ratio of labor coefficient and capital coefficient 
respectively, SE represents the economy of the scale and AE represents the ratio of resource allocation. It 
can’t calculate the ratio of resource allocation because of the lack of price statistics data and suppose the 

resource allocation is ineffectiveness, that is ,L L K Ks s   . Finally, the total factor productivity can be 
divided into technical progress, the variation of technical efficiency and the economy of the scale, just 
like formula (7). 
 
 TFPC FTP TEC SE    (7) 
 
 
3. Variables and their Corresponding Data Description 
 
The sample interval of the paper studies ranges from 2001 to 2009. 2001 is selected as the starting point 
of the study because the privatization process of urban water industry has promoted fast, and the effect 
has manifested in 2000 [9].The paper originally planned to study the urban water industry in  
31 provincial areas, however, due to the lack of data, it finally chooses 20 provincial areas like Beijing, 
Tianjin, Hebei, Shanxi, Inner Mongolian, Heilongjiang, Shanghai, Jinagsu, Zhjiang, Anhui, Fujian, 
Jiangxi, Shandong, Guangdong, Chongqing, Sichuan, Yunnan, Shaanxi, Qinghai, Xinjiang and so on. 
All the original data of variables come from the statistical yearbooks of provincial areas and China 
Statistical Yearbook. Finally, the unbalanced panel data were formed due to the lack of the data of some 
years in certain parts. Descriptive statistics of variables are shown in Table 1. The explanations of the 
specific variables and data acquisition are as follows.  
 
 

Table 1. Descriptive statistics of variables. 
 

Variables Sample volume 
Minimum 

Value 
Maximum 

Value 
Average Value 

Standard 
Deviation 

The level of output 156 0.85 224.96 22.8145 35.986 

L 156 0.18 5.36 1.5177 1.1024 

K 156 2.85 340.38 57.773 66.497 

MYH 156 0 43.5025 .8509 4.092 

Per captia GDP 156 5020.0 81266.6 18248.7 15133 

 
 
1) The output level (y). Gross industrial output value of urban water industry in statistical yearbooks of 
provincial areas is one index in the measurement of the output level. To ensure the data can be measured, 
so choose the year of 2000 as the base, adjust the original data with producer’s price index for 
manufactured products and acquire gross industrial output value calculated by constant prices at the  
year 2000. 
 
2) Labor input (L). Annual average number of employed personnel of urban water industry in each 
provincial areas is considered to be the index of labor input, and the data in some provinces are acquired 
by Value-added of Industry dividing overall Labor Productivity. 
 
3) Capital investment ( K ). The paper takes the annual average net value of fixed assets of urban water 
industry in statistical yearbooks of provincial areas as the index, meanwhile, adjust the original data to 
acquire the annual average net value of fixed assets basing on the invariable price in the year of 2000. 
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4) The level of privatization ( myh ). The paper chooses the ratio between the total capitals of private 
enterprises and the total capitals of state-owned enterprises as the data to evaluate the level of 
privatization [10]. 
 
5) Per captia GDP ( pgdp ). The paper takes Per captia GDP in statistical yearbooks in provincial areas as 
the original data and deflates it with Industrial Product Price Index to acquire the data of the variable. 
 
 
4. Empirical Results and Explanations 
 
The paper acquires each parameter (in Table 2) by the software-frontier 4.1. The value of log likelihood 
ratio is 24.546, the freedom index is 3, significant under the level of 1 % significance, refuses the 
assumption of the non-exist of invalid technology, illustrating that the technical efficiency has 
significant effect on urban water industry in each region. The model of γ is 0.917 (quite significant), 
approaching 1. Taken the comprehensive factors into consideration, it is rational to adopt the model of 
stochastic frontier product function. 
 
 

Table 2. The result of stochastic frontier product function estimate. 
 

 
 
 

 Parameter Model 

0  -0.612*** 
(-6.444) 

1 ( ln itK ) 0.907*** 
(24.925) 

2 ( ln lnit itL K ) 0.145 
(1.243) 

3 ( ln itt L ) 0.540*** 
(5.685) 

4 ( ln itKt ) -0.140** 
(-2.045) 

Stochastic frontier 
product unction 

5 ( 1 2
2

t ) 0.162*** 
(3.082) 

0
  -0.228* 

(-1.921) 

1 ( t ) 0.321** 
(2.063) 

2 ( myh ) 0.166 
(1.045) 

Technology 
invalid 

function 

3 ( pgdp ) -0.642* 
(-1.664) 

2  
0.339 
(2.687) 

  0.917*** 
(26.843) 

Log likelihood function 13.08 
One side likelihood ratio test 24.747 
the number of samples 156 
Year 9 

Residual estimate 

the number of cross-section 20 
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1) The interacted parameter between the two elements -time, labor and capital which are significant 
under the level of 5 % significance level are 0.540, -0.140, presenting that technology has penetrated into 
the production factors, the technology content of production factors of labor in city water industry has 
improved, however, compared with the past, the technology content of capital factor of production has 
reduced. The square coefficient of time factor is positive, indicating that as time goes by, technical 
progress speed up at the rate of the square of time. The parameter of technical progress-t coefficient is 
not notable, and does not appear in the regression model, but the square of tlnK, tlnL, have embodied the 
role of technical progress, henceforth, therefore the lack of technical progress t does not affect the return 
results. 
 
2) The technical efficiency is descending with time. In invalid technical function, the coefficient of time 
trend term is 0.312, significant under the level of 5 % significance, and the positive coefficient presents 
that the technical efficiency of urban water industry in China is descending annually from 2002 to 2009 
and the average reduction ratio is 3.12 %. The coefficient of regional per capita GDP is -0.642 and 
significant under the level 10 % significance showing that the technical efficiency is affected by regional 
economy development level. The higher of per capita GDP in the region, the higher technical efficiency 
the urban water industry is in the region. 
 
3) The privatization doesn’t improve the technical efficiency. The coefficient of the variable of 
privatization level was positive, reaching 0.166, showing that with the increase of privatization level in 
urban water industry, the technical efficiency in urban water industry maybe reduced partly. Although 
the technical efficiency reduced, it didn’t pass the significance test, showing that the effect on technical 
is not significant. Though a great many private capitals were invested into the urban water industry, the 
effect was not significant because of the short entry period, lack of management talents and management 
experience. 
 
4) According to the formula (1), bringing the number into the formula, it can acquire the capital and 
labor elastic coefficient of the urban water industry. The capital elastic coefficients are decreasing and 
the labor is increasing from 2001 to 2009 in China. Capital input growth ratio is higher than that of labor 
input growth ratio, indicating that in the past 10 years, priority has been given to the increase of the 
capital input in the urban water industry rather than labor input. 
 
5) The total factor productivity of urban water industries has increased by -0.08, 0.3091, 0.227, 0.446, 
0.58, 0.23, 1.01 and 1.253 respectively between 2002 and 2009, presenting a constant increasing 
tendency. Technical progress plays a pivotal role in promoting the total factor productivity and the 
average contribution rate reached 93.7 %. Next is the contribution of the economics of scale, while the 
contribution of the change of technical efficiency is negative. 
 
From the mean total factor productivity growth value, except that the total factor productivity growth of 
Yunnan, Xinjiang and Qinghai are negative, the growth in the rest areas are positive, showing that the 
productivity of urban water industries in most areas have improved. The highest is Guangdong, reaching 
1.079; Shandong comes next, reaching 0. 77 and the lowest is Xinjiang, reaching -0.264. The increasing 
rate of total factor productivity in Guangdong is the largest, which is mainly due to the largest technical 
progress, the high level of the economics of the scale, as well as the high technical efficiency. The 
reduction of total factor productivity of urban water industries in Yunnan, Xinjiang, Qinghai, lies in the 
value of negative technical progress value and the economics of the scale value is negative. The three 
areas should enhance the technical progress and promote the economy of scale to improve the efficiency 
of urban water industry. The details are revealed in Table 3 and 4. 
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Table 3. The TFP growth and decomposition all over country. 
 

Year Technical Progress 
Technical Efficiency

Variation 
The Degree of Scale 

Economics 
The Growth of 

TFP 
2001-2002 -0.0845 0.0165 -0.0126 -0.0806 
2002-2003 0.1075 -0.0207 0.2224 0.3092 
2003-2004 0.2403 -0.0138 0.0005 0.2270 
2004-2005 0.4120 -0.0228 0.0571 0.4463 
2005-2006 0.5721 -0.0298 0.0434 0.5857 
2006-2007 0.6536 0.0005 -0.4240 0.2301 
2007-2008 0.8054 -0.0402 0.2457 1.0109 
2008-2009 1.0244 0.0064 0.2217 1.2525 
Average 0.4663 -0.0130 0.0443 0.4976 

 
 

Table 4. The regional TFP growth and decomposition. 
 

Region 
Technical 
Progress 

Technical Efficiency
Change 

The Degree of 
Economics of Scale 

The Growth 
of TFP 

Beijing -0.0487 -0.006 0.3147 0.2605 
Hebei 0.700 -0.036 0.0408 0.7049 
Shanxi 0.573 -0.029 -0.1156 0.4279 
Inner Mongolia 0.5519 0.0028 0.0528 0.6075 
Heilong Jiang 0.7530 -0.061 -0.0070 0.6850 
Shanghai 0.278 0.002 -0.0185 0.2615 
Jiangsu 0.520 -0.014 0.0742 0.5801 
Zhejiang 0.571 -0.002 0.1769 0.7465 
Anhui 0.5464 -0.021 0.0429 0.5683 
Fujian 0.358 0.053 0.1195 0.5312 
Jiangxi 0.6212 -0.010 -0.0821 0.5287 
Shandong 0.795 -0.001 -0.0241 0.7703 
Guangdong 0.932 -0.007 0.1539 1.0790 
Chongqing 0.259 -0.001 0.1223 0.3800 
Yunnan 0.024 0.012 -0.2013 -0.1656 
Shaanxi 0.466 0.0003 -0.1128 0.3534 
Qinghai -0.1819 0.002 -0.0562 -0.2358 
Xinjiang -0.009 -0.104 -0.1504 -0.2637 

 
 
5. Conclusions 
 
With the analyses above, the paper comes to the following conclusions: 
 
Firstly, the total factor productivity of urban water industry in China has increased enormously which 
mainly depends on the technical progress. The mean technical progress value is increasing annually 
reaching 1.0244 in 2009 and the contribution to total factor productivity reached 93.7 %. The economics 
is formed due to the increasing capital investment, and its contribution to the increase of total factor 
productivity reached 8.9 %, while the contribution of technical efficiency variation is negative. 
Henceforth, as time goes by, the technical efficiency in urban water industry tends to decrease. 
 
Secondly, the level of privatization hasn’t raised the technical efficiency significantly. The possible 
reason that caused the effect of technical efficiency on privatization isn’t significant is the short entry 
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time of a mount of private capitals invested in the urban water industry, the lack of management talents 
and managerial and administrative experiences. 
 
Thirdly, the elastic coefficient of labor output is higher than that of capital output, while the increasing 
rate of labor input is lower than that of capital input in all regions, which indicates that labor-intense 
production technology is applied in urban water industry in China. However, some enterprises lay more 
stress on the capital investment than labor investment, which cause the A-J effect appears in urban water 
industry. 
 
Based on the conclusions above, the paper deems that although huge progresses have been achieved in 
total factor productivity of urban water industry in China, it still has prodigious space to rise. As for the 
government, it needs to review the price control regulation on rate of on investment in urban water 
industry. Such policy is beneficial for enterprises to expand the capital investments; however, it will 
distort the resources allocation and is not good to stimulate the enterprises to achieve the largest 
productivity, reduce the product cost as well as undermining the efficiency of the social resources 
allocation. At present, the aggregate capacity of urban water industry has reached a certain level, 
henceforth; the government should put forward motivated control regulation to encourage those 
enterprises with lower costs, higher efficiency to obtain more profits to ensure the consumers’ interests. 
As for urban water enterprises, the technical contents of their capitals are decreasing. Therefore, the 
traditional extensive increasing pattern-scale expansion by capital investment is not suitable in the 
modern enterprises’ development. The enterprises should well prepare for the stimulated control 
regulations from government, transform the previous concept of attaching little importance to labor 
input and enhance the labor input especially in the management talents and technical talents to promote 
the technical progress of the enterprises and raise the economics of the scale and technical efficiency of 
the enterprises. 
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