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Abstract
This paper introduces the leakage variable and estimates efficiency of 212
water plants in China, Russia, Poland, Bangladesh, Kazakhstan and Moldova from
2007 to 2012 by using the metafrontier model and directional distance function.
The main conclusions are as follows: the technical efficiency of China's urban
water industry is relatively low, and there is much room for improvement; but the
efficiency gap between China and the world is narrowing.
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l. Introduction

China is a developing country with more people and less water. Its per capita
freshwater resources are only one fourth of the world's per capita. Water shortage
is very common. At the same time, the leakage of network seriously affects the
safety and efficiency of water supply. In 2015, the average leakage rate of urban
public water supply in China reached 15.2%, which is far from that of developed
countries. Therefore, reducing leakage rate and improving efficiency of urban
water industry have become the key links of water resources management in
China.

Chinese government initiated the market-oriented reform of municipal public
utilities at the end of 2002 and encouraged private capital to invest in the water
industry. From that on China's urban water industry has achieved “pulse”
development. However, whether it is only due to the expansion of the scale or the
improving overall efficiency needs further theoretical research and rigorous
empirical testing. Some scholars believe that the efficiency after market-oriented
reform has been improved (Saal et al.2007), while some find that the efficiency
has declined (Molinos-Senante et al. 2015). To answer this question, we will use
metafrontier method to make an cross-national comparative study on water supply
efficiency of water plants in China, Bangladesh, Russia, Kazakhstan, Moldova
and Poland from 2007 to 2012.

2. Model and data
2.1Model
Firstly, suppose that each water utility during the period t(t=1,2,...,T) uses N

inputs X, = (X, X0 Xye) €Ry t0 produce M “good"  outputs

Ve = (Yie» Yorres Yar) € Ry @nd | "bad™ outputsb, = (b,,b,,,...,b,) € Ry (Fére et al.

2007). We assume decision making units(DMUs) can be divided into G (G > 1)
groups, which are divided by g (g = 1, 2,... G). The production possibilities
set(PPS) consisting of input-output combinations contained in each group can be
expressed as follows:

PY(x)={(x¢, y¢,b?): x3can producey?,b? )} (1)

Under the condition of covering all samples, a metafrontier PPS enclosing all
groups is constructed(Battase et al. 2004; O'Donnell et al. 2008).

|:>t“"(x):{(xt,yt b, ): X, can produce(yt b, )} (2)

Correspondingly, directional distance functions (DDF) with respect to group and
metafrontier are respectively:
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D (x?, y?,b%; g)=sup{B:(x,y,b)+ Bg e P(x,y,b)}  (3)

BY (% ¥, b ;9)=sup{B: (x, y.b)+ AT € ¥ (x, y,b)}  (4)
The direction vector g :(gx, gy,—gb) indicates the direction of input and output

change. B is the maximum feasible quantity of input, good output and bad output
by increasing and reducing the same proportion to the production frontier.

The larger the DDF is, the farther the distance between the DMU and production
frontier is. When DDF is zero, the DMU is on the production frontier. Our goal is
to increase good output while reducing bad output and input, so the DDF based on
VRS DEA method can be solved by the following linear programming equation:

\7( AN ytk',—btk')z max

K
S.t.Zﬂrytkm > (1+18)ytk'm .m =1,2,..., M ;
k=1

K

S AD ==, 1=12,,L; (5)
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K
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k=1
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And the efficiency of water utility can be computed by this formula:
1

"1+ DDF

(6)

Technology gap ratio (TGR) measures the distance between group frontier and
TE,,

G

metafrontier. TGR = ,TEwm is technical efficiency of metafrontier, TEg is

technical efficiency of group frontier. The higher the TGR of a water plant is, the
closer the group production level (actual production level) is to the potential
production level, that is, the higher the technical level is. Since the average TGR
of all water plants in a country reflects the gap between the actual and potential
technology levels , this indicator can also be used as the gap between a country
and world's frontier that is comprised of sample countries.

2.2 Variables
Referring to previous studies (Molinos and Sala 2016), input variable chooses the
operation cost, staff, total assets while output variable chooses the water produced
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and leakage water. Among them, operation cost is the annual operation cost of
water supply service after deducting personnel cost divided by annual water sales.
Staff is workers per 1000 people served. Staff and water produced is daily amount
of water supply per capita. Total assets are expressed by the water plant assets per
water sales. And we takes 2010 as the base period and deflates operating costs and
total assets denominated in U.S. dollars by adjusted GDP deflator index.

2.3 Data

We calculate 212 water plants in Bangladesh, China, Kazakhstan, Moldova,
Poland and Russia from 2007 to 2012. All data comes from IBNET (International
Benchmark Network).

3. Empirical analysis

3.1Kruskal-Wallis test
Kruskal-Wallis nonparametric test is used to verify the heterogeneity of
production frontier (Tsagarakis 2013) .The hypotheses are as follows:

Ho =six country samples operate under the same production frontier;

H1 =some of six country samples operate under other production frontiers:

When the p value exceeds 0.05, the original hypothesis is accepted, and there is
no heterogeneity in the production frontier. Otherwise, reject the original
hypothesis and the production frontier is heterogeneous.
Test results are shown in Table 1. The p value of five variables is less than 0.05,
so the difference of variables in six countries is statistically significant. It shows
that efficiency analysis based on a single production frontier assumption can not
analyze the efficiency of water plants from different countries.

Table 1. Kruskal-Wallis test statistics.
operation cost total assets  staff  leakage water produced
Chi-squared 707.38 307.96 686.78 409.23 812.82
p value <0.001 <0.001  <0.001 <0.001 <0.001

3.2 The model and empirical results

We calculates group frontier efficiency and metafrontier efficiency of the six
countries from 2007 to 2012, and calculates the average and standard deviation, as
shown in Table 2.

Firstly, for the efficiency of group frontier, the average of each country varies
greatly over the years, from 0.687 in Russia to 0.948 in Poland. The annual
average standard deviation of group frontier efficiency shows that Poland's
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standard deviation is the smallest, which is 0.096, indicating that Poland's
waterworks are of high homogeneity. The group frontier efficiency in Russia and
Moldova are 0.235 and 0.241, indicating that the heterogeneity in the two
countries is high. On average, group frontier efficiency is higher than metafrontier
efficiency. For example, the average of group frontier efficiency in China is 0.863,
which means that there is room for improvement of the operation cost to reduce
by 14%.

Next, we compare the number of effective manufacturers at the production
frontier in each country. The left column of Table 2 shows that effective
manufacturers in Poland, Bangladesh, Kazakhstan and China are all over 50%.
Only 35.29% of Moldova's and 19.68% of Russia's water plants are on the
effective frontier, which is similar to the conclusions of Molinos and Sala (2016).
This paper estimates that the proportion of effective manufacturers in China is
52.3%, which means that 47.7% of China's water plants have room for
improvement in input or output.

Table 2. DEA estimates of technical efficiency with respect to group frontiers and to the
metafrontier.

Efficiency score with respect Efficiency score with respect
to group frontiers to the metafrontier
% %
mean  s.d efficient mean  s.d efficient
Bangladesh ( n=78
angladesh (n=78)  g911 0141  64.10% 0785 0.231  46.15%
Chi =174
ina (n=174) 0.863 0.180  52.30% 0523 0226  7.47%
Kazakhst =108
azakhotan (n=108) 653 0105  5463% 0.664 0267  28.70%
Mold =204
oldova (n=20%) 4729 0241  35.20% 0127 0054  0.00%
Poland(n=78) 0.948 0.096 71.79% 0.638 0.244 23.21%
Russi =630
ussia ( n=630 ) 0.687 0235  19.68% 0.601 0240  12.06%

The second step is to make a comparative analysis of the efficiency of countries
with respect to metafrontier. As the theory reveals, metafrontier efficiency is lower
than group efficiency, as shown in Figure 1. However, the reduction of technical
efficiency for different frontier is also very different between countries. Moldova,
China and Poland have the greatest reduction in the efficiency, with Moldova fall-
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ing by 0.5, China by 0.34 and Poland by 0.31. This again demonstrates the
importance of using the metafrontier to measure the cross-national technical
efficiency differences.
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Figure 1. Technical efficiency comparison of metafrontier and group frontier.

Under the metafrontier, the number of effective manufacturers in various
countries has also decreased significantly, with Moldova and China having the
largest reduction in the proportion. The proportion of effective firms in Moldova
has decreased from 35.29% to 0, while that in China is only 7.47%, which is
much lower than 52.3% of the group frontier calculation. This shows that the
method of technical efficiency based on group frontier is not suitable for
cross-national comparative analysis , while the metafrontier method can better
deal with the problem of efficiency comparison between countries with different
production technologies (Wang et al. 2013).

4. TGR analysis: Does the gap between China and the world in

water industry widen?
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Figure 2. Trends in TGR of water industry in countries from (2007-2012).
Figure 2 shows that the TGR of China's urban water industry is on the rise in
general, indicating that the gap in water industry between China and the world is
narrowing. So there is obvious technological progress in China’ water industry.
However, the process of technological progress is not smooth. The TGR of China
Is in the stage of technological retrogression between 2007-2008, in the stage of
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rising between 2008-2010.While the TGR slightly declined between 2010-2011
for the world financial crisis, and constantly approaching the technological
frontier of the six countries between 2011-2012.

5. Conclusion

Under the background of the increasing shortage of water resources in the world,
more and more industrial policy makers, water plant managers and researchers are
paying attention to the efficiency of urban water services. Improving the
operational efficiency of urban water services has become the only way to achieve
high-quality development of urban water industry. From the perspective of
cross-national comparison, this paper considers the heterogeneity of enterprises
and incorporates leakage water variables into output variables. The water supply
efficiency of 212 water plants in China, Russia, Poland, Bangladesh, Kazakhstan
and Moldova from 2007 to 2012 is estimated by using metafrontier approach and
DEA model. First of all, from a cross-national perspective, although the gap
between China and the world in water industry has narrowed in recent years, the
overall technical efficiency is still low, and there is still room for further
improvement. Secondly, leakage is an important factor affecting the efficiency
measurement of water industry, and the efficiency measurement of water industry
which neglected leakage water factor in the past is inaccurate.
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