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ABSTRACT

We attempt to develop a framework to analyze urban water tariff setting and its welfare
implications and apply it to a panel of Chinese cities in the 2000s. First, we find that peer cities’
water tariff levels have a significant influence on a city’s choice of tariffs. We use the peer cities’
average tariff as an instrumental variable to estimate water demand functions, which yields
elasticity estimates around -0.41 for both residential and industrial sectors. Second, estimation of
cost functions reveals the supply of urban water services to be characterized by strong economies
of scale with the majority of sample city-years on the downward sloping segment of marginal
cost curves. More than half of the sample have residential water tariffs higher than the
corresponding marginal costs while the share increases to 71% for industrial sector. The
deadweight loss calculated under first-best pricing suggests moderate welfare loss due to prices
deviating from marginal costs. Finally, we show that taking into account non-revenue water

losses justifies an efficient price higher than the marginal cost.
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1. Introduction

Rapid urbanization is a feature of economic development in many developing countries.
Managing urbanization well requires not only enormous investment in urban infrastructure, such
as roads, water supply network and waste water treatment facilities, but also calls for sound
management of natural resources and the environment. One key resource is water, especially in
countries such as China and India where water is scarce and agricultural production still
consumes a large share of the stock (Jiang and Huang, 2015). Setting tariffs properly to balance
demands from different types of users and achieve water conservation is desirable and important.

China’s urbanization rate increased from 17.9% in 1978 to 58.5% in 2017.% To support this
fast growth, the central and local governments have built up infrastructure in urban areas. For
instance, China had a stock of 382,000 kilometers of roads and 757,000 kilometers of water
supply pipes in urban areas by 2016, up from 160,000 kilometers and 255,000 kilometers in
2000, respectively (National Bureau of Statistics, 2017 and 2001). These statistics suggest that a
city’s water supply pipes are usually much longer than its roads. Thus, building or expanding the
water supply system accounts for a large share of total urban infrastructure investment. Besides
domestic sources of funding, which include regular fiscal budget and revenues from government
bonds or land sale, developing countries have increasingly relied on external funding sources
such as bilateral and multilateral donors® and private investors to finance expansion of their
urban water systems (Galiani, Gertler, and Schargrodsky, 2005; Jiang and Zheng, 2014).

When these external investors participate in developing the water supply market, they pay
considerable attention to water tariffs. To ensure that the projects they support are financially
sustainable and improves water use efficiency, donors often ask local governments to raise water
tariffs. Private investors also prefer higher water tariffs, which largely determine the return on
their investment.

However, as in many other developing countries, proposals to increase water tariffs often
meet resistance from the government and public in China. According to China’s Price Law,

water tariffs should be set by the government and public hearings must be convened in the

2 While there is debate on China’s urbanization rate, since many city dwellers do not have residency status (hukou) and thus have
no access to public services such as primary education in the cities, these people do contribute to the demand for urban water
services.

3 For example, urban water supply accounts for about 20% of World Bank’s portfolio
(http://www.worldbank.org/en/topic/watersupply#2).




process of setting new tariffs.* It seems understandable that the public do not favor water tariff
increase in general, given that water is essential to life and the operation of many water utilities
lacks transparency. In the presence of pervasive negative feedback from the public, the local
government tends to reject or postpone increases in water tariffs, or even turn down a proposal
before a public hearing if negative feedback is expected.

There could be several reasons for the tendency of local governments to weigh the public’s
views more than the interest of the water utilities and their investors. First, water tariffs influence
almost everyone relying on public water supply. An increase in water tariff against the public
may backfire and cause difficulties for decision makers. Second, the revenue deficit due to
sluggish water tariffs is unlikely to account for a large portion of a local government’s budget.
The government could subsidize the utility to cover the gap without engaging the public in an
intense discussion. Finally, the government—as the supervisor and regulator of water utilities—
may have better information on the actual (marginal) cost and profitability of water services than
an external observer. In this case, it could be economically efficient for the government to reject
or slow the pace of water tariff increase.

To assess whether the prevailing water tariffs are set properly, it is necessary to understand
the key driving factors in the setting of water tariffs and measure the welfare consequence based
on the supply and demand of water services. In this study, we develop a framework to
empirically analyze these issues and apply it to a comprehensive panel dataset containing
information on the quantity of water supply, consumption, and tariffs for over 200 Chinese cities
in the 2000s. We begin with an examination of the evolution of urban water tariffs over time for
both residential and industrial sectors. Next, we investigate how city-level factors including
population, climate, economic characteristics, and peer cities’ tariffs affect a city’s residential
and industrial water tariff levels, in both nominal and real terms. Third, we estimate water
demand functions for residential and industrial users tackling the endogeneity of water tariffs
with instrumental variables. We also estimate a translog cost function of water supply, whereby

marginal cost functions are derived for residential and industrial sectors, respectively.

4 Article 18 of the Price Law of the People’s Republic of China (1997) states that the government shall issue government-set or
guided prices for merchandise and services if they are (i) of great importance to economic development and people’s livelihood,
(ii) resources in short supply, (iii) monopolized in supply in nature, (iv) important public utilities, and/or (v) important services of
public welfare in nature. Article 23 states that public hearings should be organized by the price bureau of the government to
solicit views from consumers, business operators, and other quarters to explore the necessity and feasibility of price adjustment.



Combining estimated water demand and marginal cost functions, we measure the potential
welfare losses due to deviations of water tariffs from equilibrium levels. Finally, we discuss
efficient pricing when the phenomenon of non-revenue water” is considered.

Below, we highlight some findings that we consider relevant and novel in the literature.
First, in panel model specifications controlling for city fixed effects and year fixed effects or
provincial time trends, a city’s water tariff level is highly correlated with its peer cities’ average
water tariff, where peer cities are those neighboring cities from the same province. This holds
true for both residential and industrial water tariffs.

In the public economics literature, there is a strand of studies regarding strategic interactions
in fiscal policies, and environmental and labor regulations among national or sub-national
governments. For instance, recent empirical studies document strong spatial correlations in tax
rates for local property tax and income tax within countries (Lyytikainen, 2012; Edmark and
Agren, 2008; Allers and Elhorst, 2005), in stringency of environmental policies among states of
the US (Fredriksson and Millimet, 2002), and in labor standards setting and enforcement across
countries (Davies and Vadlamannati, 2013). In the context of China, there is evidence that city-
level governments are engaged in strategic interactions with respect to undertaking investment to
boost the economy (Yu, Zhou, and Zhu, 2016) and safety regulations on coal mining (Shi and
Xi, 2018). Our finding extends this literature to the interactions among local governments in
managing water resources.

Building on this result, we use peer cities’ average tariff as an instrumental variable (IV
hereafter) to estimate water demand functions. A naive OLS estimation shows that price
elasticity of water demand is economically and statistically insignificant, and even positive in
some cases. This may be because water tariffs are set endogenously. For example, the
government of a growing city may adopt a higher tariff to rein in increasing demand for water.
With a constant-elasticity specification, the IV estimation implies that the price elasticity of
water demand is around -0.41 for both residential and industrial use, which is statistically
significant for the former. These estimates fall in the range of estimated elasticities found in the
literature (see surveys in Dalhuisen et al., 2003; Worthington and Hoffman, 2008; Nauges and
Whittington, 2009), and confirm the endogeneity of water tariff setting.

3 Non-revenue water can refer to both technical leakages as well as water consumed without payment made to the supplier. In this
paper, we define non-revenue water as system leakages into nature. We do not include the water consumed by people who do not
pay for it.



By estimating a translog multiproduct cost function, we show that urban water supply is
clearly characterized by both economies of scale and scope. The marginal cost curves are
inverted-U shaped with majority of sample city-years on the downward sloping part of the
curves. Overlaying the demand and supply functions, we find that more than half of the sample
city-years have residential water tariffs higher than the corresponding marginal costs while the
share increases to 71% for industrial sector. This result counters the conventional wisdom that
water tariffs are generally set too low in China.® Our estimation of deadweight loss under the
first-best pricing rule suggests that the social welfare loss due to water tariffs deviating from the
equilibrium price is moderate.

Finally, we consider efficient pricing with non-revenue water, which accounts for 20% of
total water supply on average. To the extent that non-revenue water increases with water
consumption and represents net social loss, a price higher than the equilibrium price can improve
social welfare by encouraging water conservation and reducing non-revenue water.

The rest of the paper is organized as follows. Section 2 describes the dataset used for our
analysis. Section 3 discusses the institutional background and empirical analysis regarding urban
water tariff setting. Sections 4 and 5 estimate water demand and supply functions, respectively.
Section 6 estimates welfare loss under first-best pricing and discusses efficient pricing in the

presence of non-revenue water, and Section 7 concludes.

2. Data

The data used for this study is a combination of several city-level datasets covering more
than 200 prefecture-level cities from 2000 to 2012.7 First, we digitized the Annual Statistics of
Urban Water Supply of years 2000 to 2007, in which the reporting utilities provide detailed
information on their water supply services, including total water supplied, water sold
disaggregated by user sectors, total and groundwater supply capacity, cost per ton of water
supplied, number of employees, total wage bill, length of water intake and supply pipes, number

of meters, as well as water tariffs for different sectors.

¢ See articles at https://www.economist.com/asia/2010/01/07/bottling-it and https://piie.com/blogs/china-economic-
watch/economics-h20-water-price-reforms-china for example.

7 The number of cities varies slightly across analyses due to missing data issue while different variables are used in different
regressions.




The post-2006 tariff data are collected from the China Water Net, which publicizes monthly
city water tariffs.> We validated the data by checking available government documents regarding
water tariff adjustments. The annual tariffs are simple average of the monthly tariffs in case
tariffs changed within the year.

We obtained city-level characteristics such as population, area, GDP and its sectoral
composition, and fiscal performance from the Chinese City Statistical Yearbooks. As the second
subnational administrative level immediately below province, a prefecture is often referred to as
city in China. It actually comprises an urban center and suburban or rural areas surrounding the
center. The Yearbooks contain separate statistics for the urban center as well as for the whole
prefecture. Because water tariffs set by the prefecture government primarily relate to urban
utilities supplying water to the urban centers, we used data of the urban center in the Yearbooks
in our analysis.’

We obtained yearly weather data from the Data Center of the Chinese Meteorological
Bureau.!'? The dataset contains weather measurements collected by about 840 weather stations
distributed across the country. We mapped them to the cities where the stations are located and
took the average of rainfall and maximum (minimum) of the maximum (minimum) temperature
across stations if multiple stations are found in the same city. Finally, to obtain a precise measure
of water tariffs in real terms, we meticulously collected city-level CPI from provincial Statistical
Yearbooks. Real tariffs are computed in CNY with the base year 2000.

Table 1 presents the summary statistics of the above variables, except water tariffs. Data
reported by water utilities are available for 2000 to 2007 (some variables are missing for 2000),
while other city-level data are available for 2000 to 2011/12. Averaged across cities and years,
total annual water supply is 83.8 million cubic meters and water sold is 66.4 million. The ratio of
the two amounting to 79.2% could be considered as the approximate rate of revenue water.
Residential users account for nearly half of the total water sold, while industrial users account for
about 28%. Other sectors including commercial, administrative, and special users consume less

than one quarter of water. Therefore, this study focuses on residential and industrial sectors.!! On

8 See price.h20-china.com.

® There are county or town level utilities supplying water to sub-urban or rural areas. They are generally smaller and not included
in our sample.

10 Accessed through data.cma.cn.

! This is also because many cities did not report water sold to other sectors.



average, the supply capacity from ground water accounts for 28% of the total capacity, while this
share varies from 0 to 100% across cities. The unit cost of water supply ranges from CNY 0.22
to 6.10 per ton with an average of CNY 1.35.!2 The cost levels will be compared to the water
tariffs we collected next. For the rest of the water utility and urban variables, we note the
dramatic gaps across city-years. For instance, Binzhou, a small eastern city, had only 760 water
meters in 2002 while Tianjin, one of the four directly-governed municipalities, had over 2.2
million meters in 2007. In terms of income level, the real GDP per capita in constant 2000 price
was only CNY 1,236 in the urban Chaoyang, a northeastern city, in 2002. In contrast, Zhenjiang,
located in the affluent Yangtze River Delta area, had a per capita GDP of CNY 221,000
(equivalent to USD 26,600) by 2012.

Table 2 reports nominal and real water tariffs for residential and industrial users,
respectively. We divide the sample into two time periods (i.e., 2000-2006 and 2007-2012), as the
data come from two different sources and there is a slight discrepancy between them (discussed
below). The average nominal residential water tariffs are CNY 1.27 per ton for 2000-2006 and
CNY 1.60 for 2007-2012. Industrial water tariffs are higher at CNY 1.66 and 2.21, respectively.
The real tariffs in 2000 price are slightly lower than the nominal tariffs. This is not surprising
given that inflation rates have been moderate during the period.

Figure 1 shows the time trends of national average tariffs for residential and industrial users
in nominal and real terms. The trajectories of average tariffs within each subperiod appear
smooth and generally increase despite a downward break between 2006 and 2007, which
probably arises from different measuring standards used by our two data sources. A few patterns
are noteworthy regarding the dynamics of tariff setting. First, the growth rates of nominal tarifts
are relatively high, registering around 8% for both sectors, before 2007 and drop to 3.5% for
residential and 5.1% for industrial sectors after 2007. One plausible explanation is that local
governments, concerned with adverse effects of the global financial crisis, slowed down the tariff
increase to help cope with possible economic hardship. Second, the growing patterns of real
tariffs followed those of nominal tariffs closely before 2007. Removing inflation factors, the
tariffs have increased at 6.6% and 7.3% per annum on average for residential and industrial

sectors, respectively. However, real tariffs largely stayed unchanged between 2007 and 2012.

12 The exchange rate between US Dollar to Chinese Yuan decreased from about CNY 8.3 to CNY 6.3 per dollar between 2000
and 2012. Applying a rate of 7.0, the dollar equivalent average unit cost is about 20 cents.
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Finally, while industrial tariffs are higher than residential tariffs, trends of both appear to be
parallel.

Table 3 compares the nominal tariffs and utility-reported average water supply costs by
year. The tariffs are averaged across residential and industrial sectors with the amount of water
provided to each sector as weights. It shows that by 2003, utilities that had sufficient revenues to
cover costs outnumbered cities running deficits. The situation was slightly reversed in 2004 and
2006, and largely in 2007. Note, however, that the numbers of deficit cases are possibly over-
estimated since, due to lack of quantity data, the average weighted tariffs do not yet incorporate
tariffs for commercial, administrative, and special sectors, which are commonly higher than the
residential tariffs. In sum, the comparison suggests that cases where water tariffs are below water

supply costs are far from ubiquitous across the country.

3. Urban Water Tariff Setting

Urban water tariff here refers to the price charged by the water utility on consumers who
obtain water from the urban water supply network operated by the utility. Charging water tariffs
can be traced back to 1985 in China, when the government started to require that water supply
acquired through any hydraulic works should be paid.'* In 1994, the government issued PRC
Ordinance on Urban Water Supply detailing the water supply pricing scheme such as the
consumer categories, the tariff structure and formula, and the administrative procedure of setting
tariffs. The objective was to have water supply costs fully covered by tariff revenues. Further, the
PRC Water Law enacted in 1998 proposed to charge a water resource fee to protect water
resources and improve water use efficiency (Zhong and Mol, 2010). Usually, the water utility
pays the hydraulic work charge and water resource fee when it obtains water from the sources
and counts them as part of its water supply cost.

The urban water tariff is primarily set by the prefecture government and is supposed to cover
the cost of supplying water, taxes, and a reasonable amount of profit for the water utility. The
water supply cost covers the costs for water acquisition, production, transmission, and
distribution, and other related costs. The water utility is responsible for collecting water tariffs,

which constitutes the major revenue for the utility. In a separate process, the prefecture

13 State Council’s No. 94 Policy Paper “Administrative Decree on Accounting, Collecting and Managing the Raw Water Charges
of Hydraulic Works”



government also sets the level of wastewater treatment fee. The water utility collects the
wastewater treatment fees together with water tariffs and transfers the former to the sewage
company.

The PRC Price Law passed in 1998 provides the provision that public hearing system must
be established in setting prices for public utilities, services in public interest, and goods with
natural monopoly nature by the government. Following this legislation, the central government
issued a few decrees to introduce public hearings on price setting by governments including
setting of urban water tariffs.!* Public hearings on water tariffs, which have been largely focused
on residential water tariffs, have received considerable media and public attention since the
policy implementation.

The proposal for a new (higher) water tariff is generally initiated by the water utility in order
to cover its investment and/or increased costs. In response, relevant government agencies such as
the planning agency, water affairs department and/or price bureau will conduct consultation and
assessment regarding the reasonability and impacts of the tariff increase. The government will
proceed to call a public hearing unless it decides to reject the proposal outright. Resident
delegates are selected to participate in the public hearing and vote on the proposal at the end of
the hearing.

From the above description, we can see that the decision process on water tariff setting
primarily involves the water utility, government, and water users. Each party has relatively clear
roles to play in the process. However, people argue that the process is largely controlled by the
local government for several reasons. First, the majority of water utilities are owned by the
government despite a movement in early 1990s toward private sector participation in urban water
services in China (Jiang and Zheng, 2014). Second, the prefectural government could reject the
tariff adjustment proposal directly without convening a public hearing. Third, it is shown that
governments have definitive control on the size and composition of the delegation as well as
ways the delegates are selected to participate in the hearings. In a few cases studied by Zhong
and Mol (2008), the majority of delegates were government employees or from institutions
affiliated with the government. Independent citizens only accounted for a small minority in the

delegation. Thus, it is not surprising to see that most proposals for water tariff increase submitted

14 There are Implementation of Public Hearing for Government to Set Prices (2002) and Rule of Conduct of Government to Set
Prices (2006) among others.



for public hearings were approved. However, it is noteworthy that the public hearing is not
always a token activity. There are quite a few cases wherein the public rejected the price increase

proposals or got the proposals revised (Zhong and Mol 2008).

3.1 Empirical model

We estimate a set of regression models to understand the factors that may influence water
tariff setting at the city level. To the extent that the local government plays a dominant role in the
whole process, our results primarily reveal the factors that government officials have considered
in setting new water tariffs. The baseline equation is

InP; =ag + Xief +vi + 6pt + €4, (1)
where P;; is the nominal or real water tariff of city i in year t, X;; is a vector of time-varying city
characteristics that are probably exogenous and could affect the level of water tariff, y; is the city
fixed effect, and &, t represents the province-specific trend in setting water tariffs. When nominal
water tariff is the dependent variable, the economic covariates are all expressed in nominal terms
and the annual inflation rate is included as an explanatory variable. For real water tariff, the
explanatory covariates are converted into real terms.

The city characteristics we are interested in include total population (log), population density
(log), agricultural and industrial shares of GDP, GDP per capita, fiscal deficit as a share of
revenue, five-year moving averages of precipitation (log), and maximum temperature and
minimum temperature. Total population proxies for demand for water and would be positively
correlated with water price, ceteris paribus. On the other hand, larger population suggests scale
of economy and thus lowers the cost of water supply. Higher population density means lower
unit cost of serving individual water users. Agriculture remains a water intensive sector in China.
To ensure sufficient water is allocated to agricultural production, the prefectural government
may have to increase water tariffs to depress residential and industrial use. GDP per capita is
expected to be positively correlated with water tariff, as higher income level implies more
willingness to pay for water services as well as greater water demand leading to government
adopting higher tariffs. It is likely for a local government to cut the subsidy to water utilities and
raise water tariffs when it runs into a serious deficit. Continuous significant rainfall and low

temperature tend to keep the demand for water at a relatively low level, while high temperature



does the opposite. Thus, these weather related factors may have been considered in tariffs setting
in order to balance the water supply and demand.

Besides these conventional factors, we introduce a new explanatory variable, namely the
average tariffs of peer cities. Here, we define peer cities as those from the same province and
neighboring a primary city. Specifically, we include ln(Z jei ajint) on the right-hand side of

equation (1) where

1
=1 If city j is one of the n; cities from the same province and neighboring city i
ji i
0  Otherwise.

Conceptually, a city government could be affected by its peers in choosing water tariff levels
for different reasons. While government officials and the public are involved in the price setting
process, they do not observe the true costs of supplying water by the utility. To reduce this
information asymmetry, decision makers may take into account the fact that water service costs
should be similar across neighboring cities that share common natural and economic conditions.
Hence, a new tariff significantly higher than those peer cities’ tariffs is likely to be viewed as an
indication of inefficiency in the local utility’s operation and get rejected. This is referred to as
yardstick competition in the tax setting literature (e.g., Besley and Case, 1995). The influence of
peer cities may also arise from a different type of competition whereby cities lower their water
tariffs to attract water-intensive industries. We consider this second explanation less likely since
producers using large amount of water as their inputs often extract water independently and are
subject to separate pricing policies. Neither does the argument seem to apply to residential water
tariffs as a Tiebout model would suggest. Since water expenditure accounts for a fairly small
portion of living costs in China, people are very unlikely to move between cities because of
water tariffs.!>

In addition to the baseline model, we try three different variants. First, we add one-year lag
water tariff (log) to account for the likely practice that the decision to adjust water tariffs are
partly associated with existing tariff levels. We also substitute year fixed effects for the province-
specific time trend to control for common time effects as well as the fact that the tariff data come
from two sources covering different periods. Lastly, we try an alternative definition of peer cities

as all other cities in the same province and use their average tariff to measure peer effects.

15 The tax setting literature offers a third explanation for the inter-jurisdiction peer effects: expenditure spillovers. This, however,
does not seem to be relevant to water tariff setting.
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3.2 Results

Table 4a reports the estimation results for the residential water tariff regressions. Nominal
tariffs are examined in columns (1) to (4), controlling for the contemporary inflation rate, while
real tariffs are in columns (5) to (8). First of all, the average tariff of peer cities exhibits a strong
positive impact on the primary city’s tariff with a statistical significance at the 1% level. The
baseline estimates suggest that a 10% increase in the average tariff of neighboring cities from the
same province leads to a 4.1% increase in a city’s tariff level in the nominal case and 5.2%
increase in the real case. The elasticity drops to about 0.28 but remains statistically significant
when we control for the lagged tariff of the primary city and further replace the interaction of
province dummy and time trend with year fixed effects. Columns (4) and (8) show that this peer
effect continues to hold when we expand the definition of peer cities to all other cities from the
same province (not necessarily neighboring). To put the estimates in perspective, in setting water
tariffs, a city is as responsive to its peers’ average as to its own lagged price.

Most coefficients of city characteristics have the expected signs and are generally stable
across nominal and real models and across different specifications though only a few of them are
statistically significant. For example, population and population density are negatively correlated
with water tariffs, suggesting that tariff setting takes into account the lower costs of serving
water to a larger population and to a population located more closely. A higher share of output in
agriculture is associated with higher water tariffs, and the estimates are much greater than those
for industrial output share. This implies that agriculture plays a significant role in local water
allocation, and water tariff may have been used to allocate more water to agricultural sector from
urban use. Cities with high fiscal deficit tend to have high water tariffs since the governments are
less capable of subsidizing water services. Correlations between weather variables (i.e.
temperature and rainfall) and tariff levels are not strong. Again, the above interpretations are
tentative since most estimates lack statistical significance. The current tariff level is closely
related to the one-year lag of tariff. The elasticity is estimated between 0.45 and 0.50, indicating
a convergence trend of tariff levels across cities.

Contrary to expectation, GDP per capita has a negative and statistically significant effect on
the tariff level although the magnitude is small (i.e., 10% increase in per capita GDP resulting in

about 0.3% decrease in residential water tariffs). One possible explanation is that, holding other
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factors constant, more economically advanced cities can supply water more efficiently (e.g., less
non-revenue water) and thus entail lower service cost.

Table 4b presents the regression estimates for industrial water tariffs. The estimated
elasticity of city’s own tariff with respect to the average industrial tariff of peer cities ranges
from 0.15 to 0.33, which is significant at the 1% level and smaller than that of residential tariffs
estimated between 0.25 and 0.52. Hence, similar to the case of residential tariffs, the average
level of the peer cities’ industrial water tariffs plays a prominent role in a city’s decision on its
own tariff for industrial use. For other city characteristics, the results bear similar overall patterns
as those for residential tariffs. For instance, the lagged tariff also has a notable influence on
setting current industrial tariff. One exception is that the correlation between GDP per capita,

becomes smaller in magnitude, although still negative, and statistically insignificant.

4. Water Demand Estimation

In this section, we estimate water demand functions with city-level data on water
consumption and tariffs. While it is more common in the literature to estimate residential water
demand functions with household data, the two approaches answer different questions and
complement each other. For local government planning and managing water resources, it is not
sufficient to have an average estimate of household price elasticity of water demand in the
presence of considerable heterogeneity across households. Moreover, it is rare to have firm-level
water use data to estimate water demand by industrial users. City-level estimation is better
positioned to answer the question of how aggregate water demand would respond to a price
change as well as changes in other relevant factors.

What we do here is closer to the few studies that use city/community-level data to estimate
water demand elasticities, such as Bell and Griffin (2008, 2011); Diakite, Semenov, and Thomas
(2009); Renzetti (1999); and Timmins (2002). However, it is worth highlighting a few distinctive
features of our work. First, we use a large sample of cities from a developing country, while the
existing studies, other than Diakite, Semenov, and Thomas (2009), focus on developed countries
(mainly USA and Canada). Residential water consumption patterns in China could be distinct
from these countries. Second, we also estimate industrial water demand elasticities across cities,

which is not common in the literature. Third, we address the endogeneity of water tariffs in the

12



demand models by instrumenting a city’s own water tariff with its peer cities’ average tariff. This

strategy, to be elaborated below, is novel to the best of our knowledge.

4.1 Empirical model

We estimate a log-log demand function for both residential and industrial sectors. The
baseline specification is

Iny; = ag+ B In Py + Xjep + v + 6pt + wyy, (2)

where y;; is total water consumption by residential or industrial sector of city i in year t; P;; is
the real water tariff for residential or industrial sector;'® X, is a vector of time-varying urban
factors that may affect water consumption exogenously, including population, population
density, agricultural and industrial shares of GDP, real GDP per capita, contemporary rainfall,
and maximum and minimum temperature of the year; y; is the city fixed effect; and 6,,t
represents the province-specific trends in water consumption.

The primary parameter of interest is 51, which, presumably negative, measures the price
elasticity of water demand. However, the OLS estimation of equation (2) is likely to yield a
biased estimate of the elasticity even with the set of controls in the model. One primary source of
endogeneity arises when decision makers incorporate expected water demand in setting water
tariffs. Specifically, the water tariffs may be increased in the expectation of high water demand,
which is positively correlated with the realized water demand. In such a case, the OLS estimate
of 3, is biased upward toward zero or even positive while the true value should be negative.
However, the endogeneity problem plaguing models estimated with household data and quantity-
based pricing wherein the consumed quantity and marginal price of water are simultaneously
determined (e.g. Foster and Beattie, 1981; Olmstead, Hanemann and Stavins, 2007) seems less of
a concern in our case. First, most cities applied a flat tariff rate in 2000s in China. Zhang, Fang,
and Baerenklau (2017) documents that there were only 28 out of a total 138 cities in China

adopting increasing block tariffs by 2009 since the approach was introduced in 2002. Second,

16 In China, the price of water paid by consumers should be the sum of water tariff and the rate of sewage charge, as sewage fee is
collected in the same bill of water tariff. Unfortunately, we do not have data on sewage rates before 2007. The post-2007 data
suggest that sewage rates are relatively low as compared to the water tariffs and have been adjusted infrequently. To the extent
that the sewage rates are considered as a small constant added to the water tariffs before 2007, a change in tariff could represent
the marginal change in the total water price. Thus, our estimates with tariff only should not be considerably biased. Alternatively,
we impute the sewage rates before 2007 based on linear projections for each city and add them to the water tariffs. The resulting
estimation confirms the general patterns of the estimates with tariffs only (i.e., larger negative elasticity by IV estimation), but the
estimates for the industrial sector are subject to weak IV problem. These estimates are available from authors upon request.

13



urban household size is generally small in China, so the maximum quantity eligible for a base
tariff is less likely binding for the majority of households in cities adopting increasing block
tariffs. Thus, the base tariff rate should play a dominant role in determining water demand of
individual households as well as a city’s aggregate demand. Third, a long debate exists in the
literature regarding whether consumers respond to marginal or average price. A few recent
studies convincingly show that consumers are more sensitive to the average price rather than the
marginal price in utility consumption (Ito, 2014; Wichman, 2014).

To tackle the above endogeneity problem, we employ the average water price of peer cities,
denoted as ln(Z i aﬁPjt), to instrument for the city’s own water price In P;;. The results in the
previous section suggest that there exists a strong tariff mimicking practice among cities that are
from the same province and share boundaries. Hence, despite slight differences between
equations (1) and (2), the average peer price should still be positively correlated with the own
water price. Meanwhile, there is no compelling reason to think that other cities’ tariff levels
would affect a city’s own water consumption, especially when the estimation is conditional on
the province-specific time trends, which control for the common time patterns in both water
tariff setting and water consumption within a province.!” Therefore, we consider that the average
peer price satisfies both conditions for an IV.

Equation (2) imposes constant elasticity to the demand function. To relax this, we also
estimate a quadratic-price specification:

Iny; = ag + B1In Py + BoIn?Pyy + Xiep + v + 6t + wyy, (3)
which allows the price elasticity to vary by water price. The two endogenous price variables are
instrumented by ln(Z i aﬁPjt) and In? (Z i aﬁPjt). To assess the extent to which common
provincial shocks affect both water tariff setting and water demand, we also estimate models that

substitute the year fixed effect for the province-specific time trends and compare the results.

4.2 Results
Table 5 reports OLS estimation results of the demand functions for residential users

(columns 1-4) and industrial users (columns 5-8). The odd-numbered columns show estimates

17 The reflection problem described by Manski (1993) may arise if the peer cities’ characteristics, observed or unobserved, that
affect the water tariff levels are correlated with the own city’s water tariffs and hence water demand. Controlling provincial time
trends may help address the issue since peer cities are defined within each province.
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for linear quantity-price model (Equation (2)) while even-numbered columns for models with
quadratic price terms (Equation (3)). Conditional on city and year fixed effects, both residential
and industrial water demands are strongly correlated with city population (columns 1, 2, 5 and
6). However, this correlation is largely weakened and turns statistically insignificant when we
include provincial time trends to replace the year fixed effect (columns 3, 4, 7 and 9). Cities with
higher share of GDP derived from agriculture or industry tend to have less water consumed by
the households even when water tariff is controlled. One possible explanation is that households
in those cities are more likely to have access to water sources and facilities such as groundwater
and wells other than that supplied by water utilities. To a lesser extent, share of GDP from
agriculture is also reversely correlated with industrial water use, but industrial GPD share has a
positive, though statistically insignificant, effect. In line with the literature, we find that the
residential water consumption decreases with rainfall volume with an elasticity around 6-8%.
Minimum temperature tends to decrease domestic demand and the maximum temperature
increases industrial water demand, but the coefficient estimates are significant at 10% level only
in the models with year fixed effect. Household income proxied by GDP per capita and urban
density have little effect on either domestic or industrial water demands.!®

The estimated common time trends suggest that the industrial water consumption has
declined by an average of 9% per annum across the country between 2000 and 2007. Given that
industrial outputs increase steadily in the same period and the industrial share of GDP is
controlled in the regressions, the decreasing tread is likely be attributed to the improved water
use efficiency (i.e., decrease in water consumption per unit of industrial output) as well as
structural shift toward less water-intensive production in the industrial sector.

None of the coefficients for tariff variables are precisely estimated. Leaving this issue aside,
the estimation of the year-effect models yields positive coefficient estimates for the linear term
of water tariff, and negative for the quadratic term for both domestic and industrial demands.
They imply positive price elasticity at the sample mean or median as shown in the bottom of
Table 5, which are counter-intuitive. When the provincial time trends are controlled instead, the
coefficient estimates turn negative for the linear tariff variable. The price elasticities derived with
these estimates, although lacking statistical precision, are around 7-8%, which falls at the lower

end of the range found in the literature. However, these OLS point estimates could still be biased

18 We use the average wage of urban employees as an alternative measure of city income level and obtain similar results.
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even with control for provincial time trends. One possible source of bias is that the water tariffs
are deemed as an effective policy tool to manage water demand and thus set in anticipation of
potential water demand. The reserve causality could lead to underestimation of the price
elasticity. Table 6 presents the results from IV estimation intended to address such endogeneity
concerns. "’

The upper panel of Table 6 shows that the IVs generally have strong explanatory power for
the endogenous water tariff variables, echoing the findings from previous section. For residential
demand functions with linear tariff term (columns 1 and 3), a 10% increase in the average tariff
of the peer cities leads to 4.5% or more increase in the city’s own tariff. The elasticity decreases
to about 0.25 for industrial sector but remains statistically significant (columns 5 and 7). The
squares of own tariffs are also strongly correlated with the corresponding squares of peer cities’
tariffs (columns 2, 4, 6, and 8). Meanwhile, we note that the weak IV tests suggest that there may
be weak IV problem for the industrial demand regressions (F-stat < 10), except for the
specification with quadratic tariffs and year fixed effects.

The lower panel provides the two-stage least squares (2SLS) estimates for the water tariff
variables. For residential water demand, the estimated coefficients are negative for the linear
term and positive for the quadratic term, which are opposite to the OLS estimates obtained with
year fixed effects. The IV estimates with provincial time trend controlled are substantially larger
in magnitude than the IV estimates with year fixed effects as well as the OLS estimates with
provincial time trends, and they are statistically significant. The constant elasticity specification
suggests a price elasticity of water demand at city level equal to -0.41. With variable elasticity
specification, the IV-estimated price elasticity is -0.68 for sample mean and -0.73 for sample
median. These estimates are statistically significant at the 1% level and fall in the higher
spectrum of estimates in the literature.

We see similar patterns in the results for industrial water demand. For models with year
fixed effects, we observe negative price elasticities when constant elasticity constraint is
dropped. The models with provincial time trends produce negative elasticity estimates for both

constant elasticity and variable elasticity specifications. The point estimate is -0.41 in the case of

19 The coefficients for other city characteristics in the IV models are largely the same as OLS estimates, so we focus on tariff-
related estimates in Table 6. Full model estimation is available upon request.
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constant elasticity, and -1.26 at the mean and -1.57 at the median in the case of variable
elasticity. However, none of them is estimated with statistical precision.?’

Overall, the results from IV estimation support the earlier conjecture that decision makers
incorporate the anticipated future water demand in setting water tariffs and use the tariffs as a
tool to manage water demand. Not addressing this issue, OLS estimation tends to underestimate

the price elasticity of water demand.

5. Water Supply Estimation

In this section, we first estimate the cost function of water supply with utility-level
production and real cost data. The water supply or marginal cost function is then derived based
on the estimates.

Following Kim (1995), we adopt a translog multiproduct joint cost function to estimate
urban water supply. The translog function features a flexible approximation to the production
function using second-order Taylor series, adding up level terms, quadratic terms, and cross
products of outputs, input prices, and other variables that enter the production function. Given
data limitation, we consider two outputs: the annual amount of water supplied to the residential
and industrial users. The total cost equals the sum of the two outputs multiplied by the utility’s
unit cost of water supply. Average wage computed from the total wage bill and number of
employees is used to measure labor price. We do not observe prices for other inputs such as
capital and electricity directly. However, they are less variable across cities or year, so they may
be picked up by the fixed effects in the model.

Specifically, we estimate the following model (city and year subscripts are suppressed for
simplicity):

InC =ay+Ysa5ngs + b, Inw + Y cpInZ;, + %ZTZS arsIng,Ings + by, (Inw)? +

“4)
%Z]chjk InZjInZy + ¥sdgy IngsInw + Y epy, InZg Inw + 3o X fox InggInZy +u,
where C denotes the total cost, g5 (q,-) corresponds to the amount of water supplied to the

residential or industrial sector,?! w denotes wage, and Z, (Z ;) represents a set of control variables

including the share of groundwater in total supply capacity, total length of pipes (log), total

20 The variable-elasticity models yield positive elasticity estimates for certain observations with very large prices. Improving the
model specification to deal with this situation is to be further studied.

21 We observe total water supply, total water sold, and water sold to residential and industrial sectors, respectively. We calculate
the leakage rate with the first two and then apply it to the water sold to each sector to estimate water supplied to the sector.
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number of meters (log), and whether the utility has shareholders from the private sector, which
may affect the technology or efficiency of water supply. Consistent with previous water tariff
models and water demand models, two specifications for the error term u are considered: first, u
is decomposed into a city fixed effect, a year fixed effect and a random error; second, the
provincial time trends replace the year fixed effect. Among all the parameters, a,s = ag,- and
Cjk = Ci; by the symmetry conditions of the model.

We can derive the cost elasticity of each output by differentiating the fitted Equation (4)
with respect to that output:

€cqs = aS + Zr asr In q, + asw Inw + Zkﬁsk anka (5)

where ec,_ is the cost elasticity of water supply to sector s. The marginal cost of water supply to

sector s, holding the other sector constant, can be obtained as
MC, =Le 6)
$ ds as

where MC; is the marginal cost of water supply to sector s and C is the fitted total cost.

Table 7 shows the estimation results of Equation (4) with the utility-level panel data from
2001 to 2007. The two specifications, one with year fixed effects and the other with provincial
time trends, yield qualitatively similar coefficient estimates. First, the quantity of water supplied
to both residential and industrial users are positively correlated with total cost in both linear and
quadratic terms, with the quadratic terms statistically significant. Meanwhile, the coefficient of
the interaction of residential and industrial quantities is significantly negative, suggesting strong
economies of scope gained from joint production of water supply to residential and industrial
sectors.

Wage level has a sizable impact on the water supply cost across specifications. This to some
extent justifies the public’s concern that the high salaries paid to the utility employees, often set
without sufficient transparency, drive up the water price. Water supply cost increases with the
share of capacity to process water from underground sources (significant at the 10% level in the
provincial time trend model). However, this relation is dampened when the amount of supply,
especially supply to residential sector, is large. Finally, the total length of pipes, especially when
the industrial water supply is high, has a large impact on the supply cost.
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The bottom panel of Table 7 presents the cost elasticities with respect to residential and
industrial water supply computed by Equation (5) for the city-year with sample median of the
total water supply. The estimates, statistically significant at 1% level, indicate that a 10%
increase in residential (industrial) water supply leads to a 5.8% (2.4%) increase in the total cost.
Urban water supply is a textbook case of natural monopoly. It features significant economies of
scale as the production relies on large-scale networks, which require extremely high initial
investment, whereas the daily operation of the system is much less expensive. The estimated
elasticities clearly demonstrate such scale economies in the urban water systems in China’s
context.

We further derive the sectoral marginal cost functions, i.e. Equation (6), for each city-year
with estimates from column (2) of Table 7 and the estimated residuals. Figure 2 illustrates the
marginal cost curves for three cities, whose total water supply equal to 10%, 50%, and 90% of
the sample in 2007, respectively. Despite the differences in shape and placement of these curves,
they exhibit common inverted-U relationship between the marginal cost and quantity across
cities and user sectors. Moreover, the turning points of the curves occur at relatively small
amounts of quantity, and a large portion of the right, downward sloping part of the curves goes
flat. In the charts, all the three cities fall on the downward sloping part of the MC curves. It is
further confirmed by a simple numerical exercise we conduct to compute the derivative of the
marginal cost with respect to the quantity at the actual quantity supplied. The results show that
the majority of our sample city-years—78% for residential supply and 94% for industrial
supply—are on the right of the turning points and many, especially the larger cities, lie on the
flat portion of the curves.

To the best of our knowledge, our results represent the first systematic evidence on the
inverted-U shaped marginal cost of urban water supply from a developing country. However,
evidence on downward sloping marginal cost surves is not unique in the literature, as Brown,
Caves, and Christensen (1979) show diminishing marginal costs for both passenger and freight
services in US railways, and Zekri and Dinar (2003) find a downward sloping supply curve for

rural water services in Tunisia.??

22 Brown, Caves, and Christensen (1979) adopt a multiproduct cost function similar to the one used in this study, while Zekri and
Dinar (2003) estimate a log-log supply function.
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6. Welfare Analysis

The estimation of demand and marginal cost functions allows us to determine the optimal
water tariffs and the extent of deviation from the social welfare maximizing level under first-best
pricing. Furthermore, we consider water supply leakages, which averaged around 20% of total
water supply across the country, in setting efficient prices to minimize deadweight loss. For
simplicity, we use the constant-elasticity estimates of the demand functions (columns 3 and 7 in

Table 6). All the price-related variables are in real terms.

6.1 Price-marginal cost gap and deadweight loss under first-best pricing

We start with the first-best pricing that suggests that social welfare is maximized when
water tariffs are set equal to marginal costs. In this context, it is informative to examine the
difference between actual water tariffs and the marginal costs estimated at the amount of water
consumed. Panel A of Table 8 reports the tariff-marginal cost gap as a percentage of the tariff for
the whole sample, for which we are able to obtain the equilibrium tariffs, as well as the
subsamples whose tariffs are higher or lower than the marginal costs. In the case of residential
water use, the average margin between tariff and marginal cost is slightly positive at 2.1%, and
the median is 5.3%. The distribution of positive and negative margins seems quite symmetric:
385 city-years have tariffs exceeding the estimated marginal costs, while 301 have the reverse.
The average gaps are 29.2% for the former and -32.5% for the latter. The absolute values of the
medians as well as 10 percentiles and 90 percentiles are also comparable between the two
subsamples.

For industrial water use, the tariff-marginal cost gaps are more skewed toward positive
values with greater variation. The average gap for the whole sample is 17.7% with median equal
to 26.3%, both considerably larger than those of residential water. Among 662 city-year
observations, 470 or 71% have tariffs higher than the marginal costs with an average of 48.6%.
Although observations with higher marginal costs account for less than 30% of the total, the
mean is as large as -57.9% and the marginal costs more than double the tariff in several instances

(the gap-to-tariff ratio is lower than -100%).%*

23 We drop 24 city-years with negative marginal costs at the quantities consumed.
24 For comparison, Kim (1995) studies U.S. water utilities in the early 1970s and finds the margins between average water price
and marginal cost as a share of marginal cost, which are 158% for residential sector and 40% for industrial sector.
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Next, we turn to calculating the deadweight loss due to the gap between water tariff and
marginal cost. First, the demand functions, PP (Q) = f(Q; u;.), are derived from Equation (2)
with estimated coefficients from column (4) for residential sector and column (8) for industrial
sector in Table 6. Marginal cost function, MC(Q) = g(Q; v;;), are derived based on the
estimates for Equation (4) from column (2) of Table 7. Note that u;; and v;; in the two functions
denote covariates as well as estimated residuals specific for each city-year.

Second, we obtain the equilibrium quantity Qj, such that f(Qf; w;:) = g(Qf; vi¢). Finally,
the deadweight loss is given by

DWLie = | [ (@5 i) — 9(Q; v d.
where Qf is the actual water consumption.

Panel B of Table 8 presents the deadweight loss as a share of the water revenue by sector.
On average, the deadweight loss resulting from the gap between residential water tariff and
marginal cost for residential water consumption equals 3.7% of revenue from water sold to
residential users, and 6.0% for industrial water. The total deadweight loss as a percentage of total
revenue is estimated at 4.4%. Examining the distributions suggests that 90% of city-years have
total deadweight loss equal or lower than 11% of total revenue, with corresponding shares equal
to 10% for residential sector and 15% for industrial sector. Moreover, more than a quarter of the
sample has deadweight loss below 1%. Overall, the results point to moderate deadweight loss
under the first best pricing, and in terms of the share of revenue, industrial sector incurs greater
deadweight loss than residential sector does.

For the residential sector, the average deadweight loss caused by water priced higher than
the marginal cost is slightly larger than that caused by downward pricing (3.9% vs. 3.6%), while
it is the opposite case for the industrial sector (5.8% vs. 6.6%). The latter is partly driven by a

few extreme cases with large negative gaps between tariffs and marginal costs.

6.2 Optimal pricing with non-revenue water

People may argue that first-best pricing does not maximize social welfare on a few different
grounds. First, water is considered a scarce resource in most parts of China. Many cities rely on
groundwater sources to ensure adequate water supply. Groundwater is largely nonrenewable and
characterized as common property. Therefore, water consumption bears a significant negative

externality, which is not captured in the water supply costs (Olmstead, 2010). Accounting for the
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social costs of water consumption, the optimal prices will exceed those obtained under first-best
pricing.

Second, water utilities will incur considerable financial loss under the first-best pricing due
to the natural monopoly characteristics of the industry, which features a decreasing marginal cost
curve. To keep the utilities in operation, the government needs to raise taxes to subsidize the
utilities, which has its own social cost. Thus, Kim (1995) proposes the second-best pricing rule
that aims to maximize social welfare subject to the constraint that the utility will break even.
Applying this rule, the author estimates a positive margin (referred to as the Ramsey number)
between the optimal price and marginal cost.

We consider a third case, which is novel in the literature, in which the amount of non-
revenue water is associated with the water consumed and represents a net loss to the society.?’

Thus, the total loss function (71) will include the cost of non-revenue water as

TL = | %P1 @w - 9(Q;v)] dQ| + N[Q ()],

where N (+) is the cost function of non-revenue water and Q™ is the water consumption resulting
from water tariff P. Policymakers need to choose P to minimize TL. Given that N () increases
with Q*, P should be set higher than the equilibrium price such that Q* < Q€. Consequently, the
first part on the right-hand side of the equation will turn positive, but N(Q*) < N(Q®) and the
total loss is minimized.

We illustrate the above intuition with a simple simulation using city-years with median
residential and industrial water supply (both are Xuzhou in 2006). For tractability, we specify

N(Q*) =Q*-NRR-C,
where NRR refers to a constant ratio of non-revenue water to water consumed or leakage rate,
and C is average cost for the non-revenue water. For simplicity, we use the average of marginal
costs at the actual quantity and first-best quantity to approximate C.2°
Table 9 reports the simulation results for both residential and industrial sectors. The first row

of each panel shows the actual water tariff and the amount of consumption and associated
deadweight loss and loss due to non-revenue water. The total loss to the society is estimated at

CNY 8.14 million from residential sector and CNY 5.51 million from industrial sector. Under

25 Here, we define non-revenue water as the system leakage into the nature, not including that consumed by people who do not
pay for it.

26 The optimization problem may be further developed with the average cost of non-revenue water that varies with water quantity
as well as endogenous leakage rate. We leave this to a separate study.
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the first-best pricing, the price drops and quantity increases (substantially in this particular case)
to the equilibrium levels for both sectors. The deadweight loss is minimized to zero by
definition, but the non-revenue water loss is larger than that in the actual scenario. The total loss
is lowered significantly to CNY 2.63 million for residential sector and CNY 2.22 million for
industrial sector in this scenario.

The third row confirms our intuition about optimal pricing after counting non-revenue water
loss. The price is higher than the equilibrium while the quantity is lower for both sectors. At the
expense of slight increase in the deadweight loss, the non-revenue water loss is reduced by a
larger amount such that the total loss—CNY 2.55 million for residential and CNY 2.14 million
for industrial—is smaller than that under the first-best pricing.

The outcome that the optimal price in the third row is higher than the equilibrium price
applies to both situations, wherein the equilibrium price is lower than the actual price (as in the
above case) and the equilibrium price is higher than the actual price. In the first situation, the
price should be adjusted downward but not as much as to the equilibrium price. In the second

situation, the price should be adjusted upward exceeding the equilibrium price.

7. Conclusion

This study develops a framework for analyzing whether water tariffs are set optimally. We
start with an effort to understand how urban water tariffs have been set in the context of Chinese
cities in the 2000s. We find that water tariffs have steadily increased in both nominal and real
terms in the early 2000s, although the pace of adjustment slowed down after 2007. Among the
city-level factors we examined that may affect water tariffs, the single most important one is the
average tariff levels of peer cities. This may result from information asymmetry between the
government and water utility regarding true water supply costs.

To infer welfare implications of the tariff levels, we estimate the demand and supply
functions of water services at the city level to quantify the deadweight loss due to inefficient
pricing. To overcome the endogeneity of water tariffs in the demand function, we use peer cities’
average tariff as instrumental variable (IV) for a city’s own water tariff. While the OLS estimates
suggests that the price elasticity of water demand is nearly zero and statistically insignificant, the
IV approach yields estimates at around -0.41 for both residential and industrial sectors with a

constant-elasticity specification and even higher estimates with a more flexible specification. On
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the supply side, we estimate a translog multiproduct joint cost function, from which the marginal
cost (supply) function is derived. The results show that the urban water services possess strong
scope economies and scale economies. Due to the latter, the majority of our sample city-years
falls on the downward sloping segment of the marginal cost curves.

When we overlay the demand and supply functions for each city-year, we find that the cases
of actual tariffs higher and lower than marginal costs are equally divided for residential sector,
whereas the incidence of higher actual tariffs accounts for 71% for the industrial sector.
Adopting first-best pricing rule, the deadweight loss is estimated to be moderate for the majority
of the sample. This may be explained by the inelasticity of water demand, relatively small gaps
between the actual tariffs and equilibrium tariffs, and downward slope of the marginal cost
curves for many city-years. These results remind us that whether water tariffs are set too low
should be assessed on a case-by-case basis with a careful account of marginal costs of the utility.

We further illustrate that optimal prices should be higher than the levels under first-best
pricing in the presence of non-revenue water, which increases with water consumption. In line
with externality and utility-break-even arguments, our analysis supports water tariffs set
reasonably high to manage water demand, especially in cities suffering from high leakage rate.

Due to data scarcity, our welfare assessment is restricted up to the year 2007. Evidence
suggests that the local governments in China did not keep up the pace of adjusting water tariffs
after 2007. For the post-2007 period, our analysis suggests that welfare losses may have
increased, and a larger share of the losses could come from the setting of low tariffs.

Besides the novelties in methodology and policy-relevant findings for China, we believe that
the framework developed here would be applicable to other countries or regions for which city or

community-level water service and tariff data are available.
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Table 1: Summary Statistics of Utility and City Characteristics

Year Std.
Variables N coverage Mean Dev. Min Max
Utility characteristics
Total water supply (10,000 cu. m.) 1771 2000-2007  8375.2 11488.2 423.0  83996.0
Total water sold (10,000 cu. m.) 1761  2000-2007  6641.3 9331.1 281.0  67543.0
Water sold, residential (10,000 cu. m.) 1772 2000-2007  3243.0  4566.7 73.3  40381.0
Water sold, industrial (10,000 cu. m.) 1694  2000-2007 1837.7  2560.4 02 186514
Share of groundwater to total supply capacity 1712 2000-2007 0.28 0.38 0.00 1.00
Cost per ton of water supply (CNY/cu. m.) 1686  2000-2007 1.35 0.65 0.22 6.10
Number of employees 1729  2000-2007 885.5 964.2 59.0  10959.0
Total wage bill (10,000 CNY) 1436  2001-2007 1541.2 21539 46.6  31470.0
Total pipe length (km) 1501  2001-2007 663.3 784.6 19.0 5625.0
Number of meters 1408  2001-2007 103138 218024 760 2246083
Private sector participation indicator 1896  2000-2007 0.18 0.39 0 1
City characteristics
Urban population (10,000) 3120 2000-2012 137.8 164.7 17.5 1779.1
Urban population density (person per sq. km) 3119  2000-2012 1105.1 1000.3 13.0 140524
Urban GDP per capita (CNY in 2000) 2394 2000-2012 27039.0 19238.2 12359 220945.6
Agriculture share in urban GDP (%) 3070  2000-2012 7.39 7.32 0.05 51.60
Industry share in urban GDP (%) 3070  2000-2012 51.09 11.67 14.37 92.30
Urban fiscal deficit (as % of revenue) 3120 2000-2012 1.00 1.49 -1.00 44.84
Rainfall (mm) 2467  2000-2011 992.4 509.3 74.9 2967.3
Maximum temperature (Celsius degree) 2475  2000-2011 37.4 2.5 243 43.7
Minimum temperature (Celsius degree) 2475  2000-2011 -10.8 10.8 -44.1 10.7
Annual inflation rate (%) 2684  2000-2012 2.33 2.52 -4.70 21.20

Note: Utility data are collected from Annual Statistics of Urban Water Supply of relevant years. City demographic and economic data are
collected from Chinese City Statistical Yearbooks of relevant years. Weather data are collected from Data Center of the Chinese
Meteorological Bureau at station level and matched to cities. CPI data is collected from Statistical Yearbooks of individual provinces.
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Table 2: Summary Statistics of Water Tariffs

Number
Sector/Years N of cities Mean Std. Dev. Min Max
Residential
Year 2000-2006
Nominal 1391 211 1.27 0.45 0.45 3.00
Real 1342 207 1.23 0.42 0.45 2.93
Year 2007-2012
Nominal 1266 233 1.60 0.47 0.75 4.82
Real 1026 180 1.29 0.40 0.62 3.70
Industrial
Year 2000-2006
Nominal 1388 211 1.66 0.76 0.59 6.00
Real 1339 207 1.61 0.73 0.59 6.00
Year 2007-2012
Nominal 1263 233 2.21 0.96 0.90 7.85
Real 1024 180 1.78 0.80 0.70 6.05

Note: Water tariffs are collected from Annual Statistics of Urban Water Supply for 2000-2006 and China’s Water
Net for 2007 to 2012. Yearly data are simple averages of the monthly data from China’s Water Net. Real tariffs are
in 2000 price.
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Table 3: Average Weighted Tariffs versus Average Costs

AWT >= AC AWT < AC All
Number Average Number Average Average
Year of cities difference of cities difference difference
2000 139 0.31 69 -0.24 0.13
2001 135 0.37 68 -0.26 0.16
2002 111 0.38 79 -0.25 0.11
2003 114 0.38 81 -0.32 0.09
2004 94 0.35 109 -0.33 -0.01
2005 111 0.46 97 -0.37 0.07
2006 93 0.56 95 -0.39 0.08
2007 80 0.39 110 -0.41 -0.07

Note: AWT = average weighted tariff with water supply to each sector as weight; AC =
average cost. Excluding cities with missing residential or industrial water tariffs or
quantities.
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Table 4a: Residential Water Tariff Regressions

Variables (1) (2) 3) (@) (5) (6) @) (®)
Log(Avg. tariff of peer cities) 0.407*** 0.251%** 0.286%*** 0.431%** 0.519%** 0.280%** 0.288%** 0.457%**
(0.088) (0.077) (0.061) (0.094) (0.076) (0.071) (0.063) (0.079)
Log(urban GDP per capita) -0.034 -0.035%* -0.037** -0.030%** -0.0031 -0.027 -0.035%* -0.029*
(0.026) (0.017) (0.015) (0.015) (0.026) (0.018) (0.017) (0.016)
GDP agriculture share 0.002 0.001 0.0007 0.001 0.004 0.003 0.001 0.002
(0.003) (0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.002)
GDP industry share 0.00004 0.0003 0.0005 0.0003 -0.00005 -0.0002 0.0002 0.00004
(0.001) (0.0009) (0.0007) (0.0008) (0.002) (0.001) (0.0008) (0.0009)
Log(urban population) 0.001 -0.021 -0.044* -0.034 0.028 -0.012 -0.033 -0.028
(0.0406) (0.028) (0.025) (0.024) (0.05) (0.03) (0.027) (0.028)
Log(urban population density) -0.019 -0.011 -0.005 -0.014 -0.018 -0.012 -0.005 -0.015
(0.02) (0.012) (0.011) (0.013) (0.021) (0.013) (0.012) (0.013)
Fiscal deficit as share of revenue 0.0004 0.002 0.004 0.001 -0.0005 0.0006 0.004 0.0003
(0.005) (0.004) (0.004) (0.004) (0.006) (0.005) (0.004) (0.005)
Log(5-year moving average rainfall) 0.045 0.046 0.005 0.049 0.082 0.076 0.036 0.074
(0.073) (0.049) (0.046) (0.043) (0.082) (0.053) (0.051) (0.047)
Maximum temperature (5-year MA) 0.015 -0.005 -0.008 -0.003 0.026** -0.003 -0.001 0.0004
(0.01) (0.006) (0.007) (0.006) (0.011) (0.008) (0.009) (0.008)
Minimum temperature (5-year MA) -0.007 -0.003 0.0002 -0.003 -0.011* -0.004 -0.001 -0.004
(0.006) (0.004) (0.004) (0.004) (0.006) (0.005) (0.005) (0.004)
Time trend 0.026%*** 0.013** 0.005 0.005 0.003 0.0007
(0.00817) (0.00553) (0.00584) (0.00682) (0.004) (0.005)
Log(inflation rate) 0.293%* 0.02 0.039 -0.036
(0.120) (0.106) (0.128) (0.101)
Log(Residential tariff), 1-year lag 0.478%** 0.503%** 0.475%** 0.470%** 0.503%** 0.448%**
(0.029) (0.032) (0.028) (0.033) (0.034) (0.032)
Observations 2,042 1,885 1,885 2,048 1,825 1,668 1,668 1,796
Adj. R-squared 0.839 0.878 0.877 0.884 0.807 0.860 0.860 0.868
Controls
City dummy Y Y Y Y Y Y Y Y
Year dummy N N Y N N N Y N
Province x time trend Y Y N Y Y Y N Y

Note: Dependent variable is log(residential water tariff) with nominal tariff in columns 1-4 and real tariffs in columns 5-8. Nominal (real) GDP per capita and lag tariff are used in columns

1-4 (5-8). Peer cities refer to neighboring cities from the same province in columns 1-3 and 5-7, and cities from the same province in columns 4 and 8. Standard errors in parenthesis are
clustered at city level. *** indicates p<0.01, ** p<0.05, and * p<0.1.
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Table 4b: Industrial Water Tariff Regressions

Variables (1) 2) 3) @) (5) (6) @) (8)
Log(neighbor peer tariff) 0.231%** 0.150** 0.231%** 0.252%** 0.326%** 0.181%** 0.235%** 0.293%**
(0.080) (0.064) (0.060) (0.091) (0.079) (0.065) (0.066) (0.086)
Log(urban GDP per capita) -0.014 -0.017 -0.014 -0.02 0.022 -0.009 -0.007 -0.017
(0.032) (0.024) (0.022) (0.024) (0.037) (0.026) (0.0238) (0.026)
GDP agriculture share 0.002 0.003 0.002 0.001 0.006* 0.005%* 0.003 0.002
(0.003) (0.003) (0.003) (0.002) (0.003) (0.003) (0.003) (0.002)
GDP industry share -0.002 -0.0003 -0.0006 0.0003 -0.002 -0.0006 -0.0009 0.0001
(0.001) (0.001) (0.0008) (0.001) (0.002) (0.001) (0.0009) (0.001)
Log(urban population) 0.039 0.015 -0.027 0.007 0.06 0.018 -0.016 0.012
(0.055) (0.034) (0.038) (0.030) (0.059) (0.035) (0.041) (0.033)
Log(urban population density) -0.013 0.002 0.008 -0.005 -0.011 0.0004 0.009 -0.008
(0.02) (0.015) (0.015) (0.015) (0.022) (0.016) (0.015) (0.016)
Fiscal deficit as share of revenue 0.005 0.002 0.005 0.0005 0.006 -0.0004 0.005 0.0002
(0.007) (0.006) (0.005) (0.006) (0.007) (0.007) (0.005) (0.007)
Log(5-year moving average rainfall) 0.066 0.014 -0.018 0.019 0.094 0.031 0.01 0.033
(0.082) (0.066) (0.061) (0.062) (0.087) (0.072) (0.07) (0.069)
Maximum temperature (5-year MA) 0.014 -0.009 -0.011 -0.003 0.028** -0.008 -0.003 -0.0007
(0.012) (0.009) (0.01) (0.009) (0.013) (0.012) (0.012) (0.012)
Minimum temperature (5-year MA) -0.006 -0.001 0.002 -0.001 -0.011 -0.002 0.002 -0.002
(0.007) (0.005) (0.005) (0.005) (0.008) (0.006) (0.006) (0.006)
Time trend 0.03*** 0.016** 0.008 0.004 0.003 -0.001
(0.01) (0.008) (0.008) (0.009) (0.006) (0.007)
Log(inflation rate) 0.114 -0.014 0.079 -0.088
(0.173) (0.156) (0.193) (0.148)
Log(Industrial tariff), 1-year lag 0.445%** 0.477%** 0.465%** 0.431%** 0.468%** 0.447%**
(0.059) (0.06) (0.058) (0.059) (0.065) (0.059)
Observations 2,039 1,880 1,880 2,039 1,822 1,663 1,663 1,789
Adj. R-squared 0.855 0.905 0.902 0.904 0.828 0.891 0.888 0.890
Controls
City dummy Y Y Y Y Y Y Y Y
Year dummy N N Y N N N Y N
Province x time trend Y Y N Y Y Y N Y

Note: Dependent variable is log(industrial water tariff) with nominal tariff in columns 1-4 and real tariffs in columns 5-8. Nominal (real) GDP per capita and lag tariff are used in columns

1-4 (5-8). Peer cities refer to neighboring cities from the same province in columns 1-3 and 5-7, and cities from the same province in columns 4 and 8. Standard errors in parenthesis are
clustered at city level. *** indicates p<0.01, ** p<0.05, and * p<0.1.
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Table 5: Water Demand Regressions — OLS Estimation

Variables 1) 2) 3) 4 &) (6) @) ®)
Log(urban population) 0.145%* 0.148%* 0.0573 0.0557 0.419%** 0.420%** 0.0378 0.038
(0.068) (0.069) (0.083) (0.084) (0.138) (0.139) (0.152) (0.152)
GDP agriculture share -0.012%** -0.012%** -0.008** -0.008** -0.021% -0.021% -0.006 -0.006
(0.004) (0.004) (0.004) (0.004) (0.012) (0.012) (0.009) (0.009)
GDP industry share -0.007*** -0.007*** -0.007*** -0.007*** 0.005 0.005 0.005 0.005
(0.002) (0.002) (0.002) (0.002) (0.005) (0.005) (0.004) (0.004)
Log(rainfall) -0.083** -0.082%* -0.065%* -0.065* -0.018 -0.018 0.008 0.008
(0.035) (0.036) (0.036) (0.036) (0.057) (0.057) (0.045) (0.045)
Maximum temperature 0.004 0.004 0.003 0.003 0.016%* 0.016%* 0.007 0.007
(0.006) (0.006) (0.005) (0.005) (0.009) (0.009) (0.007) (0.007)
Minimum temperature -0.007* -0.007* 0.003 0.003 -0.006 -0.006 0.006 0.006
(0.004) (0.004) (0.004) (0.004) (0.007) (0.007) (0.006) (0.006)
Log(real urban GDP per capita) -0.006 -0.006 0.011 0.011 0.017 0.018 0.031 0.031
(0.067) (0.067) (0.07) (0.069) (0.088) (0.088) (0.086) (0.086)
Log(urban population density) 0.021 0.022 0.04 0.04 0.025 0.026 -0.03 -0.03
(0.032) (0.032) (0.035) (0.035) (0.074) (0.073) (0.088) (0.088)
Time trend -0.028 -0.027 -0.09%** -0.09%**
(0.018) (0.018) (0.025) (0.03)
Log(real tariff) 0.019 0.032 -0.07 -0.088 0.071 0.096 -0.086 -0.08
(0.056) (0.07) (0.05) (0.063) (0.102) (0.221) (0.076) (0.191)
Log(real tariff)-squared -0.031 0.044 -0.025 -0.006
(0.091) (0.087) (0.157) (0.152)
Observations 1,178 1,178 1,178 1,178 1,126 1,126 1,126 1,126
Adj. R-squared 0.968 0.968 0.968 0.968 0.964 0.964 0.967 0.967
Controls
City dummy Y Y Y Y Y Y Y Y
Year dummy Y Y N N Y Y N N
Province x time trend N N Y Y N N Y Y

Calculated elasticities
Mean 0.019 0.022 -0.07 -0.073 0.071 0.076 -0.086 -0.085
Median 0.019 0.023 -0.07 -0.075 0.071 0.079 -0.086 -0.084

Note: Dependent variable is log(water sold). Columns 1-4 estimate demand for residential water and 5-8 industrial water. Standard errors in parentheses are clustered at city level. ***
indicates p<0.01, ** p<0.05, and * p<0.1.
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Table 6: Water Demand Regressions — 2SLS Estimation

Variables (1) 2) 3) 4 (5) (6) @) ®)
First stage estimation (endogenous variables: log of real tariff and log of real tariff-squared)
Log(neighbor peer tariff) 0.450%*** 0.299*** 0.472%** 0.350%*** 0.280%*** -0.08 0.246** -0.097
(0.099) (0.112) (0.101) (0.117) (0.095) (0.120) (0.108) (0.135)
Log(neighbor peer tariff)-squared 0.259%* 0.224 0.362%** 0.362%**
(0.109) (0.152) (0.096) (0.116)
First-stage Partial R-squared 0.099 0.111 0.109 0.115 0.037 0.073 0.028 0.055
Weak IV F-stat 20.87 15.43 21.70 13.44 8.685 12.39 5.152 7.571
Log(neighbor peer tariff) -0.065 -0.002 -0.341** -0.190
(0.072) (0.074) (0.136) (0.158)
Log(neighbor peer tariff)-squared 0.692%** 0.526%** 0.712%** 0.487%**
(0.075) (0.105) (0.125) (0.140)
First-stage Partial R-squared 0.242 0.147 0.135 0.059
Weak IV F-stat 53.05 15.43 19.51 7.24
Second stage estimation
Log(real tariff) -0.196 -0.388 -0.411%** -1.039%*** 0.131 -0.779 -0.408 -3.694
(0.159) (0.391) (0.130) (0.345) (0.348) (1.013) (0.390) (3.821)
Log(real tariff)-squared 0.254 1.045%%* 0.693 2.983
(0.360) (0.384) (0.580) (3.120)
Observations 1,080 1,080 1,080 1,080 1,038 1,038 1,038 1,038
Adj. R-squared 0.965 0.964 0.964 0.955 0.964 0.961 0.966 0.916
Controls
City dummy Y Y Y Y Y Y Y Y
Year dummy Y Y N N Y Y N N
Province x time trend N N Y Y N N Y Y
Calculated elasticities
Mean -0.196 -0.301 -0.411%%* -0.680*** 0.131 -0.215 -0.408 -1.264
Median -0.196 -0.314 -0.411%%* -0.734%** 0.131 -0.285 -0.408 -1.566

Note: Dependent variable is log(water sold). Columns 1-4 estimate demand for residential water and 5-8 industrial water. Standard errors in parentheses are clustered at city level. ***

indicates p<0.01, ** p<0.05, and * p<0.1.
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Table 7: Water Supply Cost Regression

Variables @) 2)
Log(Residential water supply) 0.488 0.596
(0.511) (0.568)
Log(Industrial water supply) 0.236 0.207
(0.284) (0.326)
Log(Residential water supply) - squared 0.105** 0.088*
(0.047) (0.051)
Log(Residential water supply) * Log(Industrial water supply) -0.130%** -0.134%%*
(0.049) (0.051)
Log(Industrial water supply) - squared 0.035%* 0.038**
(0.017) (0.016)
Log(real average wage) 0.751* 0.858%**
(0.419) (0.427)
Share of groundwater to total supply capacity 2.176 2.717*
(1.360) (1.571)
Log(pipe length) -0.132 -0.327
(0.549) (0.605)
Log(number of water meters) 0.173 0.119
(0.273) (0.286)
Private sector participation indicator 0.041 0.083
(0.305) (0.313)
Log(real average wage) - squared 0.069 0.055
(0.006) (0.006)
Log(real average wage) * Share of groundwater to total capacity 0.182 0.120
(0.160) (0.162)
Log(real average wage) * Log(pipe length) 0.041 0.044
(0.10) (0.10)
Log(real average wage) * Log(number of water meters) -0.024 -0.011
(0.04) (0.04)
Log(real average wage) * Private sector participation indicator -0.095 -0.068
(0.071) (0.070)
Share of groundwater to total capacity - squared -0.174 -0.139
(0.379) (0.458)
Share of groundwater to total capacity * Log(pipe length) 0.274 0.251
(0.195) (0.179)
Share of groundwater to total capacity * Log(number of water meters) -0.071 -0.114
(0.082) (0.087)
Share of groundwater to total capacity * PPP dummy -0.058 -0.014
(0.087) (0.091)
Log(pipe length) - squared 0.143%* 0.119
(0.083) (0.079)
Log(pipe length) * Log(number of water meters) -0.071 -0.06
(0.061) (0.061)
Log(pipe length) * Private sector participation indicator 0.048 0.053
(0.075) (0.074)
Log(number of water meters) - squared -0.01 -0.007
(0.022) (0.024)
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Variables (1) (2)

Log(number of water meters) * Private sector participation indicator 0.002 -0.02
(0.041) (0.042)
Log(Residential water supply) * Log(real average wage) -0.052 -0.082
(0.074) (0.073)
Log(Residential water supply) * Share of groundwater to total capacity -0.344%** -0.334*
(0.171) (0.189)
Log(Residential water supply) * Log(pipe length) -0.165 -0.136
(0.100) (0.100)
Log(Residential water supply) * Log(number of water meters) 0.048 0.05
(0.045) (0.05)
Log(Residential water supply) * Private sector participation indicator -0.026 -0.015
(0.063) (0.054)
Log(Industrial water supply) * Log(real average wage) -0.049 -0.047
(0.061) (0.063)
Log(Industrial water supply) * Share of groundwater to total capacity -0.056 -0.069
(0.073) (0.079)
Log(Industrial water supply) * Log(pipe length) 0.069** 0.092%*
(0.033) (0.038)
Log(Industrial water supply) * Log(number of water meters) 0.015 0.005
(0.029) (0.030)
Log(Industrial water supply) * Private sector participation indicator -0.016 -0.008
(0.033) (0.028)
Time trend 0.038**
(0.019)
Constant 1.380 1.384
(2.571) (2.882)
Observations 866 866
Adj. R-squared 0.974 0.974
Controls
City dummy Y Y
Year dummy Y N
Province x time trend N Y

Elasticity at median city (Xuzhou, Jiangsu province (2006))
Residential 0.579%** 0.586%**
Industrial 0.271%** 0.278%**

Note: Dependent variables are the total cost of supplying water to residential and industrial users. Standard errors in
parenthesis are clustered at city level. *** indicates p<0.01, ** p<0.05, and * p<0.1.
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Table 8: Tariff-Marginal Cost (MC) Gaps and Deadweight Loss under First-best Pricing

Std.
Counts Mean Dev. 10% Median 90%
A. Tariff-MC gap (% of tariff)
Residential
All 686 2.1 43.1 -42.9 53 50.6
City-years with tariff>MC 385 29.2 21.3 4.9 23.3 60.6
City-years with tariff<MC 301 -32.5 39.0 -64.7 -21.7 -4.6
Industrial
All 662 17.7 71.4 -52.8 26.3 79.4
City-years with tarift>MC 470 48.6 35.4 10.5 43.0 89.7
City-years with tariff<MC 192 -57.9 80.6 -126.9 -29.1 -7.0
B. Deadweight loss (% of revenue)
Residential
All 686 3.7 7.6 0.05 1.2 10.4
City-years with tarift>MC 385 3.9 5.4 0.05 1.3 11.4
City-years with tariff<MC 301 3.6 9.7 0.05 0.9 7.1
Industrial
All 662 6.0 9.4 0.16 2.8 14.7
City-years with tarift>MC 470 5.8 6.8 0.19 34 14.2
City-years with tariff<MC 192 6.6 13.8 0.06 1.3 18.2
Total 662 4.4 6.2 0.27 2.5 11.0

Note: Tariffs and marginal costs are in real 2000 price. Deadweight loss is calculated at equilibrium price (i.e. price equal to
marginal cost) for each city-year that has valid estimates for demand and cost functions.
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Table 9: Illustration of Welfare Computations with Non-revenue Water Considered

Loss due to non-

Scenario Price Quantity DWL revenue water Total loss
Residential

Actual consumption 2.270 1947.0 651.0 163.4 814.3
First-best pricing 0.710 3131.1 0.0 262.7 262.7
Non-revenue water considered 0.820 2966.7 5.6 248.9 254.6
Industrial

Actual consumption 3.010 1095.0 410.1 140.4 550.5
First-best pricing 0.980 1730.0 0.0 221.8 221.8
Non-revenue water considered 1.150 1623.1 6.0 208.1 214.2

Note: The illustration is done with demand and cost function estimates for Xuzhou (Jiangsu province) in 2006, the city-year
with median residential and industrial water supply. For tractability, we assume fixed non-revenue rate at 0.11. Unit costs of
non-revenue water is assumed to be average of marginal costs at water sold and water supplied: CNY0.763 per cu. m. for
residential water, and CNY'1.166 for industrial water. DWL = deadweight loss. Price is in CNY per cu. m., quantity in 10,000
cu. m., and DWL, non-revenue loss and total loss all in 10,000 CNY.
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Figure 1: Time Trends for Nominal and Real Water Tariffs for 2000-2012
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Figure 2: Examples of Estimated Marginal Cost Curves
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Note: The blue, red, and green lines represent marginal cost curves of city-years with 10, 50, and 90 percentiles of water supply
in respective sector with dots indicating the amounts of actual water supply. In the left chart (residential supply), they are
Zhoukou (Henan province) in 2005, Xuzhou (Jiangsu province) in 2006, and Changchun (Jilin province) in 2004, respectively. In

the right chart (industrial supply), they are Xianyang (Shaanxi province) in 2007, Xuzhou (Jiangsu province) in 2006, and
Nanchang (Jianxi province) in 2003, respectively.
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