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A water resource efficiency analysis of the Chinese industrial sector
Abstract

Industrial water consumption is increasing in China. The amount of industrial water use increased 28.3 billion m® from
1997 to 2007, and the share of industrial water use in China rose from 20% to 24%. In addition China has diversity of
water resource. Specifically the northern part of China faces a serious water shortage problem. Furthermore, each province
has different characteristics of industry type. Sales and value added by using one unit of water input are different among
industries. For sustainable development in China, an allocation strategy of limited water resource is important. The objec-
tive of this study is to clarify the efficiency of water usage in the Chinese industrial sector. The authors also estimate the
shadow prices of fresh water and wastewater in each industry. The research period is from 1996 to 2007. The authors find
that most of the provinces that were evaluated as efficient at reducing fresh water usage and wastewater discharge are
located in the northern part of China. The results imply that in the Hebei, Shanxi, Ningxia, and Guizhou provinces, the
policies that provide incentives for the industrial sector to achieve water use efficiency improvement are more effective
than the policies that address the restriction of waste water discharge. The shadow prices and inefficiencies differed
among distinct provinces and business types. Therefore, to establish the appropriate environmental and water price poli-
cies, the Chinese government must consider the differences that exist among the provinces and industries of China.

Keywords: productive inefficiency, shadow price, fresh water use, industrial wastewater, China.
JEL Classification: Q53, Q25, Q56, Q57, 047.

Introduction ability; specifically, the northern part of China faces a
serious water resource shortage problem. China’s 11th
Five-Year Plan, which was published in 2006, incor-
porated initiatives by the Chinese government that

Water resource use in China. The Chinese econo-
my has continued to grow and develop. The average

annual economic growth rate in China between 1979 .
and 2009 was 9.93%, and this rapid economic growth sought to solve this water shortage problem. Accord-
ing to the 2007 China Water Resources Bulletin, the

is projected to continue (Ying and Ishiyama, 2011). ! fd e 3
This growth has caused environmental problems that total water use in China in 2007 was 581.87 billion m".
are becoming more serious with each passing year This water usage included the following contributions:
(Chow, 2011). In particular, the issue of water resource  the agricultural water use was 359.85 m’ (60%), the
shortages poses a significant concern in China because  industrial water use was 140.41 m’ (24%) and the
the quantity of Chinese water resources per capita is  water that was used for everyday living was 71.04 m’
only one fourth of the world average. In addition, vari-  (12%). Figure 1 illustrates the amount of water that
ous portions of China have diverse water resource avail-  was used from 1997 to 2007 in China by sector.

billion m?
450 27%
400 \M 2%
350 YM < 25%
P
300 - 24%
- - <
250 > 23%
- = - -
200 / 22%
VA < /
150 / < —<£ 21%
’ —_————_— - M
e —
100 @ = 20%
o\
50 -+ = = 19%
0 : : . : ; : : . ; 18%

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 year

== Agricultural water ==O==Industrial water === \Nater for everyday life == = Industrial water share

Source: China Water Resources Bulletin (CWRB).

Fig. 1. The water use by sector in China
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This figure indicates that agricultural water usage gen-
erally decreased during this period, whereas the con-
sumption of water for industrial uses and for everyday
living increased during this time. The amount of indus-
trial water that was used grew rapidly after 2002, and
the share of industrial water usage increased from 20%
to 24%. This rapid growth in industrial water con-
sumption has placed additional pressure on the issue of
Chinese water resource shortages.

Industrial sector development is the main driver of
China’s rapid economic growth (Li and An, 2004).
Therefore, China must appropriately manage its
water resources, particularly its industrial water, to
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achieve sustainable development. In the remainder
of this paper, we focus on water resource manage-
ment in the Chinese industrial sector. In the follow-
ing section, we summarize the characteristics of
water resource consumption and waste water dis-
charge by region and business type.

The characteristics of industrial water use by
business type. The characteristics of water resource
usage and waste water discharge differ for various
business types in the industrial sector of China. Ta-
ble 1 provides fresh water use data, waste water
discharge data, and simple efficiency indices for the
Chinese industrial sector’.

Table 1. Water use indices in the Chinese industrial sector in 2006

Fresh water use GDP/ Fresh water use (adj) | Waste water discharge GDd::‘érY: %Sge(:é?)t er Recycled woater use ratio

[10,000 tonnes] [yuan/ ton] [10,000 tonnes] [yuan  ton] [%]
Mining 57,285 3132 54,023 332.1 64%
Food 57,124 117.4 43,113 155.6 67%
Beverage 77,083 137.6 56,049 189.3 56%
Spinning 233,510 64.8 197,934 76.4 29%
Paper 440,076 18.1 374,407 21.2 51%
Printing 1,539 623.4 1,199 800.2 56%
Oil refining 120,765 162.4 70,281 279.0 94%
Chemical product 493,044 62.3 335,956 91.4 88%
Medicinal product 64,128 142.2 42,988 2121 74%
Chemical fiber 62,449 53.2 49,543 67.0 88%
ronmetalie 81,429 187.0 43,070 3535 68%
Steel 386,088 127.4 156,727 3137 92%
Non-ferrous metal 42,680 397.5 32,751 518.0 89%
Metal 27,298 399.7 22,448 486.1 66%
Machine 16,461 963.2 12,530 1,265.4 57%
Transportation 34,880 739.1 25,708 1,002.8 2%
Electric product 30,977 513.0 23,905 664.7 74%
Electric device 9,989 940.8 7,845 1,197.9 73%
Electricity, hot
water, steam 3,600,374 6.5 217,145 107.8 78%
supply

Sources: China Industrial Economical Statistical Yearbook 2007, China Environmental Yearbook 2007.

We can observe that six industries, namely, the spin-
ning, paper, oil refining, chemical, steel and electrici-
ty/hot water/steam industries, consumed a high quanti-
ty of the fresh water resources that were used in 2006.
In particular, these six industries accounted for 84.6%
of the total fresh water usage in the industrial sector. In
this paper, we refer to these six industries as fresh
water oriented industries. Fresh water oriented indus-
tries require a great deal of water resources for their
businesses; however, the GDP that was produced for
each unit of fresh water that was used was lower for
these industries than for other Chinese industries.

The characteristics of waste water discharge also
differ for various types of businesses. Fresh water
oriented industries discharge huge quantities of

wastewater. However, the GDP that was generated
for eachunit of waste water that was discharged was
higher for the oil refining and steel industries com-
pared with the other freshwater oriented industries.
One interpretation for this observation is that these
two industries use a great deal of filtered waste wa-
ter for boiler and cooling water. The recycled water
use ratios (recycled water use / total industrial water

' We use the China Environmental Yearbook (CEY) and the China Indus-
trial Economic Statistical Yearbook (CIESY) to calculate the simple effi-
ciency indices in Table 1. The CIESY data are gathered from the entirety of
China, whereas the CEY data are estimated through sample surveys. There-
fore, we use sales values, which both datasets possess, as an adjustment
parameter for expanding the CEY data. We include the “adj” designation for
environmental data that were expanded.
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use) in the oil refining and steel industries are 94%
and 92%, respectively. By contrast, the spinning and
paper product industries use water resources for the
process of washing products, which produces in-
creasingly polluted wastewater. Because the cost of
using recycled water is expensive, the recycled wa-
ter use ratio remains at a low level. In particular, the
recycled water use ratio of the spinning industry was
only 29%, which is remarkably low.

Industrial water
share

60%
50
40
30
20

Source: China Statistical Yearbook 2008.

The characteristics of industrial water use by
region. We next discuss the regional characteristics
of industrial water use. The different regions of
China have diverse water resources. In particular,
the northern part of China faces the most serious
water resource shortage problems (Figure2). In ad-
dition, the share of industrial water usage was high-
est in coastal areas and in the southern portions of
inland Chinese regions.
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Fig. 2. The water resource capacities and industrial water consumption shares for China in 2007

We consider the recycled water use ratio in the in-
dustrial sector by province (Figure 3). Figure 3 de-
monstrates that northern provinces achieve demon-
strably higher recycled water use ratios than south-
ern provinces. Beijing and Tianjin, which obtain
their water supplies from the Yellow River,
achieved recycled water use ratios of greater than
90%. By contrast, southern provinces such as
Shanghai and Guangdong have recycled water use
ratios that are below 75%.

L 4

Source: China Statistical Yearbook 2008.

Fig. 3. The recycled water use ratios in the Chinese
industrial sector in 2007

84

What are the incentives for manufacturing compa-
nies to increase their recycled water use ratios?
Companies certainly attempt to achieve the targets
that have been established by the government to
improve water use efficiency. However, these at-
tempts are not the result of voluntary efforts on the
part of the top-level managers of these companies.
In this paper, we note two reasons for this pheno-
menon. One of these reasons is that although com-
panies benefit from reducing the material costs of
the water resources that they use (e.g., by incurring
reduced tap water fees), as many previous studies
have observed, Chinese industrial water is provided
at a low fixed price; this low price reduces the com-
panies’incentives to decrease their water usage. The
second reason for the aforementioned phenomenon
is the opportunity cost that results if the Chinese
government restricts industrial water use. If manu-
facturing plants do not use sufficient water re-
sources, they will need to decrease their factory
operating ratios. To prepare and manage the poten-
tial risks of a water resource shortage, companies
may increase their recycled water use ratios and
attempt to decrease their fresh water dependencies
by utilizing modern equipment and improving their
production processes. However, the southern prov-
inces of China, which have abundant water re-
sources, are unlikely to encounter governmental



restrictions on industrial water use. In addition, the
price of industrial water is low in these provinces.
Therefore, companies in southern provinces have
few incentives to raise their recycled water use ra-
tios through additional investments.

1. Objective

There are two ways of conserving water resources in
the industrial sector. One of these methods is to
improve overall water use efficiency, and the other
method of saving water resourcesis to increase re-
cycled water use ratios. Many studies have been
conducted on Chinese industrial water resource
issues. However, there are few studies that treat
fresh water and recycled water separately for prod-
uctivity analyses. To improve water resource effi-
ciency, it is important to clarify the factors that
cause the inefficiencies that are observed.

In addition, the water resource use efficiency of the
industrial sector primarily depends on both business
structures and regional characteristics. Therefore,
the objective of this study is to clearly assess water
use efficiency in the Chinese industrial sector, fo-
cusing on the characteristic of industry type. We
also estimate the shadow prices of fresh water and
wastewater in each industry. The ultimate goal of
this research is to provide policy recommendations
for appropriate water resource allocations in the
Chinese industrial sector that can ensure sustainable
development. The primary decision-making factors
for determining plant locations are the transfer costs
and the market demand capacities. Because of these
factors, we suggest that industrial business locations
in China should be designed to save water resources
and achieve sustainable economic growth.

2. Methodology

This study is composed of two primary aspects. One of
these aspects is an efficiency evaluation of water re-
source usage by provincial industrial sectors that in-
clude a mix of different types of businesses. In this
analysis, we separately assess fresh water and recycled
water data. Second, we estimate the shadow prices of
fresh water and waste water in six fresh water oriented
industries. Based on the results of these two analyses,
we discuss appropriate industrial sector design.

2.1. Directional distance function (DDF). We ap-
ply the directional distance function (DDF) ap-
proach to evaluate water use efficiency and shadow
prices. As an extension of nonparametric production
function approaches, DDF can not only consider
conventional market inputs and outputs, such as
labor, capital, and production, but also consistently
identify undesirable output. In the published litera-
ture, there are an increasing number of methodologies
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for measuring productivity efficiency that incorporate
environmental factor considerations (Chambers,
Chung, and Fare, 1996; Chung, Fare, and Grosskopf,
1997; Boyd and McClelland, 1999; Hailu and Vee-
man, 2000; Zofio and Prieto, 2001; Boyd, Tolley, and
Pang, 2002; Domazlicky and Weber, 2004; Picazo-
Tadeo, Reig-Martinez, and Hernandez-Sancho, 2005;
Managi, Opaluch, Jin, and Grigalunas, 2005; Piot-
Lepetit and Moing, 2007; Murty, Kumar and Dhava-
la, 2007; Watanabe and Tanaka, 2007).

Let xeR,beR’,and yeR” be the vectors for

inputs, environmental outputs (or undesirable outputs)
and market outputs (or desirable output), respectively.
The production technology can then be defined as
follows:

P(x)={(x,y,b):xcan produce(y,b)} (1)

We assume that the good and bad outputs are joint-
null because a company cannot produce desirable
outputs without also producing undesirable outputs
(Shephard and Fére, 1974).

The inefficiency D(x, y, b| g, g, g») of production
units in P(x) for each province in this study is de-
fined in terms of the distance # from the production
frontier that consists of efficient production units, as
follows:

D(x.y.b|g,.8,-8,) =Sup{B:(B+fig,.b— fg,)} e Px—fig,) (2)

where g, g, and g, denote the non-negative direc-
tional vectors of the input, desirable and undesirable
outputs, respectively. Using the above definition,
equation (3) may be obtained:

(v, b) € P(x) if and only if
D(x, y, b| gx,gy,gb)zo. (3)

To further define the directional vectors in a produc-
tivity analysis that considers undesirable outputs,
either weak disposability or strong disposability must
be assumed. Weak disposability is applicable if an
undesirable output is restricted by environmental
standards and laws (Féare and Primont, 1995). Under
these conditions, companies must pay opportunity
costs to manage undesirable outputs. By contrast,
strong disposability is applicable if companies do not
need to pay any costs to address undesirable output
emissions because these emissions are not regulated.

For the situation involving the reduction of waste
water discharge from manufacturing plants, the
strong disposability assumption is considered to be
inappropriate, but the assumption of weak disposabil-
ity is more applicable. Under the weak disposability
assumption, equation (2) can be computed for prov-
ince k by solving the following optimization problem:
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D(xt. 37 b 18,.8,-8, ) = Maximized ., (4)
N

sty Ax <x.—f, g (5)
i=1

N

DAV SV =g s (6)

i=1

N

2 AL =b - Bg,. (7)

i=1

N

S =1, ®)

i=1

2,>0 (i=1,...N), )

where /, m, and r represent the names of the input,
desirable output, and undesirable output, respectively.
In the above equations, x is an input matrix with di-
mensions LxN, y is a desirable-output matrix with
dimensions MxN, and b is an undesirable-output
matrix with dimensions RxN. Furthermore, g, is the
directional vector of the input matrix, g, is the direc-
tional vector of the desirable-output matrix, g is the
directional vector of the undesirable-output matrix, £
is the inefficiency score of the firm &, and /; is the
weight variable. To estimate the inefficiency score of
all of the examined firms, the model must be inde-
pendently applied to each of the N firms that are con-
sidered in this study. The right sides of equations (5),
(6) and (7) represent the frontier line, and /; is the
parameter that is used to determine the reference
point. The directional vector specifies the means by
which inefficient firms can improve productivity to
approachthe frontier production line. Equation (8)
establishes the production function under various
return-to-scale assumptions.

2.2. Shadow price estimation. The economic valua-
tion method for using the DDF as a nonparametric
approach to handle environmentally undesirable out-
puts was developed by Boyd, Molburg, and Prince
(1996) and Lee, Park, and Kim (2002). In accordance
with Lee, Park, and Kim (2002), we can use the fol-
lowing measurement to estimate ¢, the economic value
of an environmentally undesirable output:

oD(x,y",b")/ob" o,
= X —=,
oD(x,y".b")/&y" o

y

(10)

g=pX

where, (v, b") is the intersection point between the
directional vector of an inefficient province and the
frontier curve. The inefficiency factors o, and o, are

defined as follows:

G- _andy- L (11)

I—D(x,y,b)&f ’ l—f)(x,y,b)gf

b b
In equation (10), the economic value of the market
output can be normalized to p = 1; thus, the economic
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value ¢ is considered to be the value of an environ-
mentally undesirable good relative to the value of the
market output. The shadow price in this study is de-
rived from a production frontier analysis that does not
consider either shifts in the frontier or any future tech-
nological innovations. Therefore, the reduction poten-
tial is measured with respect to the best practices and
technology that are currently available in China.

2.3. The DDF model for shadow price estimation.
We establish two models for estimating shadow
prices, namely, the fresh water model and the waste
water model. The differences between these two
models provide a method of determining the direc-
tional vector. The fresh water model can be de-
scribed as follows:

D(x. £, » 3,10, £,,0) = Maximized 3, , (12)
N
s.t. Z/lixil <x, (13)
i=1
N
YAk <(1-8)fi (14)
i=1
N
A=y (15)
i=1
N
>l (16)
i=1
420 (i=1...N). (17)
The waste water model can be described as follows:
D(xk,yk,wk |0,0,wl.)=Maximized,Hk, (18)
N
s.t. Z/llxl[ <xi, (19)
i=1
N
A= (20)
i=1
N
> Aw, =(1- 5w, (21)
i=1
N
3=, (22)
i=1
420 (i=1...N), (23)

where x is the marketable input, fis the fresh water
use, y is the desirable output, and w is the waste
water discharge. The fresh water model can estimate
fresh water use inefficiency, which is defined as the
percentage by which a company can reduce its fresh
water consumption without increasing its input or
decreasing its output. The waste water model can
calculate waste water discharge inefficiency, which
is defined as the percentage by which acompany can
reduce its waste water discharge without increasing
its input or decreasing its output.



2.4. The water use efficiency evaluation model. We
define two water efficiency evaluation models which
are the water use efficiency improvement model and
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the substitution model. Table 2 indicates the assump-
tions of each model. We incorporate the assumptions
that are represented in Table 2 into the DDF approach.

Table 2. The assumptions of each model

Model Scenario Total industrial Wastewater Fresh Recycled Recycled
water use discharge water use water use water use ratio
1. Improvements in the total
Efficiency water use efficiencies -
improvement model | 2. Recycled water use ratio is Decrease Decrease Decrease No restriction Stable
stable
1. Improvements in the
Substitution model 2 rF;acycIed water use ratios Constant Decrease Decrease Increase Increase
. ecycled water is used to
substitute for fresh water
The efficiency improvement model can be described v
as follows: D Aw =w, - B, (36)
i=1
=~ 1 ..
D(xk,fk,lgf,y,’(”,m{|0,]f,;;,0,wl,)=1\/laxmnzedﬂk, (24) N
v D A=l (37)
LY AV 2 Vs @5 -
=1 ) (i=1,...N). (38)
N
LY X <x,, (26) 3. Data
i=1
N The data for the study were primarily collected from
Y AL <hi(1-8). (27)  two sources: the China Environmental Statistical
=l Yearbook (CES) and the China Economy and Indus-
N .. .
try Statistical Yearbook (CEIS). The data, which are
Z/%l.w,. :wk(l—ﬁk), (28) Yy . . ( ) ’
p= organized by industry, span the twelve years be-
v tween 1996 and 2007'. The main variables that were
Z A =1, (29) used in the analysis are the value of desirable output
i=1

A 20 (i=1,.N), (30)

where x is the marketable input, f'is the fresh water
use, r is the recycled water use, y is the desirable
output, and w is the waste water discharge. The effi-
ciency improvement model can estimate how much a
company can reduce its fresh water use, recycled
water consumption and waste water discharge with-
out increasing its input or decreasing its output.

The substitution model can be used to estimate the
degree to which a company can substitute recycled
water for its fresh water uses. The upper limit of re-
cycled water usage is dependent on the labor force,
capital input, fresh water quantity and waste water
quantity that are being considered. The substitution
model can be described as follows:

D(xis fi 735w, 10, £5,7:,0,; ) = Maximized 8., (31)

s.t. i/l,.y,. >y, (32)
P

s.t. i/lixi <X, (33)
i1

iﬂl—ff <= b (34)

ﬁ:ﬂm 2+ p (33)

that was added (in yuan); the amount of labor (in
number of persons) and the net value of fixed assets
(in yuan), which were the market inputs; the fresh
water use (in tonnes) and the recycled water use (in
tonnes), which were the environmental inputs; and
the wastewater discharge amount (in tonnes), which
was the undesirable output. We calculate the water
use efficiency by applying the efficiency improve-
ment model and the substitution model. For these
two models, we use data for 31 provinces. We use
two separate datasets in the shadow price estimation
model. One of these datasets is the data for 31 prov-
inces, which are used to consider regional shadow
price differences. The other dataset is the time series
dataset for fresh water oriented industries through-
out the entirety of China. We use these time series
data to discuss the shadow price changes of each
fresh water oriented industry.

4. Results and discussion

4.1. The results of provincial analyses. In this sec-
tion, we discuss the results of the efficiency improve-
ment model and the substitution model; these results
are organized by province. Inefficient provinces are
able to reduce their fresh water and waste water usage

! Fresh water use data by industry are available only between 1996 and
2006. Therefore, we apply the shadow price estimation model from
1996 to 2006.
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without decreasing their marketable output by imple-
menting the technology and industrial structure of
efficient provinces. The inefficiency scores that are
generated by the efficiency improvement model, which
are illustrated in Figure 4, represent the reductions that
could be implemented in the ratios of fresh water
usage and wastewater discharge without adversely
affecting productivity (e.g., a value of 0.7 indicates
that a 70% reduction in fresh water use can be imple-
mented without increasing marketable inputs or de-
creasing marketable outputs). As shown in Figure 4,
many Northern provinces were considered to be effi-
cient by the standards of the efficiency improvement
model. The Hebei and Shanxi provinces were eva-
luated as inefficient regions, despite the fact that the
locations of these provinces are the North and Yellow
river basins, respectively. One explanation of this re-
sult is that the mining sector is one of the major indus-
tries in Shanxi; the mining industry typically produces
large quantities of waste water discharges that are
polluted by the washing of coal and therefore requires
huge inputs of industrial water.

The results of the substitution model indicate the
amounts of fresh water that could be replaced with
recycled water (in thousands of tonnes). According
to the results of the substitution model, Northern

Substitrtien Mocdel

600
400
200

provinces were considered to be more efficient than
southern provinces. The results of the substitution
model were similar to the efficiency improvement
model results for many provinces, although several
provinces demonstrated different results for these
two models. For example, the Hebei province was
considered to be inefficient by the efficiency im-
provement model, despite the fact that this province
was considered to be efficient by the substitution
model. This difference occurred because this prov-
ince appeared to have the ability to reduce its fresh
water inputs through the use of recycled water as a
substitute. One interpretation of this phenomenon is
that the steel industry, which is one of the major
industries in Hebei, requires huge quantities of fresh
water and demonstrates a significant ability to in-
crease its use of recycled water. The steel industry in
Hebei produces 25% of all of the steel that is manu-
factured in China. The provinces that were consi-
dered to be inefficient in the efficiency improvement
model but efficient in the substitution model are the
Hebei, Shanxi, Ningxia and Guizhou provinces.
These provinces have already achieved high levels
of recycled water usage technologies. Therefore, the
policies that provide incentives for the industrial
sector to achieve water use efficiency improvement
are effective in these provinces.

Ffficiency hmprovement
Moedel

Fig. 4. The results of the efficiency improvement model and the substitution model in 2007

Figure 5 illustrates the 2007 shadow prices of fresh
water, as calculated by the fresh water model, and
Figure 6 indicates the 2007 shadow prices of wastewa-
ter, as calculated by the wastewater model. As shown
in Figure 5, the shadow prices of southern provinces
tend to be lower than the shadow prices of Northern
provinces. This result implies that the economic bene-
fits that are lost from the production scale decreases
that would be involved in saving one unit of fresh
water are relatively lower for the southern provinces
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than the Northern provinces. By comparing Figures 5
and 6, it can be observed that the gap between northern
and southern provinces is greater for the shadow prices
of wastewater than for the shadow prices of fresh wa-
ter. In particular, the shadow price of wastewater in
Beijing was much more expensive than the shadow
prices of wastewater in southern provinces, a result
that demonstrates that wastewater discharge restric-
tions may reduce the financial performance of compa-
nies. In the Ningxia, Hebei, and Jiangsu provinces,



which have low shadow prices for fresh water and
high shadow prices for wastewater, it may be difficult
to reduce wastewater discharge, whereas a policy for
fresh water use efficiency improvement may be amore
effective approach for the conservation of water re-
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sources. By contrast, wastewater discharge restrictions
may be effective at improving the recycled water use
ratio in the Heilongjiang and Chongqing provinces,
which have high shadow prices for fresh water and
low shadow prices for wastewater.
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Fig. 6. The shadow prices of wastewater in the Chinese industrial sector by province in 2007 (yuan/m’)

4.2. The results of time series analyses of six indus-
tries. In this section, we discuss the shadow prices
and inefficiency scores of fresh water oriented indus-
tries from 1996 to 2006. Because the CIESY was not
published in 2005, we could not incorporate data
from 2004 into our dataset; therefore, we removed
the 2004 sample from our dataset.

Table 3 and Table 4 indicate the inefficiency scores
and shadow prices of the fresh water model and the-
waste water model, respectively. As shown in Table 3,
the inefficiency scores of the fiesh water model tend to
improve every year for each industry except for oil
refining. One interpretation of the result for the oil

refining industry is the rapid oil price changes that
have been caused by the recent Iraq war. Shadow pric-
es quickly increased in the paper, chemical and steel
industries from 1996 to 2006; in particular, shadow
prices in the chemical industry increased by more than
threefold during this time. Comparing the results for
each industry, we find that the shadow prices of the
spinning and oil refining industries were relatively
high, whereas the shadow prices of the paper and elec-
tricity industries were relatively low. This result im-
plies that the strategy that maximizes the value of the
fresh water that is used involves shifting the allocation
of fresh water from the paper and electricity indus-
tries to the spinning and oil refining industries.

Table 3. The productive inefficiency scores with respect to fresh water use and the shadow prices of
fresh water for the examined industries

Inefficiency score Shadow price of fresh water (yuan/m3)
Spinning Paper Qil Chemical Steel Power Spinning Paper Qil Chemical Steel Power
1996 0.31 0.66 0.18 0.80 0.84 0.25 437 7.3 135.6 12.1 20.0 47
1997 0.25 0.69 0.29 0.76 0.83 0.49 476 5.8 116.4 14.9 21.2 3.2
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Table 3 (cont.). The productive inefficiency scores with respect to fresh water use and the shadow prices of
fresh water for the examined industries

Inefficiency score Shadow price of fresh water (yuan/m3)
Spinning Paper Qil Chemical Steel Power Spinning Paper Qil Chemical Steel Power

1998 0.21 0.64 0.34 0.75 0.82 0.23 50.4 7.8 109.0 15.6 21.6 49
1999 0.10 0.55 0.75 0.67 0.79 0.32 57.1 10.4 413 20.5 25.6 43
2000 0.12 0.52 0.74 0.58 0.74 0.26 55.7 10.2 43.0 26.0 315 47
2001 0.19 0.51 0.09 0.63 0.70 0.32 51.2 9.3 150.7 22.8 37.2 43
2002 0.20 0.43 0.06 0.50 0.58 0.13 50.8 10.3 154.3 30.9 51.9 6.3
2003 0.11 0.29 0.57 0.32 0.68 0.14 56.5 12.8 711 423 39.8 55
2004

2005 0.05 0.16 0.00 0.00 0.00 0.36 60.5 15.1 4.0
2006 0.00 0.00 0.18 0.00 0.00 0.00 135.0

However, the electricity industry serves the important
function of supplying power to other manufacturing
industries; therefore, reductions in the operation ratios
of electricity plants for the purposes of saving fresh
water are costly and would suffocate rapid economic
growth throughout the entirety of China. In addition,
because the provision of electrical supplies over long
distances requires enormous investments for the con-
struction of power lines and transmission plants, elec-
tricity plants must be built in the northern portion of
China, despite the fact that this region faces serious
water resource shortage problems. However, it is rela-
tively unimportant for the paper manufacturing indus-
try to be located in the northern Chinese provinces.
Thus, the migration of paper manufacturing companies
from the Northern provinces to the southern provinces
of China is one viable method of addressing the water
resource shortages in the northern part of China.

As shown in Table 4, the inefficiency scores of the-
waste water model tend to improve every year for

the examined industries, except for the oil refining
and power industries. The chemical and steel indus-
tries have reduced their wastewater discharge by more
than 80% between 1996 and 2006. There are two main
reasons that this improvement was achieved. One of
these reasons is a decrease in industrial water use per
unit of product. This decrease was caused by technol-
ogical advancements in production processes and
equipment. The other reason for the marked improve-
ment in wastewater discharge for these industries is the
improved capacity of wastewater treatment equip-
ment. The Chinese government has established a goal
for recycled water use ratios in its recent five-year
plan, creating incentives for industries to raise their
recycled water use ratios. In the 2000s, there has been
a more active environmental market in China, a
development that has caused the price of environ-
mentally friendly equipment to decrease and en-
couraged technological innovation though market
mechanisms.

Table 4. The productive inefficiency scores with respect to waste water discharge and the shadow prices of
wastewater for the examined industries

Inefficiency score Shadow price of waste water (yuan/m?)

Spinning Paper Oil Chemical Steel Power Spinning Paper Qil Chemical Steel Power
1996 0.23 0.66 0.51 0.80 0.89 0.38 57.4 8.9 24.7 17.8 33.3 52.6
1997 0.13 0.65 0.58 0.76 0.89 0.50 64.7 8.8 216.4 21.4 34.9 42.7
1998 0.26 0.71 0.61 0.75 0.88 0.22 55.5 6.1 200.8 22.3 35.4 66.5
1999 0.22 0.63 0.61 0.68 0.85 0.27 58.2 8.4 199.5 29.2 47.0 61.9
2000 0.20 0.60 0.60 0.57 0.81 0.07 59.7 8.4 206.1 38.9 57.3 100.5
2001 0.18 0.52 0.49 0.53 0.75 0.27 61.2 10.4 258.4 42.6 76.1 78.6
2002 0.18 0.44 0.46 0.51 0.66 0.00 61.0 11.8 274.8 445 103.1
2003 0.08 0.31 0.45 0.31 0.72 0.15 68.5 14.5 278.8 62.4 85.2 85.9
2004
2005 0.05 0.17 0.00 0.00 0.00 0.35 71.0 17.4 55.3
2006 0.00 0.00 0.55 0.00 0.00 0.00 232.0

Conclusion

This study analyzes the inefficiencies and shadow
prices of fresh water consumption and wastewater
discharge in China by province and business type.
An empirical analysis of the study results produc-
es the following conclusions. First, most of the
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provinces that were evaluated as being efficient in
reducing fresh water use and wastewater discharge
are located in the northern regions of China. Four
provinces, namely, Hebei, Shanxi, Ningxia and
Guizhou, have higher inefficiency scores in the effi-
ciency improvement model than in the substitution



model. These results imply that in the Hebei,
Shanxi, Ningxia and Guizhou provinces, the poli-
cies that produce incentives for the industrial sec-
tor to achieve water use efficiency improvement
are more effective than the policies that restrict
waste water discharge. Second, industrial water
use efficiency tended to improve each year for all
of the examined industries except for the oil refin-
ing industry. In addition, the shadow prices of the
spinning and oil refining industries were relative-
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ly high, whereas the shadow prices of the paper
and electricity industries were relatively low. Fur-
thermore, the shadow prices and inefficiencies were
different among distinct provinces and business
types. The policy implication from this study is
that the Chinese government must establish ap-
propriate environmental and water price policies
that account for these differences among thepro-
vinces and industries of China to achieve sustain-
able development.
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Fig. 1. The provinces of China
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