UNIVERSITY OF LEEDS

This is a repository copy of Reduction and reallocation of water use of products in Beijing.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/91581/

Version: Accepted Version

Article:

Zhao, X, Tillotson, MR, Yang, Z et al. (2 more authors) (2016) Reduction and reallocation
of water use of products in Beijing. Ecological Indicators, 61 (2). pp. 893-898. ISSN
1470-160X

https://doi.org/10.1016/j.ecolind.2015.10.043

© 2016. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reduction and reallocation of water use of productsn
Belijing
Xu Zhao™? Martin Tillotson 3, Zhifeng Yang"’, Hong Yand', Junguo Liu?
IState Key Laboratory of Water Environment Simulation, School of EnvirofnBeijing Normal University,
Beijing 100875, China;
2School of Nature Conservation, Beijing Forestry University, Beijing 1008%ha;
Swater@leeds, School of Civil Engineering, University of Leeds, Leed<90%2United Kingdom

4Swiss Federal Institute of Agquatic Science and Technology, UeberlandstB8588600 Duebendorf, Switzerland

*corresponding authaat State Key Laboratory of Water Environment Simulation, School of Envieahm
Beijing Normal University. No.19 Xinjiekouwai Street, Beijing 100875, @hifel./Fax.: 86 (10) 58807951;
E-mail: zfyang@bnu.edu.cn (Z.Yang), xu.zhao.water@hotmail @orghao).

Highlights:

An indicator is introduced to study the water required for local production of final
products.

Technical progress caused reductions in the internal water use of products in Beijing.

Production structure changes increased the internal water use of products in Beijing.
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Abstract: The virtual water concept has received significant attention through
manifesting the role of human activities such as consumption and international trade
on water resources. However, few studies have focused on how the interactions of
local supply chain exert impact on local water resources associated with virtual water
flows. In this study, we introduce an indicator which is attached to the virtual water
concept, termed the “internal water use of products” (IWUP), to examine the direct

and indirect water use from local water supply for goods and services in Beijing for
the years 1997, 2000, 2002, 2007, and 2010. This indicator links the pressure on local
water resources to the final products with sectoral details, highlighting the importance
of economic analysis in local water resource management. A structural decomposition
analysis revealed that the increase in economic water productivity would have caused
Beijing’s IWUP to decrease by 196% from 1997 to 20XGyther determining factors
remained constant. Such great efficiency improvements have allowed Beijing to fulfill
its objectives of economic growth, whilst in the meantime reducing the water used in
production. However, we also found that production structure adjustment would
increase the IWUP, mainly due to a shift from agricultural and industrial sectors to
service sectors.

Key words: internal water use of products, virtual water, input-output analysis,

structural decomposition analysis
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1 Introduction

The imbalance of water supply and increasing water demand has become a
serious problem for many local authorities (LIop, 2013; Zhao et al., 2015). It is widely
known that most local water supply is used for the production of goods and services.
However, less attention is given to the fact that this water is then embodied in goods
and services to their places of consumption, which may be across local, regional and
international boundaries. Such water flows along the economic supply chain from
on-site (direct) water use to final products are not real water flows but virtual water
flows. Introduced by Allan (Allan, 1992), the virtual water concept has since
developed into two research areas, i.e. virtual water trade and water footprint. Virtual
water trade studies focus on how water demand in one location can lead to freshwater
depletion in other locations through trade (Yang et al., 2013a). Whilst, as a
consumption-based indicator, water footprint is used to quantify the water use derived
from consumption of final products (Feng et al., 2011; Hoekstra and Chapagain,
2006). Both indicators appreciate the importance of extending the water study to
global dimensions (Hoekstra and Mekonnen, 2012). However, few studies have
focused on how the interactions of the local supply chain exert impact on local water
resources associated with virtual water flows.

The effects of the supply chain can indirectly determine changes in water use.

For example, it is a direct effect that expanded production in upstream sectors
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increases on-site water use, and such expansion might be driven by increasing need
for raw materials from local downstream industries. The above driving force can be
attributed to indirect effects arising from supply chain interactions (Zhang, .2010)
Policy makers usually acquire the information of direct effects. For example, in China
water statistics provide the direct water use in each productive sector (defined
hereafter as direct water use of products, DWUP). However, quantifying the changes
in indirect effects, which are often ignored, can answer a series of questions relating
to local economic and water management, such as how production structure
adjustment can affect local water use, or what are the key sectors that drive the direct
and indirect water use through the supply chain.

This paper aims to propose a framework to study the drivers of local water use
changes derived from the interactions of the local economic sydtast, we
introduce a virtual water related indicator called the internal water use of products
(IWUP). IWUP is defined as the water required to support local production of final
products.‘Internal’ means that no imported products are considered in the process.
Both water footprint and IWUP underline the supply chain effects, but they have
different scopes. The starting point of the water footprint is to highlight the
consumption impact of a region to water resources wherever the production happens.
Such impact is usually beyond a region’s territorial boundary through importing

produds. Whereas IWUP in turn traces how the water resources of a region are
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influenced by final consumption and local supply chain effects, thus providing
information of interrelationships between water use and local economy.

Second, we carry out a decomposition analysis to study the driving forces of
changes in IWUP. There are two commonly used decomposition techniques: index
decomposition analysis (IDA) and structural decomposition analysis (SDA) (Su and
Ang, 2012). Detailed comparison of the two methods can be found in Hoekstra and
van den Bergh (2003), and Su and Ang (2012). In short, IDA decomposes the
resource use or emission without sector information, while SDA is associated with the
input-output methodology incorporating the supply chain effects with detailed sector
information. In this study, we use SDA with a single-region input-output (SRIO)
analysis to quantify the drivers of IWUP changes. The SDA model has been widely
employed to study the key drivers of energy use and carbon dioxidg éGsions
(Guan et al., 2008; O'Mahony et al., 2012; Wood, 2009), but has rarely been used for
water, with a few notable exceptions for studies of water footprints (Guan et al., 2014;
Zhang et al., 2012). The rationale of selecting the SRIO methodology and the
comparison with other input-output techniques are presented in the Methodology
section.

The mega-city of Beijing was chosen for a case study with the years 1997, 2000,
2002, 2007, and 2010. The provision of sufficient water is becoming a great challenge
for the worlds large cities (Darrel Jenerette and Larsen, 2006). By 2050, 1 out of 3

billion of the world’s urban dwellers are expected to live in cities with perennial water
5
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shortage (McDonald et al., 2011). Beijing, a mega-aitgbout 20 million inhabitants

is facing severe water shortage due to its rising population and poor freshwater
availability. The data for 2010 shows that water availability for Beijing was only 140
m/capita (Beijing Water Resources Bureau, 1988-2012), much lower than the
acknowledged water scarcity threshold of 170%capita (Falkenmark and Widstrand,
1992). Since the late 1990s the city has suffered from ongoing drought, whilst during
the period from 1997 to 2010, the population of Beijing has increased by 61% and the
real gross domestic productGDP) has increased more than fourfold (Beijing
Municipal Bureau of Statistics, 1989-2013).

Several studies have shown water use increases in mega-cities, mainly due to
population growth and industrial development (Darrel Jenerette and Larsen, 2006
Jury and Vaux, 2005). However, on-site water use for producing goods and services
in Beijing has seen a declining trend. Between 1988 and 2010 the water use for
agricultural and industrial production in Beijing decreased by 48% and 64%
respectively (Beijing Water Resources Bureau, 1988-2012), and the declining trend
has continued since then. Hence, it is interesting to examine the economic
explanations for such a large decrease in water use against substantial economic

growth.
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2 Methodology and data

2.1 Conceptual framework of water reallocation in the

supply chain of products

In examining the factors contributing to changes in IWUP, we examined the total
volume of freshwater used in all steps of the production supply chain. In particular
such accounting highlights the role of downstream industries on water demand. Such
a role is also part of the extended producer responsibility, which refers to: “Producers
of products should bear a significant degree of responsibility not only for the
environmental impacts of their products downstream from the treatment and disposal
of their products, but also for their upstream activities inherent in the selection of
materials and in the design of prodtidiisenzen et al., 2007).

In order to illustrate the above process we use a simple flow diagram of water
reallocation in the supply chain of products (Fig. 1). Here, we assume there are only
two sectors (Food and Food Processing) in a hypothetical region, and the Food sector
produces wheat and maize for onward sale or further processing. The Food Processing
sector produces the processed products using wheat and maize as raw materials. Here
the water embodied in the imported products, which is also referred to as virtual water
import (Hoekstra et al., 2011), is not considered in the process. Since we want to trace

the virtual water flow from local water supply in the supply chain.
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Fig. 1 shows that the totBIWUP is 130 m, and the DWUP for the Food sector
is 100 ni (60 n? for wheat and 40 Ffor maize). However, as 60 *nof water
(embodied in the food products as raw materials) flows into Food Processing, the
water use in producing the food products for final demand, i.e. the IWUP is actually
only 40 nt and the IWUP of Food Processing is 98(its DWUP is 30r). Hence,
IWUP represents real pressure on local water resources caused by local production
activities. Meanwhile, it shows how the local water supply was reallocated among the
supply chain to different sectors. Such a reallocation extends the producer

responsibility for both direct and indirect water use.

2.2 Top-down approaches in quantifying IWUP

Top-down and bottom-up are two quantification approaches used in virtual water
related studies (Yang et al., 2013a). The detailed comparison of the two approaches
has been given by Yang et al. (2013a) and Feng et al. (2011). In a nutshell, a
bottom-up method accounts for the water use for a single product with detailed
descriptions of individual production processes. The top-down method usually refers
to input-output analysis (IOA), which shows the interdependency among different
economic sectors (Feng et al., 2011). An IOA has long been recognized as an
appropriate tool to attribute resource use or pollution to final products in a consistent

framework (Wiedmann, 2009).
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In recent years, many studies have adopted SRIO to quantify water footprint and
virtual water trade (Guan and Hubacek, 2007; Guan et al., 2014; Zhao et al., 2009). A
major limitation of SRIO is the assumption that imported goods and services are
being produced using the same technolagyhe domestic technology in the same
sector (Wiedmann, 2009). SRIO can lead to errors in quantifying the virtual water
embodied in the imported goods and services, i.e. virtual water import (external water
footprint). A multi-region input-output model (MRIO) can overcome this limitation
by distinguishing between local and foreign production technology, but it
substantially increases the data requirement and computational complexity.

Our study employed a SRIO to account for the IWAFRPIWUP doesn’t contain
the virtual water import, the above mentioned limitation of SRIO has no effect on the
IWUP. Following the framework in Fig. 1, we present the formula of calculating
IWUP associated with a SRIO. Local goods and services are consumed by two kinds
of consumersf}: consumers in the local region, which represent internal final demand
(i), and consumers in other regions, which represent exgoi$g the IWUP can be
expressed as:

iwup=d-L -f=d-(-A)*" - (i+e) (1)

Whereiwup is the vector of IWUPd is the vector of direct water use intensity,
which is calculated as the per unit output of the direct water use of productsKpWuU
The reciprocal ofl is the economic water productivity. = (I — A)* is the Leontief

inverse matrix.l represents the identity matrix aml represents the technical
9
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coefficient matrix that contains the inputs of each sector per unit of their output in
monetary termd. is the vector for total final demand, and can be dividediiatale.
i is the vector for internal final demand, indicating the local production that is used for

local consumption, andis the vector for exports.

2.3 Structural decomposition method

We used a structural decomposition analysis to study the driving forces that
determine the change of IWUP. The approach changes the multiplicative fatiors
additive parts following Hoekstra and van den Bergh (2003). According to equation
(1), we divided the change in IWUP into four driving forces: direct water use intensity
(d), production structure adjustmerit)( internal final demandi), and exportsd).
Among the driving forcesd reflects the effects of technological improvements on
water use efficiency. The Leontief inverse matrixs a reflection of the economic
production structure (De Haan, 2001; Guan et al., 2008). The change in IWUP from
time 0 to time 1 can be decomposed into the selected driving forces using the

following equations:

Aiwup = iwup, - iwup,
=(d; L, f)-(doLof) 2)
=Ad-w +AL -w,+Af -w;,

Where subscripts 0 and 1 represent the two points in tugey, andw; are weights

to be solved for the direct water consumption intensity, the Leontief inverse matrix,

10
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and the total final demanekspectively. Ad =d; — do, AL =L; — Lo, and Af =f; —fo.

One of the solutions to equation (2) can be shown as follows:

Aiwup =iwup ;-iwup

=(d,-L,-f)-(d,L,f)

—Ad-L f#d L fd L §, 3)

=Ad-L,fH+d, A f+4d L f-d £ § .

=Ad-L,f+d,-A f#d L ,Af

In equation (3), the solved weights amg=L;-f;, wi=do-f1, and wi=do- Lo.

However, such a solution is not unique. Different solutions can be obtained by simply
changing the permutation of the three multiplied variablesdi.¢., andf. For n
multiplicative variables, there aré solutions (Dietzenbacher and Los, 1998). In our
case, there are 3!=6 solutions. Diezenbacher and Los (1998) solved the problem with
a ‘two polar’ method by calculating the mean of all solutions. One attribute of the
‘two polar’ method is that each solution has a ‘mirror image’. De Haan (2001)
presented a sensitivity analysis to show that mirror image’ decomposition forms
substantially diminish the percentage deviation from the average estimate. Due to its
good performance, this method has been widely used in structural decomposition
analysis (De Haan, 2001; Guan et al., 2008; Su and Ang, 2012). The solution in our
case with the ‘two polar’ method is shown in Equations (4) to (7). It is worth

mentioning that we further decomposed the final demdhdn{o internal final

demandi( and exportsd) to emphasize the effects of exort
Ad- Wd=Ad'(1/3L0' fo+1/6Lo- f1+1/6L - fo+1/3L - fl) (4)

11
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AL-wi=AL-(1/3do: fot+1/6dy-f1+1/64d; - fo+1/30d; - fl) (5)

Ai-wi=Ai-(1/3do- Lo+ 1/6 k- L1+1/6¢h- Lo+1/3ch- Ly) (6)
Ae'wi= Ae- (1/30h: Lo+1/600: L1+1/6¢h- Lo+1/30kh- Ly)
(7)
2.4 Data

The SRIO table for China is officially compiled every five years, and the most
up-to-date one is from 2007 (IO table in 2012 is still in compilation). Since the
input-output [(O) table and water use data before 1997 is unreliable, our study chose
the 10 tables in years 1997, 2002, and 2007, and an extended table in 2000 and 2010,
which were derived from the IO tables in 1997 and 2007 respectively. 14 sectors were
grouped according to the IO table for Beijing and available sectoral water use data.
These were (1Agriculture, (2) Mining, (3) Food and tobacco processing, (4) Textile,
leather, and other fiber products, (5) Lumbering and paper products, (6) Petroleum
processing and coking, (7) Chemicals, (8) Non-metal mineral prodi@tdvetal
products, (10) Machinery and equipment, (11) Electricity, gas, and water production
and supply, (12) Construction, (13) Wholesale and retail trade and passenger transport,
and (14) Other service®mong these, sectors (2) to (12) are defined as Industrial
sectors, and sectors (18)(14) are Service sectors.

In this study, local water supply is defined as water abstracted locally or

transferred from outside the regional boundary into the local water supply system.

12
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Water use is defined as the gross quantity of water distributed to users, including
water lost in distribution, such as through leakage. The water use data of the
Agriculture, Industry and Service sectors is taken from the Beijing Water Resources
Bulletin (Beijing Water Resources Bureau, 1988-2012). The breakdown of water use
to Industrial sectors is derived from the Beijing Economic Census Yearbook (Beijing
Municipal Statistics Bureau, 2004). The breakdown of water use to Service sectors is
taken from Zhao et al.(2010). The water supply of Beijing comes from surface water,
ground water, transferred water, and recycled water. Recycled water including reused
rainfall and sewage watés an important source of Beijing’s water supply (Wu and

Chau, 2006), accounting for 14% of total water supply in 2010.

3 Results

3.1 Direct water use of products

DWUP represents the water used directly by each sector. It can be seen in Table
1 that DWUP is unevenly distributed amongst the 14 sectors. Agriculture used most o
the DWUP, accounting for 4R2based on the average for the five years considered.
This is followed by Electricity, gas, and water production and supply (19.2%), and
Wholesale, retail trade and passenger transport (19.6%). Combined, these thre
sectors used an average of 86% of the total DWUP based on the five years of

available data.

13
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The total DWUP decreased by 21% from 1997 to 2010. The main contributor to
the decline in total DWUP was agriculture, accounting for 52% (from 1812 million
m? to 1140 million nf) of the sectors with decreased DWUP between 1997 and 2010.
The decrease is largely due to the decline of agricultural production in Beijing,
especially grain production. The production volume of major grain crops decreased

from 2.37 million tons in 1997 to 1.16 million tons in 2010, and available arable land

decreased by 32%. The share of agriculture in total GDP decreased from 3.7% to 0.9%

between 1997 and 2010 (Beijing Municipal Bureau of Statistics, 1989-2013). Another
contributor to the total DWUP decrease is Electricity, gas, and water production and
supply. About 46% of the decrease was attributed to this sector (from 863 miflion m
to 276 million n?) between 1997 and 2010. This is partly attributed to Beijing’s effort

to improve water use efficiency for electricity production since 2002. For example, it

has changed ifs therrival poyver plants from once-through cooling systemsnto ope

cycle cooling systems (Du, 200@espite the downward trend for total DWUP, the
DWUP of the two service sectors increased by 77% from 1997 to 2010. The increase

is mainly due to Beijing’s rapid urban development during the period (Yang et al.,

2013b).

3.2 Internal water use of products

DWUP turns into an identical volume of virtual water after being ‘embodied’ in

the supply chain of products. This virtual water is reallocated to different sectors and

14
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finally flows to consumers as IWUP. The process is shown as a matrix in Table 2 for
the situation in 2010. Each column of the matrix demonstrates how the DWUP of a
sector is reallocated to all sectors in a virtual form. While each row of the matrix
shows how much virtual water is needed from all sectors to fulfill the final demand of
consumers of a sector. As a result, the total RNV&Jequal to the total DWUP, but
they differat the sectoral level (see Table 1 and Table 2).

The IWUP of each sector shows the extent of pressure on local water resources
derived from the final products of that sectBased on the five years’ average, the
top five sectors of IWUP arfAgriculture (29%); Other services (25%); Wholesale,
retail trade and passenger transport (13%); Food and tobacco processing (12%); and
Construction (6.5%). It was also found that there are sectors with IWUP significantly
larger than theirDWUP, namely: Food and tobacco processing, Machinery and
equipment; Construction; and Textile, leather, and other fiber products. These sectors
are characterized byeing ‘downstream’ of the supply chain, and require a large
amount of indirect water from ‘upstream’ activities. Traditionally, these sectors are
considered to be less water intensive. However, by considering both direct and
indirect water needs in the sector, they become much more water intensive. For
example, in 2010 the DWUP of Food and tobacco processing was only 31.1 million
m?, but the IWUP of this sector was 172.5 milliori, mearly 5.5 times of its DWUP.

Our analysis showed that eight of the sectors under study decreased their IWUP

between 1997 and 2010; the rate of reduction ranging from 27%-91%. Amongst these,
15
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56% of the total decrease came from Agriculture (23%) and Food and tobacco
processing (33%). This explained by the large drap DWUP for the Agriculture
sector. Four sectors increased their IWUP and, amongst these, the two service sectors

contributed 88% to the increase.

3.3 Decomposition analysis of internal water use of products

The structural decomposition analysis for 1997, 2000, 2002, 2007, and 2010
showed the significant contribution of increasing economic water productivity in
decreasing the total IWUP, despite the offset effects caused by the change in the three
other determining factors (i.e. production structure adjustment, internal final demand,
and exports) (Fig. 2)The improvement of economic water productivity would have
caused Beijing’s IWUP to decrease by 6987 million m® (196%) during the study
period if other determining factors had remained constant. These great efficiency
improvements has allowed Beijing to further develop its economy without increasing
its water use in the production of goods and services. Consequently, Beijing has
expanded its economic output for both internal final demand and export. For internal
final demand, the change would have increased the total IWUP by 66 % above the
1997 level, if other determining factors remained constant. The increased export of
goods and services in the period led to an 85% increase in total IWUP.

It is generally believed that Beijing has significantly reduced its water use due to
production structure adjustments through developing service sectors (Yang et al.,

16
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2013b). From 1997 to 2010, the share of agriculture in total GDP decreased from 3.7%
to 0.9%, while the share of industry decreased from 37.6% to 24% (Beijing Municipal
Bureau of Statistics, 1989-2013). The changes have resulted in the service sectors
dominating GDP with a share of 75.1% in 2007, compared with 58.7% in 1997
(Beijing Municipal Bureau of Statistics, 1989-2013). However, the results of our
analysis show that with other determining factors remaining constant, the production
structure adjustment would have caused the IWUP to increase by 24%million

m®) between 1997 to 2010. Since the service sectors are water intensive in terms of
IWUP, the production structure adjustment to more service-based activities leads to

more IWUP.

4 Discussion

Traditionally, environmental impacts are allocated to their immediate producers
(Lenzen et al., 2007). Using IWUP as an indicator, our results highlight the water use
in final products derived from local water supply. This on the one hand helps address
the extended producer responsibility, and on the other hand shows the pressure on
local water resources caused by final products. The pressure can be further broken
down to sectors, showing the pulling effects of final products with sector details.

The driving forces of the downward trend in IWUP were analyzed with a
structural decomposition analysis. Our results showed that technical improvements

have significantly reduced water use in Beijing, causing reductions in both the total

17
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DWUP and IWUP. However we also found that production structure adjustment, in
itself, has increased the IWUP. One production structure adjustment in Beijing is the
shift from agricultural and industrial based activity to service based activity. The
service sectors in Beijing have greatly expanded since 1995 (Yang et al., 2013b). The
latest economic plans for Beijing have continued to call for the expansion of the
service sector. For example, thautline of the Eleventh Five-Year Plan®éijing’
(20062010) urged to “speedup the development of modern services” (Beijing
Municipal Government, 2005) while the ‘Outline of
the Twelfth Five-Year Plan ddeijing” (2011-2015) emphasizes the need to “make
the service sector big” (Beijing Municipal Government, 2011). However, what is
often neglected is that service sectors will drive manufacturing output indirectly
through the input of intermediate products from other water intensive industries (Suh,
2006), hence increasing indirect water use. In our case, the service sectors would have
resulted in a 12% increase IWUP from 1997 to 2010, assuming the IWUP of the
other sectors remained constant. So the development of the service sector should be
undertaken more carefully, considering the full effect on local upstream sectors,
which may be water intensive.

Our results show that the IWUP of Beijing decreased between 1997 and 2010.
However, several studies have reporedncreasan Beijing’s water footprint based
on SRIO analysis in recent years (Wang et al., 2@bh38ng et al., 2011). The main

reason for the difference is that the IWUP has a different perspective compared with
18
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the water footprint. First, the IWUP incorporatés water ‘embodied’ in internal

final demand and export, thus reflecting the local water use reallocation to final
products among different economic sectors. Zhang et al. (2012) and Wang et al. (2013)
calculated the water footprint from a consumption perspective, which refers to the
water ‘embodied’ in internal final demand and imports. Second, water footprint
acounting utilising SRIO analysis has to assume that the imported products have the
same production technology as the local products, while the IWUP is free from such
an assumption. More importantly, although both the IWUP and water footprint
address the supply chain effect, the IWUP is easier to incorporate into water
management since it is directly related to local water use.

This study, nevertheless, contains several limitations. First, the study used an
IOA to calculate the IWUP. The general limitations and assumptions rooted in the
IOA also apply to the quantification of the IWUP, such as the assumptions of
homogeneity (i.e. each sector produces a single product, and all output uses the same
processes and technology), and linear production functions (Bicknell et al., 1998).
Overcoming the limitations of these assumptions is beyond the scope of this study. In
addition, the quantification with sectoral aggregation in this study may decrease the
accuracy of the results (Baiocchi and Minx, 2010). Second, water use changes are not
only determined by economic driving forces, but also the changes in water supply

which can be linked to other factors, including climate change. For example,
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agricultural water use may be decreased during a drought year because of lack of

water.

5 Conclusions

The virtual water concept has received extensive attention through manifesting
the role of human activities such as consumption and international trade on water
resources. In this study, a new indicator attached to the virtual water concept was
introduced to show how local economic systems reallocate the on-site water use to
final products through virtual water flows. A SDA was used to evaluate the economic
determinants (technological improvements, production structure adjustiméetnal
final demand, and exports) that underlie the changes in the IWUP with sector details.
Such an attempt highlights the importance of incorporating economic drivers into
local water management. The results can support decision making in balamcing th
trade-offs between local economic development and water resource depletion. It
should be mentioned that such decision making is a multi-criteria problem, and has to
be made by incorporating other relevant criteria with the participation of stakeholders

(Zhao et al., 2006).
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Table 1 Direct water use of products (DWUP) VS. Internal water use of products (IWUP). Unit: million

1997 2007 2010

DWUP IWUP DWUP IWUP DWUP IWUP DWUP IWUP DWUP IWUP
Secl:Agriculture 1812 10714 1649 924.5 1545 1207.3 1244 523 1140 781.7
Sec2:Mining 6 3.2 5.7 1.7 4.1 1.8 3.1 3.1 6.5 29.5
Sec3:Food and tobacco processing 26.7 580.6 255 522.6 18.3 220.4 13.9 331.6 311 1725
Sec4:Textile, leather, and other fiber products 10.9 1185 105 65.7 7.5 40 5.7 18.3 5.9 125
Sec5:Lumbering and paper products 104 17.9 10 21.4 7.2 10.2 5.5 6.4 9.2 5.5
Sec6:Petroleum processing and coking 6.6 1.8 6.3 3.3 4.5 14.2 3.5 13.4 12.7 15.2
Sec7:Chemicals 29.9 434 28.6 31.6 20.5 104.9 15.7 66.5 38.1 55.5
Sec8:Non-metal mineral products 29.8 21.3 28.5 20.4 20.5 4.2 15.6 10 155 7.9
Sec9:Metal products 71.7 39.8 68.5 16.7 49.1 33.7 375 18.9 63.5 19.1
Secl10:Machinery and equipment 445 165.0 42.6 118.6 30.5 140.4 23.3 128.2 514 169.4
Secl1:Electricity, gas, and water production and supply 863.4 352.1 825.7 236.9 591.8 63.5 451.3 71 276.1 334
Sec12:Construction 14.1 228.1 18 267.4 13.8 203.4 221 167.9 25.1 155.6
Secl3:Wholesale, retail trade and passenger transport 466 282.9 594.3 385.2 455 346.4 726.7 515.2 826.7 441.8
Secl14:0Other services 168.1 634.3 214.4 911.8 164.2 541.4 262.2 956.6 298.2 900.4
Total volume 3560.3 3560.3 3527.7  3527.7 2932 2932 2830 2830 2800 2800
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Table 2 Water reallocation from DWUP to IWUP among sectorgEach column demonstrates how the DWUP of a sector is reallocated to all
sectors in a virtual form. Each row shows how much virtual water is need from all sectors to fulfill the finadl déroansumers of a sector)

Unit: million m 3

Secl Sec2 Sec3 Sec4 Sec5 Sec6 Sec? Sec8 Sec9 Secl0 Secll Secl2 Secl3 Secl4 IWUP
Secl 773.64 | 0.08 0.11 0.00 0.03 0.08 0.25 0.02 0.26 0.08 3.08 0.01 3.36 0.71 781.7
Sec2 1.49 3.87 0.03 0.02 0.10 0.47 0.22 0.05 0.48 0.23 11.49 0.02 10.11 0.91 29.5
Sec3 12491  0.09 24.38 0.02 0.22 0.09 0.59 0.19 0.91 0.19 5.25 0.02 14.42 1.19 172.5
Sec4 2.68 0.01 0.01 4.85 0.04 0.02 0.13 0.01 0.07 0.04 0.92 0.01 3.51 0.24 12.5
Sec5 0.63 0.01 0.00 0.02 1.86 0.01 0.16 0.01 0.20 0.02 0.98 0.00 1.46 0.11 5.5
Sec6 0.55 0.09 0.01 0.00 0.02 6.88 0.08 0.01 0.09 0.05 1.51 0.01 5.62 0.28 15.2
Sec7 16.76 0.12 0.07 0.02 0.10 0.24 17.18 0.07 0.49 0.17 9.70 0.02 9.68 0.91 55.5
Sec8 0.34 0.05 0.01 0.00 0.02 0.02 0.11 3.77 0.12 0.04 1.33 0.00 1.94 0.15 7.9
Sec9 0.34 0.15 0.01 0.00 0.02 0.03 0.08 0.02 14.60 0.06 1.32 0.00 2.28 0.23 19.1
Secl0 | 11.13 0.31 0.18 0.16 0.52 0.42 3.28 0.86 10.19 34.13 20.40 0.13 81.84 5.86 169.4
Secll | 0.46 0.09 0.01 0.01 0.02 0.02 0.07 0.02 0.17 0.08 29.89 0.01 2.00 0.53 334
Secl2 18.47 0.49 0.17 0.12 1.05 0.83 2.04 7.53 16.67 2.04 23.39 21.65 54.60 6.54 155.6
Secl3 30.71 0.22 0.51 0.11 0.74 1.35 1.76 0.34 2.89 2.30 24.01 0.38 361.50 14.97 441.8
Secl4 157.90 @ 0.87 5.57 0.60 4.47 2.29 12.16 2.60 16.35 12.01 142.81 2.83 274.35 265.62 900.4
DWUP 1140 6.5 311 5.9 9.2 12.7 38.1 155 63.5 51.4 276.1 25.1 8267 298.2 2800
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Fig. 1 A simple framework of virtual water flow in the supply chain of products
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Fig 2. Structural decompositionanalysis of Beijing’s IWUP from 1997 to 2010.
The blue line shows the percentage change IWUP from 1997 to 2010. Other
colored lines represent the contributiornto change from direct water use intensity
(red), production structure adjustment (orange), internal final demand (green),

and export (purple).
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